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a  b  s  t  r  a  c  t

Baiting  and supplemental  feeding  of  wildlife  are  widespread,  yet  highly  controversial  man-
agement  practices,  with  important  implications  for  ecosystems,  livestock  production,  and
potentially  human  health.  An  often  underappreciated  threat  of such  feeding  practices  is  the
potential  to facilitate  intra-  and  inter-specific  disease  transmission.  We  provide  a  compre-
hensive  review  of  the  scientific  evidence  of  baiting  and  supplemental  feeding  on  disease
transmission  risk  in  wildlife,  with an  emphasis  on  large  herbivores  in North  America.  While
the objectives  of  supplemental  feeding  and  baiting  typically  differ,  the effects  on disease
transmission  of  these  practices  are  largely  the  same.  Both  feeding  and baiting  provide
wildlife  with  natural  or non-natural  food  at specific  locations  in  the  environment,  which  can
result  in  large  congregations  of individuals  and  species  in  a small  area  and  increased  local
densities. Feeding  can  lead  to increased  potential  for disease  transmission  either  directly
(via direct  animal  contact)  or indirectly  (via feed  functioning  as a fomite,  spreading  disease
into the  adjacent  environment  and  to other  animals).  We  identified  numerous  diseases  that
currently  pose  a significant  concern  to the  health  of individuals  and  species  of  large  wild
mammals  across  North  America,  the spread  of  which  are  either  clearly  facilitated  or  most
likely facilitated  by the  application  of supplemental  feeding  or baiting.  Wildlife  diseases
also  have  important  threats  to  human  and  livestock  health.  Although  the  risk  of  intra-  and
inter-species  disease  transmission  likely  increases  when  animals  concentrate  at  feeding
stations,  only  in  a few  cases  was  disease  prevalence  and  transmission  measured  and  com-
pared  between  populations.  Mostly  these  were  experimental  situations  under  controlled
conditions,  limiting  direct  scientific  evidence  that  feeding  practices  exacerbates  disease
occurrence,  exposure,  transmission,  and spread  in  the  environment.  Vaccination  programs
utilizing  baits  have  received  variable  levels  of success.  Although  important  gaps  in  the  sci-
entific literature  exist,  current  information  is  sufficient  to  conclude  that  providing  food  to
wildlife  through  supplemental  feeding  or baiting  has  great  potential  to  negatively  impact
species  health  and  represents  a non-natural  arena  for disease  transmission  and  preserva-
tion.  Ultimately,  this  undermines  the  initial  purpose  of feeding  practices  and  represents  a
serious risk  to the maintenance  of  biodiversity,  ecosystem  functioning,  human  health,  and
livestock  production.  Managers  should  consider  disease  transmission  as  a real  and  serious
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concern  in  their  decision  to  implement  or eliminate  feeding  programs.  Disease  surveillance
should  be a crucial  element  within  the long-term  monitoring  of  any  feeding  program  in
combination  with  other  available  preventive  measures  to limit  disease  transmission  and
spread.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Many wildlife populations aggregate in small spa-
tial areas in response to human modifications of the
environment. A good example of such a modification
is the placement of supplemental feed, either via bait,
or natural or artificial forage within the native habi-
tat of species. Supplemental feed is provided to wildlife
across numerous parts of the world to address various
ecological and socio-economic purposes such as allevi-
ating winter mortality (Weidman and Litvaitis, 2011),
increasing reproductive success (Robb et al., 2008b), con-
trolling wildlife damage to crops and the environment
(van Beest et al., 2010), reducing wildlife–vehicle collisions
(Andreassen et al., 2005), controlling animal migration
routes (Sahlsten et al., 2010), and optimizing hunting and
tourism opportunities (Corcoran et al., 2013; Geisser and
Reyer, 2004).

