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I. INTRODUCTION  

 

Wildlife diseases are highly varied and wildlife populations can serve as reservoirs for many diseases 

that can be transmitted to both humans and domestic animals. The expanding population and 

distribution of humans has increased the chance of interaction between humans, domestic animals 

and wildlife, thereby increasing the incidence of disease transfer between species. In its broadest 

form disease can be described as any impairment that alters normal function (Delahay et al., 2009). 

Types of disease can be divided into those ‘infectious’ or ‘non-infectious in nature. Infectious 

diseases can be transmitted between individuals, whereas non-infectious diseases result from 

individual factors such as poisoning and trauma. Infectious diseases are often targeted for 

management as they pose the greatest risk to humans, domestic species and animals of 

conservation concern. These diseases will therefore be focused on within this review.  

Diseases act in a number of ways within a host organism and can result in reduced growth rates, 

increased metabolic requirements and changes in behaviour (Wobeser, 1994). Any of these effects 

alone or in combination can lead to an increase in mortality within a population. Wildlife disease has 

serious implications in terms of human health, economic loss and wildlife conservation. At a 

minimum 700,000 people die yearly from malaria, over 75% of them being African children (Breman, 
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2001). The economic costs of recent classical swine fever outbreaks in several EU member states so 

far amounts to several billion Euros (Moennig, 2000). Additionally a recent study identified 54 

species of mammal for which disease was considered a significant threat (Delahay et al., 2009) and 

many authors are now agree that disease management is essential for the conservation of many 

threatened and endangered species (Daszak et al., 2000; Hawkins et al., 2006; Matthew et al., 2006).  

Wildlife disease control begins with surveillance; knowing which diseases are present, their past and 

current distribution and trends in their prevalence (Gortazar et al., 2007). In this review, these 

factors will be discussed and the different strategies for disease management described and 

compared.  

 

II. WHAT IS DISEASE?  

 

Diseases consist of two basic groups; micro-parasites and macro parasites. Micro parasites include 

bacteria, viruses, fungi and protozoa and are often associated with acute diseases, such as bovine 

tuberculosis (bTB) they are normally able to complete a full life cycle inside a single host and have a 

shorter generation time than that of macro parasites. Macro parasites include ticks, mites, 

nematodes and flatworms and result in chronic infections. These tend to have life stages that can 

live outside the host e.g. eggs or larvae and sometimes require another host species to complete 

their lifecycle (Delahay et al., 2009).  

 

III. WHY MANAGE WILDLIFE DISEASE?  

As diseases are a natural part of any wildlife population it is important to ask the question why 

manage the disease? It has been argued that as parasitism is a powerful ecological and evolutionary 

force in the natural biology of all species, and any intervention to alter the course of infectious 

disease in wild animals is an undesirable intrusion (Wobeser, 2002). One of the primary arguments 

for combating wildlife disease is when the disease is zoonotic (can be transferred to humans). 

Human health problems arising from wildlife diseases are on the increase due to the encroachment 

of humans into wildlife habitat. Most human diseases result from exposure to zoonotic pathogens 

that occur naturally between humans and animals and all disease manipulation is usually to benefit 

humans in some way (Wobeser, 1994).  

Wildlife plays an important role because it can act as a reservoir from which pathogens can emerge 

or over-spill. For example in the case of the influenza virus, pandemics arise in humans after genes 

are exchanged between strains from different species (Daszak et al., 2000). Highly pathogenic H5N1 

influenza viruses have spread relentlessly across the globe since 2003, and they are associated with 
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widespread death in poultry, substantial economic loss to farmers, and reported infections of more 

than 300 people with a mortality rate of 60% (Gambotto et al 2008).  

In addition to the health issues discussed, there is a strong economic argument for addressing 

wildlife diseases; the control of the disease in domestic animals can be impeded by its presence in 

wildlife. Most (77%) infectious diseases of domestic animals are common to wildlife (Karesh et al., 

2005). Diseases transmitted from wildlife to domestic animals can have a serious detrimental effect 

on productivity. In Great Britain in 1997, the government reported spending £16.0 M on bovine 

tuberculosis surveillance, control, and research, but by 2003/2004, this had risen to £88.2 M 

(unpublished data). Between 2004 and 2007, the annual expenditure varied between £80M and 

£100M. Diseases of domestic livestock can reduce the end product amount and quality, impose 

international trade restrictions and increase susceptibility to other diseases.  

Habitat loss and over exploitation are often credited as being the major drivers of extinction, 

however recent evidence suggests that disease can also be a significant threat to endangered 

species (Daszak et al., 2000). A recent study identified 54 species of mammal for which disease was 

considered a significant threat. The majority of such species (88%) were from the orders Artiodactyla 

or Carnivora, with families containing the most familiar and widespread livestock and companion 

animals most represented (Delahay et al., 2009). Studies have also looked at the declining Ethiopian 

wolf (Canis simensis) population. One of the reasons for the decline is the canine distemper virus 

and also canine parvovirus, both of which are also found in the domestic dog population. Canid 

diseases clearly pose a significant threat to the future persistence of the Ethiopian wolf population 

(Laurenson et al., 1998).  

The main aim of disease management in a threatened population is to prevent the extinction of that 

population and to maintain the genetic diversity. As endangered populations are at such low levels, 

knowledge of the species distribution, abundance and demographics such as reproduction rates and 

its environment is sometimes lacking. Information such as this is crucial to enable diseases to be 

tackled appropriately and efficiently (Gortazar et al., 2007) it is therefore of major importance that 

information on the host disease problem and its ecosystem are considered fully before any control is 

implemented.  

 

IV. HOW ARE DISEASES MANAGED?  

 

There are two main methods of wildlife disease management; preventative measures and control, 

depending on the disease extent and current distribution. Prevention aims to stop the introduction 

of a disease to populations or individual animals, which are currently free of disease. Control and 
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eradication involves reducing the frequency of occurrence and severity of and already existing 

disease. The strategies employed are not exclusive to an individual management method, for 

example culling can be both used as a tool to eradicate and control a disease, however I have placed 

each strategy in the method section in which they are most commonly used.  

 

V. 1) Prevention  

Preventative measures are often designed to stop the introduction of disease to any unaffected 

population. It is viewed as the most efficient and cost effective way of managing disease (Wobeser, 

2002). There are three main methods; vaccination, fertility control and preventing interaction.  

a) Vaccination  

Vaccination, works by limiting the number of susceptible individuals in the population. The primary 

aim of this strategy is to vaccinate a significant proportion of the population so that they are 

immune to the disease. At the individual level, this herd immunity means that any given infectious 

individual has a low probability of encountering a susceptible animal (Delahay et al., 2009). Vaccines 

can be delivered via injections or in the form of oral bait which contains the vaccine. The use of oral 

baits is a more practical way of delivering the vaccine in a wildlife population (Cross et al., 2007). An 

important factor in any immunisation program is the average age at which susceptible animals are 

exposed to the disease agent. To be successful, immunisation must occur prior to infection, so that 

the average age of immunisation must be younger than the average age of infection in the 

population (Wobeser, 2002).  

The vaccine needs to produce no significant disease in the host or non-target species it also has to 

be stable in the environment and inexpensive to market. There are also issues with it providing long 

lasting immunity, which should ideally be gained from a single exposure, as delivering extra doses 

increases cost. For the three main drivers behind disease management, human health, economics 

and conservation concerns, vaccination has been employed to tackle all three.  

Due to the public health concerns associated with Rabies (Lyssavirus), vaccine research programs 

were set up in the 1970’s. This disease has a broad host range but in wildlife tends to persist in bats 

(Chiroptera) and carnivores (Canids and Mustalids) During the late 1980’s and early 1990’s, 8.5 

million oral field vaccines were distributed over Northern Europe resulting in a dramatic reduction in 

rabies incidence in the target population red foxes (Vulpes vulpes); the major wildlife rabies reservoir 

in Europe (Brouchier et al., 1996). As a result of oral vaccination of foxes against rabies, this virus 

disease has almost been completely eradicated from West and Central Europe (Vos, 2003). This 

same strategy has been employed in the United States where racoons (Nyctereutes procyonoides) 

and coyotes (Canis latrans) are the main wildlife reservoir (Brochier et al. 1996). As with the 
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European experience, wide scale oral rabies vaccination has been successful in reducing the 

incidence of rabies among the target species (Cross et al., 2007 Bugnun et al 2004)  

Two diseases in wild animals that have huge economic implications for domestic livestock are 

classical swine fever (CSF) and bovine tuberculosis (bTB). CSF is probably the most important viral 

infectious of domestic pigs (Moennig, 2000). There are many different strains with varied symptoms. 

Highly virulent strains can cause hemorrhages within the skin and high mortality whereas less 

virulent strains can give rise to chronic infections that may escape detection, while still inducing 

mortality in fetuses and new-borns. This disease is maintained in a wild boar (Sus scrofa) reservoir. 

Kaden et al., (2000) reported that 52% of all outbreaks of CSF among domestic pigs were caused by 

contact with wild infected boar. The possible use of an emergency vaccination with marker vaccines 

is expected to avoid the ethically questionable and expensive pre-emptive slaughter of pigs.  

Disease may also pose a threat to an endangered species. An example of this is the African buffalo 

(Syncerus caffer) which are known to be susceptible to tuberculosis. Vaccination of the buffaloes has 

been considered as a means to reduce the bTB prevalence in various populations including that in 

Kruger National Park.  

