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   Foreword  

 This book draws together practical experience regarding fences and their ecological 
effects from around the world. 

 Fences are such a familiar part of life on our crowded planet that we easily forget 
that they are socially and evolutionarily a recent phenomenon. The “enclosure” 
movement in Britain, just a few one hundred years ago, was part of the huge social 
transformation that led to the industrial era, with all its benefi ts and problems. 
Before that, land was mostly held communally, and grazing animals moved freely. 
The trend to private ownership of land and the associated containment of the 
animals it supported came later to the colonies. The invention of barbed wire is 
one of the technologies that underpinned the conquest of the American prairies, the 
Australian outback and the South African veld. 

 Changes of that magnitude, both socially and ecologically, have consequences – 
some benefi cial, others less so. Fences are designed to be barriers to animal move-
ment. As such, they reduce the functional scale of an important element of grazing 
ecosystems. Seasonal migrations become impossible, gene-fl ow is restricted and dis-
persal is constrained. Sometimes it is possible to artifi cially substitute these processes 
or compensate for their absence. In other cases, there is a realisation that managing at 
larger scales is both easier and less expensive, and fences have come down. 

 Within the African continent, South Africa represents one pole of an ongoing 
debate about how and when wildlife movement should be constrained. East Africa 
represents the other pole. In South Africa, wildlife and other land uses are strictly 
spatially separated by fences. The fencing technology to do so has evolved greatly 
from the four-strand barbed wire of our cattle-ranching forebears. The cable fence 
for containing elephants, the high multistrand smooth-wire fence for antelopes and 
the electric fence for carnivores are examples. In East Africa, the preference has 
always been for an intermingling of wildlife with cattle ranching and crop agricul-
ture. The benefi t is protected areas without hard boundaries. A negative consequence 
is human–wildlife confl ict. The two poles are less sharply defi ned than they once 
were – the benefi ts of fewer, more strategic fences and more selectively porous 
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boundaries are better understood in South Africa, and a rapidly fi lling landscape is 
forcing East Africa into a stricter separation of incompatible land uses. 

 Our relationship with fences therefore contains some paradoxes. We recognise the 
wry wisdom in the saying “Good fences make good neighbours”. At the same time, 
we have to agree with Robert Frost: “Something there is that doesn’t love a wall”.

Pretoria, South Africa Bob Scholes  
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 Conservation managers are tasked with the diffi cult job of conserving biodiversity, 
often with limited information and poorly defi ned goals (Hayward  2009  ) . There are 
numerous techniques available to achieve this objective; however, the critical ele-
ment is the separation of biodiversity from the processes threatening it. 

 Fencing is one element of the conservation managers’ arsenal that can separate 
threats from biodiversity. Fencing evolved in the Neolithic Age to solve social con-
fl ict by separating resources (often food) from threats to the retention of those 
resources (often wildlife or pillaging humans) (Kotchemidova  2008  ) . By fencing, 
we refer to both physical barriers, such as a standard post and wire fence, and meta-
phorical barriers, such as inhospitable land, gardens of chilli, walls of noise, effec-
tive anti-poaching patrols or buffers of poison (Hayward and Kerley  2009  ) . The 
essential element linking these management strategies is that they act to keep biodi-
versity separated from the factors that threaten it. 

 The use of conservation fencing varies throughout the world. Australia has 
had some staggering conservation successes attributable to conservation fencing. 
Early marsupial reintroduction programmes largely failed because introduced pred-
ators decimated founder populations (Short et al.  1992  ) . This discovery led to the 
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reintroduction in the Australian mainland of numerous highly endangered species 
that were previously restricted to islands that were free of introduced European red 
foxes  Vulpes vulpes  and feral cats  Felis catus . Peninsulas around Western Australia’s 
Shark Bay were fenced and the introduced species eradicated before species such as 
burrowing bettongs  Bettongia lesueur , western barred bandicoot  Perameles bou-
ganville  and the greater stick-nest rat  Leporillus conditor  were reintroduced (Short 
and Turner  2000 ; Richards et al .   2001 ; Richards and Short  2003  ) . This may not be 
the conservation panacea that is hoped for, as there are examples of poorly main-
tained conservation fences and poorly designed fencing projects that illustrate the 
complexity of the issue (see de Tores and Marlow  2012  ) . 

 Mainland feral-free islands have since been created in Australia. Scotia Sanctuary, 
in far western New South Wales, possesses an 8000 ha fenced area that is com-
pletely free from cats, foxes, dogs  Canis familiaris , rabbits  Oryctolagus cuniculus , 
goats  Capra aegagrus  and sheep  Ovis aries . Reintroduction programmes initiated 
by Earth Sanctuaries Ltd, and continued and expanded by Australian Wildlife 
Conservancy, have seen numbats  Myrmecobius fasciatus , bridled nailtail wallabies 
 Onychogalea fraenata , greater stick-nest rats, burrowing bettongs, brush-tailed bet-
tongs  Bettongia penicillata  and bilbies  Macrotis lagotis  reintroduced in the past 
decade. Arid Recovery is another private organization that has fenced a large area 
and reintroduced numerous previously extirpated mammals (Moseby and O’Donnell 
 2003  ) . However, these efforts are hindered to an extent in Australia by the retention 
of ownership of natural capital by the federal government. 

 Despite this success, the government organizations tasked with conserving 
Australia’s biodiversity have rarely initiated widespread fencing programmes of 
national parks. Most national parks are, in fact, bound by a fence – a post-and-
barbed-wire stock fence aimed at excluding the domestic livestock that surround 
these isolated conservation areas, while foxes, cats, cane toads  Bufo marinus  and 
rabbits enter at will to wreak devastation on native biodiversity. There are some 
notable exceptions such as the 1 km 2  area within Dryandra Nature Reserve (Western 
Australian Department of Environment and Conservation), Venus Bay Conservation 
Park (South Australian Department of Environment and Heritage) and Mulligan’s 
Flat Nature Reserve (ACT Department of Territory and Municipal Services) to 
name a few. 

 New Zealand conservation managers (and more importantly private groups) have 
embraced conservation fencing even more so than Australians. Again, it is the pri-
vate sector leading the way with 43 of 64 fenced, feral-free reserves funded by pri-
vate donors and community organizations (Burns et al. 2012). For example, the 
Karori Sanctuary, in Wellington, is surrounded by a 2-m high wire-mesh fence that 
excludes a range of invasive species from brushtail possums  Trichosurus  vulpecula  
to house mice  Mus domesticus  (KRWSSC  1994  ) . Such a large tract of feral-free 
land in the middle of the nation’s capital city is a triumph for conservation, as the 
reserve appears to act as a source population for numerous, previously rare, native 
birds to repopulate the rest of the city. 

 India has had a long history of conservation action, but managers have only 
recently begun considering fencing as a conservation tool. Again, the fencing in 
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India is designed to separate threats from biodiversity; however, in this case the 
confl ict between humans and wildlife often comes from within conservation areas 
as villages frequently exist within the boundary of such places (Ravi Chellam, 
Wildlife Conservation Society – India,  pers comm .). 

 Re-wilding projects are also likely to require fencing to ensure exotic and/or 
dangerous species do not spread from the release sites. This is critical in the 
Pleistocene period, re-wilding projects of North America where ecologically equiv-
alent species are proposed to be introduced (Donlan et al .   2005,   2006  ) , and to a 
lesser extent in European re-wilding, where ecological substitution is not planned 
(see, Zimov  2005 ; Hetherington  2006 ; Marris  2009 ; Sandom et al.  2012  ) . 

 Management strategies in some parts of Africa also include conservation fenc-
ing. Unlike in Australia where the federal government retains ownership of natural 
capital, in southern Africa the private sector has led the conservation fi eld through 
innovative strategies (Slotow and Hunter  2009  ) . By law, all reserves housing dan-
gerous wildlife in South Africa are required to erect game-proof fencing. Yet, 
despite this requirement, the ranges of numerous species of such dangerous game 
are expanding in South Africa (Gusset et al .   2006 ; Hayward et al.  2007a,   b ; Hunter 
 2007  ) , and appropriate metapopulation management plans are in place to ensure 
that loss of genetic diversity does not eventuate (Davies-Mostert et al .   2009  ) . 

 In East Africa, fencing is rarely used, other than on some private game reserves 
(e.g. Lewa Wildlife Conservancy, Kenya). The vast Serengeti ecosystem is largely 
free of fencing and it is its size that lessens the need for fencing (see East et al. 
 2012    ) . Yet East Africa is faced with an unprecedented decline in wildlife numbers 
(Caro and Scholte  2007 ; Stoner et al.  2007  ) . 

 The success of fencing as a conservation tool can be simplistically assessed by 
comparing large predator distribution in East and southern Africa. In East Africa, 
large predator distributional ranges are increasingly being restricted to conservation 
areas and populations are declining due to human persecution inside and outside 
conservation areas (Maddox  2003 ; Bauer and Van der Merwe  2004  ) . Conversely, in 
southern Africa, fencing separates predators from persecuting humans, which also 
isolates populations; however, predator numbers are stable in reserves and distribu-
tions are increasing due to numerous reintroduction programmes (Hofmeyr  1997 ; 
Gusset et al.  2006 ; Hayward et al.  2007a,   b ; Hunter  2007  ) . 

 Fencing can also cause conservation problems (Hayward and Kerley  2009  ) . In 
Yellowstone National Park, USA, migratory ungulates are funnelled through nar-
row necks of conservation land that could easily be cut off by the construction of 
livestock fences (Berger  2004  ) . Ungulate migrations elsewhere in the USA are also 
restricted by barriers, including livestock fences, roads, railways and human devel-
opment (see Berger et al.  2008 ; Harris et al.  2009 ; Gadd  2012 ; Gates et al.  2012 , 
Simon Thirgood, pers. comm. SCB meeting 2008 Chattanooga). 

 Poorly aligned fences have caused mass mortality events in Botswana and Australia 
when migrations were cut off from critical water sources (see Owens and Owens 
 1985 ; Mbaiwa and Mbaiwa  2006 ; Hayward and Kerley  2009 ; Gadd  2012    ) . Once 
an area is bound by a fence, it becomes isolated. The 1,600 km 2  Bialowieza Forest 
in eastern Europe is the home of the European bison  Bison bonasus;  however, it is cut 
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in two by the border fence of the European Union, effectively artifi cially  separating the 
bison population in two (see Kowalczyk et al.  2012  ) . This fence was not designed with 
conservation in mind, and as such population isolation may lead to numerous prob-
lems, such as loss of genetic diversity; management intervention is, therefore, likely to 
be required on all but the largest fenced conservation areas. 

 There are also more subtle impacts of fencing, such as fences facilitating preda-
tion. For example, some raptors are known to use fences to hunt from, with an 
increase in local hunting success reducing the recruitment of wading birds nesting 
close to the fences (Johnson and Oring  2002  ) . 

 This book investigates fencing for conservation from a range of disparate view-
points. As ever, our perspective is derived from our experiences, and the authors of 
the following chapters have experienced issues associated with fencing and conser-
vation in Africa, Asia, Australia, Europe and the Americas. The authors discuss their 
experiences with conservation fencing and identify the costs and benefi ts of such 
conservation activities. While their conclusions are varied, it seems clear that the use 
of conservation fencing should only be employed when the benefi ts to biodiversity 
(i.e. protection from impending extinction) outweigh the costs (i.e. fi nancial costs 
of construction; social costs of visual amenity; and ecological costs of isolation, 
fragmentation and mortality).     
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          Introduction 

 Effective conservation requires the separation of biodiversity from processes that 
threaten it (Hayward and Kerley  2009  ) . Barrier fencing is one method that conser-
vation managers can employ; however, more “metaphorical” barriers can also per-
form a similar function (Hayward and Kerley  2009  ) . Fences also provide a defi ned 
management unit which minimises confusion about the destination of conservation 
actions aimed at stopping threats as diverse as intruders, poachers, land clearance, 
introduced predators, disease and weeds (Hayward and Kerley  2009  ) . 

 The fundamental benefi t of conservation fencing is that it separates biodiversity 
from threats to its existence and, hence, is critical to conservation actions, yet fenc-
ing for conservation also has some clear costs (Hayward and Kerley  2009  ) . Fences 
have a high fi nancial cost, as well as ecological costs such as inhibiting movement 
patterns, isolation, inbreeding, predation sinks, continuing management, visual 
costs and ethical issues (Hayward and Kerley  2009  ) . 

 This chapter investigates some of the key benefi ts and problems of employing 
fencing for conservation purposes. These costs and benefi ts of fencing are discussed 
in light of four case studies from three countries in three continents. The fi rst case 
study highlights how using poison, instead of a physical fence, as a barrier to 
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 introduced predators may not be a successful long-term strategy for conserving the 
vulnerable macropodid marsupial, the quokka  Setonix brachyurus . The second case 
study of bushmeat hunting in the Transkei region of South Africa illustrates how 
critical fence maintenance is to ensuring the effectiveness of fences for conserva-
tion. The third case study illustrates how effective fence maintenance has ensured 
the success of large predator reintroductions in South Africa’s Addo Elephant 
National Park; however, this in turn has created management problems through pop-
ulation isolation. Finally, I look at how human infl uences around Poland’s Białowieża 
Primeval Forest effectively act as a barrier fence to restrict animal movements.  

   Case Study 1 – Metaphorical Fences of Poison: 
Conserving the Quokka in Australia’s Northern Jarrah Forest 

 The quokka is a 3–5-kg macropodid marsupial that is endemic to the south-western 
corner of Western Australia (Kitchener  1995  ) . The species is one of the most abun-
dant in the fossil-bearing sites of the region (Glauert  1948 ; Cook  1960  ) , where its 
fossils peaked in abundance around 20,000 years ago (Balme et al.  1978  ) . Aboriginal 
people regularly hunted them by burning their swampy habitats and spearing them 
as they fl ed the fi re (Gardner  1957 ; Gould  1973 ; Nicholson  1981  ) . Quokkas were 
also abundant when Europeans arrived in the region, such that they were classed as 
“vermin” by forestry offi cials (Stewart  1936  ) . Reports of the quokkas’ decline on 
the mainland in the 1930s are common in the literature (White  1952 ; Serventy et al. 
 1954 ; Barker et al.  1957  ) . Conversely, the two island populations – Bald and 
Rottnest – remained stable through this period    (Waring  1959 ; Storr  1965  ) . Although 
the 1930s saw the major decline of the quokka, recent research suggests this decline 
has continued (Hayward et al.  2003  )  (Fig.  2.1 )   .  

 Numerous factors were listed as causing the initial decline of the quokka, includ-
ing disease, urbanisation, habitat alteration, competition with introduced herbivores 
and predation (White  1952 ; Main  1959 ; Short and Calaby  2001  ) . Of these, there is 
only evidence for predation and habitat alteration playing distinguishable roles 
(Hayward et al.  2005a  ) . There are several lines of evidence implicating the European 
red fox  Vulpes vulpes  in the quokkas’ decline. Critically, the decline of the quokka 
on the mainland corresponded to the arrival of the fox in the south-west (King and 
Smith  1985  ) ; quokka populations on fox-free islands have remained stable; reintro-
duced quokka populations have failed due to predation by foxes (Short et al.  1992  )  
and the fox remains the major mortality source today (Hayward et al.  2005a  ) . 
Predation by feral cats  Felis catus  seems unlikely to be the cause of the quokkas 
decline as they coexist on Rottnest Island without any apparent population limita-
tion (Main et al.  1959  ) . It seems likely that the quokka is within the preferred weight 
range of prey of the red fox, but larger than the preferred prey weight range of cats 
(Hayward et al.  2006  ) . There is no evidence of an increase in predation by native 
carnivores or of humans in the 1930s (Hayward  2002 ; Hayward et al.  2005a  ) . Finally, 
reanalysis of the evidence for disease suggests that it was more likely surplus killing 
by newly invading red foxes (Short et al.  2002  ) . 
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 The quokkas’ decline may also have been driven by habitat alteration. The Swan 
Coastal Plain has been largely cleared of natural vegetation for urban development 
and so few quokka populations remain there (de Tores et al.  2007  ) . The fragments 
that do remain are small and susceptible to invasion by foxes (Hayward  2002  ) . The 
jarrah forest is a multi-use area that includes forestry, bauxite mining, water storage 
(dams) and conservation. Forestry has not affected quokkas substantially as the 
20 m buffer zone around quokka swamps appears suffi cient to protect them (Calver 
and Dell  1998a,   b ; Hayward  2002  ) . The large-scale clearance involved in mining 
has affected individual quokka swamps; however, this is a modern impact and miti-
gation measures are now put in place to protect native fauna, including quokkas 
(Hayward  2002  ) . Quokka swamps have also been dammed to provide water, but 
again this has only affected a few individual populations since the 1930s (Hayward 
 2002  ) . The biggest habitat alteration quokkas have faced is due to change in fi re 
regimes. Quokkas evolved to cope with Aboriginal burning regimes of fi res every 
3–4 years in the jarrah forest that entered the swamps every 6–8 years (Wallace 
 1966 ; Burrows et al.  1995 ; Ward and Sneeuwjagt  1999  ) . They then had to cope with 
complete fi re exclusion during the early European occupation and more recently to 
low intensity, prescribed burns on a 7-year rotation (Hayward et al.  2005b  ) . Fire can 
eradicate individual populations; however, quokkas recolonise swamps within 
months of a fi re, reach peak densities at 8–15 years, before becoming absent in 

  Fig. 2.1    Map showing the decline of the quokka from Hayward  (  2002  ) . The area of quokka 
 occupancy prehistorically is shown as the  dotted region , prior to 1950 is hatched, from 1950 until 
1990 is  light grey  and in 2000 is shown as  dark grey        
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long-unburnt swamps (Christensen and Kimber  1975 ; Hayward et al.  2005b,   2007e  ) . 
This pattern occurs because the major quokka food plants resprout rapidly after fi re 
and they attain peak abundance within reach of foraging quokkas at 8–15 years 
(Hayward  2005 ; Hayward et al.  2005b  ) . After this, the dominant canopy plant spe-
cies of quokka swamps,  Taxandria linearifolia , blocks out most of the light reach-
ing the ground, leading to an opening of the shrub and herb layer and reducing the 
available refuge from predation (Hayward et al.  2005b ; Hayward  2008  ) . 

 Interestingly, an increase in fi res since permanent settlement on Rottnest Island 
led to vegetation changes from woodland to heath (Pen and Green  1983  ) , particu-
larly in the presence of quokka overgrazing (Storr  1963  ) , yet this has not affected 
quokka abundance (Johnson et al.  1989  ) . Hence, it seems that the quokka is resilient 
to habitat alteration in the absence of red foxes; however, it requires the refuge 
offered by patches of long-unburnt swamp interspersed with recently burnt areas to 
provide food in the presence of foxes (Hayward  2002,   2005 ; Hayward et al.  2005b  ) . 
Thus, the quokka may not be restricted to such habitat specifi city on the mainland 
because these areas are most favourable to it; rather, they may be the habitat least 
“favoured” by the agent of the quokka’s decline – the red fox. In essence, these may 
be refuge habitats. 