The effectiveness of wildlife feeding to fulfill the above
mentioned factors is ambiguous and reviewed in more
detail elsewhere (Putman and Staines, 2004; Robb et al.,
2008a). Less well-known, and an under-appreciated bio-
logical problem, is the potential role of feeding and
baiting on inter- and intra-species disease transmission
risk. This is surprising as the risk of disease transmis-
sion and outbreak in native species has been recognized
as one of the major threats to biodiversity around the
globe (Daszak et al., 2000). In North America specifi-
cally, concerns have been raised regarding the ecological
and economic impacts of such feeding practices follow-
ing the emergence of chronic wasting disease (CWD)
in free-ranging and domestic elk (Cervus canadensis),
mule deer (Odocoileus hemionus hemionus), black-tailed
deer (Odocoileus hemionus columbianus), white-tailed deer
(Odocoileus virginianus), and moose (Alces alces), and out-
breaks of bovine tuberculosis and brucellosis in elk and
white-tailed deer (Brown and Cooper, 2006; Cross et al.,
2010; O’Brien et al., 2011; Peterson et al., 2006; Brook et al.,
2013).

The purpose of this paper is to provide a comprehensive
review of existing literature on the effects of baiting and
feeding wildlife on species health; particularly in relation to
disease transmission in large herbivores in Northern Amer-
ica. Our objectives were to: (1) define and characterize the
aims of baiting and feeding of wildlife, (2) examine the
mechanisms that facilitate disease transmission in relation
to feeding and baiting, (3) present a set of case studies that
have investigated the role of feeding and baiting on trans-
mission of infectious diseases, (4) evaluate the implications
of baiting and feeding wildlife for human and livestock
health, and (5) assess the potential and efficacy of current
management approaches available to reduce disease trans-
mission risks associated with baiting and supplementary
feeding of wildlife.

2. Baiting and feeding wildlife: definitions and
objectives

Baiting of wildlife involves the purposeful placement
of natural or artificial food resources in the environment
to manipulate the behavior of wild species so as to attract
and/or retain them in an area. Regulations regarding baiting
wildlife vary significantly between regions and countries,
ranging from being fully accepted to complete bans on
their use. Additional attractants such as scent lures, call-
ing devices, or decoys may be utilized for baiting purposes
(Lothrop et al., 2012). Baiting is typically used for the pur-
poses of (i) attracting wildlife to a specific location to
enhance hunter harvest, trapping, or viewing opportunities
(Litvaitis and Kane, 1994; Obbard et al., 2008); (ii) capturing
wildlife for research purposes including animal relocation
or population augmentation and restoration (Barrett et al.,
2008); (iii) capture, vaccination, and/or treatment of ani-
mals for control of infectious diseases and vectors (Cross
et al., 2007a,b; Fletcher et al., 1990).

Supplemental feeding can be broadly defined as the
placement of natural or non-natural food into the envi-
ronment with the goal of augmenting the regular natural
food source of a given wild species. Feeding is conducted
across a wide range of spatial scales including citizens
occasionally distributing feed on their property (Robb
et al., 2008a), as well as large scale provincial or state-
funded programs. For example, several thousand elk are
artificially fed each winter in the National Elk Refuge,
Wyoming, USA (Smith, 2001). Supplemental feeding can
also be unintentional, as wild species target garbage dumps
(Lunn, 1986), livestock feeding troughs (Atwood et al.,
2009), compost heaps (Gabrey et al., 1994), and stand-
ing or baled agricultural crops (Brook, 2010; Brook et al.,
2013).