Vaccination has several advantages, including minimal disturbance to animals and disruption of 

social structure. However, vaccinating a reservoir population can potentially lead to a greater host 

density, which can have the effect of increasing the risk of transmission. In models looking at badger 

control strategies, Smith et al. found that although disease prevalence was reduced during 

vaccination, the increased number of animals appeared to more than compensate for this, resulting 

in a higher herd bovine tuberculosis breakdown rate (Smith et al., 2001). Vaccinating for CSF has also 

caused problems by artificially keeping alive reproductive adults that would otherwise have died 

from the disease, producing susceptible offspring that cannot be vaccinated (Kramer-Schadt et al., 

2009). Oral delivery of vaccines is now considered the most practical means of wildlife vaccination 

and further progress in this field will be assisted by the development of more effective oral delivery 

systems for wildlife (Cross et al., 2007).  

b) Fertility manipulation  

Fertility control has only recently begun to be a realistic option for disease control. Methods include 

chemical and hormone treatments, surgical sterilisation, intra-uterine devices and 

immunocotraceptives. Surgical sterilisation has been used for many years on feral cats and dogs 

around the world but is unlikely to be cost effective for wild animals. Intra-uterine devices have been 

used in white tailed deer (Odocoileus virginianus) and have been shown to reduce pregnancy rates 

when administered prior to breeding and prevented pregnancy for up to two years (Malcolm et al., 

2010). This strategy needs substantial effort for capture and fitting; because of this they are 
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impractical for use in the majority of wild animals. Immunocontraceptives offer the most promising 

form of fertility control; these use the animals own immune response to prevent pregnancy and 

have also been used in white tailed deer population (Rudolph et al, 2000). Currently 

immunocontraceptions are delivered by hand but work has been carried out looking at the 

possibilities of delivering them orally (Moore et al, 1997). This has also been considered for the 

control of grey squirrels (Sciurus carolinensis). This species carries a virus that threatens the native 

red squirrel (Sciurus vulgaris) population. Rushton et al., 2002 looked at modelling impacts and cost 

of grey squirrel control regimes on the viability of red squirrel populations. The findings suggest that 

immunocontraception is unlikely to be effective unless it is applied to a large portion of the target 

and surrounding population. However, results also indicate that an integrated control strategy of 

both trapping and immunocontraception may be the best option for controlling grey squirrels. 

Fertility control in badgers has been compared to culling using mathematical models. Swinton et al., 

1997 concluded that fertility control was less effective in reducing population density than lethal 

control since it can only act, at maximum, to remove one age cohort per year. It is also less effective 

in reducing transmission as it can only ever remove susceptible, while lethal control also removes 

infectious badgers. This demonstrates that different strategies need to be applied depending on 

species life history.  

The potential benefits of immunocontraception are in providing a broad scale, cheap, humane and 

potentially species specific way of controlling vertebrates that represent major economic and 

conservation problems. On the other hand, it is genetic engineering, and hence in some quarters 

treated with suspicion (Barlow, 2000).  

c) Preventing interactions  

The main aim of preventing interactions is to reduce contacts of animals with disease and those 

without. This can focus on stopping transmission between animals of the same species, and 

therefore the spread of the disease within a population, or preventing the transmission of a disease 

form one host species to another, i.e. wildlife and domestic animals.  

In parts of America large amounts of maize are fed at feeding stations to increase the numbers of 

white tailed deer available to hunters. This poses a risk by increasing the chance of transmission of 

bTB by encouraging the grouping of individuals. Restrictions are now in place to reduce 

supplementary feeding and this has made a contribution in reducing the prevalence of bTB in both 

deer and cattle (Miller et al., 2003). Bovine Tuberculosis is a problem for cattle producers in North-

eastern Lower Michigan. Although direct transmission between deer and cattle is rare, infected deer 

may contaminate cattle feed (Seward et al., 2007). Here the producers are encouraged to take an 

active role in protecting their herds. Deer-resistant cattle feeders have been trialled to deter the 
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deer from using the same feeders as the cattle. Seward et al used sites where the deer were highly 

motivated to use the feeders because deer densities were very high and little natural food was 

available. The feeders were found to be 99% effective at deterring deer thus reducing potential 

transmission of bTB through contaminated food (Seward et al 2007). Although these methods 

appear promising, cattle farmers would require more evidence of their effectiveness and would 

need to be convinced that they do not have negative effect on cattle production. There are also 

problems with this type of unit in replacing batteries and faulty sensors, but the biggest deterrent of 

use would be the cost ($750 per unit) (Seward et al., 2007). Alternatively, enforced separation, using 

methods such as fences may be used; for example segregating wildlife and cattle to stop the spread 

of foot and mouth disease in southern Africa (Thomson, Vosloo & Bastos, 2003). However this 

method has relatively little application in the management of infectious disease among free-living 

animals, except in very local situations. Despite this, physical separation may have an important 

function at the interface between wildlife and traditional agriculture (Wobeser, 2002).  

 

2) Control and Eradication  

Control and eradication measures are designed to manage a disease once it is already present in an 

animal, population or environment. There are three quite different approaches employed. Lethal 

reduction of the population through culling, a non lethal approach via treatment and altering human 

activities are all practiced to control or eradicate a disease.  

a) Culling  

Culling of domesticated animals has been used to target disease for many years, and is currently the 

strategy used to control bTB in the UK cattle herds. By reducing the population size it also reduces 

the prevalence of the disease and infected individuals. Culling has frequently been used in attempts 

to contain or eliminate wildlife disease by driving host populations below a threshold density needed 

for the disease to persist (Barlow, 1996). However this has led to subsequent problems both 

ecologically and with negative public opinion.  

Culling can range in scale from very small and localised which is suitable for diseases that spread 

slowly and are easily identifiable to large scale eradication which aims to completely remove a 

disease from a population or area. Culling methods can be sub divided into 4 main techniques. 

Hunting, trapping, gassing and poisoning. All these techniques have advantages and disadvantages 

but also differ greatly in the support of the general public. This is a major consideration when 

selecting the appropriate method. For example, hunting results in few non-target species being 

culled but requires a high level of skill. Trapping can be expensive and time consuming but can allow 

for the release of non-target species. Gassing is generally restricted to confined areas so has limited 
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applications in wildlife disease control and has animal welfare implications. Poisoning using toxic 

baits can be used locally via bait feeding stations or dropped from aircraft over much larger areas 

and also over difficult terrain but this can lead to problems with non target species.  

When taking into account culling as management options there are many considerations that have 

to be looked at. These include the scale, efficiency, and duration of culling needed to achieve the 

required level of disease control. Epidemic models suggest that selective culling may be more 

effective than random culling when a large proportion (50%) of the population can be tested reliably 

and when infectious individuals can be removed relatively early in the disease course (Barlow, 1996). 

This type of strategy was used to control classical swine fever in mule deer (Odocoileus hemionus) in 

Colorado urban parks (Wolfe et al., 2004). This strategy may be successful in a semi urban 

environment but the costs to perform a similar operation in a wild population would make this 

technique unsuitable. The main problem with a small scale strategy is that all of the individuals in 

the population need to be caught and inspected. This can be very hard to achieve in any wild animal 

population. In addition, the population needs to be tested so infected animals can be removed. 

During this strategy, contact between tested disease free animals and untested animals needs to be 

limited. Selective culling is totally dependent on the sensitivity and specificity of the test available. 

Problems can arise when the test gives false negatives and infected animals are released or false 

positives when healthy animals are culled.  

Another method to control disease is by targeting ‘super-spreaders’. It has always been assumed 

that wildlife hosts have the same susceptibility to disease and the rate at which they infect other 

individuals to be the same. This has been proved not to be the case; some individuals infect many 

while others infect few (Delahay et al., 2009). If management could be directed at the most 

infectious 20% i.e. “Super spreaders”, the results could be three times more effective than random 

control. In the case of the Tasmanian Devil (Sarcophilus harrisii) facial tumour disease, selective 

removal of individuals or population classes might be an effective strategy if such animals are shown 

to be “super spreaders,” particularly if culling was carried out prior to the mating season, when 

transmission is particularly high (Jones et al., 2007). The main problem with this system is having the 

diagnostic tools to be able to identify these “super spreaders”. In the case of the Tasmanian devil, 

the test does not exist apart from histological testing the visible tumour.  

The removal of a species by culling has subsequent effects on other animals in the ecosystem. 

During the Randomised badger culling trial (RBCT), badgers (Meles meles) were trapped and culled in 

10 areas of 100km2. Data collection using nocturnal spotlight counts of foxes showed that there was 

an increase in fox numbers in these areas compared with control areas (Trewby et al., 2007). This 

raises issues relating to the cost of predation on livestock and game, the ecological impact of foxes in 
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conservation terms as predators of ground nesting birds and hares, risks to the public health as 

potential vectors of rabies (Trewby et al., 2007). This demonstrates the need to assess the ecological 

consequences of managing wildlife populations. The major problem during the RBCT carried out in 

the UK was the effects of badger perturbation. Perturbation is the disruption of the badgers 

territorial organisation and expansion of ranging behaviour (Woodroffe et al., 2008). This was 

demonstrated by the fact that the proportion of badgers caught close to the culling area boundary 

increased on successive proactive culls (Woodroffe et al., 2008). A similar trial in Ireland overcame 

this “edge effect” by using sites where geographical barriers would impede badger immigration. The 

disruption of the badger’s social group could also potentially increase contact with cattle and also 

influence the contact rates within the badger population (Tuyttens et al., 2000). Repeated badger 

culling was associated with increasing prevalence of m. bovis infection, due to the increased contact 

rates after culling. As increased dispersal can lead to increased transmission, the success of culling as 

a method of disease control will be compromised by this counterproductive effect (Pope et al., 

2007).  