 Conservation managers are charged with a diffi cult task, particularly in multi-use 
forest areas (Hayward  2009a  ) . Western Australia’s native fauna has a high tolerance 
to the poison  Sodium monofl uoroacetate , which is the active constituent of 1080 ® 
(see summary by de Tores and Marlow  2012  ) . Hence, managers tasked with con-
serving quokkas implemented a monthly poisoning campaign around known quokka 
swamps as part of the Western Shield programme (de Tores et al.  2004  ) . After 
6 years of fox poisoning, however, there was no evidence of a population response 
by quokkas, although two unbaited populations went extinct in that time (Hayward 
et al.  2003,   2005a  ) . It was concluded that quokkas originally existed as a metapopu-
lation that has collapsed since the arrival of the fox in the 1930s (Hayward et al. 
 2003  ) , despite current movement patterns being suffi cient to allow colonisation of 
adjacent, suitable patches (Hayward et al.  2004  ) . Future management will include 
small-scale, precise burns of quokka swamps to create a mosaic of time-since-burn 
age classes (Hayward et al.  2005b,   2007e  ) . 

 The plight of the quokka illustrates that “metaphorical” fences of poison are avail-
able and can potentially perform the same function as physical structures (see also de 
Tores and Marlow  2012    ) . The continued vulnerability and decline of the quokka sug-
gests that relying solely on poisoning may not be a long-term solution, particularly 
given the likelihood of foxes developing aversion or even tolerance to 1080 as rabbits 
 Oryctolagus cuniculus  have done in less than 100 years (Twigg et al.  2002  ) . 

 This has severe ramifi cations for conservation management throughout Australia 
and New Zealand, where poison is frequently used to reduce the densities of intro-
duced species. While physical fencing may be an extremely expensive option 
(Hayward and Kerley  2009  ) , eventually the high construction costs will be allayed 
compared to the continued costs of poisoning, particularly if poisons become less 
effective (Fig.  2.2 ).   
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   Case Study 2 – Ineffective Fencing: Bushmeat Hunting in the 
Dwesa and Cwebe Nature Reserves, South Africa 

 Dwesa and Cwebe Nature Reserves are on the Wild Coast of South Africa’s Transkei 
region between Port Elizabeth and Durban. This area has received relatively little 
attention from ecologists until recent years (Hayward et al.  2005c  ) . The combined 
area of the reserves is 15,254 ha and they are covered by similar coastal indigenous 
rainforest communities, but are separated by the Mbashe River (Timmermans and 
Naicker  2002  ) . Like all conservation areas in South Africa that house large and 
potentially dangerous wildlife species, Dwesa and Cwebe were fenced originally; 
however, this fencing has fallen into disrepair in recent years (Hayward  2009b  ) . 

 It may be argued that there are two phases to the conservation of Dwesa and 
Cwebe. Following the creation of the reserves, several species were reintroduced 
including “plains game”, such as white rhinoceros  Ceratotherium simum , blue 
wildebeest  Connochaetes taurinus  and plains zebra  Equus quagga , which did 
not originally occur in the region (Skead  1987 ; Feely  1999 ; Hayward et al. 
 2005c  ) . These species did well on the grasslands that grew following clearing of 
some parts of the coastal forests, and they were frequently observed by tourists. 

 More recently, the fence has fallen into disrepair and has even been removed in 
places, which has led to a high level of human encroachment and poaching throughout 
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both reserves (Hayward  2009b  ) . This has resulted in the “plains game” altering their 
habitat use by spending much of their time inside forests to avoid encountering 
poachers (Hayward  2009b  ) . Even bulk grazers, like the white rhinoceros, appear to 
spend much of their time in forested areas rather than on the grasslands. There have 
been observations and reports of poaching events on all the large game species 
(Hayward  2009b  ) . 

 Clearly, over-harvesting by humans is the biggest threat to the larger fauna of 
Dwesa and Cwebe. Fencing was originally constructed to minimise this threat (and, 
conversely, the threat of large wildlife to humans). Lack of investment in fence 
infrastructure by way of maintenance has led to high levels of bushmeat hunting 
(Hayward  2009b  ) . Both Dwesa and Cwebe have rangers who regularly go out on 
anti-poaching patrols (Hayward  2009b  ) ; however, their job is much more diffi cult in 
the absence of a clearly defi ned management unit to reiterate to potential poachers 
that they are entering conservation land and a barrier fence to impede their progress 
in or, more likely, out while carrying butchered meat and trophies. Poachers effec-
tively reduce the size of conservation areas (Hilborn et al.  2006  ) , and the small size 
of Dwesa and Cwebe means there is little scope for the fauna to utilise poaching 
refuges (areas too far from villages or in too dense habitat to make poaching an 
optimal strategy)(Wilkie and Carpenter  1999  ) . Thus, for fencing to be an effective 
conservation action, it must be adequately maintained, and this requires adequate 
investment in the conservation body tasked with managing the area and, ideally, the 
local community to allow them to reap the fi nancial rewards of living alongside a 
conservation area, which may reduce the amount of damage the fence receives.  

   Case Study 3 – Effective Fencing: The Reintroduction 
of Top-Order Predators to South Africa’s Addo Elephant 
National Park 

 South Africa’s Eastern Cape Province has experienced a rapid transition from mar-
ginally viable pastoral land use to both public and private conservation which yields 
4 times the profi t while employing 4 times as many people (Kerley and Boshoff  1997 ; 
Sims-Castley et al.  2004  ) . As part of this process, large numbers of wildlife have been 
reintroduced to the province, including large predators (Hayward et al.  2007a –c). 

 The managers of Addo Elephant National Park reintroduced lions  Panthera leo , 
leopards  P .  pardus  and spotted hyaenas  Crocuta crocuta  in 2003 and 2004 (Hayward 
et al.  2007d  ) . Although South African National Parks managers manipulated the sex 
ratio of the founder population to slow the potential population increase, the popula-
tions of lions and hyaenas increased rapidly. This is a feature of the reintroductions 
of lions and hyaenas to the 12 reserves in the Eastern Cape, such that overpopulation 
is now a major problem (Hayward et al.  2007b,   d  ) . 

 The success of large predator reintroductions in the Eastern Cape is largely 
attributable to fencing. Large predators were driven extinct in the region in the late 
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nineteenth century by human persecution (Skead  1987  ) . Large predators invariably 
come into confl ict with humans and in most developed societies are increasingly 
restricted to isolated conservation areas (Bauer and van der Merwe  2004 ; Bauer 
et al.  2004  ) . Encroachment and poaching act to further limit the area available to 
these species. Effective fencing greatly minimises human-animal confl ict, which 
ensures large predators are free from retributive human persecution. Effective fenc-
ing also minimises encroachment and poaching. Hence, it is clear that the fencing 
around Addo Elephant National Park, and other reserves in the Eastern Cape, is 
effectively assisting in conserving large predators. The Eastern Cape reserves are 
not alone in linking their reintroduction successes with the presence of fencing. The 
reintroduction of African wild dogs  Lycaon pictus  has been attributed to the pres-
ence of fencing also (Gusset et al.  2008  ) . 

 Fencing does raise some potential problems. Firstly, each population is isolated 
and there is no potential for natural mixing of populations to avert inbreeding, which 
has been identifi ed as a problem about to arise (Frankham  2009  ) . There is the poten-
tial, in the Eastern Cape, to bring down fences between adjacent reserves to create a 
mega-conservancy (Hayward et al.  2007b  ) . If this does not occur, or where it is 
impossible, then continued management of animals will be required to avoid loss of 
genetic diversity. 

 A second potential problem is the effect of fencing on the spatial and social 
behaviour of the reintroduced species. Large predator home range sizes are gener-
ally negatively related to the biomass of preferred prey (Nilsen and Linnell  2006 ; 
Hayward et al.  2008  ) . Thus, their territory size can be predicted using the biomass 
of preferred prey. Data from Addo Elephant National Park show that the range size of 
lions and spotted hyaenas (and a leopard) are not constrained by the fences and con-
form to predictions based on the availability of preferred prey (Hayward et al.  2008  ) . 

 There were two male coalitions in Addo’s lion population that initially battled 
for social dominance of the park’s lionesses. After several months, one coalition 
became dominant and this forced the subordinate males to spend much of their time 
on the periphery of the dominant coalition’s territory – that is, along the fence line 
(Hayward and Hayward  2007  ) . Is the fence line limiting their movements? Their 
home range size is still as expected, based on the availability of food. In unfenced 
populations, subordinate lions (or nomads) are forced to live on the periphery of 
pride territories (Schaller  1972  ) . Hence, if Addo’s lions were surrounded by other 
prides rather than fences, subordinate or nomadic lions would be forced to live 
along the periphery of these territories and, thus, it seems unlikely that the fences 
are substantially affecting lion social behaviour. 

 The barrier fencing around Addo was fi nancially costly, although this cost is 
likely to be rapidly recouped with the increase in tourism attributable to the reintro-
duction of large predators (Hayward et al.  2007b  ) . While isolation is a factor that 
requires ongoing management and reduces the value of fenced reserves for conser-
vation (Hunter et al.  2007  ) , the return of species to the region for the fi rst time in 
over 100 years seems to be a conservation advance for the species through distribu-
tion expansion, increased abundance and spreading risk to more populations.  
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   Case Study 4 – Fence-Free Barriers: The Fauna of Białowieża 
Primeval Forest, Poland 

 Białowieża Primeval Forest is a remnant of the once, great temperate deciduous 
forests that covered much of Europe (Jędrzejewska and Jędrzejewski  1998  ) . The 
forest spans the Polish and Belarussian border, but is largely isolated by a border 
fence (to the east) and cleared agricultural lands and urban areas to the north, south 
and west. The effect of the border fence is discussed elsewhere in this book (see 
Kowalczyk et al.  2012  ) . Here, I discuss my impression of the “metaphorical” fence 
that limits animal movements and distribution to the north, south and west of the 
forest. 

 Figures illustrating the locations of radio tagged wolves  Canis lupus , Eurasian 
lynx  Lynx lynx  and European bison  Bison bonasus  provide graphic evidence of the 
effectiveness of the “metaphorical” fence to the north, south and west of Białowieża 
(see Figs.   13.1    –  13.3     of Kowalczyk et al.  2012  ) . There are almost no locations of any 
of these species outside the forest. Animals leaving the forest not only face the threat 
of accidental mortality from vehicle road kills, but also face human persecution (legal 
or illegal – see Kowalczyk et al.  2012  )  and harassment from dogs. 

 The fauna of Białowieża has faced several 100 years of selection at the hands of 
humans (Samojlik and Jędrzejewska  2005  ) . Białowieża’s forest survived largely 
because it served as a hunting ground to Polish kings and Lithuanian dukes. 
Managers were employed to protect the forest and ensure the king’s wildlife was 
not poached. Areas outside the king’s forest were cleared. Since the seventeenth 
century, humans have been killing animals that left the forest, while protecting 
those that remained inside (until the rare periods that the king chose to hunt) 
(Samojlik and Jędrzejewska  2005  ) . This unnatural selection must have shaped the 
behavioural ecology of these species and probably explains the sedentary behaviour 
and forest preferences of the European bison (compared to its North American 
cousin). 

 Thus, even in the absence of physical barrier fencing, metaphorical barriers can 
have dramatic impacts on the ecology of wildlife. Management efforts are now 
focused on resurrecting movement corridors to increase connectivity to adjacent 
habitat patches.  

   Conclusion 

 The case studies discussed above illustrated a diverse range of benefi ts and costs of 
conservation fencing. A cost-benefi t analysis may determine which of these were 
valuable tools in the conservation arsenal at these sites. 
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   Would the Quokka Survive on Mainland Australia 
Without the Metaphorical Barrier of Poison? 

 Quokkas have persisted on the Australian mainland in sympatry with red foxes for 
over 70 years. The recent introduction of fox control (1996), has not led to a notice-
able increase in quokka abundance or known populations, and all known popula-
tions are critically low in number and isolated from other elements of the collapsed 
metapopulation (Hayward et al.  2003  ) . Foxes remain the biggest mortality source 
for quokkas (Hayward et al.  2005a  ) . This suggests the metaphorical fence of poison 
has not been completely effective. Whether this is because foxes have developed a 
tolerance to 1080 (Hayward and Kerley  2009  )  or because mesopredator suppression 
of cats has been released with the lowering of fox density is unknown. In light of the 
recent precipitous decline of the formerly conservation-dependent woylie to becom-
ing endangered (de Tores and Marlow  2012  ) , there should be concern for the persis-
tence of the quokka, such that consideration should be given to creating a physical 
fence around some known quokka populations and surrounding swamps.  

   Are the Fauna of Dwesa and Cwebe Nature Reserves 
Threatened Because of Ineffective Fencing? 

 Bushmeat hunting is increasingly becoming a conservation threat (IUCN  2007  ) . 
Areas where people have relatively easy access to wildlife become halos of defau-
nation (Wilkie and Carpenter  1999  )  and the impact of poaching effectively decreases 
the size of conservation areas in proportion to the area accessible to poachers 
(Hilborn et al.  2006  ) . These issues suggest Dwesa and Cwebe are providing little 
value for conservation. Yet many of the species present in Dwesa and Cwebe are 
grassland species that are unlikely to be there naturally (Hayward et al.  2005c  ) . 
Thus, their local extinction may not be a critical assessment of the conservation 
value of the reserves. Other threatened species that do persist in Dwesa and Cwebe 
(e.g. blue duiker  Philantomba monticola  and samango monkey  Cercopithecus mitis 
labiatus ) are of more relevance. Blue duikers avoid the roads and tracks used by 
poachers suggesting they are affected by the ineffective fencing (Hayward  2009b  ) . 
Conversely, samango monkeys appear unaffected by Dwesa and Cwebe’s fencing 
issues (Hayward  2009b  ) . Thus, there is a suggestion that fencing might be important 
to conserving blue duikers by minimising risk of poaching. 

 Furthermore, if the wildlife inside the reserves cause injury or substantial fi nan-
cial damage (bushpigs  Potamochoerus larvatus  already do) to local communities, 
there may be increasing pressure to reconsider the merits of having a conservation 
reserve in the area. In the absence of effective fencing, this is more likely to occur. 
This also suggests that having an effective conservation fence in place is important 
to the conservation of the fauna of Dwesa and Cwebe.  
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   Would the Reintroduction of Large Predators to Addo Elephant 
National Park (and the Other Eastern Cape Reserves) 
Have Been Successful Without Fencing? 

 Human persecution drove large predators extinct in the Eastern Cape Province of South 
Africa in the late nineteenth century (Skead  1987  ) . Human persecution has increasingly 
restricted large predators to isolated conservation areas today. In the absence of fencing, 
it is likely that the large predators would leave the conservation reserves, kill livestock or 
people and be killed in retribution. Thus, it is unlikely that the reintroduction of large 
predators to the Eastern Cape would have been successful in the absence of fencing.  

   Has Fencing Caused the Isolation of Wildlife in Białowieża’s 
Primeval Forest? 

 The border fence between Poland and Belarus is a physical structure that unquestion-
ably fragments the forest for large fauna (see Kowalczyk et al.  2012  ) . The habitat 
clearance to the north, south and west of the forest effectively isolates the fauna of 
Białowieża from Western Europe. This illustrates how metaphorical fencing, without 
any conservation goals, can act the same way as a physical structure. Thus, both 
fencing and habitat clearance have effectively isolated the wildlife of Poland’s 
Białowieża Primeval Forest. 

 Although fences may ultimately prove to be as much a threat to biodiversity as 
the threats they are meant to exclude, the biodiversity crisis we are facing means 
they are likely to be a critically important part of the landscape for many years to 
come (Hayward and Kerley  2009  ) .       
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    Introduction 

 Many mammal species in Western Australia (WA) are susceptible to predation from 
the introduced European red fox  Vulpes vulpes  and the feral cat  Felis catus . Predation 
by these species is now formally recognised as a “key threatening process” 
(DEWHA  2008a,   b  ) . There is also wide recognition by conservation land managers 
in Australia that repeated baiting for fox control through use of the toxin sodium 
monofl uoroacetate (known as 1080) can result in enhanced survival of many  species 
of native fauna (Braysher  1993 ; Saunders et al .   1995  ) . Similarly, predator-exclusion 
fencing has been shown to give protection from fox and cat predation (Long and 
Robley  2004  ) . 

 Here we provide an overview of the achievements from repeated fox baiting in 
WA and identify the requirements for effective fencing. We then review fi ve case 
studies from WA; two studies where “predator-exclusion fencing” and three where 
repeated 1080 baiting was used for protection of native fauna. By necessity, each 
case study was  post hoc  and we were unable to compare the chosen approach with 
the alternative under the same conditions. 

 Fencing may appear to be an easy short-term solution to what appears to be an 
intractable problem of predation by introduced species. However, it is not the solu-
tion for protection of Australian native fauna from predation by foxes and cats, nor 
is repeated 1080 baiting for foxes alone. We outline why this is the case and identify 
the different premises on which each strategy is based. 
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     Department of Environment and Conservation and Invasive Animals 
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   Background to 1080 Baiting in Western Australia: A Demonstrated 
Need for Control of the Fox 

 A number of landmark studies in WA in the 1980s and 1990s demonstrated the 
effectiveness of repeated 1080 baiting. Successes included:

   Increased trap success of woylies, or brush-tailed bettongs,  • Bettongia penicillata  
at Dryandra Woodland and Tutanning Nature Reserve (Kinnear et al .   2002  )  and 
the Perup Forest (Christensen  1980a,   b  ) .  
  Increased sightings of numbats  • Myrmecobius fasciatus  (Friend  1990 ; Friend and 
Thomas  2003  )  at Dryandra Woodland.  
  Increased density of the black-footed rock-wallaby  • Petrogale lateralis  at several 
small granite outcrop reserves within the WA wheatbelt (Kinnear et al .   1988,   1998  ) .  
  Increased trap success of the chuditch, or western quoll,  • Dasyurus geoffroii  at 
Batalling Forest Block (Morris et al .   2003  )  (Fig.  3.1 ).     

 Examples of initial translocation success where repeated fox baiting was carried 
out include woylie translocations to Batalling Forest and Julimar Forest (Orell 
 2004  ) , western ringtail possum  Pseudocheirus occidentalis  translocations to 
Leschenault Peninsula Conservation Park (de Tores et al .   1998a  )  and chuditch trans-
locations to Julimar Forest (Orell  2004  )  (Fig.  3.1 ). 