Supplemental feeding is the provision of food by
humans with the intention to enhance some specific phys-
ical characteristics of individuals or to benefit population
dynamics, e.g. increased antler growth, fecundity, and sur-
vival (Hansen, 1987; Ozoga and Verme, 1982). Winter
feeding is as specific type of supplemental feeding to com-
pensate for lower natural food availability for wildlife
and higher energetic demands during winter conditions,
primarily to prevent starvation mortalities and maintain
body condition (Baker and Hobbs, 1985; Doenier et al.,
1997). Intercept or diversionary feeding is the provision
by humans of food at strategic places to modify animal dis-
tribution and movements so as to reduce environmental
damage (Geisser and Reyer, 2004; van Beest et al., 2010;
Ziegltrum, 2004), to divert wildlife away from major vehi-
cle traffic corridors to reduce animal–vehicle collisions
(Andreassen et al., 2005; Wood and Wolfe, 1988), or pre-
vent disease transmission among wildlife and livestock
(Brook, 2008).
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3. Role of baiting and supplemental feeding in
disease transmission

Large concentrations of wildlife activity centered
around feeding or baiting sites have been widely implicated
as a major mechanism influencing inter- and intra-specific
transmission of infectious diseases (Hines et al., 2007;
Miller et al., 2003; Thompson et al., 2008). If one or more
individuals are carrying an infectious organism or prion, its
transmission to uninfected individuals may  be facilitated
by higher rates of contact (i.e. direct transmission) between
animals gathered at a single site (Miller et al., 1998). Indeed,
fine-scale behaviors at baiting or feeding sites can enhance
the levels of potentially infectious contact through actions
such as sparring or muzzle contact (Garner, 2001). Direct
transmission is especially problematic in social species,
such as elk and deer, as contact occurs frequently and reg-
ularly within familial social groups (Marchinton and Hirth,
1984; Vander Wal  et al., 2012). As animals congregate at
a feeding site, contact rates can increase within familial
groups but also among unrelated groups and individuals of
other species (Blanchong et al., 2006). In addition, crowding
of wildlife in confined spaces has also been shown to induce
stress responses, which can reduce immune function and
increase disease susceptibility (Forristal et al., 2012). Intra-
and inter-specific aggressive interactions have also been
observed at bait sites (Côté, 2001). Disease transmission
can also occur when animals consume feed, water, and
associated soil contaminated by the urine, blood, nasal
secretions, saliva, or feces from infectious individuals (i.e.
indirect transmission). Risks of infection increase when
multiple individuals and species congregate in a confined
area, such as bait sites or feeding stations (Garner, 2001;
Thompson et al., 2008). The specific route and risk of dis-
ease transmission is, in part, dependent on the biology of
the specific pathogen, which will be highlighted in subse-
quent sections.

4. Evidence for infectious disease transmission

4.1. Bovine tuberculosis

Bovine tuberculosis (bovine TB; Mycobacterium bovis)
is a bacterial disease that occurs in wildlife and livestock
throughout the world, predominantly in areas dominated
by agriculture (Schmitt et al., 1997; Cosivi et al., 1998;
Brook et al., 2013). In Canada, bovine TB was endemic
in cattle until the mid-1960s and infected livestock are
the most likely original source of infection to existing
infected wildlife populations (Brook, 2009). There are two
known Canadian endemic wildlife populations infected
with bovine TB, free-ranging populations of wood bison
(Bison bison athabascae) in and around Wood Buffalo
National Park, Alberta, and elk and white-tailed deer in and
around Riding Mountain National Park (RMNP), Manitoba
(Nishi et al., 2006).

In RMNP, TB was endemic in cattle, probably from the
1880s until the 1960s and TB cases in wildlife species were
sporadically found in and around the park from the 1880s
to the 1980s (Brook, 2009). In 1986 Manitoba cattle were
declared TB-free, but the disease quickly re-emerged in the

RMNP area in 1991 when seven beef cattle herds bordering
the park tested positive (Brook, 2009). In 1992, a wild elk
shot in the vicinity of an infected cattle farm tested posi-
tive for the disease (Lees et al., 2003), followed by a positive
hunter-killed white-tailed deer in 2001 (Lees, 2004). Fol-
lowing concerns about wildlife being a reservoir of bovine
TB, a 5-year management strategy and implementation
plan was  developed to attempt to eradicate bovine tuber-
culosis from the greater Riding Mountain ecosystem (Nishi
et al., 2006). In the management plan it was  recognized
that hay bales were functioning as an attractant to elk and
deer and likely facilitated disease transmission between
and among wildlife and livestock due to high levels of
interaction, especially during winter (Brook, 2010; Brook
et al., 2013). Baiting and feeding of elk and deer has been
hypothesized to be a key factor in transmission of TB in
the region and efforts have been made to reduce the use of
baits (Brook, 2008). However, empirical evidence does not
exist to link TB specifically to wildlife baiting in this region.