Large scale culling of the host in the hope of reducing the population and therefore the transmission 

rates is sometimes inappropriate if the host species in question has a high conservation value. The 

cost of culling can be significant and this has to be looked at carefully considering the cost/benefit 

analysis. Badger culling to control bovine tuberculosis has long been a controversial option. Smith et 

al., 2007 looked at trapping to cull badgers, this was costed on the assumption that it is carried out 

according to the randomised badger culling trials. Although this would give a good indication of cost 

there would be many ways to improve the trapping efficiency and reduce the cost. Importantly very 

few plans to reduce the host population include an evaluation of the desired level of population 

decrease. If depopulation does not achieve the threshold density, the infection can remain endemic 

even at very low incidence rates (Artois et al., 2001). Targets need to be established at the start of 

any culling operation, once the targets are met monitoring and surveillance needs to be maintained.  

The extent of the culling depends on the species in question. If it is not indigenous and causes 

economic and ecological problems then eradication of the species could be an option. This can be at 

a global level, for example in the case of small pox, or at a more local level such as the eradication of 

foot and mouth disease.  

Eradication has also been attempted on the Brushtail Possum (Trichosurus vulpecula). This was 

introduced to New Zealand from Australia in the 1850’s and has since caused problems both 

ecologically and because it is now the primary reservoir for bovine tuberculosis (Barlow, 1991). 

These two effects mean that there is a greater desire for the strategy to succeed. Many methods 

that would be considered inhumane in other countries have been used for example poisoning with a 
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compound called 1080. The great merit of 1080 poisoning operations, which generally achieve over 

70% kill, is the immediate and significant reduction in TB possum density sustained for a period of 

about 8 years (Barlow, 1991). Baits containing 1080 are currently used throughout 2.5 million 

hectares of New Zealand annually (Henderson et al., 1999). As the possum is not indigenous there is 

probably greater public support for its eradication. An eradication campaign for M. bovis has been in 

place in Australia for over 70 years with initial activity being within the dairy industry. By 1975 the 

southern parts of Australia had almost eradicated tuberculosis from the dairy and beef cattle herds. 

Surveillance and eradication activities during the next 20 years completed the eradication campaign 

(Radunz, 2006). Eradication always has an end point, once this is reached work is then focused on 

prevention to stop reintroduction.  

Public opinion on culling will always be divided especially when the animals in question are native 

and perceived not to be the problem. Studies have been carried out in Idaho and Wyoming looking 

at public attitudes towards wildlife management. Peterson et al., 2006 investigated the relationship 

between disease type and public opinion. The diseases were divided into two groups. Type A were 

diseases such as brucellosis and tuberculosis while type B being well known and severe diseases like 

chronic wasting disease, severe acute respiratory syndrome (SARS) and avian flu. The type B disease 

elicited more concern about personal safety, more support for management and more support for 

lethal management. Even though the total number of deaths from SARS remains a small fraction of 

the estimated 35,000 deaths from influenza each year in the United States alone (Wenzel et al., 

2003).  

It was also discovered that long-term residents of the area were also more supportive of actively 

managing the disease using lethal control. This relates to the long-term residents being more 

involved in raising livestock and hunting. Although this study took place in the USA its findings would 

be relevant in other areas of the world (Peterson et al., 2006).  

As control is normally just a reduction in host density and disease prevalence there will usually be 

some disease persisting in the population. Unless total eradication is achieved diseases can remain in 

the wildlife host acting as a reservoir to potentially reinfect any domestic livestock.  

b) Treatment  

This strategy is more appropriate when the animal is already captive or being relocated. This 

technique of medicating a population has been used to treat lungworm in big horn sheep (Ovis 

Canadensis). After daily pre baiting with untreated apples so all the sheep came to the bait at the 

same time, they were eventually fed apples that were mixed with the correct doses of anthelmintic 

drugs. 80% of ewes treated during 1973-74 had lambs that survived the summer, while only 5% of 

untreated ewes had lambs that survived (Schmidt et al., 1979). This method was useful in small 
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populations and over the short term, but long term management was needed to reduce 

overcrowding and time spent by the sheep in heavily infected areas (Thorne et al., 1982). 

Microplasmal conjunctivitis, an infectious disease usually associated with poultry, has been reported 

to have spread through populations of house finches in the USA (Fischer et al., 2007). Treatment for 

this disease is available; however the authors question the value of treating and releasing individual 

birds from rehabilitation, as they suspect minimal effect at the population level. Additionally the 

presence of multiple avian individual and species in rehabilitation clinics may enhance the 

transmission of the disease to other non-infected animals.  

Problems with a treatment strategy are the high costs of the medication and the fact the animal 

needs to be caught and restrained in order to administer the drugs. This renders this method too 

impractical and costly for many management programmes to consider. However, treatment by 

directly administrating drugs poses little risk to non-target species.  

c) Human activities  

As many anthropogenic actions have been implicated in changes in disease ecology (Deem 2001) the 

alteration of human activities can play a crucial role in tackling disease. This can be in the form of 

border control to stop the importation of infected goods, for example trade restrictions imposed by 

the EU for trade with third world countries. These countries stipulate that live pigs and fresh pig 

meat can only be imported from regions or countries where no classical swine fever has occurred for 

12 months and no vaccination was applied during the same period (Moennig, 2000).  

At a more local level farmers, in the UK are being encouraged to take a more proactive role in 

improving there on farm bio security. It’s been shown that badgers enter farm buildings searching 

for food, this can lead to potential contamination of food stuffs, simple gates and barriers can help 

prevent this. (Ward et al., 2010) Changes to farm husbandry practices, particularly improved bio 

security of farm buildings, have the potential to make a significant contribution to reducing the risks 

of bTB transmission between badgers and cattle (Ward et al., 2010)  

Several diseases can be transmitted to humans through the consumption of raw/undercooked meat 

products. Trichinellosis is a disease caused by a nematode and in 2002 was estimated to have 

infected 11 million people worldwide. Unofficial slaughtering of animals, without veterinary 

inspection of carcasses and the tradition of eating raw meat in some parts of the world has 

facilitated the transmission of this disease to humans (Liu & Boireau, 2002). Therefore increased 

enforcement of slaughter regulations and greater public awareness could aid the reduction of this 

disease.  

 

VII. CONCLUSION  
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Before any management strategies can be considered good background knowledge of the disease 

and its host population is needed. The age, sex, dominance and population density of the species in 

question can all have an effect on the transmission rates of the disease and therefore which 

management strategy is most appropriate.  

When considering the management of wildlife disease no single technique will always be 

appropriate; in many cases a combination of many different strategies is required to bring a disease 

under control. These strategies will all invoke differing problems concerning cost and logistics but 

also animal welfare and political implications.  

Decisions need to be made by consulting a variety of veterinary officers, ecologists and experts in 

wildlife management at both national and international level. Encouragingly International meetings 

have been set up to develop a framework for the management of wildlife disease based on scientific 

evidence (Artois et al., 2001).  

A major problem with any wildlife population management is that they are neither in public or 

private ownership. As they are not owned it is increasingly hard to get funding and public backing to 

carry out surveillance and possible management. It is often hunters or wildlife conservationists who 

report cases, remove sick animals and distribute baits for treatment. As this is often carried out by 

untrained people it can impose severe limitations on what is achievable (Artois et al., 2001), and 

results of these management practices are rarely published.  

Many studies are concentrated on diseases of game species probably because both biological 

material and funds were readily available (Spalding et al., 1993). This needs to change and include a 

greater range of species and increased surveillance for known pathogens and also to identify new 

infectious agents. Lyme disease, unknown in the United States two decades ago, is now the most 

common arthropod-borne disease in the country and has caused considerable morbidity in several 

suburban and rural areas (Barbour et al., 1993). This only indicates the need for continued 

surveillance and monitoring.  

Further research in wildlife diseases needs to be carried out by a wider range of professionals that 

include the clinical veterinarians, disease specialists and biologists if wildlife diseases are to be 

effectively and efficiently managed in the future.  
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Abstract  

Bovine tuberculosis (bTB) in cattle is considered one of the UK’s most serious animal health 

problems and the European badger (Meles meles) is widely implemented as the most important 

wildlife reservoir of the disease. The use of a Bacillus Calmette-Guérin (BCG) vaccination has shown 

to reduce the progression, severity and excretion of bTB in badgers. The first year of The Badger 

Vaccine Deployment Project, utilising the BCG vaccine, has recently concluded and this study acted 

to investigate factors affecting the efficiency of such a large scale vaccination campaign. Analysis 

revealed that key differences in operatives trapping behaviour, notably the number of traps sited 

and location of trapping, affected the number of badgers vaccinated and each individual operatives 

capture rate (a measure of trapping success per unit effort). Additionally capture rate declined 

differently between traps on setts and those placed remotely, suggesting simple alterations in the 

number of traps sited and/or number of times certain locations are trapped could increase the total 

number of badgers vaccinated. Adopting an adaptive management approach, whereby we analyse 

factors that affected the number of badgers vaccinated, learn from these findings, and adjust future 

behaviour, will be key to an effective and efficient badger vaccination campaign.  