 Following these initial successes, the WA Department of Conservation and Land 
Management (CALM, now the Department of Environment and Conservation, 
DEC) commenced two large-scale aerial 1080 baiting programs in south-west WA. 
The fi rst of these, “Operation Foxglove”, commenced in 1994. This was a collab-
orative research program between CALM and the then Vertebrate Biocontrol 
Cooperative Research Centre (VB CRC, which became the Pest Animal CRC and 
subsequently the Invasive Animals CRC). The core area of the Operation Foxglove 
study site was 550,000 ha within the northern jarrah forest (Fig.  3.1 ). The study 
focussed on assessing the response of native fauna to different frequencies of fox 
baiting. The second large-scale aerial baiting program, the “Western Shield 
Introduced Predator Control and Fauna Recovery Program”, became the umbrella 
program for all of CALM’s 1080 baiting within south-west WA. Western Shield 
commenced in 1996 and now covers approximately 3.6 million ha of state forest 
and conservation reserves in south-west WA. 

 The large-scale use of 1080 baits to control foxes has been possible in WA due 
to the divergent levels of tolerance to this poison by introduced and native fauna 
(King et al .   1978 ; McIlroy  1981,   1986 ; Twigg et al.  2003  ) . Fluoroacetate, the active 
component of 1080, is present naturally in plants from the genus  Gastrolobium  
which occur extensively in south-west WA. Many species of native fauna in WA 
have very high levels of 1080 tolerance due to their evolutionary exposure to the 
naturally occurring sources of this poison (King et al .   1978  ) . Foxes, feral cats, dogs 
 Canis familiaris  and dingoes  C. lupus  have a very low tolerance to 1080 (McIlroy 
 1981  ) . Researchers from the WA Agriculture Protection Board exploited this vul-
nerability through development of a dried meat bait for fox control. Baits consisted 
of a 120-g piece of kangaroo meat, injected with 4.5 mg of 1080 in solution, then 
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  Fig. 3.1    ( a ) The location of landmark studies in Western Australia where control of the introduced 
European red fox led to demonstrable increases in native fauna capture success. Also shown is the 
location of four of the fi ve case studies where exclusion fencing or repeated 1080 baiting was used 
to protect native fauna. The case studies are labelled in bold and italicised. ( b ) The location of the 
fi fth case study, Project Eden at Peron Peninsula, where a barrier fence was constructed       
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dried for approximately 4 days. The fi nal product was a 40–50g dried kangaroo 
meat bait, palatable to foxes and suffi ciently hard to be unpalatable to native 
species. 

 This dried meat bait was used by Operation Foxglove for the duration of the pro-
gram and was used initially in the Western Shield aerial baiting program. The amount 
of 1080 in each bait was reduced to 3.0 mg in 2001 (Peter Orell 1  pers. comm.) and 
from 2005 there has been a progressive transition to a “salami” style sausage bait 
(Probait) containing 3 mg 1080 and manufactured from kangaroo meat, fat and 
 fl avour enhancers. Western Shield aerial and ground-based baiting (bait delivery 
from vehicles) now use Probait exclusively. Probait is physically hard as a result of 
the salami production process. This hardness reduces the bait’s palatability to poten-
tially vulnerable non-target species (Martin et al.  2002  ) . Uptake of Probait by foxes 
is comparable to that of the dried meat bait (Marlow unpublished data). 

 In WA, fox baiting regimes vary according to the size of the area to be protected, 
with aerial baiting generally adopted only for areas of 20,000 ha or more (de Tores 
 1994  ) . Large areas with a low perimeter to area ratio have historically been baited 
every 3 months (de Tores  1994  ) . Baiting is repeated at regular intervals in recogni-
tion that foxes can disperse considerable distances in relatively short periods of time 
(Saunders et al.  1995  ) . This repeated baiting potentially removes foxes which have 
immigrated to a site since the previous baiting event and is analogous to the “meta-
phorical fence” described by Hayward and Kerley  (  2009  ) . 

 In smaller reserves, where there is a higher perimeter to area ratio and potentially 
more rapid reinvasion, baiting is undertaken every 4 or 5 weeks and baits are hand 
delivered (thrown from a vehicle or tethered at fi xed bait stations) (de Tores  1994  ) . 
Bait uptake by foxes is maximised at a baiting intensity of 5 baits km −2  (Thomson 
and Algar  2000  )  and vehicle based baiting is nominally at this intensity. However, 
the road network within most reserves results in an uneven distribution of baits, with 
the baiting intensity invariably greater than the nominal 5 baits km −2 . 

 Despite ongoing baiting of large tracts of conservation estate, many of the initial 
fauna recoveries and translocation successes have not been sustained (de Tores et al .  
 2004 ; Orell  2004  ) . Various hypotheses have been proposed to explain these declines 
but none is universally accepted and a combination of causal factors is likely 
(de Tores et al .   2004  ) . Hypotheses include mesopredator release (Crooks and Soulé 
 1999  )  whereby, in the presence of effective control of the dominant predator (the 
fox in south-west WA), one or more subordinate predators (mesopredators) are 
released from competition with the dominant predator. The results of this “release” 
can include an increase in the abundance and/or changes in the behaviour of the 
subordinate predator(s). In south-west WA, species potentially released from com-
petition with foxes include the feral cat and native predators such as goannas  Varanus  
spp., chuditch and the south-west carpet python  Morelia spilota imbricata . There is 
now increasing evidence from WA supporting the hypothesis of mesopredator 
release of cats in the presence of repeated fox baiting (de Tores et al.  2005 ; de Tores 
and Berry  2007  ) .  

   1   Peter Orell: Zoologist (Western Shield), Species and Communities Branch, Nature Conservation 
Division, Department of Environment and Conservation, Perth, WA.  
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   Characteristics of Fences Used to Protect Species of High 
Conservation Value 

 In Australia, predator-exclusion fencing is used primarily to protect listed 
“ threatened” species from threatening processes such as fox and cat predation. 
Fencing is also widely used in Australia to protect species translocated to areas from 
which they have become locally extinct. For a predator-exclusion fence to be effec-
tive, it must be designed to exclude the predator(s) of concern. The fence design 
must also consider native species potentially enclosed (Long and Robley  2004  ) , 
irrespective of whether these are species for which the protection was intended. 
Environmental features such as water courses and rocky outcrops may reduce the 
effectiveness or durability of the fence and need to be considered (Long and Robley 
 2004  ) . There may also be implications from exclusion of the target predator and 
non-target native species. Exclusion of the desired predator may result in increased 
predation outside the fence. Fence construction may obstruct or interfere with nor-
mal patterns of behaviour or movement for species such as large macropods, it may 
prevent their use of existing routes (roo pads) and may result in fragmentation of 
populations of small, less mobile species. 

 A fundamental requirement of a predator-exclusion fence is that during, or 
immediately after construction, all individuals of the target introduced predator(s) 
species confi ned within the fenced enclosure will be eradicated. For eradication 
inside the fenced area to be effective the target species must be vulnerable to the 
control method(s) used e.g. baiting, trapping or shooting. Therefore, the decision to 
adopt fencing is not independent of the need for other control measures. Subject to 
the size of the fenced area and the terrain and vegetation enclosed, the removal of 
introduced predators can be a complex and long process. There must be no pockets 
where the predator has remained (e.g. in areas where baits cannot be laid) and it 
must not breed more quickly than it can be controlled (survival and fecundity rates 
may increase as the density of the target species decreases). The probability of the 
fence being breached must be suffi ciently low to enable control of incursions (Parkes 
 2002  )  and there must be ongoing monitoring to detect incursions and maintenance 
to control such incursions (Clapperton and Day  2001  ) . 

 Electric fences will deter foxes (Minsky  1980  )  but foxes are capable of jumping 
electrifi ed fences 105 cm high (Poole and McKillop  2002  ) . The integrity of the 
electrical connectivity also needs to be checked regularly (Helen Crisp 2  pers. 
comm.). It may need to be daily, as is the case for a 14 km fence at “Arid Recovery” 
in Roxby Downs, South Australia (Helen Crisp pers. comm.). Foxes will also read-
ily walk around the “open” ends of electric fences constructed to create a barrier 
instead of an enclosure (Poole and McKillop  2002  ) . Despite fence ends extending 
up to 300 m into coastal waters at Peron Peninsula, WA, occasional very low tidal 

   2   Helen Crisp: Ecologist, Arid Recovery, Roxby Downs, South Australia.  
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events have, at times, exposed the ends above low water level and made incursion 
around them possible (Colleen Sims 3  pers. comm.). 

 Long and Robley  (  2004  )  highlighted the diffi culties of making comparisons of the 
costs of building fences under different biophysical conditions. There are differences 
in the costs of fences depending upon their designs, the cost of freight, labour costs 
and the availability of raw materials. Similarly, Clapperton and Day  (  2001  )  cited 
many factors which infl uence the cost of fencing, including the size of the area to be 
fenced, its shape, the number of water courses present, access requirements, the soil 
type and the subsidence risk of the terrain. Exclusion fences were considered to be 
more cost effective if the area to be protected is large relative to the length of fencing 
required (Clapperton and Day  2001  ) . However, with increased size, there are 
increased costs for initial eradication and ongoing maintenance. Coman and 
McCutchan  (  1994  )  claimed it is only feasible to fence relatively small areas in 
Australia due to the costs involved. Nonetheless, predator-exclusion over large areas 
can be achieved, as demonstrated at the Australian Wildlife Conservancy’s (AWC) 
Scotia Sanctuary, western New South Wales. Scotia Sanctuary contains two large fenced 
areas each 4,000 ha and 80 km of fence-line is checked every second day. In the 5 year 
period 2005–2010 there were two rabbit incursions only and the fenced areas have 
remained free of foxes, cats and goats  Capra hircus  (Matthew Hayward 4  pers. comm.).  

   Case Studies of the Effectiveness of Predator-Exclusion Fencing 
and Repeated Fox Baiting for Protection of Native Species 

 We provide fi ve case studies from WA where we compare the protection afforded to 
vulnerable species from fencing and repeated 1080 baiting. Each case study was 
examined for:

   Its effectiveness in excluding, or reducing the density of foxes and feral cats.  • 
  The outcomes with respect to the species identifi ed as requiring protection.  • 
  Other realised and potential positive and negative biodiversity conservation • 
outcomes.    

   Case Study 1: Karakamia Wildlife Sanctuary 

 Karakamia Wildlife Sanctuary, approximately 50 km north-east of Perth (Fig.  3.1 ), 
is a 275-ha, privately owned fenced sanctuary managed by AWC. Karakamia sup-
ports a suite of naturally occurring native mammal and reptile species and is also a 
translocation release site for several threatened mammal species. 

   3   Colleen Sims: Project Eden Manager, Department of Environment and Conservation, Shark Bay 
District, Denham.  
   4   Matthew Hayward: South East Regional Ecologist, Australian Wildlife Conservancy.  
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 The primary objective of the sanctuary was  to re-estabish the medium-sized 
mammals that had either declined signifi cantly in the region, or had become 
regionally extinct  (AWC  2006  ) . This was to be achieved through  the protection 
and effective management of critical habitat, and the exclusion of all feral animals  
(AWC  2006  ) . 

 A fox and cat proof fence was established in 1992 (Schmitz and Copley  1997  ) . 
The fence is a “mesh/electric wire composite fence” with closely spaced wires 
which form an electrical deterrent. It has wire netting to prevent animals pushing 
through the base of the fence and a buried mesh apron which deters animals from 
pushing or digging under the fence (Long and Robley  2004  ) . Baiting and trap-
ping were used to remove feral predators from the fenced area after construction, 
followed by intensive monitoring (using sandplots and spotlighting) for several 
months to ensure all foxes and cats were eradicated (Manda Page 5  pers. comm.). 

 Mammal species known to be present at Karakamia Wildlife Sanctuary at the 
time of fence construction and the species subsequently translocated to the 
Sanctuary are listed in Tables  3.1  and  3.2 , respectively. At least one of the species 
re-introduced (the woylie) was considered a candidate species to provide founders 
for future translocations to other areas.   

 Monitoring of the effectiveness of the fencing was initially intense, with regular 
inspections to detect incursions. Only four incursions were detected in the 16 year 
period 1992–2008, two incursions by cats and two by foxes. On each occasion cats 
were trapped within days and foxes baited within weeks of detection. Incursions 
were again recorded in 2008 and 2009. In 2008, two dogs were found inside the 
fenced area and were shot within hours. In 2009, based on evidence from tracks, 
spotlighting sightings and camera traps, two foxes and one cat were confi rmed 
 present. These proved more diffi cult to remove than previous incursions (Manda Page 
pers. comm.). Baiting was restricted because of the risk to non-target native species 

   Table 3.1    Mammal species known to be present at Karakamia Wildlife Sanctuary prior to 
construction of predator-exclusion fencing   
 Common name  Scientifi c name 

 Yellow-footed antechinus   Antechinus fl avipes  
 At least one species of dunnart   Sminthopsis  sp. 
 Western pigmy-possum   Cercartetus concinnus  
 Common brushtail possum   Trichosurus vulpecula hypoleucus  
 Western brush wallaby   Macropus irma  
 Western grey kangaroo   Macropus fuliginosus  
 Short-beaked echidna   Tachyglossus aculeatus  
 House mouse a    Mus musculus  
 Black rat a    Rattus rattus  

  Species are inclusive of those considered extant and known from distribution records only 
  Source : AWC  (  2006  )  
  a  Indicates non-native species  

   5   Manda Page: South West Regional Ecologist, Australian Wildlife Conservancy.  
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and its effectiveness was limited because of the abundance of alternative food (native 
prey species). Both species avoided leg-hold traps which also posed a lethal threat 
to non-target fauna. Shooting proved to be diffi cult as spotlighting seemed to disturb 
the animals and sent them into “hiding” in thickly vegetation areas. Sniffer dogs 
were brought in on two occasions and were not effective. One fox was eventually 
shot. The other fox and the cat were assumed to have taken baits or escaped as no 
carcasses were recovered. The incursion point(s) were never identifi ed. “Boundary 
runs” are now carried out every 2 days and access gates and the fence are being 
improved and updated. Additional surveillance measures (using spotlighting and 
dragging tracks) to detect incursions are now undertaken monthly (Manda Page 
pers. comm.). 

 Native fauna were monitored using a range of techniques including radio telem-
etry, trapping, spotlighting and opportunistic sightings. There are unequivocal data 
from capture success rates for the woylie, tammar wallaby  Macropus eugenii  and 
common brushtail possum  Trichosurus vulpecula  to conclude populations of these 
species have increased and have become self-sustaining. 

 Karakamia Wildlife Sanctuary has now provided founding animals for transloca-
tions of woylies, southern brown bandicoots  Isoodon obesulus  and common brush-
tail possums. Over 795 animals have been translocated from the Sanctuary to other 
locations in Australia. In excess of 600 woylies were translocated from Karakamia 
by December 2006 (AWC  2006 ; Richards et al.  2009  ) . Common brushtail possums 
have been translocated to Lorna Glen (a DEC managed pastoral lease 1,100 km 
north-east of Perth) (Manda Page pers. comm.). The quokka  Setonix brachyurus  
and western ringtail possum are regularly observed but data are sparse and there 
are no population estimates. The brush-tailed phascogale  Phascogale tapoatafa  

   Table 3.2    Mammal species translocated to Karakamia Wildlife Sanctuary subsequent to 
 completion of predator-exclusion fencing   

 Common name  Scientifi c name 
 Date of initial 
translocation 

 Category of 
translocation 
(based on historic 
distributions) 

 Southern brown 
bandicoot, or quenda 

  Isoodon obesulus   September 1994  Re-introduction 

 Numbat   Myrmecobius fasciatus   December 1994  Re-introduction 
 Woylie, or brush-tailed 

bettong 
  Bettongia penicillata   January 1995  Re-introduction 

 Western ringtail possum   Pseudocheirus occidentalis   August 1995  Re-introduction 
 Quokka   Setonix brachyurus   October 1996  Re-introduction 
 Tammar wallaby   Macropus eugenii   November 1998  Re-introduction 
 Common brushtail possum 

(eight individuals only) 
  Trichosurus vulpecula 

hypoleucus  
 1994  Augmentation 

 Western brush wallaby 
(two individuals only) 

  Macropus irma   1994  Augmentation 

   Source : AWC  (  2006  )   
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was recorded for the fi rst time at Karakamia in 2010 (Zimmermann 6  unpublished). 
The numbat is possibly no longer present. 

 We have interpreted the original stated objective for Karakamia Wildlife 
Sanctuary as meaning the goals were to (1) ensure populations of extant mammal 
fauna are self-sustaining; and (2) establish self-sustaining populations of locally 
extinct mammal fauna. Assessed against the latter, Karakamia Wildlife Sanctuary 
has clearly established self-sustaining populations of the woylie, tammar wallaby 
and common brushtail possum (Manda Page pers. comm. and unpublished annual 
trapping data at 2009). The founding population of woylies was 15 individuals, 
sourced from Dryandra Woodland in January 1995 (AWC  2006 ; de Tores unpub-
lished) and supplemented over the following decade with approximately 25 addi-
tional individuals, primarily sourced from wildlife carers (AWC  2006  ) . Recent 
examination of the genetic diversity of the Karakamia woylie population confi rmed 
it has lower variability than two of the three extant, naturally occurring populations 
(Dryandra Woodland and Perup Forest) and greater variability than the third 
(Tutanning Nature Reserve) (Carlo Pacioni 7  pers. comm., unpublished). 

 The genetic structure of other species has not been assessed. The woylie and 
tammar wallaby populations may now be at carrying capacity (Manda Page pers. 
comm.). Trapping data from resident mammal fauna (i.e. not translocated) show the 
southern brown bandicoot is consistently present but numbers fl uctuate and inter-
pretation of trapping data is confounded by trap saturation from woylies. The com-
mon brushtail possum population may also be at carrying capacity and the western 
grey kangaroo  Macropus fuliginosus  population has been regularly culled. The 
physical condition of western brush wallabies  Macropus irma  has been reported to 
be poor (AWC  2006  ) .  

