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Abstract: Vertebrate animals can be injured or threatened with injury through human activities, thus
warranting their “rescue.” Details of wildlife rescue, rehabilitation, release, and associated research (our 4 Rs)
are often recorded in large databases, resulting in a wealth of available information. This information has
huge research potential and can contribute to understanding of animal biology, anthropogenic impacts on
wildlife, and species conservation. However, such databases have been little used, few studies have evaluated
factors influencing success of rehabilitation and/or release, recommended actions to conserve threatened
species have rarely arisen, and direct benefits for species conservation are yet to be demonstrated. We therefore
recommend that additional research be based on data from rescue, rehabilitation, and release of animals
that is broader in scope than previous research and would have community support.
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La Conservación y las Cuatro Rs, que son Rescate, Rehabilitación, Liberación e Investigación

Resumen: Los animales vertebrados pueden ser heridos o sufrir amenazas de heridas por medio de las
actividades humanas, lo que garantiza su “rescate”. Los detalles del rescate, rehabilitación, liberación e
investigación asociada de fauna (las 4 Rs, por sus siglas en inglés) están continuamente registrados en
grandes bases de datos, lo que resulta en una riqueza de información disponible. Esta información tiene un
enorme potencial de investigación y puede contribuir al entendimiento de la bioloǵıa animal, los impactos
antropogénicos sobre la fauna, y la conservación de las especies. Sin embargo, dichas bases de datos se han
utilizado muy poco, escasos estudios han evaluado los factores que influyen sobre el éxito de la rehabilitación
y/o la liberación, las acciones recomendadas para conservar a las especies amenazadas han surgido en raras
ocasiones, y los beneficios directos para la conservación de las especies todav́ıa no se han demostrado. Por
esto recomendamos que investigaciones futuras se basen en datos sobre el rescate, rehabilitación y liberación
de los animales, pues tiene un enfoque más generalizado que las investigaciones previas y tendŕıa apoyo
dentro de la comunidad.

Palabras Clave: animales vertebrados, ciencia ciudadana, impactos humanos, manejo de fauna, rescate de fauna

Introduction

Wildlife rescue typically involves vertebrates and wild
rather than domestic animals and has 3 phases—rescue,
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rehabilitation, and release. Animals may be rescued if they
are considered injured or in human-related danger (Tribe
& Brown 2000; Shine & Koenig 2001). They may then
be taken into care or removed from danger, this being
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the rehabilitation or recovery phase (Griffith & Higgins
2012; Mullineaux 2014). Dead animals may be collected
for examination (Rodŕıguez et al. 2014). After rehabili-
tation animals may be returned to the wild, this being
the release phase (Saran et al. 2011; Guy & Banks 2012;
Mullineaux 2014).

Data collected on rescued, rehabilitated, and released
animals provide much research opportunity because
the number of animals involved is large and resulting
databases provide an enormous wealth of information.
There are hundreds of organized programs of wildlife
rescue, recovery, and release (Guy et al. 2013) in many
countries and across all continents: Africa (Wolfaardt
et al. 2009; Wimberger et al. 2010), Antarctica (Ruoppolo
et al. 2013), Asia (Agoramoorthy 1997; Kido et al. 2014),
Australia (Tribe & Brown 2000; Guy & Banks 2012), Eu-
rope (Kirkwood & Sainsbury 1996; Ancillotto et al. 2013;
Gourlay et al. 2014), North America (Wilhelm et al. 2013;
Baker et al. 2015), and South America (Attademo et al.
2015; Sánchez-Sarmiento et al. 2015). In some countries,
many agencies exist that each rescue tens of thousands
of animals per year (Dorrestein et al. 1994; Kirkwood
& Sainsbury 1996; Vié 1999; Molony et al. 2006). By
extrapolation, millions of animals are rescued worldwide
annually. Given associated data collected for each animal,
resulting databases may be very large and worldwide they
provide extensive data sets available for analysis.