 

Key words: Bovine tuberculosis, Badger vaccination, cage trapping, operative, adaptive management  

 

Introduction  

The idea of learning from experience and modifying subsequent behaviour in light of that experience 

is a long standing, common sense approach to achieving goals. The contemporary concept of 

adaptive management as a strategy, combining learning and action, has been widely documented in 

natural resource management (Kessler et al., 1992; Stankey et al., 2005). More recently it has been 

seen as an attractive tool to tackle disease interfaces (Schubert et al., 1998. Wasserberg et al., 2009). 

especially in situations with high levels of uncertainty, such that exists with controlling Bovine 

tuberculosis (bTB) in wildlife reservoirs, where it is not always possible to run controlled experiments 

to determine the outcome of a different strategies. Bovine tuberculosis caused by mycobacterium 

bovis, is a serious disease of cattle; infection can lead to reduced productivity and costs the UK 

taxpayer around £63 million a year, with £26.6 million spent on compensation for slaughtered cattle 

alone (DEFRA, 2011). The UK has a test and slaughter scheme in place to try and reduce the disease; 

however prevalence has remained high in the south west of the country. In the early 1970s a badger 

(Meles meles) was discovered testing positive for tuberculosis (Muirhead, 1974), this was the first 

indication that the disease was present in wildlife. Badgers are widely implicated as an important 

“wildlife reservoir” of this disease making control in cattle much more challenging (Donnelley et al., 
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2003). Various strategies involving culling badgers have been implemented since the 1970’s, 

however during most of these strategies the incidence of bTB in the national herd has continued to 

rise. The Randomised Badger Culling Trial (RBCT) was initiated in 1998 to provide clear evidence on 

the role badgers play in bTB infection in cattle and to rigorously test the effects of different culling 

treatments compared to a no culling control (MAFF, 1998). The results of the proactive culling, an 

attempt to remove all badgers from a specified area, showed that infection in cattle reduced in the 

centre of the areas but at the edge of the culling area the incidence of cattle bTB rose. This was 

attributed to the social perturbation of the badgers (Donnelley et al., 2007; Pope et al., 2007; 

Woodroffe et al., 2006). The most recent analysis shows that the detrimental effect does diminish 

over time but in some areas the cases of bTB is still higher than pre cull levels (Jenkins et al., 2010). 

Another method of wildlife disease management is vaccination, this works by limiting the number of 

susceptible individuals in the population. The primary aim of this strategy is to vaccinate a significant 

proportion of the population so that they are immune to the disease. At the individual level, this 

herd immunity means that any given infectious individual has a low probability of encountering a 

susceptible animal (Delahay et al., 2009). During the late 1980’s and early 1990’s, 8.5 million oral 

field vaccines were distributed over Northern Europe resulting in a dramatic reduction in rabies 

incidence in the target population red foxes (Vulpes vulpes); the major wildlife rabies reservoir in 

Europe (Brouchier et al., 1996). As a result of oral vaccination of foxes against rabies, this virus 

disease has almost been completely eradicated from West and Central Europe (Vos, 2003). This work 

demonstrates that vaccines can be effective in eradicating wildlife diseases. Vaccinating badgers 

with Bacillus Calmette-Guérin (BCG) was show to induce a significant protective effect (Corner et al 

2008). The findings of these laboratory studies are supported by the results of a four-year field study 

which demonstrated that BCG vaccination of wild badgers in a naturally infected population, 

resulted in a statistically significant reduction in the incidence of positive results to a badger blood 

test for bTB. This study showed that vaccination reduced the incidence of positive serological test 

results by 73.8 % (Chambers et al., 2010). BCG vaccination might prove to be a long term, cost-

effective strategy for controlling bovine tuberculosis whilst preserving badger populations (White 

and Harris, 1995; Lesellier, et al., 2006; Buddle and Wedlock 2006).  

The Badger Vaccine Deployment Project (BVDP) was set up in 2009 with aims to asses the 

practicalities of deploying the vaccine via cage trapping and to learn lessons to support the long term 

oral vaccine goal. Also of key importance was improving landowner and public awareness of the 

potential of badger vaccination and ultimately reduction in the number of cattle her breakdowns. 

Vaccination will take a number of years to demonstrate a benefit as it only has limited potential to 

reduce disease progression in already infected badgers (Chambers et al., 2010). Already infected 
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individuals would need to die out naturally to remove the infection from the population, and this 

could take 3-5 years. While these infected animals exist in any number it will be necessary to 

continue vaccination to ensure new cubs are vaccinated and protected from these infected 

individuals. The effectiveness of the vaccination program will be a product of the proportion of 

animals that receive the vaccine and the proportion that become immunised (Delahay et al., 2003; 

Gandon et al., 2003). It is therefore of great importance to trap and vaccinate as many badgers as 

possible in the new BVDP. Many ecological studies and future control programs would benefit from 

a greater understanding of the factors that influence the probability of capturing an animal in a cage 

trap (Tuyttens et al., 1999). Trapping operations of many species are known to be affected by 

characteristics of the target population; such as age structures and movement patterns but also 

several environmental factors such as meteorological conditions and times of year. For example, 

when trapping Arctic ground squirrels (Spermophilus parryii) the capture of only females decreased 

from August to September as they were entering hibernation before males (McLean & Towns, 1981). 

Also Baker et al. (2001) reported that capture rate of juvenile foxes was highest in spring and 

declined throughout the year. These examples demonstrate that interactions between factors, here 

sex and time of year and age and time of year, will influence trapability of individuals in the 

population. Knowledge of regular behaviour patterns of a target species can act to influence how 

traps are deployed. For example brown rats (Rattus norvegicus) are known to be unwilling to come 

out into the open, often staying very close to features such as walls (Bateman, 1989), and therefore 

traps are often placed along such features. The success of trapping badgers is known to be affected 

by many factors, notably; age classes, topographical area, season, rainfall and various interactions 

between these variables (Tuyttens et al. 1999).  

One variable that is rarely considered is the field operative undertaking the trapping and although 

not analysed in their study Tuyttens et al. (1999) suggested that differences in trapping procedures 

are likely to cause additional variation in trapping success. Although operatives work to standard 

operating procedures (SOPS) there is often variation between there interpretation and application of 

such guidelines in the field. Trapping wildlife is not and often cannot be undertaken following a 

strictly prescribed method, with alterations to methods having to adapt to changing conditions. 

Trapping effort by operatives has been found to be an important factor for other wildlife species; 

McDonald and Harris 1999 discovered that Stoat and weasel bags in 1997 were strongly affected by 

trapping effort. If trapping effort can be maximised not only will it help the BVDP but it could also 

help future badger trapping operations and cage trapping of other wildlife species.  

Analysing factors which affected the total number of badgers vaccinated formed the focus of this 

study as the main aim of the BVDP was to try and vaccinate as large a percentage of the badger 
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population as possible. If only a small proportion of the badgers present are vaccinated then a 

vaccination campaign for badgers is unlikely to contribute to reduced disease in cattle (Gandon et 

al., 2003). Additionally factors affecting the number of cubs vaccinated was analysed as vaccinating a 

fresh cohort of susceptible badgers is key to disrupting disease flow in the badger population, and 

therefore factors affecting the number of cubs vaccinated are very important to understand. To 

ensure a the cost effectiveness of vaccinations campaign it is also important to relate the amount of 

effort put in to trapping to the amount of badgers returned and therefore vaccinated.  

If differences in effort and subsequent returns of badgers differ due to differences between 

operatives, such as the number of traps deployed for a certain setts activity or locations in which 

badgers are trapped, this would allow progressive adaptive management whereby trapping 

techniques may be altered to increase efficiency. Factors affecting the number of traps sited will also 

be important to identify as traps are relatively expensive resources to purchase (approx. £100/trap) 

and an increase in the number of traps needed to be located, pre baited and trapped will increase 

human resource allocation and therefore costs.  

This paper will provide an early analysis of the project so that an adaptive management approach 

may be adopted to maximise the amount of badgers vaccinated and also consider ways of improving 

the study in the forthcoming years. Any improvements to the trapping efficiency in the BVDP would 

be transferable to other future trapping operations.  

 

Methods  

Study area  

An original area of 300km² in Gloucestershire was designated for the BVDP; this area had a high 

incidence of bTB. Landowners within this area were contacted and permission to survey for badger 

activity on their land was sought. From this original area a 100km² area was selected which 

contained high levels of participation coverage; having a higher proportion of contiguous land 

available for trapping and vaccinating was believed to be the most beneficial strategy (DEFRA, 2010), 

and was also easier logistically to organise. The area was located to the west of Stroud, 

Gloucestershire (51˚45’N 2˚18’W; Figure 1) and is diverse in topography and habitat types. Altitude 

varies from sea level at the Severn estuary to 240m on Haresfield common. The area contained 

mixed land use, with arable, dairy and beef farming present. The area was split into 8 trapping areas 

(Figure 1), and is divided geographically by two major features, the Gloucester Sharpness canal and 

the M5 motorway (both running north to south through the area). The size of each trapping area 

was based on a suitable sized area for a designated number of trapping teams to trap effectively.  
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Surveying, trapping and vaccinating procedures  

The study area was initially surveyed in the winter of 2009. All badger field signs (i.e. setts, runs and 

latrines) were recorded and mapped using ArcGIS v 9.2. Between May and October 2010 each 

trapping area was revisited for sett reassessment. Traps were sited on and adjacent to setts where 

activity was confirmed and badgers were subsequently trapped and vaccinated. The amount of traps 

placed on a sett was left to the field skills and discretion of the field operative. There were a total of 

12 operatives available to trap each area but due to the variation in size and badger density it ranged 

from 2-12 operatives. When trapping farms with adjacent unsigned up land, adjacent boundaries 

were resurveyed to allow ‘remote’ traps to be placed on badger runs entering signed up land and to 

trap setts that had been identified over the landowners boundary: ‘Sett over boundary’ (SOB).  