   Case Study 2: Project Eden (Peron Peninsula) 

 Project Eden is a large-scale conservation project aimed at  translocation and recon-
struction of the pre-European fauna  of the Peron Peninsula (Morris et al.  2004  ) . 
Peron Peninsula is the eastern most peninsula of the Shark Bay region of WA and is 
900 km north of Perth (Fig.  3.1 ). It is a 105,000-ha peninsula comprised of Francois 
Peron National Park and Unallocated Crown Land within the Shark Bay World 
Heritage Area. Prior to European settlement, the Shark Bay area supported 37 native 
terrestrial species (Baynes  1990  as cited by Morris et al.  2004  ) . Peron Peninsula is 
reported to have a rich herpetofauna assemblage (McKenzie et al.  2000  ) . It is a trans-
location release site for four threatened mammal species and one threatened bird 
species. Peron also supports a captive breeding facility for three of the four threat-
ened mammal species released on the peninsula (Morris et al.  2004  ) . The specifi c 
objectives of Project Eden were to (1) control introduced predators; (2) re-establish 

   6   Laura Zimmermann: Honours student, University of Western Australia.  
   7   Carlo Pacioni: PhD student, Murdoch University.  
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a range of threatened animals, particularly mammals; and (3) foster and promote 
sustainable nature-based tourism. The project was seen as an “operational experi-
ment” with three phases: phase one – introduced animal control; phase two – fauna 
translocations; and phase three – nature based tourism. Commencement of phase 
two was subject to successful completion of phase one and commencement of phase 
three was similarly subject to successful completion of phase two (Morris et al. 
 2004  ) . However, as the project developed it became clear complete feral eradication 
was diffi cult and it was recognised there would be some degree of overlap of the 
three stages (Colleen Sims pers. comm.). 

 Eight native species of non-volant mammal and fi ve species of introduced mam-
mal, including the fox and feral cat, were known to be extant at Peron Peninsula at 
the commencement of Project Eden (Morris et al.  2004 ; Colleen Sims pers. comm.). 
Cyanide baiting, using the methods outlined by Algar and Kinnear  (  1992  ) , estimated 
the density foxes as 2.5 km −2  before aerial baiting with fox baits. A 3.4-km electrifi ed 
barrier fence was established in 1996, after the initial aerial baiting for foxes. The 
fence was constructed across the isthmus at the southern end of the peninsula with 
the objective of preventing reinvasion by foxes and feral cats (Morris et al.  2004  ) . 
The fence is comprised of wire netting (~2 m high) to provide a physical barrier and 
has a horizontal 30 cm wide rabbit mesh overhang, with two electric wires under-
neath the overhang to deter climbing animals. It has a buried mesh apron on the 
“outside” to deter animals from pushing or digging under the fence (Long and Robley 
 2004 ; Colleen Sims pers. comm.). A recording of a dog barking, an ultrasonic noise 
emitter and stock grid were installed at the point where the 5–6 m wide main public 
access road breaches the barrier fence (Fig.  3.2 ). The recording and ultrasonic noise 
is activated when an infrared beam spanning the road is broken (Morris et al.  2004  ) .  

  Fig. 3.2    Predator-exclusion fence at Project Eden, Peron Peninsula. The road provides public 
access and is a potential limitation to effective exclusion, despite the presence of a stock grid and 
an ultrasonic noise emitter. Photograph: Western Australian Department of Environment and 
Conservation, Shark Bay District       
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 The initial aerial fox baiting in 1995 was estimated to have reduced the fox 
population by 95%, as determined by track counts. Follow-up baiting and trapping 
produced “effective eradication” or at least absence of detection of foxes (Colleen 
Sims pers. comm.). However, fox numbers were considered to be at “very low 
levels” (Morris et al.  2004  )  which indicates eradication had not been achieved and/
or there had been incursions. Infrequent incursions were reported over the 15 year 
period from 1995 to 2009 and fox track counts were observed on 17 of 125 stan-
dardised track count monitoring sessions. However, these counts did not exceed 
six foxes 100 km −1  (Colleen Sims pers. comm.). Formal track counting sessions are 
carried out every 1–3 months. When fox tracks are observed they are immediately 
targeted with vehicle based baiting and checked for continued presence after bait-
ing. The presence of tracks usually ceases within 2–3 days of baiting (Colleen 
Sims pers. comm.). Fortnightly monitoring and baiting of the barrier fence is also 
carried out. 

 Cat numbers were considered to have increased after fox baiting. However, the 
methodology used to determine this was unclear, as prior to implementing fox bait-
ing, cat numbers were described as “diffi cult to determine” because of the high 
number of rabbit  Oryctolagus cuniculus , fox and goat  Capra hircus  tracks (Morris 
et al.  2004  ) . Cat control was attempted through various baiting techniques but results 
were highly variable. Aerial baiting targeting cats was carried out in 1996 and, based 
on track counts, was estimated to have resulted in an 80% reduction in cat numbers. 
Similarly, aerial cat baiting in 2002 resulted in a 65–85% reduction in cat numbers 
based on track counts, use of rhodamine (biomarker) baiting and known mortality 
of radio-collared cats. The 2002 baiting and follow-up trapping resulted in cat track 
counts of less than 10 cats 100 km −1 . This was kept at less than 20 cats 100 km −1  for 
9 months, before gradually increasing (Colleen Sims pers. comm.). Various baiting 
protocols in intervening and subsequent years failed to produce a detectable impact 
on feral cat populations (Colleen Sims pers. comm. and unpublished data). The abil-
ity of cats to persist in the presence of baiting may have been due to the timing of 
the baiting and the concurrent seasonal availability of alternative food sources, in 
particular rabbits, spinifex hopping-mouse  Notomys alexis  and house mouse  Mus 
musculus  (Morris et al.  2004 ; Colleen Sims pers. comm.). Trapping became “the 
main control” option for cat control and numbers were estimated at 20–30 cats 
100 km −1  of track count (Morris et al.  2004  ) . 

 Monitoring of resident native mammal fauna was reported in terms of capture 
success only (Morris et al.  2004  )  and indicated no response to predator control or 
the barrier fence. A goal of recording less than 10 cats and foxes 100 km −1  of track 
count was set as the pre-requisite for commencing translocations. Despite the target 
track count not being met, woylies were translocated to Peron Peninsula between 
1997 and 2000. Captive bred bilbies  Macrotis lagotis , banded hare-wallabies 
 Lagostrophus fasciatus  and rufous hare-wallabies  Lagorchestes hirsutus  were 
released between 2000 and 2001. 

 Overall survivorship of woylies was poor (quantitative estimates of survivorship 
were not reported), monitoring was considered inadequate and the fate of un-collared 
animals was unknown (Morris et al.  2004  ) . Subsequent monitoring found 33% of 
woylie deaths were a result of predation by cats (Morris et al.  2004  ) . 
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 Monitoring of radio-tagged bilbies (approximately 50% of 55 captive bred 
released individuals) showed 81% to be alive 6 months after release, however only 
7% were alive after 12 months (Morris et al.  2004  ) . Monitoring further releases of 
radio-tagged bilbies (44 radio-tagged from a total of 171 releases) over a period rang-
ing from 2 days to 16 months recorded only 2 mortalities, neither attributed to preda-
tion. However, there was a high loss of radio tags. Although there are no quantitative data 
analyses available, 10 years after the initial release the bilby population is considered 
self-sustaining (Colleen Sims pers. comm.) and this is thought unlikely to have been 
possible if the initial high mortality rate had continued (Colleen Sims pers. comm.). 

 Monitoring of banded hare wallaby and rufous hare-wallaby was more intense 
than the woylie and bilby monitoring. Results from radio-telemetry monitoring 
revealed a high mortality rate for both species of hare wallaby. Cat predation was 
considered the primary cause of death (Morris et al.  2004  ) . 

 The results clearly indicated cat predation to be the major impediment to trans-
location success for most species at Peron. The use of existing cat baits and inten-
sive trapping was unable to achieve eradication of feral cats after installation of the 
barrier fence. The cat population is likely derived from individuals present before 
the fence was constructed and/or from domestic and stray cats from within the 
township, augmented by recruitment of cats from one or more incursions through or 
around the fence (Colleen Sims, pers. comm.) (Fig.  3.3 ).  

 Peron Peninsula is a complex area to manage. It presents a possibly unique 
 circumstance of a barrier fence through which the public gain vehicle access to a 

  Fig. 3.3    The predator-exclusion fence at Project Eden extends into Shark Bay to minimise the 
possibility of introduced predator incursion at low tide. Photograph: Linda Reinhold, Western 
Australian Department of Environment and Conservation, Shark Bay District       
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township within the fenced area. Cat ownership is permitted within the town. The 
fenced area is extensive and the track system does not provide complete access to 
all areas where cats can be present. It has seasonally high prey populations of rab-
bits and native mammals which support cat populations and reduce the effective-
ness of cat baiting, but seemingly not fox baiting.  

   Case Study 3: Leschenault Peninsula Conservation Park 

 Leschenault Peninsula Conservation Park is approximately 150 km south of Perth 
(Fig.  3.1 ), is approximately 11 km long and has an area of 1,070 ha. The primary 
purpose of management of Leschenault, and all conservation parks in WA, is main-
tenance and restoration of the natural environment (Conservation and Land 
Management Act 1984). 

 Leschenault Peninsula has extant populations of several native mammal and 
reptile species and is a translocation release site for the western ringtail possum. 
Western ringtail possum translocation commenced in 1991 (de Tores et al.  1998a  ) . 
A cyanide baiting program (see Algar and Kinnear  1992  )  was conducted to estimate 
the number of foxes present before the initial translocation. Eleven foxes and one 
feral cat were removed after three consecutive days of cyanide baiting. A monthly 
1080 baiting program commenced in September 1991 and has been maintained, 
albeit with changes to the baiting regime and missed baiting sessions (de Tores 
et al.  2004  ) . A follow-up cyanide baiting program was conducted in the mid 1990s 
and resulted in removal of only one fox, indicating the on-going 1080 baiting pro-
gram was effective at reducing fox density. Foxes are now rarely observed at 
Leschenault Peninsula but, as anticipated from repeated baiting, they have not been 
eradicated. 

 By 1998, radio telemetry monitoring of survivorship, home range, dispersal pat-
terns and habitat use, combined with spotlight surveys indicated translocated west-
ern ringtail possums had established a self-sustaining population (de Tores et al. 
 1998a  ) . A follow-up spotlighting program conducted in 2002 revealed the popula-
tion had declined to a level where presence only was able to be detected (de Tores 
et al.  2004  ) . The resident population of common brushtail possums increased after 
commencement of 1080 baiting and did not show the subsequent decline shown by 
western ringtail possums. Various hypotheses were proposed to explain the western 
ringtail possum decline, including changes to the baiting regime, drought, meso-
predator release of cats and pythons, prey switching (rabbit numbers had been 
reduced as a result of a concurrent 1080 oat baiting program), unsuitable habitat at 
the release sites, competition with the sympatric common brushtail possum and 
anthropogenic factors such as fi re and disease (de Tores et al.  2004  ) . 

 Further release of western ringtail possums and intensive radio telemetry moni-
toring of survivorship commenced in 2004 at Leschenault and at an unbaited control 
site within Yalgorup National Park, 30 km north of Leschenault (Fig.  3.1 ). Predation 
by feral cats and the native south-west carpet python were shown to be limiting trans-
location success at Leschenault, with negligible predation events attributable to foxes. 
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Of 25 radio collared ringtails known to have died as a result of predation, nine were 
attributed to cat predation, 11 to predation by the south-west carpet python and only 
one to fox predation. The remaining four predation events were unable to be attrib-
uted to a predator species. Conversely, at the Yalgorup National Park unbaited con-
trol site, only one of 15 predation events was attributed to cat predation, none to 
pythons, three or four to raptors and three or four attributed to fox predation. Again, 
the remaining predation events were unable to be attributed to a predator species 
(de Tores unpublished). 

 Although inconclusive, the results are consistent with the mesopredator release 
hypothesis, where as a result of the effective fox baiting program, feral cats and the 
south-west carpet python have been released from competition with foxes. The 
effective fox baiting may also be responsible for the recolonisation (immigration) 
by two native predator species, the chuditch and brush-tailed phascogale, both pre-
viously thought to be locally extinct. The lack of a detectable increase in these two 
predators may be a result of competition with cats.  

   Case Study 4: Dryandra Woodland 

 Dryandra Woodland is situated 26 km north-west of Narrogin, in the wheatbelt 
region of south-west WA. Dryandra is considered an iconic reserve and is managed 
for conservation and recreation purposes. It is one of only three locations supporting 
naturally occurring populations of the woylie and one of only two locations support-
ing naturally occurring populations of the numbat. Dryandra Woodland is sur-
rounded by farmland, is heavily dissected and has a large perimeter to area ratio. Fox 
baiting commenced at Dryandra in 1989 and it is ground baited every 4 weeks. 

 Trap success rates for woylies and common brushtail possums increased dra-
matically after baiting commenced (Kinnear et al.  2002 ; Orell  2004  ) . Two species 
which were once locally extinct, the southern brown bandicoot and chuditch, have 
naturally recolonised the site. Populations of the tammar wallaby, western brush 
wallaby, red-tailed phascogale  Phascogale calura  and malleefowl  Leipoa ocellata  
have been sustained. 

 Despite ongoing four-weekly baiting, trap success of the woylie has declined and 
returned to its pre-1989 level. The success of translocated populations of the bilby 
and burrowing bettong  Bettongia lesueur  at Dryandra has also been variable. The 
fi rst translocation of bilbies, carried out between May 2000 and October 2001, 
failed. A subsequent release in spring 2003 appears to have been successful, although 
bilby density is low. All releases of the burrowing bettong have been unsuccessful 
with most individuals suffering predation from foxes and cats, with some predation 
by south-west carpet pythons (Neil Thomas 8  pers. comm.). 

 At Dryandra Woodland the effectiveness of fox baiting is still equivocal and, as 
expected with repeated baiting, foxes have not been eradicated. However, the current 

   8   Neil Thomas: Principal Technical Offi cer, Department of Environment and Conservation, 
Western Australian Wildlife Research Centre.  
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fox baiting regime is suffi cient to protect common brushtail possums and 
 reintroduced bilbies. The trap success of species which are susceptible to cat preda-
tion, such as woylies, is generally low and feral cats have been identifi ed as being a 
major predator of radio-collared woylies (Marlow unpublished). This may be a con-
sequence of mesopredator release of cats. There has been no evidence of increased 
 predation on woylies by the south-west carpet python or raptors (Marlow unpublished).  

   Case Study 5: Operation Foxglove (The Northern Jarrah Forest) 

 The northern jarrah forest spans the Darling Plateau and Darling Scarp from 
Mundaring to Collie (Fig.  3.1 ). A large-scale research project, Operation Foxglove, 
was undertaken in the northern jarrah forest from 1994 to 2000. The project assessed 
native fauna response to different frequencies of 1080 baiting. The abundance of 
resident native fauna was monitored, as was survivorship of translocated popula-
tions of the woylie. The track count technique for deriving indices of fox and cat 
activity (Allen et al.  1996 ; Engeman  2005  )  was considered inappropriate to infer 
values for density and a site specifi c technique was developed and validated to 
derive estimates of fox and cat density (de Tores  1999  ) . 

 1080 baiting was effective in reducing fox density, with annual estimates of den-
sity lowest in the most frequently baited treatment and highest in the unbaited con-
trol. Conversely, the annual estimate of cat density was higher in the baited sites (de 
Tores  1999  ) . Modelling of woylie survivorship gave most support for models where 
survivorship was a function of a treatment effect (baiting frequency) and a covariate 
for a seasonal effect. The most frequently baited treatment showed the highest level 
of survivorship (de Tores et al.  1998b  ) , with survivorship lower across all treatments 
in winter. The survivorship study also indicated the number of woylie mortalities 
attributed to predation by cats was highest where fox density had been reduced (de 
Tores  1999  ) . This suggests a reduction in the number of predation events attributed 
to foxes may be compensated for by an increase in the number of predation events 
attributed to cats. This pattern is consistent with the principle of mesopredator 
release. Other supporting evidence for mesopredator release, albeit equivocal, was 
the increased density and survivorship of chuditch in the most frequently baited 
treatment (de Tores  1999  ) . Similarly, the lack of recovery of the quokka at sites in 
the northern jarrah forest where fox baiting was implemented was hypothesised to 
be the result of predation by cats (Hayward et al.  2003  ) .    

   Discussion 

 Fencing and baiting clearly have their respective merits and limitations. The case 
studies from WA have highlighted some known issues and benefi ts of each approach. 
Some of these are relevant to fencing only, some to repeated baiting only, and some 
are common to both. The decision as to which option to adopt should be determined 
by how well each option is likely to meet the objectives. Implicit in this is the 
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assumption that the objectives are well defi ned. Parkes  (  1990  )  noted the goals for 
goat control in New Zealand were often confused with the means of control and this 
resulted in ambiguity as to whether the goals were achieved. In Australia, the goals 
and methodologies for introduced predator control are often similarly confused. 

   Predator-Exclusion Fencing: General 

 In most cases in Australia where predator-exclusion fencing is used, there is an 
awareness of the need to eradicate foxes and cats from within the fenced area. Small 
fenced enclosures provide opportunities for what is effectively captive breeding of 
species translocated to, and released in, the fenced area. These individuals may 
then be used, through translocation programs, to establish new populations. The 
Karakamia Wildlife Sanctuary case study provides a good example of what can be 
achieved with predator-exclusion fencing. 

 Fenced enclosures also provide the wherewithal to protect remnant populations 
of threatened species which may otherwise become locally extinct. An example is 
the critically endangered Gilbert’s potoroo  Potorous gilbertii . Fencing, combined 
with the existing captive breeding program, may be necessary to prevent its extinc-
tion and may be an essential part of the recovery process. 

 However, the term “predator-exclusion fencing” is a misnomer. In most cases 
where “predator-exclusion fencing” has been adopted in WA, there have been 
repeated incursions by introduced predators, as evident in the case studies. This is 
not a groundbreaking fi nding and has been identifi ed as an issue by numerous 
authors (Coman and McCutchan  1994  and studies cited therein; Short and Turner 
 2000  ) . However, the consequences are not trivial. 

 Exceptions to the pattern of repeated incursions include the 14 km long, 
 predator-exclusion fence at Roxby Downs, South Australia. Moseby and Read 
 (  2006  )  found foxes, cats and rabbits were unable to breach this fence. The fence is 
checked daily to ensure there is no “shorting out” of the electric wires (Helen Crisp, 
pers. comm.). When assessing the potential for incursion of a 47-km exclusion 
fence on Maungatautari Ecological Island in New Zealand, Connolly et al.  (  2009  )  
found there was a high probability a breach will be detected and exploited by 
 mammalian predators (in this case rodents) within 24 h of the breach occurring. 

 Where fencing does not result in exclusion of introduced predators and complete 
eradication of introduced species is not achieved, it will be of limited conservation 
value. This appears to be the case in the Project Eden case study, where the conse-
quences of not achieving eradication of foxes and cats were compounded by lack of 
eradication of rabbits.  

   Repeated Baiting: General 

 Issues relevant to repeated 1080 baiting include the potential threat to domestic and 
working dogs, the development of bait shyness and/or bait aversion and an evolved 
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tolerance to 1080. Risk assessment protocols to reduce the risk to working dogs are 
usually incorporated when conservation estate managers are planning baiting pro-
grams. These risk assessments less often incorporate measures to reduce the effects 
from bait shyness and bait aversion. 