Rescue, recovery, and release of vertebrates, when
combined with associated research, can improve knowl-
edge and conservation of wild animals (Tribe & Brown
2000; Newman et al. 2003; Guy et al. 2014). Each rescued
animal represents an encounter with an individual of a
particular species, sex, age, size, etc. at a particular lo-
cation, date, and time (Goldsworthy et al. 2000; Koenig
et al. 2002). Data collected during encounters provide
information on population biology, behavior, and other
aspects of the species’ biology (Koenig et al. 2002). Re-
searchers can study rehabilitated animals to determine
how care and conditions influence progress toward re-
lease (Newman et al. 2003; Griffith & Higgins 2012;
Guy & Banks 2012) and likelihood of successful release
(Goldsworthy et al. 2000; Saran et al. 2011; Griffith & Hig-
gins 2012; Mullineaux 2014). When released, animals may
fare better or worse than those not rescued at all (Fajardo
et al. 2000; Goldsworthy et al. 2000; Saran et al. 2011).
Influx of released animals into a population may affect
the population’s size, disease transmission, genetics, and
evolution, especially when animals are moved between
populations, which can also affect conservation and man-
agement of source and receiving populations (Griffith
et al. 1993; Shine & Koenig 2001; Steele et al. 2005;
Weeks et al. 2011; Mullineaux 2014). Linking the need for
rescues with factors threatening species with extinction
may inform actions to reduce or mitigate threats. The
rescue-to-release process may also affect conservation,
and environmental management more generally, through

its effects on human perceptions and attitudes (Tribe &
Brown 2000; Shine & Koenig 2001; Crespo Mart́ınez et al.
2014; Guy et al. 2014).

Rescued animals can be monitored for disease and en-
vironmental contaminants, potentially indicating issues
of concern (Jaspers et al. 2006; Maluping et al. 2007;
Gourlay et al. 2014). Rescued birds may provide surveil-
lance information on diseases that could be transmitted
from wild birds to humans or that adversely affect poultry
or other captive birds (Maluping et al. 2007; Gourlay et al.
2014). Chemical analysis of feathers from rescued birds,
especially species high in the food chain, may enable
tracking of environmental pollutants (Jaspers et al. 2006).
Dead and rescued animals may indicate adverse effects
of marine debris on birds, mammals, and other animals
(Hong et al. 2013; Attademo et al. 2015).

In many regions, standardized fauna surveys carried
out throughout the year and over broad geographic areas
and many years provide measures of abundance that can
be combined with wildlife rescue data. The New Atlas of
Australian Birds consists of bird surveys by many volun-
teers throughout Australia at all times of year since 1998
(Barrett et al. 2003), and has resulted in a large database
(Szabo et al. 2007). The Wildlife Information Research
& Education Service (WIRES), a volunteer organization
that rescues, rehabilitates, and releases wildlife (mostly
birds and mammals), and has been operating throughout
New South Wales since 1989 and has developed a large
database (Shine & Koenig 2001; Koenig et al. 2002). The
numbers of rescued birds recorded in databases in com-
parison with survey abundance data may provide mea-
sures of risk relative to various human activities, location,
time of year, and bird attributes, such as sex and age
(G.H.P. & J.K.S., personal observation). Data on other an-
imals could be similarly combined if spatial and temporal
scales are comparable for rescues and surveys.

Literature Search

We reviewed the literature on wildlife rescue, rehabili-
tation, and release. We searched bibliographic databases
and followed citation trails to determine how much the
potential for research based on animal rescue has been
realized. We searched Web of Science (all databases)
up to July 2016 for the terms wildlife rescue, wildlife
rehabilitation, or wildlife release as topics and looked
for relevant citations in resulting articles. Discoveries of
new articles declined steadily over time to its lowest level
in 2016. However, we undoubtedly missed some articles,
such as those in local journals and non-English languages.
We read the abstract of each article and considered most
articles in their entirety. For each article, we noted res-
cue agencies involved, species considered, numbers of
species and individuals included, study type, and study
duration.
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Table 1. Summary of information on numbers and taxonomic groups of animals considered in 4 types of studies of animal rescue, rehabilitation,
and release.a

Study type
of species: range;

mean; SE; n
of individuals:

range; mean; SE; n
Percentage of individuals

by taxonomic class
Study duration (years):

range; mean; SE; n

Information in rescue
databases

1–469 (26.9, 13.9,
35)

44–22,175; 4163;
1112; 35)

birds 64.1; mammals 14.0;
reptiles 21.8; amphibians
0.1 (n = 136,044)