Similar biological and socio-economic impacts of bovine
TB occur elsewhere in the world, including the United
States. In 1994 the disease was  detected in northeastern
Michigan, USA in a population of white-tailed deer, with-
out infected livestock to serve as the existing reservoir
(Schmitt et al., 1997). Increased monitoring and testing
of wildlife and livestock revealed more TB-positive deer,
elk, dairy cattle, beef cattle, and wild carnivores, though it
seems likely that deer were the reservoir and other species
were spill-over hosts (Bruning-Fann et al., 2001; Dorn and
Mertig, 2005). Prior to the implementation of a localized
ban of baiting and supplemental feeding in 1999, 72% of
non-resident hunters and 87% of resident hunters reported
using bait when hunting in northeast Michigan (Dorn and
Mertig, 2005). Additionally, 74% of resident hunters, 59%
of business owners, and 54% of the general public also
reported feeding deer prior to the ban (Dorn and Mertig,
2005).

State veterinarians and wildlife biologists long
attributed the occurrence of the disease in this area
in significant part to baiting and feeding practices by
hunters (Schmitt et al., 1997). Supplemental feeding
practices may  serve as a primary factor in bovine TB trans-
mission between matriarchal deer groups (O’Brien et al.,
2011). Human-caused aggregations draw TB-infected
deer into close contact with infectious animals (Garner,
2001), and increase the opportunity for bovine TB to
spread through aerosols or saliva on partially consumed
feed (Palmer et al., 2001; Schmitt et al., 1997, 2002).
Additionally, supplementation of deer diets allow a much
greater density of deer to survive each winter, leading
to extremely high densities that exceed any previously
recorded, which most likely facilitate bovine TB transmis-
sion (Schmitt et al., 1997). Miller et al. (2003) conducted
a retrospective study to test the hypothesis that supple-
mental feeding of white-tailed deer from 1995 to 1997
was positively associated with the prevalence of bovine
TB in Michigan. Results showed a clear correlation and the
authors subsequently suggested banning supplementary
feeding in all areas affected by bovine TB. However, there
have been only localized and temporary efforts thus far to
control baiting in this endemic area. Bovine TB remains a

dx.doi.org/10.1016/j.prevetmed.2013.11.010


Please cite this article in press as: Sorensen, A., et al., Impacts of wildlife baiting and supplemental feeding on infectious
disease transmission risk: A synthesis of knowledge. PREVET (2013), http://dx.doi.org/10.1016/j.prevetmed.2013.11.010

ARTICLE IN PRESSG Model

PREVET-3475; No. of Pages 8

4 A. Sorensen et al. / Preventive Veterinary Medicine xxx (2013) xxx– xxx

critical problem to populations of deer in Michigan and is
an important threat to livestock (O’Brien et al., 2011).

4.2. Bovine brucellosis

Brucellosis is a chronic bacterial disease caused by
Brucella abortus, and is found in livestock and wildlife popu-
lations around the world (Godfroid and Käsbohrer, 2002). It
primarily affects reproductive organs, causing abortion in
female hosts, as well as swelling of limb joints. Transmis-
sion within and between wildlife and livestock typically
occurs through contact with infected fetuses and placen-
tas following abortion events (Cheville et al., 1998). In
the Greater Yellowstone Ecosystem (GYE), brucellosis in
elk and bison has been a major issue following the intro-
duction of the disease from cattle to bison shortly before
1917 (Meagher and Meyer, 1994). Arguably the best known
studies on the effect of supplemental feeding on disease
transmission risk and spread were done on bovine brucel-
losis in the GYE.