 We differentiate bait shyness from bait aversion by defi ning the former as a 
response to a sub-lethal dose of 1080, where the target species may experience a 
non-lethal ill effect from ingestion of a bait and, in doing so, become “shy” of con-
suming another bait. We defi ne the latter as an individual animal’s preference (or 
more accurately, lack of preference) to take a bait. The development of bait shyness 
is a potential risk from a one-off baiting event and long-term repeated exposure to 
1080 baits. Repeated 1080 baiting programs and experimental trials in New Zealand 
have demonstrated bait shyness by brushtail possums (Morgan et al.  1996 ; O’Connor 
and Matthews  1999 ; Ogilvie et al.  2000  ) . 

 The issue of evolved tolerance to 1080 is a clear and present concern. In WA, 
rabbits have shown an increased tolerance to 1080 when repeatedly exposed to it 
(Twigg et al.  2002  ) . Some fox baiting regimes, such as those in small fragmented 
Wheatbelt reserves in WA, deliver baits up to 13 times year −1  at baiting intensities 
in excess of the nominal 5 baits km −2 . If maintained over the long-term, such baiting 
regimes will inevitably lead to evolution of 1080 tolerance by foxes. To some extent 
this is being addressed by research aimed at developing alternative toxins. 
Management measures could include alternating use of 1080 baiting with trapping 
and shooting and use of baiting regimes which alternate the toxin (once options are 
available) to prevent continued, long term exposure to a single toxin.  

   Issues Common to Exclusion Fencing and Repeated 
Baiting: Monitoring 

 Identifi ed weaknesses common to predator-exclusion fencing and repeated 1080 
baiting include a lack of a commitment to meaningful, quantifi able monitoring of 
introduced predators in fenced and baited areas. In most of the WA case studies, the 
level and type of monitoring of the effectiveness of baiting and fencing, in terms of 
the abundance of introduced predators, was inadequate to enable meaningful inference. 
Similarly, the level and type of monitoring of native fauna was inadequate to detect 
changes in abundance unless these changes were of an order of magnitude or more.  

   Issues Common to Exclusion Fencing and Repeated Baiting: 
Gene Flow 

 There are recognised effects from lack of immigration and emigration created by 
the construction of a fence and the subsequent lack of gene fl ow (Frankham et al. 
 2004  ) . Where immigration and emigration is prevented, for example, when a 
 threatened species is translocated and released in a predator-proof fenced enclosure, 
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this can, and invariably will, result in a loss of gene fl ow between the translocated 
population and the source population. Other species inadvertently “fenced in” are 
subject to the same constraints on immigration and emigration and may be unable 
to maintain gene fl ow with congeners outside the fenced area. However, the issue of 
restricted gene fl ow is also applicable to small, isolated, unfenced conservation 
reserves. Maintenance of the genetic stock should be of equal importance as fence 
and baiting maintenance. It can be achieved through periodic population supple-
mentation but, as with other management functions, requires monitoring.  

   Issues Common to Exclusion Fencing and Repeated 
Baiting: Overabundance 

 Overabundance of some native species was also evident from the WA case studies. 
Again, this is not a new fi nding and applies to fenced enclosures and baited areas. 
The historic response by managers has been to cull, or to capture and remove excess 
animals. Overabundance of woylies at Karakamia led to diffi culties with effective 
trapping-based monitoring of other species – the large number of woylie captures 
resulted in trap saturation (AWC  2006  ) . The common brushtail possum also 
appeared to be overabundant at Karakamia and in excess of 60 individuals were 
trapped and translocated to AWC’s Paruna Sanctuary (AWC  2006  ) . At Karakamia, 
common brushtail possums were frequently found using unusual diurnal rest sites 
and the behaviour suggested the sanctuary had reached carrying capacity. The over-
abundance of western grey kangaroos at Karakamia has necessitated a regular cull-
ing program (AWC  2006  ) . Overabundance is not limited to fenced populations. 
Tutanning Nature Reserve, in the WA wheatbelt, has been baited since 1984 (Kinnear 
et al.  2002  ) . The baiting program was designed and implemented to protect one of 
only three extant populations of the woylie. The tammar wallaby was also present 
at low density at Tutanning when baiting commenced. The tammar wallaby popula-
tion increased to the extent where it was necessary to remove excess animals (Peter 
Orell pers. comm.). These removed tammars have been used as founders for trans-
locations to other sites.  

   Issues Common to Exclusion Fencing and Repeated Baiting: 
Predation by Cats 

 The inability to control feral cats was the major impediment to fauna recovery in 
three of the fi ve case studies and identifi ed as an issue in the remaining two. Cat 
predation has long been recognised as a factor involved in the decline of native 
fauna in south-west WA and Australia generally (see e.g. Dickman  1996  ) . The 
impact of cats on native fauna is compounded as fox baiting does not protect sus-
ceptible fauna from predation by feral cats. Confounding this further is that cats 
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prefer to feed on live prey (DEWHA  2008b  )  and, even in the event of development 
of a cat bait, will remain more diffi cult to bait than foxes. Although there has been 
considerable investment of funds by the WA and Commonwealth governments in 
the development of a cat bait, the Project Eden case study should highlight concerns 
as to the effi cacy of existing cat baits. There are also many technical impediments 
still to be overcome before cat baiting can be implemented operationally.   

   Conclusion 

 We believe enclosures can be made fox- and cat-free but only if the type of fenc-
ing required is adequately researched ( i.e.  selection of fencing appropriate for the 
biophysical conditions and the predators to be excluded) and installed. It is essen-
tial to eradicate foxes and cats after fence installation and there must be a serious 
commitment to effective maintenance and incursion control. Labour intensive 
trapping and/or use of non target-specifi c baits will be required to eradicate the cat 
population from within each fenced enclosure. Equally essential is the require-
ment to eradicate rabbits which not only present a risk to the environment but have 
the potential to act as the primary prey source for cats. In doing so, they increase 
the diffi culty of cat eradication. 

 Repeated 1080 baiting, or “metaphorical fencing” (Hayward and Kerley  2009  ) , 
is based on a different premise from exclusion fencing. Unlike fenced areas, there 
should be no expectation for baited areas to be free of introduced predators. However, 
repeated 1080 baiting provides the opportunity to reduce the effects of fox predation 
at a local and landscape scale. It provides the opportunity for in situ and translocated 
populations of native species to increase in number and establish or maintain self-
sustaining populations. By defi nition, these self-sustaining populations must be able 
to withstand some degree of predation, whether this is from native and/or intro-
duced predators. In the absence of predator-exclusion fencing there is the potential 
for immigration and emigration of all species, predators and prey alike. The long-
term biodiversity conservation implications of unrestricted immigration and emi-
gration of native prey and native predator species, combined with effective introduced 
predator control (foxes and cats) through repeated baiting are profound in two ways. 
Firstly, introduced predators can have signifi cantly greater negative effects than 
native predators (Salo et al.  2007  ) . This effect can be mitigated if foxes and cats are 
controlled. Secondly, as native predator diversity increases, food web stability is 
enhanced (Gross et al.  2009  )  and intra-guild predator interactions increase (Finke 
and Denno  2004  ) . This in turn can dampen the negative effects from trophic cas-
cades (Finke and Denno  2004  ) . 

 The hybrid option of establishing predator-proof enclosures at the core of larger 
baited areas has the potential to provide the signifi cant positive outcomes for biodi-
versity conservation. Overabundant species and successful breeding within the 
introduced-predator free enclosure would provide founders for the larger baited 
area. This scenario would provide the opportunity, over an evolutionary timeframe, 
for predation sensitive native species to evolve predator avoidance strategies. 
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 We conclude by hypothesising in the absence of a long-term, well considered 
approach to introduced predator control, recognising the evolutionary potential of 
introduced predators and native fauna, further extinctions of Australian native fauna 
are inevitable.      
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          Introduction 

 The arrival of white settlers on Australia’s east coast in 1788 set in train a series of 
events that had very large effects on the nation’s fi rst people and on the native fl ora 
and fauna. The grand sweep of these events and their repercussions have been docu-
mented at some length (e.g. Clark  1981  )  but, for some elements of the Australian 
vertebrate fauna, arguably the most important change wrought by the new settlers 
was the introduction of new species. Domestic animals were imported to provide 
meat, dairy produce, leather and other materials, companionship, and a sense of the 
familiar in a new environment (Rolls  1969  ) . Some were introduced for sporting and 
hunting purposes or, like house cats  Felis catus , deliberately to replace the native 
fauna; others such as black rats  Rattus rattus  and house mice  Mus musculus  were 
carried as stowaways on the early ships (Low  1999 ; Long  2003  ) . From the mid-
nineteenth century acclimatisation societies systematically imported many new spe-
cies of birds and mammals to Australia. At the same time state governments began 
developing policies such as the Marsupial Destruction Acts to extirpate native spe-
cies that were considered to interfere with the interests of the new settlers (Hrdina 
 1997 ; Dickman  2007  ) . Although these attitudes no longer prevail, the activities of 
the early European settlers facilitated the spread of many new species in the 
Australian environment. Two introduced carnivores – the European red fox  Vulpes 
vulpes  and the domestic house cat – have spread widely, and are now of particular 
concern owing to their damaging effects on a wide range of native Australian verte-
brates (Salo et al.  2007  ) . 
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 The fi rst cats were brought to Australia in the late eighteenth century, but appear 
to have remained close to villages and townships in the early years of settlement. 
They spread into less disturbed areas from points of introduction along the coast 
between 1824 and 1886 (Gaynor  2000 ; Abbott  2002  ) , and now occur in all terres-
trial habitats in all parts of the continent as well as on over 40 islands offshore 
(Dickman  1992  ) . Cat populations have been categorised as domestic if their resource 
requirements are wholly and intentionally met by humans, and feral if the popula-
tion is self-sustaining and not dependent on access to human-derived resources 
(Moodie  1995  ) . A third category, stray or semi-feral, includes cats that use remote 
human resources such as those at rubbish tips (Denny et al.  2002  ) . Although cats 
may move between categories within their lifetimes or between generations, most 
attention has focused on the impacts of feral cats on native fauna (Denny and 
Dickman  2010  ) . The major impact of feral cats is almost certainly that of direct 
predation, with historical evidence suggesting that this predator may have driven 
seven species of small native mammals to extinction and contemporary experimen-
tal evidence suggesting that cats can severely deplete local populations of extant 
small mammals and birds (Dickman  1996a,   b ; Risbey et al.  2000 ; de Tores and 
Marlow  2012  ) . Cats may also affect native vertebrates by acting as vectors for dis-
eases such as toxoplasmosis and sparganosis (Moodie  1995  )  and are suspected to 
have further deleterious impacts on ecologically equivalent native species such as 
quolls  Dasyurus  spp. via competition (Glen and Dickman  2005,   2008  ) . Predation 
by feral cats has been listed by the Australian government as a key threatening 
 process under the Environment Protection and Biodiversity Conservation (EPBC) 
Act 1999. 

 The red fox was introduced to Australia on several occasions in the mid- 
nineteenth century, but became established in the early 1870s near Melbourne 
follow ing the earlier spread of the European rabbit  Oryctolagus cuniculus  (Rolls 
 1969 ; Abbott  2011  ) . Foxes spread rapidly – up to 160 km a year – in southern 
coastal and sub-coastal areas, probably with human assistance; the rate of spread 
was slower in arid regions and in the tropical north where human settlement was 
sparse (Saunders et al.  1995  ) . Foxes now occupy the southern three quarters of 
Australia. They appear transiently in some of the more arid regions after heavy 
rainfalls have stimulated eruptions of small mammals (Letnic and Dickman  2010  ) , 
and are moving slowly into tropical areas in both Queensland and Western Australia 
(Long  1988 ; Saunders et al.  2010  ) . A wealth of historical, circumstantial and exper-
imental evidence confi rms that foxes have strongly deleterious effects on a wide 
range of native Australian species, with depredation affecting mammals, birds and 
reptiles weighing 35–5,500 g most severely (Burbidge and McKenzie  1989 ; Kinnear 
et al.  2010 ; Saunders et al.  2010  ) . Foxes may exert further effects via transmission 
of diseases such as sarcoptic mange and sparganosis, competition and an array of 
indirect effects (Saunders et al.  2010  ) , but the relative importance of these non-
predatory interactions remains unclear. Foxes are also a recognised pest for sheep 
farmers, with rates of predation on lambs ranging from 1 to 30% (Lugton  1993 ; 
Saunders et al.  2010  ) . As for feral cats, predation by the European red fox has been 
listed as a key threatening process under the EPBC Act 1999. 



454 Fences or Ferals? Benefi ts and Costs of Conservation Fencing in Australia

 Several methods can be employed to reduce the detrimental effects of feral cats 
and foxes. Shooting and trapping are often used but are costly, labour-intensive and 
potentially effective only in small areas. In agricultural landscapes the impacts of 
foxes are sometimes controlled by drives, den fumigation, or the deployment of 
guard animals in the paddocks (Saunders and McLeod  2007  ) . However, the most 
commonly used control method in both conservation reserves and agricultural areas 
is the setting of baits laced with the poison sodium fl uoroacetate, or “1080” (Saunders 
et al.  2010  ) . In New South Wales about a million baits are laid each year over sev-
eral hundred thousand hectares (Saunders and McLeod  2007  ) , while equally large 
or larger areas are baited annually in Victoria and Western Australia (Armstrong 
 2004 ; Department of Sustainability and Environment  2005  ) . The consequent reduc-
tions in numbers of predators, mostly foxes, allow the persistence of a wide range 
of native vertebrates (Kinnear et al.  2002 ; Dexter and Murray  2009 ; Mahon  2009  ) . 
Despite these benefi ts, there are general concerns that 1080 may place some non-
target species at risk of poisoning, that its mode of action is not humane (Marks 
et al.  2009  ) , and that in the long term selection for 1080-resistance will occur (Twigg 
et al.  2002  ) . In addition to these concerns, feral cats seldom take 1080-baits and 
their control over large areas remains an almost intractable problem (Risbey et al. 
 1997 ; Short et al.  1997 ; but cf. Algar et al.  2007  ) . Current research on new toxins 
such as para-aminopropiophenone (PAPP) and new methods of bait delivery give 
some hope for the future, but will need to meet concerns about possible effects on 
non-target species before new baits can be deployed at a broad scale (Denny and 
Dickman  2010  ) . Several authors have proposed that populations of foxes and cats 
could be reduced over large areas by dingoes  Canis lupus dingo , but to be effective 
this would require cessation of the active culling and suppression programs of the 
dingo by the pastoral community (Johnson et al.  2007 ; Dickman et al.  2009 ; Letnic 
et al.  2009  ) . Biological control of both predator species has also been suggested, but 
research on this possibility has been unsuccessful so far (Strive et al.  2007 ; Denny 
and Dickman  2010  ) . 

 Against this background, an enterprising but contentious approach has been 
developed in recent years to provide complete and potentially long term protection 
for native fauna against the depredations of both feral cats and foxes. This is the 
conservation fence. Fences have long been used to retain livestock or provide pro-
tection against pests or wildlife intruders (Hayward and Kerley  2009  ) , but fences 
designed to secure large and viable populations of high-value native species are a 
more recent concept. In Australia the fi rst such fence appears to have been com-
pleted by John Wamsley at Warrawong in South Australia in 1975 (De Alessi 
 2003 /04). Such fences have considerable advantages over other methods of fauna 
protection, but also are very expensive and have been criticised as being little more 
than captive breeding areas (Pickard  2007  ) . 

 In this chapter I describe different kinds of conservation fences that are used in 
Australia, their rationale, effectiveness and costs, and conclude by discussing ways in 
which fence designs could be extended and improved. Because of the disproportion-
ately negative effects of feral cats and foxes on native biota, I focus primarily on 
fences that are intended to exclude these predators. I also focus on built structures. 
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The importance of natural barriers such as water bodies and peninsulas in limiting or 
excluding feral cats and foxes has been explored elsewhere (Dickman  1992 ; Short 
et al.  1994 ; Burbidge and Manly  2002  )  and, with the exception of buffers created by 
the deployment of 1080 baits (Armstrong  2004  ) , there is little evidence that meta-
phorical barriers (sensu Hayward and Kerley  2009  )  are effective for these predators. 

   Kinds of Conservation Fence 

 Australia has the distinction of having built some of the earliest and longest fences 
that may have had some positive outcomes for conservation, even if the benefi cial 
consequences were inadvertent. In the 1880s, a fence was constructed to limit incur-
sions of dingoes into the sheep-grazing lands of south-eastern Australia; at 3,374 km, 
it is second in length only to the Great Wall of China (Breckwoldt  1988  ) . Initially 
this fence would have helped to reduce predation on kangaroos and emus (Caughley 
et al.  1980  ) , although it is also an effective barrier to their movement (Letnic  2007  ) . 
Soon after work began on the dingo fence, thousands of kilometres of rabbit-proof 
fences were constructed in eastern, central and western regions of Australia to limit 
the spread of this pest species (Broomhall  1991  ) . This almost certainly delayed the 
destructive effects of rabbit grazing and excavation in some districts, and perhaps 
also slowed the local rate of increase of fox numbers (Newsome et al.  1997  ) . Despite 
the great effort involved in the construction and maintenance of fences for rabbits 
and dingoes, however, neither was designed to exclude feral cats or foxes and there 
is little evidence that either of these predators was deterred by them. 

 Virtually all fences constructed in the last 25–30 years to exclude feral cats and 
foxes have used wire mesh or netting with a buried apron running along the base of 
the fence on both sides, with or without an overhanging top, and sometimes with 
wires carrying charge suffi cient to shock and repel animals attempting to cross 
(Fig.  4.1 ). Once construction is complete, foxes, feral cats and sometimes other 
invasive species are removed from the area to be protected; introduced predators 
may even leave of their own accord once prey such as rabbits have been removed. 
In most cases the fence surrounds an irregularly shaped area and constitutes the 
entire barrier against predators that might otherwise move in from outside. However, 
innovative designs at Heirisson Prong and Peron Peninsula in Western Australia and 
at Venus Bay in South Australia have used geography to advantage, with physical 
fences erected across the narrow necks of peninsulas preventing land-based incur-
sion of predators and natural seawater barriers preventing ingress elsewhere (Short 
et al.  1994 ; Morris et al.  2004 ; Department for Environment and Heritage  2006  ) .  