1–17; 8.9; 0.7; 35

Detection of pathogens
or parasites

1–104; 12.2; 3.3;
38

1–1,985; 208; 63; 39 birds 58.6; mammals 37.8;
reptiles 3.6 (n = 11,100)

0.1–12; 1.9; 0.4; 39

Release after
opportunistic rescueb

1–10; 1.5, 0.4, 23 1–2,365,206; 109; 23 birds 83.4; mammals 16.6;
(n = 4,731)

0.1–11; 4.0; 0.8; 22

Release after targeted
rescuec

1–13; 2.4, 0.8, 19 5–20,000; 3,967,
1378, 19

birds 99.6; mammals 0.4
(n = 75,382)

0.33–26; 6.1; 1.8; 19

aSample size indicated by n.
bRescues arising from random or untargeted discovery of animals needing rescue.
cRescues arise from searches at particular locations and times for animals requiring rescue.

Research Review

Wildlife rescues can be categorized as opportunistic
(random or untargeted discovery of animals needing res-
cue) or targeted (searches for such animals at particular
locations and times). Opportunistic rescues are generally
conducted by members, mostly volunteers, of the many
rescue agencies and often occur over broad geographic
regions and many years (Koenig et al. 2002; Newman
et al. 2003). Targeted rescues are conducted in response
to specific events or hazards, such as oil spills (Newman
et al. 2003; Wolfaardt et al. 2009; Ruoppolo et al. 2013),
habitat destruction from storage-dam development (Vié
1999), artificial light sources (Wilhelm et al. 2013;
Rodŕıguez et al. 2014), and fire (Lunney et al. 2004).

Opportunistic Wildlife Rescues

Published articles based on information in rescue
databases, though relatively rare, involve different num-
bers of taxa, mostly birds, reptiles, and mammals; gener-
ally large numbers of individual animals; and data col-
lected over many years. We found just 35 such arti-
cles (Table 1 & Supporting Information), a seemingly
low number relative to how many such databases must
surely exist and the vast numbers of species and individ-
uals included in these databases. These studies averaged
8.9 years in duration (range 1–17) and included on av-
erage 26.9 species (range 1–469) and 4,163 individu-
als (range 44–22,175) (Table 1 & Supporting Informa-
tion). Most rescued animals were birds (64.1%), followed
by reptiles (21.8%), mammals (14.0%), and amphibians
(0.1%) (Table 1 & Supporting Information). Rescues of in-
dividual mammals would have exceeded reptile rescues,
except for an exceptional study in which 22,175 rescued
snakes and lizards were included (Shine & Koenig 2001;
Supporting Information).

Analyses of rescue databases have focused primarily
on reasons animals were rescued (including retrieval of
dead animals) (Le Souëf et al. 2015; Parreiras de Freitas

et al. 2015; Orós et al. 2016). Most rescues of terrestrial
animals have been the result of collisions with motor
vehicles (Brown & Sleeman 2002; Rodŕıguez et al. 2010;
Healy & Nijman 2014; Le Souëf et al. 2015). Many had lost
parents (Kelly & Sleeman 2003; Molina-López & Darwich
2011; Molina-López et al. 2011; Crespo Mart́ınez et al.
2014), collided with other human structures (Mart́ınez
et al. 2006; Rodŕıguez et al. 2010), had been hit by
lawn mowers and other garden equipment (Hartup 1996;
Brown & Sleeman 2002), or had gunshot wounds (Molina-
López & Darwich 2011; Molina-López et al. 2011). Others
had been rescued because they were ill (Kelly & Slee-
man 2003; Molina-López & Darwich 2011; Molina-López
et al. 2011), poisoned (Guitart et al. 2010; Kelly et al.
2014), electrocuted (Molina-López et al. 2011), held cap-
tive illegally (Molina-López & Darwich 2011; Parreiras de
Freitas et al. 2015), or were unwanted pets (Healy &
Nijman 2014). Rescues of marine animals have resulted
from entanglement in fishing gear or plastics, ingestion
of fishing gear, oil exposure (Orós et al. 2016), and prob-
ably collisions with boats. Some researchers considered
interannual (Molina-López et al. 2011) or seasonal trends
of rescues (Brown & Sleeman 2002; Mart́ınez et al. 2006;
Crespo Mart́ınez et al. 2014; Healy & Nijman 2014), their
geographic patterns (Brown & Sleeman 2002; Mart́ınez
et al. 2006), and the sex and age distributions of rescued
animals (Molina-López & Darwich 2011; Healy & Nijman
2014).