Since 1910, resource managers have been providing
supplemental feed annually to elk in the southern region
of the GYE (Smith, 2001). Brucellosis seroprevalence in elk
found on supplemental feeding grounds in winter varied
from 10 to 35% (Cross et al., 2007a,b), while unfed elk
populations around the GYE historically had brucellosis
seroprevalence values of 2–4% (Aune et al., 2002; Etter and
Drew, 2006), and brucellosis was not known to persist in elk
populations outside the GYE (Cheville et al., 1998). By 2009,
however, brucellosis was found to be expanding its range
into new regions and elk populations as levels of seropreva-
lence in areas distant from feed grounds had increased
to levels comparable to those measured close to feeding
grounds (Cross et al., 2010). Thus, feed grounds clearly sus-
tain and intensify the problems of brucellosis within elk
populations, and potentially increase exposure of livestock
in the surroundings of GYE (Cross et al., 2007a,b). Similar
to the issues of bovine TB, steps to reduce or eliminate the
feeding practices have not been implemented, despite the
clear risks of feeding.

4.3. Chronic wasting disease

Chronic wasting disease (CWD) is a neurological dis-
ease belonging to the group of transmissible spongiform
encephalopathies (TSEs). In contrast with other TSEs, such
as bovine spongiform encephalopathy in cattle or scrapie
in sheep, CWD  is currently known to only infect free-
ranging and domestic elk, mule deer, black-tailed deer,
white-tailed deer, and moose (Edmunds, 2008). CWD  has
now been detected in wild and domestic cervids in 15
states in the USA, 2 Canadian provinces, and South Korea
(Saunders et al., 2012). CWD  is both infectious and con-
tagious (Williams et al., 2002) but specific details on
the pathways of transmission remain poorly understood
(Miller et al., 2006).

Research on CWD  epidemics in captive deer and elk
demonstrate strong evidence of lateral transmission, either
through direct contact with infectious individuals, indi-
rectly through contaminated environments (Miller et al.,
1998, 2000; Williams and Young, 1992) or via inhalation

(i.e. aerosol transmission; Denkers et al., 2013). Field-
based monitoring has shown that CWD  prions can remain
infectious in the environment for at least two years
(Miller et al., 2006). Prions released into the environment,
either through urinary excretions (Seeger et al., 2005), or
infected carcasses (Brown, 1998) can remain infectious
even after passage through the digestive tract of scavengers
(VerCauteren et al., 2012). Inter-specific transmission of
chronic wasting disease among elk, mule deer, and white-
tailed deer is arguably the most urgent and serious concern
for wildlife management in North America. The risk of
transmission is high to multiple ungulate species that are
widespread across the continent, survival in the environ-
ment is extensive, and the disease is spreading over large
areas through the movement of multiple infected hosts
through transfers of both domestic and free-ranging ungu-
lates (Williams et al., 2002).

Contamination of areas frequently used by deer or
elk contribute to CWD  epidemics (Miller et al., 2006).
Indeed, conditions that facilitate high animal densities have
been shown to increase the rate of CWD  transmission
(Miller et al., 2000). Artificial feeding and baiting sites are
likely exacerbating CWD  transmission within and between
species (Spraker et al., 1997; Williamson, 2000). The expo-
nential increase of chronic wasting disease within the
last two decades has led to active CWD  surveillance in
most Canadian provinces and US states (Saunders et al.,
2012). However, efforts are now waning or ceasing in
some jurisdictions such as Saskatchewan, the province in
Canada with the highest prevalence of CWD. Banning of
baiting and supplemental feeding is generally considered
a first and necessary control strategy in an attempt to
limit the transmission and spread of CWD  (Lischka et al.,
2010; Williamson, 2000), however actual implementation
of complete baiting bans have been limited at best.