Traps were pre-baited with animal grade peanuts for a minimum of 7 days before they were set to 

catch. Trapping generally took place over 2 consecutive nights. Traps were set to catch in late 

afternoon and then checked just after first light the following morning. Trapped badgers were 

assessed to confirm they were to be fit to be vaccinated then given the vaccine via an intra-muscular 

injection. They were then fur clipped and a small amount of stock marker added to the clipped area 

in order to avoid repeat vaccination if they were captured on the next trap night. If no badgers were 

caught on the first 2 nights, trapping could be extended for a further 2 nights. However these extra 

trap nights were only utilised on two occasions throughout the whole study therefore were not 

included in the analysis  

 

Data collection  

Each trapping area was allocated a number 1-8. For each area a sett density/km² estimate was 

calculated, by dividing the number of setts (recorded during surveying) by the total area. During the 

pre-trapping sett checks, data was collected on the size of the sett (total number of holes), and the 

number of active, partially used, and disused holes. When checking traps on a trapping morning 

each operative would complete a form recording information on the date, night number (1st or 2nd), 

the location of the trap (on a sett, a remote or a SOB), whether the cage contained a badger or not, 

the age of the individual badger if caught (adult, cub or unknown), and whether the animal was a 

new individual or a recapture. A note was also made of any non-target species that were trapped. 

Trap nights was calculated as the number of traps sited multiplied by the number of nights trapped 

to give value of total trapping effort. Capture rate, defined as the number of badgers vaccinated 

divided by the number of traps set by the operative, was calculated to include a measure of success 

per unit effort. Trapping operations fell into two seasons which were recorded as summer: 21st June- 

20th September, and autumn: 21st September – 20th December (BBC, 2000). The total amount of 
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rainfall over a 24 hours period leading up to midnight of the trapping night was recorded from a 

local weather station (Hardwicke, Gloucester) which is located in the North West corner of the 

vaccination area.  

 

Statistical analyses  

The total number of badgers vaccinated and the number of cubs vaccinated were entered as a 

dependent variables in separate GLMM, to identify variation associated with explanatory variables; 

sett density, sett size, the number of active holes, operative, night number, location, age, trap 

nights, season, rainfall. Date and trap area were include as random effects. Interactions between 

these explanatory factors were also included in the model.  

Trap nights and capture rate was entered as a dependent variable in a GLMM, to identify variation 

associated with explanatory variables; sett density, sett size, the number of active holes, operative, 

location. Date and trap area were include as random effects. Interactions between these 

explanatory factors were also included in the model.  

Non significant factors were removed from the model in a step-wise manner to produce a minimal 

adequate model, incorporating only factors which explained significant proportions of the variance.  

All tests were carried out using the statistical package R (v.2.6.2).  

 

Results  

During the first year of the project 90km² of farmland was trapped for the BVDP. 202 setts, 92 

remote locations and 12 SOB’S were trapped. 541 badgers were vaccinated; 383 Adults (71 %) 133 

cubs (25 %) and 25 of unknown age (4 %). 434 (80%) badgers were caught on setts, 84 (16%) from 

remotes and 23 (4%) from SOB’s. (Table 1) There were 95 animals recaptured during the first year.  

 

Traps nights  

Trap nights was calculated as the number of traps sited multiplied by the number of nights. During 

the study there were 1657 trap nights. Location (χ 22 =57.1, P<0.001) and sett size (χ 21 =4.2, P=0.04) 

significantly affected the numbers of traps nights. There were more trap nights at setts (1393) than 

remotes (192) than SOB’s (72) and as sett size increased the number of traps sited increased (Figure 

2). An interaction between operative and number of active holes at a sett had a significant affect on 

the number of trap nights (χ 26 =24.14, P=0.0005). As the number of active holes on sett increased 

the number of trap nights also increased however numbers differed by operative.  
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Total badgers vaccinated  

Trap area (χ 21 =6.24, P=0.01) and sett density (χ 21 =8.79, P=0.003) had a significant affect on the 

total numbers of badgers vaccinated. Greater numbers of badgers were vaccinated in trap areas that 

had higher sett densities. Night number also had a significant affect on the total number of badgers 

vaccinated (χ 21 =18.95, P=<0.001), with significantly more badgers being vaccinated on the first 

night of trapping. Of the 193 setts trapped, 39 (20%) had full traps on the first night and 14 (7%) full 

on the second night. On a total of 6 setts, the traps were saturated on both 1st and 2nd night of 

trapping (either new animals or recaptures). Out of 81 remote sites trapped (some sites had more 

than one trap) 37 (46%) were full on the first night and 35 (43%) full on the second night. Of these, 

15 remote site traps were saturated on both 1st and 2nd night of trapping. Interactions between the 

number of trap nights and sett size (χ 21 =4.08, P=0.03) and the number of trap nights and operative 

(χ 21 =4.2, P=0.04054) had significant affects on the number of badgers vaccinated. As sett size 

increased operative’s sited different numbers of traps (Figure 4) and this affected the total number 

of animals vaccinated (Figure 3b) Rainfall had no significant affect on the number of badgers 

vaccinated.  

 

Cubs vaccinated  

The number of cubs vaccinated differed significantly between trap areas (χ 21 =5.07, P=0.02) and 

night number (χ 21 =20.08, P<0.001). The number of cubs vaccinated on the 1st night of trapping (100) 

was significantly higher than the second night (33). Operative (χ 26 =21.19, P=0.0002) and an 

interaction between sett size and trap nights (χ 21 =15.44, P<0.001) also had a significant affect on 

the number of cubs vaccinated. As sett size increased more traps were placed on setts and this 

increased the number of cubs vaccinated. Rainfall had no significant effect on the number of cubs 

vaccinated.  

 

Capture rate  

Capture rate was defined as the number of badgers vaccinated divided by the number of traps set. 

The number of active holes (χ 21 =42.14, P<0.001) and operative (χ 26 =16.73, P<0.05) had a 

significant affect on capture rate. As the number of active holes on a sett increased capture rate 

decreased. An interaction between night number and location (χ 25 =20.31, P=0.01) also significantly 

affected capture rate, with variation in capture rate between sett a remote traps significantly 

different on the second night of trapping (Figure 5).  
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Non target species  

Only 0.4% of total traps sited during this study contained non target species this equates to 7 out of 

the total 1641 set.  

 

Discussion  

An important factor affecting the number of traps sited, and both the total number of badgers and 

cubs vaccinated was variation in operatives trapping behaviour. Also capture rate, an important 

measure of success per unit effort, differed between operatives. Importantly this study highlights 

that a potential target of an adaptive management strategy could be the variation exhibited by 

operatives. The interaction between trapping night number and location, revealed that although 

capture rates at setts decreased significantly between night one and night two, the capture rate at 

remote locations did not drop so sharply. Simple adjustments to factors, such as the number of traps 

placed in certain locations, or an increase in trapping nights, could aid an increased in the number of 

badgers vaccinated with BCG.  

 

Number of traps sited  

More traps were placed on setts than remotes or SOB’s as badger setts are conspicuous focal points 

where a number of animals will emerge on the evening of trapping, and therefore effort is 

understandably focused here. A relatively high number of traps are required on setts to effectively 

cover all exit runs. Trapping at remote locations normally limits the amount of traps that can be 

placed, as there is normally only space to locate 1 or 2 traps off a run or at a remote latrine. The 

current use of using a relatively small number of remote traps to capture animals entering from non-

signed up land may alter when trapping areas with lower landowner participation and more badgers 

are originating from setts that are inaccessible to trap. Placing traps on focal points, like badger 

setts, has been documented in other studies. The numbers of traps sited, in a study of wild Brown 

bears (Ursus arctos) in Slovenia, was restricted to traditional hunting bait stations, where bears have 

become habituated to visiting (Kaczensky et al.,2002). For animals who occupy large territories 

placing traps in remote locations, where the target animal may only pass infrequently, is unlikely to 

be an efficient use of resources.  

The numbers of traps that a sett requires is a hard skill to teach and often only comes with 

experience, however as we found that as sett size increased the number of traps sited also increased 

significantly and this may be used as a proxy for the amount of traps required. Plotting this 

relationship provides a potentially useful training/costing aid, whereby an operative can visit a sett 

and can find an average number of traps placed for sett of that particular size (Figure 4). As larger 
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setts tend to have a greater number of runs radiating away, that need to be covered with traps, and 

smaller setts tend to have less runs that need to be covered, this graph utilising sett size, over a setts 

activity, may be a more accurate guide to trap deployment numbers. Figure 3a highlights variation 

between operatives on the number of traps sited for setts of similar activity scores, further 

suggesting this scoring may not be a reliable indicator of traps required. Variation in traps sited at 

setts of similar activity scores may be partly explained by variation in the character of each sett. For 

example some setts have large numbers of active runs radiating that need to be trapped, while other 

setts, potentially those whose foraging locations are all in one direction away from the sett, have 

few. The interaction between operative and a setts activity and the number of traps sited may be 

explained by the subjectivity of qualitative activity ratings compared to sett size which is a 

quantifiable variable. Operatives all differ in the way they score setts and also factors such as the 

weather and soil type all effect how active a sett can look. This further suggests that using activity to 

predict trapping requirements may not be suitable. The trapping area and sett density did not 

significantly affect the numbers of traps sited and this may be explained by the observed behaviour 

that, when trapping badgers at lower densities, operatives often have traps out over a much larger 

area in an attempt to trap a small amount of badgers. When low densities of badgers are predicted 

the size of the trapping zone was increased so operatives were always servicing a similar amount of 

traps (Table 1).  