Studies based on examination of opportunistically res-
cued animals, generally of short duration, indicate the
presence of pathogens or parasites (Table 1). In 32 studies
rescued animals were examined for disease, and in 7 they
were examined for parasites (Supporting Information).
These 39 studies averaged 1.9 years in duration (range
0.1–12 years) and included on average 12.2 species
(range 1–104) and 208 individuals (range 1–1,985)
(Table 1 & Supporting Information). Most animals stud-
ied were birds (58.6% of studies), followed by mammals
(37.8%) and reptiles (3.6%). No data on opportunistic
rescues of amphibians were included in studies.
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Diseases have been detected among rescued and re-
trieved (i.e., already dead) animals, some of which are of
concern relative to the health of humans and domestic
animals. Wild birds carry many different types of bacteria,
including human pathogens (Steele et al. 2005; Aaziz et al.
2015; Dipineto et al. 2015; Giacopello et al. 2016), some
of which are antibiotic resistant (Molina-López et al. 2015;
Camacho et al. 2016), and viruses, such as West Nile
virus (Llopis et al. 2015; Camacho et al. 2016). Mammals
carry pathogens (Siembieda et al. 2011; Fleming & Bexton
2016), including rabies (Kelly & Sleeman 2003; Schmidt-
French et al. 2006). Reptiles carry Salmonella and other
disease-causing organisms (Percipalle et al. 2011; Molina-
López et al. 2015).

Rescued animals also carry parasites, some that could
possibly infect humans. Birds carry nematodes, other
helminths (Ferrer et al. 2004; Latas et al. 2016), and lice
(González-Acuña et al. 2008). Mammals carry nematodes,
other helminths, ticks, fleas (Baker et al. 1995; Gaglio
et al. 2010), and protozoans, including malarial parasites
(Plasmodium) (Fandeur et al. 2000).

Few researchers have experimentally varied rehabil-
itation methods for opportunistically rescued animals,
although trial and error has undoubtedly produced con-
siderable evolution of methods. Varying the diet of res-
cued young seals (Phoca vitulina) resulted in identifi-
cation of a diet with high rates of growth and survival
(MacRae et al. 2011). Survival of rescued raccoon dogs
(Nyctereutes procyonoides) improved following admin-
istration of antiparasitic drugs (Kido et al. 2014). Nat-
ural behaviors of rescued howler monkeys (Alouatta
palliata) increased over time during rehabilitation, but
these results were not compared with those from alter-
native programs (Schwartz et al. 2016). Survival of Mal-
lard (Anas platyrhynchos) ducklings was improved by
the presence of an older duckling acting as a “mentor”
individual, but survival was not improved by provision
of running water (Drake & Fraser 2010). We are not
aware of any other experimental or quasi-experimental
studies. However, given the huge numbers of rescued
and rehabilitated animals, carers would have undoubt-
edly tried alternative methods, across many individu-
als and much time, and adopted the seemingly best
ones.

The fate of animals released into the wild after op-
portunistic rescue and rehabilitation has been evaluated
more frequently, mostly for a few particular species of
birds (Table 1 & Supporting Information). We found 23
articles on the fate of animals released after rescue. These
studies averaged 4 years in duration (range 0.1–11) and
examined on average 1.5 species (range 1–10) and 206
individuals (range 1–2,365) (Table 1 & Supporting Infor-
mation). Of the animals included in these studies, 83.4%
were birds and the remainder were mammals (Table 1).

Studies investigating release success for opportunisti-
cally rescued animals (Molony et al. 2006) have been few

but have considered a broad range of factors. Postrelease
survival can be affected by rehabilitation (Wells et al.
2013), duration of rehabilitation (Molony et al. 2006),
whether animals are rescued as singles or in a group
(e.g., dolphins exhibiting mass strandings [Wells et al.
2013]), animal age (Griffith & Higgins 2012), receipt of
medical treatment (Griffith & Higgins 2012), training pro-
grams (e.g., owls trained to feed on live prey [Fajardo
et al. 2000]; flight training for pipistrelle bats [Kelly et al.
2008]), season of release (Fajardo et al. 2000), and separa-
tion between rescue and release locations (Molony et al.
2006).