4.4. Psoroptic mange in elk

Samuel et al. (1991) found that psoroptic mange, or sca-
bies, predisposed 20–30 adult elk to die each winter on the
National Elk Refuge in Wyoming. The artificial feed pro-
vided on this range aids in winter survival of elk herds in
this area (Smith, 2001) but elk carrying the Psoroptes mite
may also act as a reservoir for infection of sympatric popu-
lations of bighorn sheep (Ovis canadensis, Smith, 2001). The
transmission of such scab mites in elk has been found to
greatly increase with overcrowded conditions (Mills, 1936)
and so the link with feeding seems evident.

4.5. Skin papillomas and fibromas in ungulates

Skin tumors have a wide distribution in North American
deer of all species and subspecies, including mule deer and
white-tailed deer in Western Canada (Cosgrove and Fay,
1981). They are also reported, but infrequently, in moose,
caribou, and pronghorn. At least some of these skin tumors
are known to be caused by a papovavirus which is trans-
missible through tumor cell suspensions coming in contact
with open skin wounds (Cosgrove and Fay, 1981). Fine scale
behaviors at baiting or feeding sites could increase the lev-
els of infectious contact through actions such as sparring
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or muzzle contact (Garner, 2001). The tumors are generally
localized at the attachment point and do not invade deeper
structures although large tumors located on the head could
interfere with vision or eating (Cosgrove and Fay, 1981).
At present there is no scientific evidence that baiting or
supplemental feeding of wildlife augments the risk of skin
tumors. However, crowding at feeding stations is known
to increase aggressive behavior (e.g. fighting and biting) of
individuals between and within species (Bartos et al., 1996;
Ferretti, 2011), which may  increase the risk of open skin
wounds and as such the transmission of papovavirus.

5. Disease management options in the wake of
baiting and supplemental feeding

Providing wildlife with additional forage seems intu-
itively a promising management tool to address various
ecological-, and socio-economic concerns. In addition, the
relative ease of placing high quality bait or forage in the
environment and the near certainty that animals will feed
on it makes it an attractive management and or conserva-
tion tool, which is clear from the rapidly increasing number
of feeding programs throughout the world. In some cases,
the decision to feed wildlife is successful in reaching its
initial aim. For example, supplemental feeding of black
bears can be a cost-effective strategy to reduce damage
to commercially valuable conifer species (Ziegltrum, 2004,
2006) or to reduce animal–vehicle collisions (Andreassen
et al., 2005). However, it is becoming increasingly clear that
increased animal densities around bait or supplementary
feeding sites and associated changes in behavior can lead
to various problems that may  undermine the initial pur-
pose of feeding. The risk of disease transmission between
and among species, and the facilitating role that bait sites
or feeding stations play, is perhaps the most potent risk of
all in terms of safeguarding biodiversity. Below we high-
light some of the disease management options proposed in
the scientific literature.

5.1. Preventive measures

An often recommended solution to reduce the risk of
disease transmission and spread in wildlife communities
is to completely ban baiting and feeding as a management
tool (Thompson et al., 2008; Williamson, 2000). However,
a legislative ban on baiting and supplemental feeding is not
always feasible due to other ecological or socio-economic
pressures, opposition of the public, or logistical challenges
in the enforcement (Peterson et al., 2006; Rudolph et al.,
2006). Preventive measures to reduce the risk of unin-
tentional feeding are also advocated to control or limit
disease transmission. A good example of such a precau-
tionary action is the use of barrier fencing to store hay
bales, as it may  successfully reduce contact rates and bovine
TB transmission between livestock and wildlife (Brook,
2010). Similarly, electric fencing has also been suggested to
reduce the potential of CWD  transmission between domes-
tic and wild elk by reducing contact rates (Fischer et al.,
2011). Reducing densities of large herbivore populations
is also a common strategy as an attempt to limit the risk
of disease transmission, which is especially critical when