 Current conservation fence designs in Australia use ideas developed in Europe and 
the United States (e.g. Forster  1975 ; Lokemoen et al.  1982  ) , but with many refi ne-
ments that improve their reliability for local conditions. In the fi rst instance, a barrier 
fence that is intended to keep out particular species must be designed with the physi-
cal characteristics and abilities of those species in mind. These include the sizes of the 
animals and their ability to jump, dig, climb and bite through given fence materials. 
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Feral cats weigh 3–7 kg and have fi eld-measured head widths that vary from 5.5 to 
9.0 cm (Denny  2005  ) ; strength of jaw closure is moderate but not suffi cient to cut 
standard gauge fence wire. Standing jumps of 1.4 m have been observed and, pro-
vided that they can obtain good purchase on a substrate, cats can use their footpads 
and sharp claws to climb high above ground (Coman and McCutchan  1994  ) . Cats 
are reluctant diggers, but can excavate short burrows in soft substrates. Foxes weigh 
4–8 kg, zygomatic width ( » head width) ranges from 7.0 to 9.1 cm (Lloyd  1980  )  and 
the strength of jaw closure is suffi cient to tear through some types of woven wire 
fences (Coman and McCutchan  1994  ) . Foxes are generally considered to be poor 
climbers, but have been observed scaling netting and chain mesh fences over 2 m 
high and to be capable of leaping fences in excess of 1.3 m (Coman and McCutchan 
 1994 ; Moseby and Read  2006  ) . They are profi cient diggers. 

 With these attributes, Coman and McCutchan  (  1994  )  recommended that barrier 
fences for these predators should be at least 1.4 m high, have wire netting or chain 
mesh aprons to prevent digging, have mechanical or electrical barriers such as net-
ting overhangs and/or pulsed offset wires to dissuade climbing, mesh or netting in 

0.25 m

0.85 m 

2.5 m 
  Rabbit proof wire 
   netting (dotted line) 

Buried netting (aprons) on both 
sides of fence 

  3 electrical hot wires 
  insulated off fence posts 
  (continuous around 
  perimeter) 

0.35 m 

INSIDE 

   Concrete pad footing 

  Fig. 4.1    Side view of a predator-proof fence. This example was developed by the Western 
Australian Department of Environment and Conservation to protect a small mammal breeding 
enclosure near Narrogin, Western Australia. At 2.5 m this design is higher than usual and has a 
rigid rather than fl oppy top to the fence. See text for a discussion of the many different fence 
designs that have been trialled and of the designs that are in most current use (redrawn from 
Saunders and McLeod  2007  )        
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at least the lower half of the fence and be checked and maintained regularly. 
However, these authors and Long and Robley  (  2004  )  also noted that even the best 
predator-proof fences usually just curtail predator ingress rather than completely 
prevent it, and recommended that experimental testing be carried out to optimise 
fence design. 

 Two such trials have since been published. The fi rst, by Moseby and Read  (  2006  ) , 
placed feral cats and foxes overnight into pens constructed of wire netting and 
recorded how animals behaved and made their escape. Weak points in the fence 
design were then improved incrementally until animals were no longer observed to 
escape. Wire netting fences 115 or 180 cm high with a foot apron and a 60 cm-wide 
internal overhang of fl oppy wire proved to be equally effective at containing captive 
predators, although the authors cautioned that the effi cacy of the lower fences 
needed further testing. Field tests of a much longer exclusion fence, 180 cm in 
height, confi rmed the effi cacy of the apron and overhang design over periods of up 
to 6 years (Moseby and Read  2006  ) . This study revealed further that metal fence 
posts greatly reduced animals’ ability to climb and confi rmed that electric wires had 
a deterrent effect only when a substantial physical barrier was already in place. 

 In the second experimental study, Robley et al.  (  2007  )  placed individual feral 
cats or foxes in pens that were bisected by an experimental fence, and left animals 
there for 3 days and nights to observe whether they could breach the fence. Six dif-
ferent fence designs were used, with enticements of open space and structured ref-
uge on the other side to encourage animals to attempt fence crossings. With the 
exception that both predators were found to breach fences that were 1.2 m high, the 
authors’ conclusions were remarkably similar to those of Moseby and Read  (  2006  ) . 
Thus, they concluded that effective predator-proof fences should be 1.8 m high with 
an apron of hard wire mesh to prevent foxes chewing through and a recurved over-
hang at least 60 cm wide at the top to deter animals from climbing over the fence 
from underneath (Robley et al.  2007  ) . In contrast to other studies (e.g. Poole and 
McKillop  2002  ) , but like Moseby and Read  (  2006  ) , Robley et al.  (  2007  )  found that 
electric wires could add slightly to the effectiveness of an appropriate physical fence 
but could not be justifi ed in terms of the extra capital and maintenance costs they 
entailed.  

   Rationale 

 The major objective of predator-proof fences is, of course, conservation. Despite 
this, it is possible to distinguish several different motivations for fence construction. 
These are listed in Table  4.1 , together with examples of fenced areas that were 
developed with different conservation imperatives in mind.  

 In the fi rst instance fences may be constructed to conserve threatened species in 
situ. Although this would seem to be an obvious motivation for the construction of 
fences, it has been invoked relatively infrequently and even then only when popula-
tions that are critical to a species’ survival have been identifi ed. In the case of the 
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western swamp tortoise  Pseudemydura umbrina , early research by Burbidge  (  1967, 
  1981  )  confi rmed that just two small populations remained and that recovery was 
likely to be limited by predation from foxes. Together with a captive breeding pro-
gram, tortoise numbers have increased following the construction of fox-proof 
fences around both the remnant populations (Kuchling  2000  ) . The northern hairy-
nosed wombat  Lasiorhinus krefftii  likewise persists in a confi ned area; the single 
remaining natural colony of this species lives behind a fence that was constructed to 
prevent predation, especially by dingoes (Triggs  2009  ) . In other situations, existing 
fence structures have been augmented or extended to protect in situ populations 
against marauding foxes and feral cats. For example, double fences were used to 
increase shelter for eastern barred bandicoots  Perameles gunnii  at Hamilton in 
Victoria (Arnold et al.  1990  )  and wire mesh fences to protect long-nosed bandicoots 
 P. nasuta  at North Head in New South Wales (Scott et al.  1999 ; Banks  2004  ) . In 
both cases, however, the fences were not designed to exclude predators and attacks 
on bandicoots continued. 

 The second and most prevalent rationale for constructing predator-proof fences 
has been to use the newly-protected areas as sites to reintroduce species that once 
occurred there (Table  4.1 ). Such reintroductions usually involve one or more spe-
cies of mammals or birds that now occur in small parts of their former ranges, and 
hence represent attempts to establish further populations to improve species’ status. 
However, reintroductions sometimes include charismatic reptiles such as the woma 
 Aspidites ramsayi  or widespread but declining species such as the common brush-
tail possum  Trichosurus vulpecula . At least two of the sites listed in Table  4.1  have 
had variable success in removing introduced predators. Banrock Station in South 
Australia uses the Murray River as a “fence” boundary and has been unable to pre-
vent foxes swimming in. Conversely, Peron Peninsula is so large that it has not been 
possible to eradicate all introduced predators; while fox numbers have been reduced 
to virtually zero, feral cats remain (Morris et al.  2004  ) . Although de Tores and 
Marlow  (  2012  )  argue that introduced predators must be eradicated for a conserva-
tion fence to be effective, malleefowl  Leipoa ocellata , bilbies  Macrotis lagotis  and 
perhaps brush-tailed bettongs  Bettongia penicillata  appear likely to persist on Peron 
following their release (Morris et al.  2004  ) . 

 Conservation fences for species reintroductions are the most extensive such 
fences that have been constructed, and they have facilitated extensive research on 
reintroduction protocols and the biology of the species involved. At Arid Recovery 
in South Australia, for example, numerous studies have explored the diets, habitats, 
population dynamics and effects of reintroduced populations on the environment 
(e.g. Finlayson and Moseby  2004 ; Bice and Moseby  2008 ; Read et al.  2008 ; Bester 
and Rusten  2009  ) . Several similar studies have been carried out at Scotia Sanctuary 
in western New South Wales (e.g. Pizzuto et al.  2007 ; Vieira et al.  2007 ; Finlayson 
et al.  2008  ) , at Heirisson Prong in Western Australia (e.g. Sander et al.  1997 ; Risbey 
et al.  2000 ; Robley et al.  2001,   2002 ; Richards  2003  )  and elsewhere. Although not 
all reintroductions have been successful, predator-proof areas provide unique oppor-
tunities to reconstruct the species composition and ecological processes that pre-
vailed in earlier times. Most of the sites selected for species reintroductions are in 
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open biomes such as grassland, open woodland, heathland and shrubland (Table  4.1 ) 
where species losses have historically been greatest (Burbidge and McKenzie  1989  ) . 
Fences are also easier to build and maintain in open environments than in heavily 
forested or topographically diverse ones (Mills  2010  ) . 

 A third rationale for constructing predator-proof fences is to display native spe-
cies within protected surroundings for educational and ecotourism purposes 
(Table  4.1 ). These fenced areas are usually relatively small to allow reliable viewing 
of wildlife, and often have residential accommodation, cafes and other facilities to 
enhance the experience for visitors (Green et al.  1999  ) . Some offer facilities for the 
rehabilitation of sick or injured wildlife. Except for the Living Desert Flora and 
Fauna Sanctuary near Broken Hill in western New South Wales, many ecotourist 
facilities in higher rainfall areas contain patches of forest and advertise the presence 
of iconic arboreal species such as gliders or koalas  Phascolarctos cinereus . Although 
these facilities often support small breeding populations of threatened species that 
have been reintroduced, some also contain populations of species that never 
occurred naturally in the local area but have been introduced to enhance the visitor 
experience. Warrawong Sanctuary, for example, supports red-necked pademelons 
 Thylogale thetis  and rufous bettongs  Aepyprymnus rufescens , attractive and 
 visitor-friendly species whose geographical ranges lie far to the east of the sanctuary 
(R. and A. Williams, personal communication). 

 Finally, several conservation fences have been built to serve dual educational and 
research functions (Table  4.1 ). The Harry Waring Marsupial Reserve, near Perth, 
provides a good example. Owned and run by the University of Western Australia, 
this facility has long been a venue for instructing undergraduate students in  marsupial 
biology as well as for a wide range of investigations into the ecology, physiology 
and behaviour of a wide range of native fauna and fl ora (e.g. Broughton and Dickman 
 1991 ; Abensperg-Traun et al.  1993  ) . The reserve is not open to the public. The other 
areas listed provide greater opportunities for general visitor education via signage, 
guided walks, school programs and active community engagement. They also 
 support research (Lambie  1988  ) ; for example, the Mount Rothwell site has been 
used to assess methods for the reintroduction and population persistence of  P.  gunnii  
on the mainland of Australia (Winnard and Coulson  2008  ) . 

 Although the above categories delineate the main motivations for constructing 
predator-proof fences, they are not necessarily as exclusive as Table  4.1  might 
 indicate. For example, the site at Heirisson Prong was developed collaboratively 
between government agencies, a mining company and local people to make it a 
resource for environmental education and scientifi c research as well as a sanctuary 
for threatened species (Short et al.  1994  ) . The Mulligans Flat Woodland Sanctuary 
near Canberra likewise was developed with extensive community consultation, and 
 rangers now run guided tours as part of a broader education program (Mills  2010  ) . 
A further benefi t of conservation fences, although not necessarily a prime justifi ca-
tion for their construction, is that many non-target native species will respond 
 positively when invasive predators have been removed. This in turn permits scarce 
but non-threatened species to be studied more readily (e.g. Moseby et al.  2009  ) . 
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 A further rationale for constructing predator-proof fences, not shown in Table  4.1 , 
is that of captive breeding. For this purpose fenced areas are usually small (<10 ha) 
and often incorporated within the larger protected areas that support self-sustaining 
populations (e.g. Short et al.  1994 ; Morris et al.  2004 ; Finlayson et al.  2008  ) . 
However, several small, fenced facilities exist separately, such as Secret Creek in 
New South Wales and Barnia Mia in Western Australia (Hughes et al.  2005  ) . These 
ventures often provide captive wildlife experiences for visitors and use funds to help 
support the breeding programs. The line between in situ and ex situ conservation 
can become blurred as conditions within protected areas become more and more 
confi ned (Dickie et al.  2008  ) , and I do not consider fenced enclosures for breeding 
any further here.  

   Effectiveness and Costs 

 An effective conservation fence should ensure the persistence of populations of dif-
ferent target species within its boundaries. Ideally, it should do this for long enough 
to ensure that it achieves the original objectives for which it was set up; although, in 
the case of providing protection from feral cats and foxes, this could be a very long 
time. Fenced populations should also be self-sustaining over long periods with little 
need for demographic intervention, addition of extra food, water or shelter resources 
or manipulation of genetic stock (Frankham  1994  ) . However, as the fi rst conserva-
tion fence was established in Australia only in 1975 and most fences within the last 
20 years, their long-term effectiveness is diffi cult to judge. Nonetheless, several stud-
ies have reviewed the early results of fence erection on populations of resident, intro-
duced or reintroduced species, and suggest that fences can work very effectively. 

 In an early review, Short et al.  (  1992  )  investigated factors contributing to the 
successful reintroduction of macropodid marsupials and showed that success 
depended on the absence of introduced predators: 8% of reintroductions were suc-
cessful if predators were present, compared with 82% if they were not. Most sites 
without predators in this review were offshore islands rather than fenced reserves, 
and one site with a conservation fence – the Harry Waring Marsupial Reserve – was 
considered to be an area with predators as the fence did not constitute an effective 
barrier (Short et al.  1992  ) . Finlayson et al.  (  2010  )  reported similar results for bet-
tongs. Thus, of 24 translocation attempts that could be judged a success or failure 
for the brush-tailed bettong  B. penicillata , only one success occurred in the pres-
ence of introduced predators compared with six where predators had been excluded 
by fences or water barriers. The same authors reported four successful transloca-
tions of burrowing bettongs  Bettongia lesueur  into fenced reserves or islands. For 
both species failures occurred largely where animals had been moved to mainland 
areas, even if intensive efforts had been made to reduce the impacts of predators 
prior to the bettongs being reintroduced (Finlayson et al.  2010  ) . Winnard and 
Coulson  (  2008  )  reported 3/3 successful releases of eastern barred bandicoots into 
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fenced sites in Victoria compared with just 1/5 into sites without fences. Broadly 
similar results were documented by Mawson  (  2004  )  for mammals and other verte-
brates in Western Australia, and by Copley  (  1994  )  for vertebrates in South Australia, 
although both authors commented that success or failure was diffi cult to judge in 
many cases owing to either lack of records or the recency of translocation attempts. 
Averaging across all these reviews suggests that the success rate of vertebrates 
released into predator-free areas – either fenced reserves or islands – is about 80%, 
whereas the success rate for releases into unprotected sites can vary from 0 to 60% 
depending on the intensity of predator control that is maintained, the release proto-
col and the identity, number, sex ratio and quality of animals released. 

 These results indicate that conservation fences can effectively support wildlife 
populations; given the limitation that most fences are relatively new, long-term 
population persistence should be possible provided that fence integrity is main-
tained and introduced predators are kept at bay. But what are the costs of fence 
construction and maintenance? 

 The material cost of conservation fencing has been estimated to range from 
Aus$6,000 to Aus$30,000/km (Coman and McCutchan  1994  ) , with estimates of 
around Aus$7000 to Aus$12,500/km cited for designs that exclude feral cats and 
foxes (Moseby and Read  2006 ; Bode and Wintle  2010  ) . These costs do not include 
transport of materials, clearing straight lines for fence placement, labour, or differ-
ences in cost associated with substrate or topography. Beyond the initial capital 
investment, ongoing monitoring also is required to ensure that fences remain intact 
and gates are closed properly and secured after use. Small areas can be patrolled on 
foot, but larger areas may be checked effi ciently only by the use of quad bikes or 
other vehicles to cover the greater distances involved. Some use also may be made 
of alarms that sound if any section of the fence is damaged. Electrical monitors with 
radio or satellite links are used in some remote areas and are recommended if regu-
lar direct checks cannot be carried out (Coman and McCutchan  1994  ) . Fences can 
be undermined by determined burrowing animals such as echidnas  Tachyglossus 
aculeatus  or common wombats  Vombatus ursinus , damaged during severe storms, 
by falling trees, or deliberate vandalism; in areas with public access, gates also can 
be left open inadvertently (Winnard and Coulson  2008  ) . The actual costs of main-
taining a predator-proof fence have not been reported, but Pickard  (  2007  )  estimated 
conservatively that they could be about $1,000/km/year. 

 Regular monitoring and swift repair of damage to fences is clearly important, but 
even the best fence designs will be unlikely to keep out feral cats and foxes in per-
petuity. Indeed, protected sites with dense populations of native species may act as 
“magnets” to predators outside the fence and provide motivation for determined 
individuals to gain access. Recent research by Connolly et al.  (  2009  )  in New Zealand 
confi rms that mammalian pest species constantly “test” the perimeters of predator-
proof conservation fences, with incursions very likely to occur within just 24 h of a 
breach opening up. Animals also may be deliberately dumped into protected areas 
by people. In the mid-1980s, for example, cats were introduced on at least three 
occasions to the Harry Waring Marsupial Reserve near Perth (B.T. Clay, personal 
communication). Foxes also gained access, most likely by detecting and entering 
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via weak points in the fence. During work in this reserve at that time, I was able to 
track the rapid depletion of a population of the southern brown bandicoot  Isoodon 
obesulus  that followed the arrival of a single fox (Fig.  4.2 ). Bandicoots were hunted 
and eaten, hunted and cached and also bitten to death and left on the ground in what 
appeared to be an example of surplus killing (Kruuk  1972  ) . If so, this would add to 
many other examples of such surplus killing of native mammals by foxes (Short 
et al.  2002  ) . Thus, monitoring using camera traps, tracks or other signs is essential 
to detect incursions by predators so that control actions can be initiated quickly. 
Several authors have also suggested that regular predator control be undertaken in 
areas outside the conservation fence to further reduce the chance of incursions tak-
ing place (Coman and McCutchan  1994 ; Short et al.  1994 ; Pickard  2007 ; Moseby 
et al.  2009  ) . Bode and Wintle  (  2010  )  outlined a return-on-investment framework 
that minimises the long-term management costs of fences by explicitly balancing 
the capital expenses of secure designs against the costs of coping with more fre-
quent failures. If adopted, this approach can be expected to improve the effi ciency 
of conservation fencing more broadly.   
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  Fig. 4.2    Estimated population numbers of southern brown bandicoots  Isoodon obesulus  (Jolly-
Seber estimates ± SE) during a monthly live-trapping program in the Harry Waring Marsupial 
Reserve, Western Australia. A single fox was known to have gained entry to the reserve from 
tracks and sightings; its carcase was found about 6 months after the incursion began (C.R. Dickman, 
unpublished)       
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   Fences, Ferals and the Future 

 In a review of the utility of conservation fences, Hayward and Kerley  (  2009  )  
 commented that these structures represent an acknowledgement that we are failing 
to successfully conserve biodiversity. Pickard  (  2007  )  argued further that unless 
predators are controlled outside the fences, the enclosures are essentially captive 
breeding zoos that contribute little to conservation at the landscape scale. Such pro-
vocative comments emphasise the fact that conservation fences provide a means to 
retain some components of biodiversity but are not an end in their own right. They 
may even exacerbate problems such as inbreeding, genetic adaptation to confi ne-
ment and predator naivety (Finlayson et al.  2008  )  and, as fi xed points in the land-
scape, will preclude animals from tracking and shifting to more suitable areas as the 
climate changes (Ritchie and Bolitho  2008  ) . Despite these problems and the need 
for ongoing maintenance and monitoring, conservation fences provide an effective 
means of conserving native species that are at risk from introduced predators and 
buy us valuable time to develop new tools to control these predators throughout the 
landscape. Could they be made more cost-effective? 