Only one study considered impacts of releasing op-
portunistically rescued animals on the recipient popula-
tion. Two populations of Western European hedgehog
(Erinaceus europaeus), one receiving rescued and re-
habilitated animals and a separate control population,
exhibited no differences in survival rate, nightly range
size, distance traveled, or proportion of the night spent
active, indicating absence of competition between re-
leased individuals and individuals in the recipient pop-
ulation (Molony et al. 2006). We found no articles on
the impacts of animal release on population size, disease
transmission, genetics, or evolution.

Targeted Wildlife Rescues

Studies of targeted wildlife rescues have involved obvious
reasons for rescue, focused mostly on animal fate postre-
lease (Supporting Information), and have paid little atten-
tion to rehabilitation. Different treatments for oiled ani-
mals can affect survival during rehabilitation and whether
an animal is released (Risi et al. 2001; Jessup et al. 2012),
but none of these studies was explicitly experimental.
We found no studies on rehabilitation following targeted
rescue for reasons other than oil spills.

Studies of the postrelease fate of animals following
targeted rescue have mostly involved environmental con-
tamination with oil, followed by dam development, artifi-
cial light sources, and events such as wildfires and storms
(Supporting Information) and have almost exclusively fo-
cused on birds of a few species and large numbers of
individuals (Table 1). Studies of the postrelease fate of
rescued animals affected by oil and artificial light sources
have all been on birds, and those that have considered the
few animals translocated because of dam development
have been on mammals (Supporting Information). These
studies averaged 6.1 years in duration (range 0.33–26)
and considered on average 2.4 species (range 1–13) and
3,967 individuals (range 5–20,000) (Table 1; Supporting
Information).

None of these studies of the fate of animals released
following targeted rescue had an experimental approach
that involved systematic variation in procedures. Possible
experimental approaches are described below.
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Biases and Limitations in Databases

Inherent spatial and temporal biases and other limitations
affect animal-rescue databases and broad-scale fauna sur-
vey programs, but these biases have received little at-
tention. Animal rescues and fauna surveys often involve
volunteers or citizen scientists whose opportunistic en-
counters with animals, whether alive and well, requiring
rescue, or dead, are often along roads and near human
habitation, resulting in misleading ideas of animal dis-
tribution and habitat (Pyke & Ehrlich 2010). Such en-
counters also tend to occur during holiday periods, when
people are traveling more, which creates seasonal biases
in recorded observations (Pyke & Ehrlich 2010; Tulloch
& Szabo 2012). Yearly differences in recording rate may
arise if volunteer observers receive varying encourage-
ment; effort may be high at the beginning of a survey
program and wane subsequently (Barrett et al. 2003).

Databases arising from animal rescue and fauna sur-
veys may also be biased in animal types observed and
recorded. Some species are conspicuous; thus, records
of them may exaggerate their relative abundance. Some
species, sexes, or age classes are more likely than others
to be negatively affected by events without dying and
hence more likely to require rescue (Shine & Koenig
2001; Koenig et al. 2002). There could also be biases in an-
imal types recorded or rescued, which would potentially
explain the low numbers of rescued snakes (Supporting
Information).

Understanding such biases can aid interpretation of
apparent patterns in terms of rescued animals (Shine
& Koenig 2001; Koenig et al. 2002). Some biases may
equally affect different animal categories or rescue sit-
uations and hence be ignored (Shine & Koenig 2001;
Koenig et al. 2002). Alternatively, considering reason for
rescue as a variable may help control for associated biases
(Mart́ınez et al. 2006; Griffith et al. 2013; Molina-López
et al. 2013). We are not aware of any studies other than
those cited parenthetically here in which such biases
were considered.

The nature and accuracy of recorded information may
also limit use of rescue-based data, although we found
no studies that have considered such limitations. For
example, information recorded in the WIRES database
is the same for all taxa. For example, age categories are
the same for all animal groups regardless of a species’
natural history (G.H.P. & J.K.S., personal observation).
Also, some observers may have difficulty keeping good
records (Mullineaux 2014).