population densities are kept unnaturally high through
supplemental feeding. Indeed, it may be that population
reductions through a combination of harvest or culling
activities and selective predation by wolves may  sup-
press disease such as CWD  and bovine TB emergence and
prevalence in deer and elk populations (Nishi et al., 2006;
Wild et al., 2011). However, selective hunting incentives
and conservation of apex predators are management deci-
sions regularly faced with opposition from the public and
hunting agencies (Stronen et al., 2007; Van Deelen et al.,
2010). Furthermore, direct empirical evidence that mitiga-
tion measures actually reduce disease prevalence is sparse.
Management efforts directed at widespread improvement
and augmentation of the natural forage base of large her-
bivore populations (through e.g. fire or changes in forest
harvesting techniques) is likely the most efficient way to
ensure that supplementary feeding or baiting efforts are
redundant (Månsson et al., 2010; Nishi et al., 2006).

5.2. Vaccination

Baiting or supplemental feeding in itself can also be
used as a wildlife disease management option, for example
through the delivery of vaccines in bait or feed (Cross et al.,
2007a,b). Typically the provisioning of vaccines in bait or
feed is utilized for treatment of existing wildlife diseases
representing a threat to public health (e.g. rabies, syl-
vatic plague, Lyme disease), livestock production (bovine
TB, brucellosis, pseudorabies), or where they threaten the
survival of endangered animal populations (Cross et al.,
2007a,b). One of the most successful oral vaccination pro-
grams in wildlife has been the widespread dispersal of
vaccine-laced baits to control rabies throughout southeast-
ern Canada, the eastern United States, and parts of Europe
(Artois et al., 2001; Rosatte et al., 2001). The success of
rabies vaccination programs led to the development of
numerous vaccines aimed at treating a wide variety of dis-
eases affecting wildlife but these initiatives have resulted
in varying levels of success. Several studies have attempted
to deliver an oral vaccine through bait for pseudorabies
to feral pigs (Sus scrofa)  in Georgia (Fletcher et al., 1990;
Kavanaugh and Linhart, 2000) and Texas (Campbell et al.,
2006). While a substantial portion of local feral swine
were successfully reached, high uptake rates by non-target
species were also encountered, with the exact impacts on
non-targets relatively unknown but potentially important.

Vaccines aimed to combat Lyme disease (Telford et al.,
2011) and plague (Creekmore et al., 2002) have proven
effective in laboratory and captive specimens, but have yet
to be distributed in field trials. Moreover, vaccines for some
infectious diseases currently threatening large herbivore
populations in North America have not yet been devel-
oped. Research is currently focused on developing a CWD
vaccine, but actual implementation in the wild is at least
years away. Moreover, the effectiveness of vaccination is
dependent on the quality and heterogeneity of the natural
habitat in which the target species lives (Rees et al., 2013).
Since 1985, the Wyoming Fish and Game Department has
been delivering the brucellosis vaccine to elk calves on feed
grounds (Davis and Elzer, 2002). In captive studies, this vac-
cine reduced abortion events from 93% to 71% during the
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first pregnancy, with the vaccine protecting 25% of the vac-
cinated group (Roffe et al., 2004). Over the longer term the
reduced abortion rate, and thus transmission, may  result
in lower seroprevalence on the vaccinated feed grounds
(Cross et al., 2007a,b), though vaccines are most likely not
a panacea.