 

Total number of badgers vaccinated  

The ability to maximise the total number of badgers vaccinated is crucial to the ability of a badger 

vaccination campaign to result in real reductions of bTB in cattle (Wilkinson et al 2004). An efficient 

trapping regime is crucial in allowing such a vaccination campaign to be economically attractive and 

sustainable. The number of badgers vaccinated varied significantly in different trapping areas; this is 

an unsurprising result when the terrain is considered. The flat lowland area close to the River Severn 

where embankments suitable for setts could be prone to flooding (Thornton, 1988) has limited 

potential in terms of suitable sites for setts and much more effort would be required for excavation 

in these areas therefore less badgers are present. The differences in number of badgers vaccinated 

could be explained by differences in sett density (Table 1) For the lowland areas sett density was at 

1.3 per km² compared with 5 per km² in one of the higher altitude areas, which had much more 

favourable habitat; wooded outcrops next to productive pasture (Reason et al, 2008). The numbers 

of cubs vaccinated was also significantly different between trapping areas; in the area with the 

lowest badger density, fewer cubs were captured and vaccinated. In areas with higher badger 

densities or small territories competition for food may be greater (Tuyttens et al., 1999) and 
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consequently badgers may be easier to encourage into traps using peanuts. It is often observed that 

in areas with low badger densities it takes a longer period of pre-baiting to get the badgers to enter 

traps while in high density areas they often enter the traps and consume all of the bait on the first 

night (T. Allsop Pers. obs). This indicates it may be better to have a longer period of pre-baiting 

period in areas with low badger densities or build a degree of flexibility into the management 

approach which would allow the operative to decide when the traps are ready to be set. A flexible 

method of working has also been suggested for other methods of disease control. When delivering 

oral baits to wildlife, it has been suggested that the practice of pre-baiting should be continued until 

bait uptake is sufficiently high, and only then should costly vaccine baits be deployed. The 

importance of the pre-baiting period has been demonstrated in other badger trapping studies 

(Tuyttens et al., 1999) and trapping success wild pigs is reported to be affected by pre-baiting 

(Sweitzer et al., 1997). Bateman (1989) concluded the increased yield in catch-to trap ratio from pre-

baiting more than compensates for the time involved in waiting during the preliminary stage.  

The number of badgers vaccinated was higher on the first night of trapping, and this trend was also 

true for the number of cubs vaccinated. This is also consistent with other badger trapping operations 

where the majority of the population are trapped on the first night (ISG, 2007) Numbers then 

reduced dramatically with the law of diminishing returns and this may indicate that the short spell of 

trapping used in this project may be more cost effective than longer strategies, as the number of 

new badgers caught may not be worth the additional costs. Also the potential of trapping the same 

badger for more than 2 nights in a row is not considered appropriate from an animal welfare 

perspective, as increasing the duration spent in traps limits the opportunities for the badger to feed 

and also potentially increases the likelihood of a trap related injury (Schutz et al., 2006). It should be 

noted that differing trapping techniques of operatives could affect the relative number of badgers 

caught on each night. For those operatives who place a large number of traps on a sett, all badgers 

may be trapped on the first night, whereas a sett with a lower number of traps sited all traps may 

catch on the first night and new badgers may not be able to enter a trap until the second night. Trap 

saturation highlighted that there was a mixture of techniques used among the operatives. Saturated 

traps over both nights of trapping may be an important factor to consider and one that could affect 

the number of badgers vaccinated. If traps were saturated on both the 1st and 2nd night of trapping, 

there was no potential for additional badgers to be caught. Remote traps had the highest 

occurrences of saturated traps, and due to their normally singular nature this is understandable, 

however it does provide a case for placing more remote traps, especially on well used runs and 

active latrines to ensure that all badgers are given the opportunity to enter traps. This increased trap 
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deployment at remotes locations would require little extra effort and it is recommended that this be 

trialled in the next year of BVDP trapping.  

Operatives deployed a significantly different amount of traps on setts of the same size, this could be 

down to the different trapping styles or a poor estimation of the number of traps required for the 

sett in question. Some operatives put down a similar amount of traps to number of badgers they 

think are using the sett, looking to catch well on both nights while others use large numbers of traps 

to totally saturate a sett. This latter strategy is similar to the operating procedures during RBCT 

where 2 traps were sited per badger estimated to be living in the sett (saturation trapping) (ISG, 

2007) Although this does give the badgers greater opportunity to enter traps it may also have an 

effect of scaring some badgers from the sett, this can result in disappointing catches after the initial 

sett check was scored to be very active. There is also some anecdotal evidence suggesting that 

badgers could be put off from entering other traps if they encounter a badger captured in another 

cage (pers. Comms. A. Griffiths). In these situations few traps placed at greater distance from the 

sett on runs radiating out could be more effective than numerous traps placed near holes or spoil 

heaps. There is also some merit in not putting all traps down on the first visit to a sett but to monitor 

the activity over several days, so a more accurate assessment on the numbers of traps required can 

be made. Peanuts can still be fed down the active holes on the first few visits to encourage feeding, 

or in the form of ‘bait points’ (peanuts placed in a hole in the ground and covered by a stone). Bait 

points located in places where potential traps could be placed, if bait uptakes increase, have the 

obvious advantage of habituating badgers to a particular location to find food, and in future a 

potential trap. However this technique is not stated in the trapping guidelines and therefore is not 

used by all operatives and may affect the ability of deployed traps later to catch badgers. Kaczensky 

et al 2002 used a similar method of siting traps on hunter’s bait stations while trapping brown bears, 

as they were already accustomed to feeding here the bears were easier to catch.  

In this study sett activity was not found to be related to the total numbers of badgers vaccinated. 

This result corroborates previous work by Wilson et al, 2003 where the relationship was examined 

and in which it concluded that sett activity had little value in predicting badger numbers. The scoring 

of sett activity on a single visit to a sett is also unlikely to give a clear indication of badger numbers in 

such a dynamic situation (Wilson et al. 2003). It is all too easy to overestimate the activity during the 

breeding months but also underestimate the activity during the summer when the ground is dry and 

hard.  

There was no significant difference between the 3 types of locations trapped (setts, remotes and 

SOB’s) in the relationship between the relative numbers of traps sited and the total numbers of 

badgers vaccinated. Remote traps (including SOB traps, as both sited away from setts) accounted for 
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20% of the total badgers vaccinated this is a high proportion of the total to be caught away from 

active setts. The RBCT also showed that careful deployment of traps around inaccessible land 

contributed to the beneficial effects of culling (Donnelly et al 2007). Although not all operatives used 

remote traps in the first year it would be worth encouraging their use and it would be valuable to 

monitor the impact of this on trapping efficiency. The age breakdown at remote locations and SOBs 

(75% adults, 18% cubs, 7% unknown) was very similar to those caught on setts (69% adults, 26% 

cubs, 5% unknown) but this could change in future operations, especially if trapping commences in 

early May when the cubs are younger and are therefore less likely to venture far from the sett and 

are unlikely to reach the peripheral areas targeted using remote traps. This study has shown just 

how effective remote traps can be and emphasises there relevance to any future trapping 

operations especially for targeting setts that are on ground with no access.  

The rainfall recorded during this study did not affect the total numbers of badgers or the number of 

cubs vaccinated. Garnet et al 2002 showed that during dry period’s earthworms (the staple diet of 

the badger), are harder to find resulting in an increased need to exploit other resources such as 

crops and animal feeds in farm buildings. During these dry periods it would be reasonable to expect 

that badgers should be easier to trap as they require alternatives to earthworms. Further studies 

might analyse other meteorological factors, such as temperature. Microclimatic conditions i.e. 

moisture content of the soil and overnight temperatures rather than rainfall maybe important to 

consider, as small amounts of rain on very dry compacted soil and lower temperatures would not 

stimulate the worms to come to the surface, whereas a warm night with small amounts of rain on 

already damp soil would (Kruuk and Parish, 1981), affecting availability to badgers. This highlights 

that an important factor noted by Tuyttens et al., 1999 but not investigated by this study, could be 

availability of natural food resources, and it is a logical assumption that badgers in areas with fewer 

natural food resources should be easier to lure into traps baited with peanuts. Many studies state 

that the availability of other food sources is a factor affecting the attractiveness of human placed 

baits. For example Fletcher et al. (1990) suggested that the low uptake of their deployed oral baits 

was likely explained by the local availability of ripe grapes. And bait uptake may be limited if food is 

not a limited resource, as Trewhella et al. (1991) found to be the case in urban fox bait uptake. Food 

availability also varies depending on the season and associated climatic changes. Previous studies 

have shown that autumn is one of the least effective times of the year for badger trapping due to 

the increased abundance of natural foods (Tuyttens et al., 1999). However this result was not 

supported by our study with similar amounts of badgers trapped in both seasons. Although there is a 

natural abundance of food in autumn badgers tend to eat more in preparation for the winter, 

studies have shown increases in weight of 3kg in one month in autumn (Woodroffe et al, 1995), so 
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should still readily take bait from traps. It has been observed during pre-baiting that once the 

badgers are eating the nuts they will continue to exploit and actively seek this high energy food 

source regardless of what other food is available, even during long spells of wet weather favourable 

for worming (T.Allsop pers.obs.). Although other studies have found badgers to bypass high energy 

cattle food from barns in favour of worm pasture, the risks involved in entering farms with potential 

human and dog disturbances (Garnett et al, 2002) may make worms a more favourable option. 

Badgers that have become habituated to take bait from a trap have no reason not to continue taking 

the bait regardless of the weather conditions. This learnt behaviour of entering traps for food, 

highlights the importance of a pre-baiting period. Pre baiting would also be important for BCG 

vaccination of animals through oral baits, where baits free of vaccine could be deployed before more 

costly vaccine bait was deployed, and ensuring high levels of uptake in target species. Although 

season was not found to have a significant affect the total badgers vaccinated, this may not have 

been the case had trapping operations been carried out throughout the whole year rather than just 

summer and autumn. With activity and movement of badgers and other species reduced during 

winter months and often peaking in spring.  