 Virtually all unconfi ned populations likely occupy geographical areas where the 
risk of predation varies, with individuals selecting particular sites at different times 
according to their resource needs and perception of hazards (Brown  1988  ) . In land-
scapes where resources and risk are spatially predictable, source-sink or metapopu-
lation dynamics may develop and confer some measure of resilience for species 
over large areas (Fryxell  2001  ) . Even where predators are pervasive, both theory 
and empirical results suggest that predator-impacts can be counteracted by improv-
ing prey survival through habitat manipulation (Sinclair et al.  1998  ) , and that viable 
populations can be sustained if they have access to pockets of absolute refuge 
(Arthur et al.  2005  ) . If these lines of thinking are applied to fenced reserves, it may 
be possible to devise ways to extend the local benefi ts provided by the fences to the 
broader region (Smith and Quin  1996  ) . Two conditions would have to be satisfi ed. 
Firstly, prey species would need to be able to move into and out of the protected 
areas, and secondly their survival would need to be improved while outside the 
fence. If these conditions were met, prey species could potentially use conservation 
reserves as absolute refuges but also occur in a halo region around them. 

 To achieve the fi rst condition, fences would have to be selectively leaky and 
allow ingress and egress of prey species but not of their predators. This may occur 
already with small native species such as phascogales or profi cient climbers such as 
possums. However, for medium-sized and ground-dwelling prey species, gates may 
be required that allow them passage while denying access to predators. Camera 
technology is now being used to identify livestock and allow them to move through 
gates to access watering points while preventing other species from doing so (Finch 
et al.  2006  ) ; similar technology could potentially be used to allow specifi c ingress 
of prey species into fenced reserves. However, even without this, broad scale popu-
lation persistence could still be achieved using one-way gates to allow egress from 
reserves provided that the second condition is met. Trials to make effective one-way 
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gates for medium-sized mammals such as bilbies  M. lagotis  and bettongs  Bettongia  
spp. are currently under way (Crisp and Moseby  2010  ) . 

 To improve prey survival outside the fenced reserves, predator activity could be 
reduced by poison baiting, shooting or other methods, or – better still – their access 
to prey reduced by increasing the complexity of the outside habitat. For already 
established reserves, complexity could be enhanced beyond the fence by seeding 
with shrubs and other ground cover species, addition of logs, burrows or other refu-
gia. For conservation fences that have yet to be constructed, position within the 
landscape could be an important factor in the planning and site acquisition stages. 
For example, rather than position a fence around dense stands of vegetation, per-
haps it would be better to construct it in more open habitat adjacent to those stands 
so that prey species dispersing out would have increased chances of survival. 
If conservation fences were integrated into the broader landscape more effi ciently, 
perhaps their shape also could be modifi ed. They would not be necessarily square or 
rectangular, but could be confi gured so that they provide the best protection between 
patches of complex habitat outside. They could, for example, provide linear barriers 
along travelling stock routes or other roadside reserves so that prey could move 
securely from one patch of woodland to another; they could also connect key breed-
ing habitats that sustain metapopulations. Regular shaped designs have some advan-
tages in that they are cheaper to construct and provide a relatively shorter fence 
perimeter for the area that is protected compared to irregular designs. This may be 
important in reducing barriers to the movement of larger species outside the exclo-
sures, such as kangaroos and emus, and also reduce use of the fence by raptors and 
other predators outside that may use the fences as “drives” for smaller prey (van 
Dyk and Slotow  2003 ; M.W. Hayward, personal communication). Thus, the costs 
and benefi ts of novel fence confi gurations would need to be considered before 
construction. 

 Alternatively, if many small fenced areas were interspersed between patches of 
complex vegetation throughout the broader landscape, they could provide the basis 
for establishing prey metapopulations that do not currently exist. Many small fences 
would have the additional advantages that, if one or two were breached, the remain-
ing fences and the habitat beyond them would continue to sustain the target prey 
species, they would minimise opportunities for external predators to use the fences 
as drives, and would minimise barriers to movement for large species outside. 

 In the last 25 years we have become profi cient at building very effective fences 
to exclude feral cats, foxes and other undesirable species and have shown that popu-
lations of many native Australian prey species can fl ourish within their confi nes. 
It is now time to marry this hard-won profi ciency with systematic planning consid-
erations about fence position, number and confi guration in the landscape, as well as 
with knowledge of the biology of the species that we wish to conserve. A good start 
has been made, but much remains to be done!       
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          Introduction 

 In New Zealand, fences are commonplace. In a country in which pastoral  agriculture 
is one of the dominant land uses, and in which rotational grazing is a strong manage-
ment paradigm, barriers to control the distribution of farm animals are present in 
most landscapes. It is not surprising, therefore, that New Zealand conservation 
 managers have extended and adapted this basic and familiar technology to try and 
control the distribution of exotic mammalian pests (The term “pest” here is used to 
denote wild animals that adversely affect indigenous biota and ecosystems; Parkes 
and Murphy  2003  ) . By this means, they have succeeded in isolating native ecosys-
tems from the impacts of these pests and have made signifi cant conservation gains. 
Also, the application of pest-proof fencing in New Zealand to local projects has 
focused and galvanized public involvement in conservation in a profound manner. 

 Since human colonization of the New Zealand archipelago, 31 species of mam-
mals have established naturalized populations following deliberate or accidental 
introduction by humans (Parkes and Murphy  2003  ) . Many of these introduced mam-
mals have fundamentally changed the nature of New Zealand natural ecosystems as 
predators and competitors, causing national and local extinctions of many native 
species, and continuing to cause population declines in others (Forsyth et al.  2010 ; 
Innes et al.  2010 ; Lee et al.  2010  ) . Many of the most damaging introduced mammals 
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are almost ubiquitous in New Zealand and continue to degrade even large, legally 
protected areas such as National Parks, e.g., ship rat  Rattus rattus , brushtail possum 
 Trichosurus vulpecula  and stoat  Mustela erminea  (King  2005  ) . Introduced pests are 
by far the largest conservation problem in New Zealand (Craig et al.  2000  ) . 

 The use of fences designed to exclude all introduced mammals from natural 
habitats is a recent conservation strategy being applied in New Zealand for ecosys-
tem restoration. It is an extension of the strategy of using pest-free islands for con-
servation by attempting to create such “islands” on the mainland, with fences rather 
than the sea as a barrier to pest reinvasion. The lack of native, terrestrial, fl ightless 
mammals in New Zealand (Gibbs  2006 ; Tennyson  2010  )  means that fences can 
selectively exclude this introduced guild with limited apparent disruption to native 
organisms. The areas established are therefore expected to reverse degrading eco-
logical processes, such as fl owering, pollination and regeneration, and regain spe-
cies diversity (often through conservation translocations) and abundance. Projects 
centred on these areas hope for the re-emergence of an ecosystem structure close to 
that of a pre-human New Zealand, although they concede that such a goal is strictly 
unattainable given the lack of knowledge of what such an ecosystem looked like, 
extinction of some species, and changes in environment (e.g., climate) since that 
time (e.g., Karori Wildlife Sanctuary (recently renamed Zealandia), Campbell-Hunt 
 2002  )  (Simberloff  1990 ; Atkinson  2001  ) . 

 This chapter reviews the development of conservation fencing, the extent and 
distribution of conservation areas based on fences, the experience of conservation 
managers with fences and the current contribution of fences to conservation in New 
Zealand. Areas with pest-proof fences are now considered an important resource for 
ongoing conservation efforts, although their long-term effectiveness (both practical 
and fi nancial) is still being evaluated. Discussion is largely limited to specialist 
conservation (“pest-proof”) fences rather than situations in which standard stock 
proof fences are used in a conservation setting. 

   History of Conservation Fencing in New Zealand 

 Fences as barriers to animal movement are a characteristic feature of New Zealand 
landscapes and refl ect its agricultural heritage. As well, many innovations in fenc-
ing technology have been developed in New Zealand (e.g., types of electric fencing, 
Brook  1939  ) . Adapting fences to conservation problems is therefore congruous with 
existing cultural traditions for land management. Initially, standard ungulate fences 
were used in New Zealand to protect reserved natural areas from domesticated 
browsers such as cattle  Bos taurus  and sheep  Ovis aries  (e.g., Brown  1994  ) . 
Browsing by these farm animals is known to cause signifi cant damage to native 
 forest composition, structure and regeneration (Timmins  2002 ; Smale et al.  2005 ; 
Dodd and Power  2007  ) , and stock-proof fencing (6–9-wire post and batten, or  netting) 
is widely implemented around conservation areas to improve vegetation condition 
(Smale et al.  2005  ) . Fencing native forest fragments from stock is a necessary 
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 condition of conservation easements on private lands of such organizations as the 
Queen Elizabeth II National Trust in New Zealand (Porteous  1993  ) . 

 In the 1980s and 1990s, fences started to be investigated and used as a means of 
protecting populations of highly endangered species from specifi c predators in cases 
where the species of conservation interest could not be transferred to predator-free 
habitat. For example, fences were developed around vegetation containing the 
endangered giant fl ax snail  Placostylus ambagiosus  at Te Paki to keep out pigs  Sus 
scrofa , an important predator, using netting reinforced with metal stakes (Parrish 
et al.  1995  ) . In another initiative, the Cromwell Chafer Reserve was fenced to 
exclude rabbits  Oryctolagus cuniculus , with the fence extending 1.1 m above ground 
and 0.6 m belowground, to prevent vegetation degradation that would threaten the 
critically endangered Cromwell chafer beetle  Prodontria lewisi  (Aviss and Roberts 
 1994  ) . Also, a population of Maud Island frog  Leiopelma pakeka  on Maud Island 
was surrounded by a fence designed to exclude the native tuatara  Sphenodon punc-
tatus , its main predator on that island (Brown  1994  ) . 

 At about this same time, conservation in New Zealand underwent a revolution 
fuelled by the success of pest eradication projects on small offshore islands (Taylor 
and Thomas  1993 ; Jansen  1993  ) . Islands have long been a key component of New 
Zealand’s conservation strategy with those that are pest-free acting as refuges for 
species vulnerable to pest mammals. In the 1980s, eradication technologies were 
developed to clear islands previously invaded by pest mammals to increase the area 
available for conservation purposes (Pryde  1997  ) . The key advances achieved by 
these means was the ability to remove a suite of mammal species from islands, and 
the realization that even seemingly entrenched pests such as Norway rats  Rattus 
norvegicus  and mice  Mus musculus  could be eliminated. By 2008, 71 islands had all 
non-native mammals eradicated (Bellingham et al.  2010  )  and 65 had been cleared 
of at least rats including at least 2 islands >2,000 ha (Towns and Broome  2003  ) . The 
residual biodiversity on these islands has often fl ourished following these pest 
removals (Bellingham et al.  2010  ) . 

 These island experiences led some conservation managers to consider whether 
programmes targeting multiple pests could be applied in mainland situations. One 
of the fi rst of these achieved reductions in a range of pest mammals, particularly 
brushtail possums and ship rats, to near zero densities over several years in central 
North Island forests, in order to restore populations of North Island kokako  Callaeas 
cinerea wilsoni  (Innes et al.  1999  ) . Kokako populations increased dramatically as a 
result (Innes et al.  1999  ) , but as well, other ecological responses were noted includ-
ing improvements in populations of invertebrates, plants and other forest birds 
(Saunders and Norton  2001  ) . The success of this project caused a shift in focus of 
some conservation management in New Zealand from species-centred to ecosys-
tem-centred, and led to the creation of a series of “mainland islands” based on trying 
to achieve sustainable management regimes by which all critical pests were con-
trolled to extremely low levels and attempts made to limit re-invasion (Saunders and 
Norton  2001  ) . The Department of Conservation initiated six Mainland Island proj-
ects in 1995 and 1996 throughout New Zealand ranging in size from 117 to 6,000 ha 
using this approach (Saunders and Norton  2001  ) . 
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 Unfenced Mainland Island projects have resulted in numerous conservation 
 success stories, although few have so far been published; an exception is from 
Trounson Kauri Park (Gillies et al.  2003  ) . Behind these highlights, however, predator 
control in some years failed to prevent damage by surviving or invading pests; some 
pests such as mice and hedgehogs  Erinaceus europaeus  were mostly not targeted at 
all; concern about toxin residues in non-target wildlife remained (Hoare and Hare 
 2006  )  and interactions between pest species have become apparent. These interactions 
include: rabbits increasing after stoat and cat control (Gillies et al.  2003  ) ; mice increas-
ing after ship rat removal (Innes et al.  1995  ) ; ship rats increasing after possum removal 
(Sweetapple and Nugent  2007  ) , and stoats eating more birds when ship rats are absent 
(Murphy and Bradfi eld  1992  ) . Fences provided the alluring prospect of increasing 
conservation gains by allowing eradication rather than fl uctuating control of pest pop-
ulations, thus reducing toxin use in the long term, and by allowing more pest species 
to be routinely targeted. This particularly meant adapting fences to prevent passage of 
a range of smaller mammals such as brushtail possums, rodents and mustelids. 

 In 1986 and 1987, a fence for excluding a range of such predators was trialled 
around a 10 ha exclosure at Burwood Bush, Te Anau, a takahe  Porphyrio hochstetteri  
breeding centre, and at Twizel, around aviaries for rearing black stilt  Himantopus 
novaezelandiae  (Aviss and Roberts  1994  ) . This fence was 1.3 m high with chain-
mesh netting and electric wires facing out from the fence at top and bottom on fi bre-
glass outriggers. As well, the mesh extended just into the ground then turned to lie 
parallel to the ground surface and beneath it for approximately 300 mm towards the 
exterior to deter burrowing animals (Aviss and Roberts  1994  ) . This same fence design 
was used to enclose a constructed wetland at Twizel (Ruataniwha wetland) in 1993 
to provide further protection for black stilt and a range of other ground-nesting wet-
land birds (Sanders et al.  2007  )  and in 1994, a similar electric fence was established 
around a 20 ha site at Kowhai Vale on Bank’s Peninsula to protect a translocated 
population of eastern buff weka  Gallirallus australis hectori . Although the pro-
grammes that used this general fence design were somewhat successful in maintain-
ing and increasing the populations of these endangered birds, the fences were not 
effective in completely excluding all the target pests, and excluded some pests better 
than others (Sanders et al.  2007  ) . Sanders et al.  (  2007  )  considered that the fence at 
Twizel was not tall enough, that electric fencing deterred but did not stop motivated 
pests and that waterways intersecting the fenceline were points of weakness. 

 Whether or not to use electric fencing has been an ongoing question in the devel-
opment of fence designs for mammalian pests. Cowan and Rhodes  (  1992  )  con-
ducted a trial to test whether an electric fence would be able to prevent brushtail 
possum movement in farmland. They concluded that it reduced possum movements 
across the fence by 60–80% but did not stop possums crossing the fence. They also 
found that maintaining the effectiveness of the electric fence over time required 
intensive management, and periods of low or no voltage were frequent because of 
the fence earthing from a variety of causes. Clapperton and Matthews  (  1996  )  also 
tested the interactions between brushtail possums and electric fences. They found 
that possums that had experienced electric fences still challenged those fences at 
later times and would climb over the fences when turned off. They also found that 
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possums motivated by people driving them towards a fence would still climb over it 
even though they would receive shocks. 

 This experimentation clearly indicated that fences dependent on electric wires 
reduced but did not completely prevent passage of animals, and that fences based on 
exceeding the physical capability of pests would be a better focus for design develop-
ment (Day and MacGibbon  2007  ) . The search for fence designs that would com-
pletely exclude assemblages of mammalian pest species then led to a series of detailed 
experimental trials using test pens. The fi rst of these was carried out starting in 1994 
by a group in Wellington seeking to establish the Karori Wildlife Sanctuary (Zealandia) 
(Hitchmough  1994 ; Lynch  1995  ) . The group observed the interactions between ani-
mals and fences of different designs within these pens to establish each species’ phys-
ical capabilities in jumping, climbing, digging and passing through apertures of 
different sizes; and ultimately their ability to cross over the fences. These trials 
resulted in a fence design of approximately 2 m height (none of the animals tested 
could jump this high) with a curved top hood (to prevent climbing animals), a woven 
mesh wall with apertures small enough to prevent juvenile mice passing through 
(6 × 50 mm) and an underground skirt (to prevent burrowing animals). To provide 
comprehensive protection against mammalian pests, a fence of this design was erected 
around the Karori Wildlife Sanctuary (Zealandia) in Wellington in 1999 (Fig.  5.1 ).  

 A second set of trials was carried out independently starting in 1996 in the 
Waikato region initially to exclude herbivorous mammalian pests from restoration 
plantings but eventually to exclude all mammalian pests present in New Zealand 
(Day and MacGibbon  2007  ) . These trials also used enclosures but, in this case, the 
enclosures were larger (approximately 12 m diameter) and entirely constructed of 
the fence design to be tested, with the barrier side of the fence facing inwards. Test 
animals were then introduced into the enclosure and their behaviour during escape 
attempts observed from a tower built beside the enclosure (Day and MacGibbon 
 2007  ) . The researchers also undertook observations on the ability of mice to pass 
through mesh of different aperture size, confi rming that even juvenile mice could 
not pass through mesh with an aperture of no more than 6 mm in one dimension 
(Day and MacGibbon  2007  ) . These experiments led to the development of two pest-
proof fence designs; one approximately 2 m tall that converged on the Karori design 
although with a different hood and welded mesh, and a second with a 1.3 m tall base 
fence and a 1.5–2.0 m tall section of horticultural “bird” netting mounted above the 
base fence on supple fi breglass rods (Day and MacGibbon  2007  ) . In the latter 
design, the fl exible upper portion is designed to sag back towards the ground on the 
outside of the fence if an animal climbs onto it. Both designs were effective in 
excluding all pest animals tested against them (Day and MacGibbon  2007  ) . The fi rst 
application of one of these fence designs was to enclose a 16 ha gully site at 
Warrenheip (Waikato Region) also in 1999. 