5.3. Low density and low quantity feeding

A potentially valuable approach to reduce disease trans-
mission at feeding grounds is low density feeding (Creech
et al., 2012). Low-density feeding involves distributing
supplemental feed in small, discrete units over a much
larger area than conventional concentrated feeding. This
encourages individuals to disperse evenly across the feed-
ing area, reducing animal densities at various feeding areas.
As such, this approach attempts to address the prob-
lem at the source, as disease transmission and prevalence
are generally assumed to increase with increasing animal
densities. However, evidence of population density thresh-
olds for disease in wildlife remains sparse (Lloyd-Smith
et al., 2005). Using an experimental design on the elk feed
grounds of Wyoming, Creech et al. (2012) showed that low
density feeding led to a significant reduction in the number
of elk–elk contacts as well as the number of elk–fetus con-
tacts compared to normal (high density) feeding practises.
Although this was the first test of the efficacy of low den-
sity feeding it has considerable potential to reduce, though
unlikely eliminate brucellosis transmission among cow elk
on Wyoming feed grounds.

Another approach to reduce contact rates or animal
densities is to provide a limited amount of bait or feed
in the environment. In Saskatchewan, Canada baiting of
ungulates is permitted outside of protected areas as long
as the volume of bait does not exceed 10 gallons, or in
the case of bales, exceed 90 kg (Saskatchewan Ministry of
Environment, 2012). Besides potentially reducing animal
densities and contact rates at bait sites, limited bait quanti-
ties may  also reduce the risk of ruminal acidosis (Timmons
et al., 2010). However, evidence of efficacy is currently lack-
ing as few studies have explored the effect of low quantity
feeding on disease transmission rates. Results of Thompson
et al. (2008) indicated that provisioning rationed or unlim-
ited forage to white-tailed deer did not reduce contact rates
and thus the potential risk for disease transmission.

6. Implications for human and livestock health

Diseases in wildlife pose serious and even potentially
catastrophic risks to human and livestock health (Morens
et al., 2004; Jones et al., 2008) and baiting and feeding
may  play an important role in facilitating the maintenance
and spread of disease. The majority (72%) of emerging
infectious disease globally originated from wildlife and the
economic impact exceeded $120 billion from 1995 to 2008
(Jones et al., 2008). For example, the U.S. program aimed at
eradicating brucellosis cost over $3.5 billion, yet the disease
continues to be found in cattle due to wildlife reservoirs
(Cheville et al., 1998; USDA-APHIS-VS, 2009). Similarly, the
majority of emerging infectious diseases found in humans
come from wildlife (Daszak et al., 2000). However, while

the role of baiting and feeding are likely important, we are
unaware of any studies that explicitly link supplemental
feeding of wildlife to disease prevalence or outbreaks in
humans or livestock.

7. Conclusion

An important aim of feeding large herbivores is to
enhance body condition, which, in theory, could enable
individuals to better combat diseases. In practice, however,
crowding of individuals and species at baiting and feeding
stations has strong potential to increase the risk of both
direct and indirect disease transmission and spread. Evi-
dence for this is found for bovine TB in white-tailed deer in
Michigan and for brucellosis in elk in the Greater Yellow-
stone Ecosystem. Nevertheless, most scientific studies on
the role of baiting and feeding on disease occurrence and
transmission do not compare prevalence between fed and
unfed individuals or populations, which then become mere
observations of disease prevalence at feeding grounds. This
makes it impossible to conclude that feeding and bait-
ing of large herbivores has a persistent, negative effect on
disease transmission. Although the link between feeding
and disease makes intuitive sense, the empirical evidence
remains inconclusive. Moreover, various conditions appear
to affect the risk of disease transmission such as the actual
densities at baiting and feeding stations and the quality
and heterogeneity of the surrounding natural habitat. The
decision to implement feeding or baiting as a wildlife man-
agement tool should at least consider the strong potential
for disease transmission and spread. If feeding or bait-
ing is indeed implemented we recommend a pro-active
approach to limit disease transmission through a combi-
nation of preventive actions such as low density feeding,
vaccination if possible, and continuous monitoring of dis-
ease prevalence. However, given the on-going challenges of
addressing wildlife disease issues and the role of baiting, it
seems unlikely that diseases will be successfully eradicated
or even managed while widespread baiting and feeding is
permitted.
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