 

Cubs vaccinated.  

It was important to consider the cubs separately from the total vaccinated population as these are 

more likely to be the susceptible rather than infected individuals in a group. If these cubs can be 

vaccinated as soon as they emerge from the setts there is a much greater chance of a vaccination 

campaign being effective (Wilkinson et al, 2004). Several variables, season and sett density 

significantly affected the total number of badgers caught were found not to affect the number of 

cubs vaccinated. Season was almost statically significant (χ 21 =3.47, P=0.62) with 84 (63%) cubs 

being caught in the autumn compared to 49 (37%) in summer. Determining the most appropriate 

time of year to reach the highest proportion of cubs would be highly desirable, analysing capture 

data on at a monthly level would help specifically determine most productive month to trap most. It 

must be noted that the seasonal results reported here could be confounded by the area being 

trapped, for example the two areas with the highest sett densities were both trapped in autumn. It 

must also be noted that recording the age of the trapped badger was down to the operative’s 

judgment and this could have affected the numbers of cubs recorded as vaccinated. By October and 

November the cubs are often hard to distinguish from adults. It is recommended that better 

guidelines for estimating animal age are covered during the training process. In addition to this, it 

may be of value to encourage wider use of the “unknown” age category if the operative is unsure 

which may result in more accurate numbers of cubs vaccinated.  
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The fact that sett size significantly affects the number of cubs vaccinated but the number of active 

holes did not; suggests that cubs are more likely to be born at larger main setts and not just at setts 

with higher levels of activity, as is often assumed (Neal & Cheeseman, 1996). The results from this 

study suggest that sett activity therefore is not a reliable indicator of the number of cubs present or 

the number that will be caught. As noted before, activity level is a very changeable and subjective 

variable and therefore not be given great weight as a predictor of the likely number of occupants.  

 

Capture rate.  

It should be first noted that capture rate, although useful in measuring success against effort, is not 

a measure of the success of vaccinating all potential badgers. For example; an operative that deploys 

4 traps and catches 4 badgers will have a successful capture rate of 1, however if that operative did 

not place enough traps and missed trapping 2 other badgers living at that sett, this operative has not 

trapped successfully and efficiently. If all the traps that are on a sett become full the capture rate 

should decrease because they are no longer able to trap more animals and trap rate per unit effort is 

not representative of the population density being sampled (Beverton and Holt, 1957). Therefore 

capture rate should only be used as a rough indicator of efficient trapping.  

Figure 5 shows that Capture rate on setts dropped dramatically on the second night but the rate on 

remote traps remained high. This suggests that remote traps could ideally be trapped for longer than 

2 nights or more traps should be sited in the same area (however this is not always possible in 

restricted locations) potentially returning a significantly higher number of badgers for a little extra 

effort, a potentially cost effective adaptation. Altering the locations of traps has been trialled in 

other studies for example during the UK Coypu removal operations in the 1980’s Baker and Clarke 

(1988) reported that traps sited on rafts were 50% more effective than traps sited on the bank with 

fewer non target captures. Future operations then concentrated on raft trapping and were 

successful in eradication of the non-native Coypu. Simple alterations have been made to previous 

badger trapping operations so encouraging operatives to look for more sites for remote traps, 

should be easy to implement. As sett size did not significantly affect capture rate this suggests 

appropriate trap numbers are placed depending on the size of the sett. However we also found that 

as the setts activity score increased capture rate decreased. This suggests that more active setts are 

potentially having more traps placed on them than what is actually required for the number of 

badgers caught, reducing the efficiency of trapping, as effort is increased for less return. This 

therefore means, that although we have found sett activity to be a less reliable indicator of number 

of badgers present, and therefore effort required, field operatives are using this qualitative 
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parameter to determine trapping effort. Highlighting our results may encourage operatives to place 

more weight to the size of the sett over dynamic activity levels.  

 

Non Targets  

It is desirable that as few non target species (i.e. foxes, squirrels, pheasants and domestic pets) are 

caught as possible; this is both for welfare reasons and because they take up cages which could 

potentially limit the total number of badgers caught. During this study only 0.4% of the traps sited 

contained a non target species compared with during the RBCT where 1% of the total traps 

contained a non target species. The lower non target capture found in this study could be down to 

most operatives setting the traps by “stringing the stone”. This method practically eliminates any 

other species from getting trapped by requiring the animal to move a large stone-two of the non 

targets caught during the BVDP were when demonstrating the old “Triangle” method of stringing the 

trap to new operatives on the cage trapping and vaccinating course and acted to demonstrate how 

effective the new method is. Anecdotal evidence also suggests that this method of stringing also 

leads to less cages being tripped but empty. This was the first time the “stringing the stone” method 

has been described and included in the operating procedure, mainly as a result of feedback from 

experienced field operatives. This change in procedure is a good example of how ideas from the field 

can evolve and be put into action by adaptive management.  

Results from this study demonstrate how variation in geographical area, sett characteristics and 

trapping operations affect the number of badgers vaccinated. This study highlights that differences 

in operatives significantly affected the number of trap nights, total badgers vaccinated and the 

number of cubs vaccinated. As it is possible to manipulate an operative’s behaviour, through 

increasing knowledge and sharing and experience, this factor presents a favourable to target in an 

adaptive management approach. The results from this study indicate that there was a wide variation 

in trapping strategies, despite these individuals being considered to have a similar degree of trapping 

experience. For example, some individuals chose to deploy more remote traps and others deployed 

traps only on or associated with the sett; this was found to have an impact on the numbers of 

badgers vaccinated ( Figure 3b). This indicates the need for effective dissemination of results from 

this study and potentially further training and a re-emphasising of the operating procedures. Lessons 

could be learnt from more successful operatives, for example the operative with the highest capture 

rate tends to set there traps much further from the sett than other operatives (pers. com. E. 

Hudson). These strategies could be employed for following years of the BVDP, adopting an adaptive 

management approach, as education and experience are known to play significant roles in levels of 

task efficiency (Stefanou & Saxena, 1998). This adaptable approach to project delivery has been used 
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to good effect on other trapping projects. In a study of the mink removal operations in the 

Cairngorms national park by Bryce et al. (2010) showed that traps needed to be set further away 

from the headwaters at much lower altitudes in order to maximise the capture rate. This”bottom-

up” approach where information discovered at ground level is taken into account and used to adapt 

the overall management acts to make the project more efficient and ultimately successful.  

The proportion of a population that needs to be vaccinated to achieve herd immunity varies with the 

infectious dose and the transmission dynamics of the disease. With a threshold of protection 

required to achieve herd immunity unknown it is essential to try and maximise those remaining 

factors which are within our control: Proportion of land on which vaccination occurs, the degree of 

coordination and the efficiency of delivery. The project not only depends on good landowner 

participation but also the increasing effectiveness of the operatives performing the trapping and 

vaccination. It is therefore of great importance that the operatives on the ground can feed results 

and experiences back to management so that adaptive changes can be made to increase efficiency 

and make the badger vaccination deployment project a success and blueprint for future vaccination 

campaigns.  

 

References  

 

Baker, P.J., Harris, S., Robertson, C.P.J., Saunders, G., White, P.C.L. (2001) Differences in the capture 

rate of cage-trapped red foxes Vulpes vulpes and an evaluation of rabies control measures in Britain. 

Journal of applied ecology. 38, 823-835.  

Baker, S.J., Clarke, C.N. (1998) Cage trapping Coypus (myocastor coypus) on baited rafts. Journal of 

applied ecology. 25, 41-48.  

Bateman, J.A., (1988) Animal traps and trapping. 2nd Edition. David and Charles. UK  

BBC. (2000) Seasons. (https://www.bbc.co.uk/dna/h2g2/A395273).  

Beverton, R.J.H., Holt, S.J. (1957) On the dynamics of exploited fish populations. United Kingdom 

Ministry Agriculture and Fisheries. Fisheries Investigation. 2, 529-533.  

Brochier, B., Aubert, M.F., Pastoret, P.P., Masson, E., Schon, J., Lombard, M., Chappuis, G., Languet, 

B., Desmettre, P. (1996) Field use of vaccinia-rabies recombinant vaccine for the control of sylvatic 

rabies in Europe and North America. Revue scintifique et technique. 15, 947-970.  

Bryce, R., Oliver, M.K., Davies, L., Gray, H., Urquhart,J., Lambin, X. (2010)  



40 
 

Turning back the tide of American mink invasion at an unprecedented scale through community 

participation and adaptive management. Biological conservation. 144, 575-583.  

Buddle, B.M., Wedloc, D.M. (2006) Progress in the development of tuberculosis vaccines for cattle 

and wildlife. Veterinary microbiology. 112, 191-200.  

Chambers, M., A., Rogers, F., Delahay, R.J., Lesellier, S., Ashford, R., Dalley, D., Gowtage, S., Dave, D., 

Palmer, S., Brewer, J., Crawshaw, T., Clifton-Hadley, R., Carter, S., Cheesman, C., Hanks, C., Murray, 

A., Palphramand, K., Pietravalle, S., Smith, G. C., Tomlinson, A., Walker, N., Wilson, G.W., Corner, 

L.A.L., Rushton, S.T., Shirley, M.D.F., Gettingby, G., McDonald, R.A., Hewinson, R.G. (2010) Bacillus 

Calmette-Guérin vaccination reduces the severity and progression of tuberculosis in badgers. 