Conservation

Some studies have focused on species considered
threatened with extinction and identified reasons for
rescues, but rarely have results been incorporated explic-

itly into conservation recommendations. Rescued threat-
ened species have included birds (Mart́ınez-Climent et al.
2001; Zuberogoitia et al. 2003; Roy & Shastri 2013;
Le Souëf et al. 2015), mammals (Lunney et al. 2007; At-
tademo et al. 2015), reptiles (Gelli et al. 2009), and fish
(Thomas et al. 2013). Reasons for rescue have included
vehicle collisions for Black Cockatoos (Calyptorhynchus
spp.) in Western Australia (Le Souëf et al. 2015), debris
ingestion by West Indian manatees (Trichechus mana-
tus) (Attademo et al. 2015), injuries to White-rumped
Vultures (Gyps bengalensis) from kites (Roy & Shastri
2013), collisions with overhead pylons by Cape Griffons
(Gyps coprotheres) and White-backed Vultures (Gyps
africanus) (Naidoo et al. 2011), stranding of green
sturgeons (Acipenser medirostris) in human-engineered
flood diversions (Thomas et al. 2013), and injuries to
koalas (Phascolarctos cinereus) from fire and dogs (Lun-
ney et al. 2007). Only the studies of green sturgeon
stranding and koala injuries resulted in recommended
actions to aid species conservation. For sturgeon the rec-
ommendations were rescue and translocation and stream-
flow modification to facilitate fish passage (Thomas et al.
2013). For koala fire and dog control were recommended
(Lunney et al. 2007). Of course, results of studies on
rescued threatened species may indirectly influence con-
servation actions through inclusion in subsequent man-
agement plans or species assessments.

There is little to no evidence that programs involving
rescue, rehabilitation, and release of threatened species
contribute directly to conservation of species involved.
Some studies acknowledge that conservation outcomes
have not been evaluated (Griffith & Higgins 2012; Guy
et al. 2014), and population estimates for threatened
species have sometimes declined despite rescue efforts
(Rodŕıguez et al. 2012). In general, studies involving res-
cue of threatened species, despite positive results for
individual animals, have failed to demonstrate that res-
cue, rehabilitation, and release of animals leads increases
in population size or other population benefits in the
wild and hence contribute to conservation (Zuberogoitia
et al. 2003; Lunney et al. 2004; Naidoo et al. 2011; Thomas
et al. 2013). However, programs involving animal rescue,
rehabilitation, and release may contribute indirectly to
conservation by increasing awareness, especially if they
include education components. Indeed, public education
is often viewed as an important aspect of such programs
(e.g., Guy et al. 2014; Mullineaux 2014; Baker et al. 2015;
Parreiras de Freitas et al. 2015).

Research Potential and Future

A wide range of research could focus on rescued wildlife.
Depending on the taxa involved, rescue databases can
indicate reasons for rescue, temporal patterns of rescues
in terms of year or season, geographic patterns of rescues,
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and attributes of rescued animals such as sex and age.
Success of rehabilitation programs depends on care that
animals receive. Likewise, animal fate after release varies
with care, training received during rehabilitation, and
other factors, such as seasonal timing of release.

However, studies based on rescued wildlife seem scant
relative to wealth of available data and opportunities and
frequent events warranting targeted animal rescue. Only
96 articles considered opportunistic animal rescues (Sup-
porting Information), which is very few considering the
millions of animals doubtless rescued worldwide each
year and how long rescue programs have been operat-
ing. Few studies considered rehabilitation and release for
opportunistically rescued animals, and studies that evalu-
ated factors influencing success during these phases were
rare. Only 19 studies focused on targeted rescues, which
seems low given the diversity and frequency of human-
induced events warranting subsequent animal rescue.
For example, catastrophic oil spills have been occurring
with alarming frequency for over a century (Supporting
Information).

Existing studies based on animal rescue are limited in
scope. Few studies have combined information regard-
ing animal rescues in relation to abundance and activity,
which is available in rescue databases, with data from
broad-scale and long-term fauna survey programs to eval-
uate risks to individual animals and consequences for
populations. Few have experimented with factors influ-
encing success of rehabilitation and release. Attempts
to derive proconservation actions for threatened species
are rare (Thomas et al. 2013). In other words, existing
research based on animals that have been rescued, then
possibly rehabilitated and released, has not realized its
potential.