Proceedings of the Royal Society B in press.  

Corner, L.A., Costello, E., Lesellier, S., O'Mear, D., Gormley, E. (2008) Vaccination of European 

badgers (Meles meles) with BCG by the subcutaneous and mucosal routes induces protective 

immunity against endobronchial challenge with Mycobacterium bovis. Tuberculosis. 88, 601-609.  

DEFRA (2010) Comparing badger (Meles meles) control strategies for reducing bovine bTB in cattle in 

England. http://archive.defra.gov.uk/food-farm/animals/diseases/tb/documents/-8control-strat-

report.pdf.  

DEFRA (2011) TB statistics summary information. (http://www.defra.gov.uk/food-

farm/animals/diseases/tb/)  

Delahay, R.J., Wilson, G.J Smith, G.C., Cheeseman, C. L. (2003) Vaccinating badgers (Meles meles) 

against Mycobacterium bovis: the ecological considerations. The Veterinary Journal. 166, 43-51.  

Delahay, R.J., Smith, G.C., Hutchings, M.R. (2009) Management of diseases in wild animals. 1st ed. 

Springer. Tokyo.  

Donnelly, C.A., Woodroffe, R., Cox, D.R., Bourne, J., Gettinby, G., Le Fevre, A.M., McInerney, J.P. & 

Morrison, W.I. (2003). Impact of localized badger culling on tuberculosis incidence in British cattle. 

Nature. 426, 834–837.  

Donnelly, C.A., Wei, G., Johnston, W.T., Cox, D.R., Woodroffe, R., Bourne F.J. (2007) Impacts of 

widespread badger culling on cattle tuberculosis: concluding analyses from a large-scale field trial. 

International Journal of Infectious Diseases. 11, 300–308.  

Fletcher, W.O., Creekmore, T.E., Smith, M. S. Nettles, V.F. (1990) A field trial to determine the 

feasibility of delivering oral vaccines to wild swine. Journal of wildlife diseases. 26, 502-510.  



41 
 

Gandon, S., Mackinnon, M., Nee, S. Read, A. (1993) Imperfect vaccination: some epidemiological and 

evolutionary consequences. Proceedings of the Royal Society B. 270, 1129-1136.  

Garnett, B. T., Delahay R. J. Roper. T. J. (2002) Use of cattle farm resources by badgers (Meles meles) 

and risk of bovine tuberculosis (Mycobacterium bovis) transmission to cattle. Proceedings of the 

Royal Society B. 269, 1487-1491.  

ISG. (2007) Independent Scientific Group, Bovine TB: The Scientific Evidence, A science base for a 

sustainable policy to control Tb in cattle, An epidemiological investigation into bovine tuberculosis, 

Final Report of the Independent Scientific Group on Cattle TB. UK.  

Jenkins, H.E., Woodroffe, R. Donnelly, C. A. (2010) The Duration of the Effects of Repeated 

Widespread Badger Culling on Cattle Tuberculosis Following the Cessation of Culling. Public Library 

of Science. 5, 1-7.  

Kaczensky, P., Knauer, F., Jonozovic, M., Walzer, C. Huber, T. (2002) Experiences with Trapping, 

Chemical Immobilization, and Radio tagging of Brown Bears in Slovenia. Ursus. 13, 347-356.  

Kessler, W.B., Salwasser, H., Cartwright, C.W., James, A. (1992) New Perspectives for Sustainable 

Natural Resources Management. Ecological Applications. 2, 221-225.  

Kruuk, H., Parish, T. (1981) Feeding specialization of the European badger (Meles meles) in Scotland. 

Journal of Animal Ecology. 50, 773-788.  

Lesellier, S., Palmer, S., Dalley, D.J., Davé, D., Johnson, L., Hewinson, R.G., Chambers, M.A. (2006) 

The safety and immunogenicity of Bacillus Calmette-Guérin (BCG) vaccine in European badgers 

(Meles meles.) Veterinary Immunology and Immunopathology. 112, 24-37.  

MAFF (1998) Randomised badger culling trial summary. 

ttp://archive.defra.gov.uk/corporate/docs/forms/ahealth/bovinetb/RBCT3.PDF  

McDonald, R.A., Harris, S. (1999) The use of trapping records to monitor populations of stoats 

Mustela erminea and weasels M. nivalis: the importance of trapping effort. Journal of Applied 

Ecology. 36, 679-688.  

Mclean, I.G., Towns, A.J. (1981) Differences in Weight Changes and the Annual Cycle of Male and 

Female Arctic Ground Squirrels. ARCTIC. 34, 249-254.  

Muirhead R.H., Gallagher J., Burn, K.J. (1974) Tuberculosis in wild badgers in Gloucestershire: 

epidemiology. Veterinary Record. 95, 552–555.  



42 
 

Neal, E., Cheeseman, C. (1996) Badgers. Poyser. London. UK.  

Pope, L.C., Butlin, R.K., Wilson, G.J., Woodroffe. R., Erven. K., Conyers., C.M., Franklin., T., Delahay. 

R.J., Cheeseman. C.L., Burke., T. (2007) Genetic evidence that culling increases badger movement: 

implications for the spread of bovine tuberculosis. Molecular Ecology. 16, 4919-4929.  

Reason, P., Harris, S., Cresswell, P. (1993) Estimating the impact of past persecution and habitat 

changes on the numbers of Badgers Meles meles in Britain. Mammal Review. 23, 1–15.  

Schubert, C.A., Rosatte, R.C., MacInnes, C.D., Nudds, T.D. (1998) Rabies control: An adaptive 

management approach. The Journal of Wildlife Management. 62, 622-629.  

Schutz, K.E., Agren, E., Amundin, M., Roken, B., Palme, R., Morner, T. (2006) Behavioral and 

Physiological Responses of Trap-Induced Stress in European Badgers. Journal of Wildlife 

Management. 70, 884-891.  

Stankey, G.H., Clark, R.N., Bormann, B.T. (2005) Adaptive management of natural resources: theory, 

concepts and management institutions. US Department of Agriculture, Forest Service, Pacific 

Northwest Research Station. General Technical Report 654.  

Stefanou, S. E., Saxena, S. (1988) Education, Experience, and Allocative Efficiency: A Dual Approach. 

American Journal of Agricultural Economics. 70, 338-345.  

Sweitzer, R.A., Gonzales, B.J., Gardner, I.A., Van Vuren, D. Waithman, J. D., Boyce, W.M. (1997) A 

Modified Panel Trap and Immobilization Technique for Capturing Multiple Wild Pigs. Wildlife Society 

Bulletin. 25, 699-705.  

Thornton, P.S. (1988) Density and distribution of Badgers in south-west England–a predictive model. 

Mammal Review. 18, 11–23.  

Trewhella, W. J., Hariis, S., Smith, G.C., Naidian, A. K. (1991) A field trial evaluating bait uptake by an 

urban fox (Vulpes vulpes) population. Journal of Applied Ecology. 28, 454-466.  

Tuyttens, F.A.M., Macdonald, D.W., Delahay, R., Rogers, L.M., Mallinson, P.J., Donnelly, C.A., 

Newman, C. (1999) Differences in trapability of European badgers (Meles meles) in three 

populations in England. Journal of Applied Ecology. 36, 1051-1062.  

Vos, A. (2003) Oral vaccination against rabies and the behavioural ecology of the red fox (vulpes 

vulpes). Journal of Veterinary Medicine B 50, 477- 483.  



43 
 

Wasserberg, G., Osnas, E.E., Rolley, R.E., Samuel, M.D. (2009) Host culling as an adaptive 

management tool for chronic wasting disease in white-tailed deer: a modelling study. Jounal of 

Applied Ecology. 46, 457–466.  

White, P.C.L and Harris, S. (1995) Bovine Tuberculosis in Badger (Meles meles) Populations in 

Southwest England: An Assessment of Past, Present and Possible Future Control Strategies Using 

Simulation Modelling. Philosophical Transactions of the Royal Society B. 349, 415-432.  

Wilkinson, D., Smith, G.C., Delahay, R.J., Cheesman, C.L. (2004) A model of bovine tuberculosis in the 

badger Meles meles: an evaluation of different vaccination strategies. Journal of Applied Ecology. 41, 

492–501.  

Wilson, G.W., Delahay, R.J., de Leeuw A.N.S., Spyvee, P.D., Handoll, D. (2003) Quantification of 

badger (meles meles) sett activity as a method of predicting badger numbers. Journal of Zoology. 

259, 49-56.  

Woodroffe, R. (1995) Costs of breeding status in the European badger, Meles meles. Journal of 

Zoology. 235, 237–245.  

Woodroffe, R., Donnelly, C.A., Jenkins, H.E., Johnston W.T., Cox, D.R., Bourne, F.J.,  

Cheeseman, C.L., Delahay, R.J., Clifton-Hadley, R.S., Gettinby, G., Gilks, P.,  

Hewinson, G.R., McInerney J.P., Morrison, W.I. (2006) Culling and cattle controls influence 

tuberculosis risk for badgers. Proceedings of the National Academy of Sciences of the United States 

of America. 103. 14713-14717. 

 

 

 

 

 

 

 



44 
 

Figures and Tables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



45 
 

Figure. 1. The location of the BVDP study area, showing the 8 trapping areas (8 different colours) and the location of the setts trapped (black dots). 

Table 1. Summary results from the BVDP, separated into trap areas 1 – 8. 

 

 

 



46 
 

 

 

 

 

 

 

 

 

 

 



47 
 

 

 

 

 



48 
 

 

 

 

 

 

 

 

 

 

 



49 
 

 

 

 