Untapped Opportunities and Increasing Potential

Data on animal rescue, recovery, and release span long
periods and large spatial scales and hence provide un-
tapped opportunities for research that could increase un-
derstanding of processes such as climate change and habi-
tat alteration. Worldwide, animal rescues have occurred
over broad geographic areas (Mart́ınez et al. 2006; Mazaris
et al. 2008) for over 50 years (Newman et al. 2003). Large-
scale changes to climate and areas of wildlife habitat
have occurred over comparable periods (Parmesan 2006;
Butchart et al. 2010) and so could be related to trends in
wildlife-rescue data. Combining rescue databases across
multiple agencies could increase sample sizes and ge-
ographic scope (Mart́ınez et al. 2006; Ancillotto et al.
2013).

As human populations increase and expand, with con-
sequent fragmentation of natural habitat, animal rescues
will likely increase. More humans mean more roads and
vehicles, pets, power lines, buildings and other artifi-
cial structures, pesticides and other pollutants—all of

which pose risks to wild animals. With continuing habitat
fragmentation, animals may increasingly move through
human-affected areas between habitat patches, further
increasing likelihood of encountering threats. Large-scale
habitat destruction may warrant rescue and repatriation
of inhabitant animals (Vié 1999), and oil-related catas-
trophes seem likely to continue (Ruoppolo et al. 2013).
Conditions will undoubtedly be tougher for wildlife in
future, leading to more rescues.

Modifications to Rescue, Rehabilitation, and Release
Procedures

The quality and quantity of animal-rescue information
would be enhanced if rescuers and carers of rescued ani-
mals could supply data that are species specific, broader
in scope, and of increased quality. Collected data should
be tailored to particular animal groups, based for exam-
ple on taxonomy, because reasons for rescue and natural
histories differ among such groups. Additional informa-
tion, such as weight and morphological measurements
could contribute to the scope of available data. Res-
cuers should accurately, consistently, and comprehen-
sively record their observations.

Systematic variation in rehabilitation programs and
recording consequences could lead to useful and im-
portant results. Alternative rehabilitation treatments or
procedures could be assigned to different individual an-
imals or facilities looking after the same kinds of ani-
mal. Comparing different rehabilitation programs could
indicate relative efficiency and effectiveness. Of course,
this would require coordination of activities across many
people and agencies.

Rescued animals could be used as bioindicators of
pathogens and chemical contamination if examined and
tested appropriately. Clinical and postmortem exami-
nation could indicate nature and extent of maladies.
Pathogens and environmental pollutants may be indi-
cated by blood, tissue, or noninvasive samples (e.g., fur,
feathers, feces) (Richards et al. 2014). Of course, proce-
dures would be necessary for passing animals to those
capable of examinations and taking samples. Significant
costs may be involved.

Integrating existing rehabilitation procedures with
other ongoing research could improve knowledge of
animal biology (e.g., physiology, life history, nutrition,
behavior) and ability to care for wild animals (Guy &
Banks 2012). To learn about nutrition, alternative diets
could be fed to rescued animals. Recording body weight
and condition over time could make carer involvement
with animal recovery more satisfying and inform dietary
needs, especially if results were combined with nutri-
tional studies of zoo animals (Dierenfeld 1997; MacRae
et al. 2011; Cornejo et al. 2013). Similar experimental
approaches could be taken for other aspects of care (Guy
et al. 2013).
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The consequences of release of rescued and rehabili-
tated animals, for both the animals and the environment
into which they are released, must be understood and
warrant further research (Mullineaux 2014). Released
animals can be individually marked and possibly radio
tracked (Green et al. 2005), which would provide infor-
mation about fates of released animals and consequences
of releasing recovered animals on local populations. Sur-
veys near rescue locations may indicate extent of site
fidelity of released animals. Experimentation may deter-
mine how rehabilitation procedures affect release suc-
cess. Through variation in circumstances of release, such
as distance between rescue and release locations, time
of release, and so on, such factors may be adjusted to
improve results.

Of course, implementation of our suggestions will
likely require encouragement and training of rescuers and
carers, as well as engagement among stakeholders. This
training and encouragement could include explaining the
importance and value of animal rescues and the responsi-
bilities rescuers and carers have to animals involved and
to science, including conservation science when threat-
ened species are involved. It could also include training
in record keeping, testing of different methods for animal
care, and establishing procedures for preparing and pass-
ing animals to others for specialised care, examination,
and release. Collaboration between rescuers, carers, and
those with particular expertise will be essential. People
need to know what to do and how to do it, get help when
they need it, be part of a team, and to feel that it is all
worthwhile.

Promotion of Research Related to Rescued Animals

Rescue databases or rescued animals provide for many
different types of research, but research is more likely
if data or rescued animals are readily available and en-
couragement and facilitation are provided. Rescue-based
data could be made more openly available via the inter-
net. We suggest increasing awareness of these databases
among researchers, initiating student projects based on
them, encouraging collaboration between researchers
and wildlife rescue organisations, and pursuing funding
to support coordination and implementation of rescue-
based research. Such actions might include more partner-
ships and data sharing among wildlife rescue agencies;
other agencies with broad interests in animal biology,
management, and conservation, often with taxonomic fo-
cus; and government. Obviously, both interest and fund-
ing will need to be present.

Wildlife Conservation

Conservation has often been the justification for pro-
grams involving rescue, rehabilitation, and release of
wildlife, and people participate in such programs pri-

marily to help individual animals and contribute to con-
servation, so it is disappointing that studies based on
rescue programs have provided little information relevant
to species conservation, and there is scant evidence these
programs contribute directly to such conservation. Many
authors have identified contributions to conservation that
such programs can and should make (Guy et al. 2014;
Baker et al. 2015; Sánchez-Sarmiento et al. 2015). Further-
more, surveys of people’s motivations regarding rescue
and rehabilitation programs indicate 2 main concerns:
welfare and survival of individual animals and conserva-
tion of species, especially those threatened with extinc-
tion (Kirkwood & Sainsbury 1996; Newman et al. 2003;
Wimberger et al. 2010; Guy & Banks 2012). It is therefore
disappointing that very few studies of rescued animals
have led to actions promoting conservation of threat-
ened populations or species (Thomas et al. 2013). There
is also little evidence that animal rescue, rehabilitation,
and release contribute directly to species conservation
(Zuberogoitia et al. 2003; Naidoo et al. 2011; Thomas
et al. 2013), which has led some to question their value
(Mullineaux 2014).

The 4 Rs could contribute to species conservation by
informing conservation status, addressing threats, and an-
imal husbandry. Records of animal rescues indicate num-
bers of animals affected by accidents. Such data could be
used to infer possible deleterious impacts of events and
situations on population sizes and hence conservation
status of particular species. Increasing numbers of ani-
mals warranting rescue may indicate increasing threats
to particular species and hence decline in their conserva-
tion status. Reasons for rescues may indicate threats to be
addressed in conservation strategies. Animal husbandry,
learned during rehabilitation, could contribute to conser-
vation strategies, especially if captive breeding programs
are involved.

However, conservation strategies should increasingly
consider population and genetic consequences of release
of rescued animals, especially if threatened species are
affected or if source and recipient populations are dif-
ferent (Mullineaux 2014). Because areas where rescue
have occurred are often considered unsuitable in terms of
habitat, rehabilitated individuals are frequently released
elsewhere (Griffith et al. 1993; G.H.P., personal observa-
tion), which may affect source and receiving populations
both numerically and genetically (Shine & Koenig 2001).
Furthermore, as habitat fragmentation increases, animal
populations may become small and isolated, warranting
translocation strategies that consider genetic and other
factors (Lunt et al. 2013; Ottewell et al. 2014).

Conclusions

Wildlife conservation should be intimately connected
with the four Rs—rescue, rehabilitation, release, and
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research. When linked with research on other aspects
of animal biology, research based on wildlife rescue, re-
habilitation, and release could improve understanding of
the ecology of animals and contribute to management
and conservation of them and their ecosystems.

It is therefore disappointing that rescue databases have
been little used, are limited in scope, and contribute
little to conservation. Few studies have considered fac-
tors influencing success for rehabilitation or release pro-
grams, few recommendations for species conservation
have arisen, and evidence is lacking that rescues con-
tribute directly to conservation. There has also been an
obvious bias toward birds and mammals. The 4 Rs may
enhance future understanding of animal biology, human
impacts on wildlife, and species conservation, but re-
search must expand in scope and increase in volume.
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