 The fences developed by this second group of researchers coincided with and 
facilitated an upsurge in community-led conservation projects within New Zealand 
by groups who saw the potential of this fencing technology in sustaining conserva-
tion gains made by the also newly acquired tools for pest eradication. A market for 
pest-proof fences therefore emerged and led to the formation of the Xcluder ®  Pest 
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Proof Fencing Company which has built this type of fencing for many such projects 
in New Zealand since 2000. Fences based on this design but adapted for local condi-
tions have also been built by this company on Lord Howe Island, Hawaii, and 
Mauritius (Day and MacGibbon  2007  ) . A second company, Pestproof Fences, was 
established in 2005 in competition with Xcluder ® . Further discussion in this chapter 
will focus on the characteristics and impact of these pest-proof fence designs over 
the last decade in New Zealand.  

  Fig. 5.1    Karori Wildlife Sanctuary (Zealandia), Wellington, New Zealand enclosed by a pest-
proof fence (photos: Bruce Burns)       
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   Current State of Pest-Proof Fences in New Zealand 

 Between 1999, when an effective pest-proof fence design was developed, until the 
end of 2009, 28 conservation areas covering a total of 8,396 ha have been enclosed 
by 113 km of pest-proof fences and cleared of mammalian pests (Table  5.1 ). The 28 
fenced areas occur at 24 discrete sites as 5 of the areas form a complex of enclosures 
adjacent to each other, based at Maungatautari (Table  5.1 ; Fig.  5.2 ). They cover a 

   Table 5.1    Twenty-eight areas at 24 sites in New Zealand cleared of mammalian pests and with 
mammalian pest-proof fences in December 2009   

 Site  Island 
 Year 
completed 

 Area 
protected 
(ha) 

 Fence 
length 
(km) 

 1  Karori Wildlife Sanctuary (Zealandia)  North  1999  252  8.6 
 2  Warrenheip  North  1999  16  2.4 
 3  Ellen Elizabeth Preece Covenant  Pitt  2001  36  3.0 
 4  Rapanui Point, Taranaki  North  2002  1  0.4 
 5  Puketukutuku Peninsula, Lake 

Waikaremoana 
 North  2003  750  1.3 

 6  Southern Enclosure, Maungatautari  North  2004  65  3.5 
 7  Northern Enclosure, Maungatautari  North  2004  35  2.8 
 8  Tawharanui Open Sanctuary  North  2004  530  2.7 
 9  Riccarton Bush  South  2004  7.7  1.1 

 10  Tautari Wetland, Maungatautari  North  2005  3  0.8 
 11  Bushy Park  North  2005  98  4.7 
 12  Macraes Flat 1  South  2005  22  1.7 
 13  Nick’s Head Predator Proof Enclosure  North  2005  35  0.6 
 14  Dancing Star Foundation Preserve  Stewart  2005  160  2.1 
 15  Maungatautari Ecological Island  North  2006  3,300  39.0 
 16  Garland Covenant, Maungatautari  North  2006  16  1.6 
 17  Whinray Ecological Charitable Trust  North  2006  1.4  0.5 
 18  Sweetwater Conservation Covenant  Chatham  2006  8  0.7 
 19  Macraes Flat 2  South  2007  11  1.3 
 20  Orokonui EcoSanctuary  South  2007  307  9.0 
 21  Cape Kidnappers and Ocean Beach 

Wildlife Preserve 
 North  2007  2,200  9.5 

 22  Pan Pac Kiwi Creche, Opouahi  North  2007  40  3.3 
 23  Rotokare Scenic Reserve Trust  North  2007  229  8.4 
 24  Glenfern Sanctuary  Great 

Barrier 
(Aotea)  

 2008  230  2.1 

 25  Kaipupu Point Sounds Wildlife 
Sanctuary 

 South  2008  40  0.6 

 26  Driving Creek Wildlife Sanctuary  North  2008  1.6  0.5 
 27  Sooty Shearwater Conservation Project  South  2008  0.5  0.3 
 28  Mokomoko Dryland Sanctuary  South  2009  0.3  0.2 

  Totals   8395.5  112.7 
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wide range of sizes: 8 are <10 ha, 11 are between 10 and 100 ha, 7 are between 100 
and 1,000 ha, and 2 are >1,000 ha (Cape Kidnappers and Ocean Beach Wildlife 
Preserve (2,200 ha) and the Maungatautari Ecological Island (Fig.  5.3 ; 3,400 ha)) 
(Table  5.1 ). Small pest-proof fenced enclosures of the same designs have also been 
used in zoo/wildlife park settings for threatened species protection or breeding pro-
grammes (e.g., Mt Bruce, Rainbow Springs). As well as completed fence projects, 
at least ten other community-led conservation projects in New Zealand (e.g., 
Shakespear Open Sanctuary, Brook Waimarama Sanctuary, Bream Head Trust, 
Hutton’s Shearwater Charitable Trust) have current plans to build pest-proof fences 
around areas to be cleared of mammalian pests in the near future.    

  Fig. 5.2    Locations of pest-proof fence sites in New Zealand       
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 Rather than being part of a coordinated national conservation strategy, the location 
of these pest-proof fenced sites has occurred through the independent decisions of 
local community groups and private individuals who have found the fence concept 
for restoring biodiversity inspiring and enabling. The areas they have chosen to fence 
have not generally been areas of high existing biodiversity, but areas of lesser biodi-
versity value often close to population centres and the presence of a motivated local 
human community. For example, the Karori Wildlife Sanctuary (Zealandia) is situ-
ated in the centre of the capital city Wellington, about 4 km from New Zealand’s 
parliament building, and depends heavily on a volunteer labour force. The catchment 
it comprises was completely cleared of natural forest for farming purposes in the mid-
nineteenth century and stands of the exotic tree radiata pine  Pinus radiata  were 
planted (Blick et al.  2008  ) . Farming was then abandoned about 1900 and the catch-
ment allowed to regenerate into secondary native scrub and forest though some stands 

  Fig. 5.3    Pest-proof fence at the Maungatautari Ecological Island (photo: Jillana Robertson)       
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of radiata pine still persist (Blick et al.  2008  ) . The association of pest-proof fenced 
sites with human population is refl ected in the higher number that occur on North 
Island (13 sites) than on the less populated South Island (seven sites) (Table  5.1 ). 

 Based on the existing sites, pest-proof fence projects in New Zealand have used 
one of three strategies to take advantage of natural landscape features in positioning 
fences: peninsulas, catchments, or fragments. In the peninsula approach, fences have 
been placed on the neck of a peninsula in order to protect a large area with a rela-
tively short length of fence (e.g., Tawharanui Open Sanctuary, Cape Kidnappers and 
Ocean Beach Wildlife Preserve, Glenfern Sanctuary). These fences generally follow 
ridges across the peninsula so the fence does not cross any watercourses. New 
Zealand’s convoluted coastline provides many opportunities for this type of fence 
position. The biggest disadvantage of this strategy is in constructing an effective 
barrier at the coastal interface, and preventing pests walking or swimming around 
the fence ends. Projects based on this strategy tend to control pests intensively within 
a buffer zone immediately outside the fence and around the coastal ends of the fence 
to minimize the risk of incursion at these points. 

 In the catchment approach, the pest-proof fence follows a ridgeline that encloses 
the entire top of a minor catchment (e.g., Karori Wildlife Sanctuary (Zealandia), 
Orokonui EcoSanctuary, Rotokare Scenic Reserve Trust). This strategy means that 
the fence need only cross one watercourse that fl ows out of the catchment, and is sited 
on slopes with the lowest gradient available. In these pest-proof fence designs, water-
courses are generally accommodated by using a culvert with a weighted gate which 
will close off at times of low fl ow. The fence is then built over the top of the culvert. 
Such systems may provide opportunities for breaches in the barrier if gates are jammed 
open by debris, or fl oods undermine the structure. For this reason, minimizing the 
number of watercourses intersected by a fence may be an advantage as in this strategy. 
A potential disadvantage of this strategy is that fences may have tall forest on both 
sides of a fence. Adequate distances between tree branches inside and outside the 
fence need to be maintained at all times to prevent pest movement above the fence. 

 The third strategy for fenced areas has been to fence off an existing forest frag-
ment surrounded by pasture (e.g., Maungatautari Ecological Island, Bushy Park). 
This strategy takes advantage of the many forest fragments present in rural land-
scapes within New Zealand (Ewers et al.  2006  ) , and in being able to fence edges 
without trees on the outside therefore eliminating the risk of arboreal pest move-
ment across the fence. A disadvantage may be the higher number of watercourses 
intersected by the fence, increasing the risks associated with these structures. The 
Maungatautari Ecological Island, for example, is a large forest fragment based on 
an isolated mountain surrounded by farmed pasture. The mountain has over 40 
streams draining off its slopes, so that its surrounding fence contains a high number 
of watergates. 

 None of these landscape strategies for fence location has so far proved demon-
strably more effective than the others in terms of security against pests. The penin-
sula strategy requires less fencing cost per hectare protected than the other strategies, 
but inherently requires greater pest management effort outside the fences to protect 
the exposed fence ends.  
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   Contribution to Species Protection and Range Recovery 

 Several of the fence projects listed in Table  5.1  have been specifi cally established to 
protect existing populations of endangered species, or species uncommon on the 
main islands of New Zealand (Table  5.2 ). For some of these species, pest-proof 
fences are seen potentially as the last hope to prevent extinction. For example, 
within tussock grasslands at Macraes Flat in central Otago, two pest-proof fenced 
areas were established in 2005 and 2007 to conserve Otago skink  Oligosoma 
 otagense  and grand skink  Oligosoma grande  which are classifi ed as nationally 
 critical (Norbury et al.  2007 ; Wilson et al.  2007  ) . This was carried out as population 
modelling, based on data from 1996 to 2002, predicted high probabilities that both 
species would go extinct by 2010 if survival rates were not improved (Norbury et al. 
 2007  ) . Predation by mammalian pests was identifi ed as the most likely cause of 
decline (Tocher  2006  ) . The populations protected by the pest-proof fences and other 
populations in areas intensively trapped for predators recovered signifi cantly 
between 2005 and 2008 (Department of Conservation  2008  ) . The success of the 
Otago and grand skink experience has led other researchers to strongly promote the 
use of pest-proof fenced areas for the conservation of other threatened skink species 
in New Zealand, particularly where other methods have failed (Hoare et al.  2007 ; 
Lettink et al.  2010  ) .  

 Pest-proof fences have also been erected both to prevent pests invading an area 
containing an endangered species and to prevent that species dispersing to areas 
containing pests. A pest-proof fence was constructed across the Puketukutuku 
Peninsula on Lake Waikaremoana, Urewera National Park, in 2003 to protect a 
population of North Island brown kiwi  Apteryx mantelli . Although designed to pre-
vent pests entering the peninsula, the fence was also constructed as a means of 
preventing subadult kiwi from dispersing into less secure forest areas in their search 
to establish new territories. Unrestrained subadult kiwi average dispersal distances 
of more than 5 km from their natal range when seeking to establish territories (Basse 
and McLennan  2003  ) . 

 New Zealand has an extremely diverse seabird community (Taylor  2000a  )  and 
large colonies of seabirds were once extremely common on all islands of the New 
Zealand archipelago (Worthy and Holdaway  2002 ; Wilson  2008  ) . On the main 
islands, however, only a few colonies now remain, with many former colonies 
becoming extinct as a result of ongoing predation by mammalian pests (Taylor 
 2000a  ) . Pest-proof fences are increasingly being recognized as an effective means 
of protecting remnant breeding seabird colonies, as a short fence enclosing a rela-
tively small area on a cliff top is all that is necessary to secure colonies that occur at 
high densities. As examples, pest-proof fences now protect one of the last North 
Island colonies of grey-faced petrel  Pterodroma macroptera  at Rapanui Point in the 
Taranaki Region and one of the few remaining sooty shearwater  Puffi nus griseus  
colonies on South Island at Stony Bay on Bank’s Peninsula. Both these species also 
have cultural importance as some chicks were traditionally harvested by local Maori 
(Taylor  2000b  ) . 
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 As well as protecting existing populations of endangered species, pest-proof 
fences have also provided secure sites for translocating populations of a large range 
of New Zealand species, and this is perhaps one of their greatest contributions to 
New Zealand conservation. Sixty-three translocations of 40 species have been made 
within the 24 pest-proof fenced sites established over the last 10 years (Table  5.2 ). 
Over the same time period in comparison, the IUCN Reintroduction Specialist 
Group reported 82 species translocations were made to pest-free off-shore islands in 
New Zealand (listed on   http://rsg-oceania.squarespace.com/nz/     accessed on March 
15, 2010), suggesting that pest-proof fenced areas are now playing a similar role in 
securing the future of threatened species. 

 Translocations to fenced sites have mostly been reintroductions of species previ-
ously known or considered highly probable to have been present in these areas. The 
translocation of the endangered takahe to Maungatautari, however, is a benign 
introduction of a South Island species to substitute for the North Island species 
( Notornis mantelli ) which is now extinct (Wickes et al.  2009  ) . Four of the 40 spe-
cies translocated are ranked nationally critical, the category of species at highest 
risk of extinction (Hitchmough et al.  2007  ) , 9 are ranked nationally endangered, 
9 are declining, 6 are naturally uncommon and 12 are considered not threatened. 
The majority of these species are birds (27), although there have also been translo-
cations of 5 reptiles, 4 invertebrates (all weta), 3 fi sh and 1 amphibian (Table  5.2 ). 

 Some of these translocations are particularly signifi cant. The taiko  Pterodroma 
magentae  (nationally critical), a burrowing petrel, was thought to be extinct until 
rediscovered in 1978 (Aikman et al.  2001  ) . Since then, only one breeding location 
on Chatham Island has been identifi ed. Taiko chicks were translocated from this 
breeding location into the nearby fenced Sweetwater Conservation Covenant in 
2007 and 2008 in an attempt to establish a second breeding colony (Miskelly et al. 
 2009  ) . Similarly, Chatham petrel  Pterodroma axillaris  was reintroduced into the 
Ellen Elizabeth Preece Conservation Covenant on Pitt Island between 2002 and 
2005. Six chicks have now returned to this site to breed. This is the fi rst recorded 
breeding away from the only other known colony on Rangatira Island since the spe-
cies’ discovery in 1892 (Miskelly et al.  2009  ) . Reintroductions at Karori Wildlife 
Sanctuary (Zealandia) have also contributed to the return of species to the main 
islands of New Zealand after long absences. The release of six species there (little 
spotted kiwi  Apteryx owenii , Cook Strait giant weta  Deinacrida rugosa  (Watts et al. 
 2008  ) , Maud Island frog (Lukis and Bell  2007  ) , hihi  Notiomystis cincta  (Bell et al. 
 2006  ) , North Island saddleback  Philesturnus carunculatus rufusater  (Parker  2008  )  
and tuatara (Miller et al.  2009  ) ) restored populations to North Island after they had 
been restricted to off-shore islands for many decades. 

 Although a large number of translocations have been carried out into fenced 
areas, one has not been successful to date and others may fail in the future. It is there-
fore uncertain whether all translocations will lead to new populations. Black robin 
 Petroica traversi , another nationally critical species, is one of the most endangered 
bird species in the world and the subject of an intensive restoration effort (Merton 
 1992  ) . As part of this, 20 black robins were reintroduced into the fenced Ellen 
Elizabeth Preece Conservation Covenant in February 2004. This reintroduction, 
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however, failed after 3 years with the immaturity of the habitat and the continued 
presence of mice competing with the robins for invertebrates suggested as contribut-
ing factors. 

 Translocations into some pest-proof fenced areas have been specifi cally to tem-
porarily hold animals and raise them for later supplementation of less protected 
populations. In particular, individuals of North Island brown kiwi and great spotted 
kiwi  Apteryx haastii  are raised as juveniles at small pest-proof fenced areas such as 
Warrenheip, Pan Pac Kiwi Creche, Whinray Ecological Charitable Trust and 
Riccarton Bush and then released as adults to supplement populations in larger 
tracts of forest. McLennan et al.  (  2004  )  found that young North Island brown kiwi 
suffered intense predation from stoats in their fi rst 4 months of life, after which they 
had grown too large (>800 g) for stoats to kill. The vulnerability of juveniles has 
been identifi ed as one of the main factors in population decline in wild kiwi popula-
tions (Holzapfel et al.  2008  ) . Raising chicks to a “safe” weight in stoat-free sites 
such as fenced sanctuaries is now considered a crucial part of the recovery strategy 
for kiwi (Colbourne et al.  2005 ; Holzapfel et al.  2008  ) . 

 Pest-proof fenced sites have also provided opportunities for natural dispersal and 
population founding events and six such events have been recorded (Table  5.2 ). 
Many of these are seabirds re-establishing on coasts, but perhaps the most signifi -
cant of these has been the self-reintroduction of a population of bellbirds  Anthornis 
melanura  to the Tawharanui Open Sanctuary (Brunton et al.  2008  ) . This species has 
been locally extinct on the mainland of this region for >100 years. A pest-proof 
fence was established and pest eradication achieved at Tawharanui in 2004, with 
bellbirds fi rst recorded there in 2005. At that time, the presence of both male and 
female birds was confi rmed and the song types recorded matched those of popula-
tions on Little Barrier Island, 23 km away (Brunton et al.  2008  ) . 

 Finally, one of the unexpected byproducts of conservation management at pest-
proof fenced sites has been the discovery of previously unknown populations of 
signifi cant species through the enhanced activity and scrutiny at these sites. At 
Maungatautari Ecological Island, management and research activity has led to the 
serendipitous discovery of a population of the threatened Hochstetter’s frog 
 Leiopelma hochstetteri  (threat classifi cation = “naturally uncommon”; Baber et al. 
 2006  ) , and a number of signifi cant plants including a population of silver beech 
 Nothofagus menziesii  close to its northern limit (Brown et al.  2006  ) .  

   Changes in Ecosystem Condition 

 Although not well documented yet, the removal of pest mammals from the ecosys-
tems enclosed by pest-proof fences is leading to changes in the composition of 
residual communities, and the abundances of pest-sensitive populations as they are 
released from previous limits imposed by pest predation or herbivory. For vegeta-
tion in Karori Wildlife Sanctuary (Zealandia), seedling density in the forest under-
storey has increased markedly, and species previously known to be palatable to 
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brushtail possums (e.g., kohekohe  Dysoxylum spectabile , mahoe  Melicytus 
 ramifl orus , pate  Scheffl era digitata  and kanono  Coprosma grandifolia , Nugent et al .  
 2000,   2002  )  have strongly increased in importance (Blick et al .   2008  ) . At 
Maungatautari, one of the more obvious vegetation responses has been the recruit-
ment of kotukutuku  Fuchsia excorticata  and wineberry  Aristotelia serrata  around 
the forest edges and track margins after fence and track construction (BB, pers. 
obs.). Both these species are also preferred foods of brushtail possums, are declin-
ing throughout unprotected New Zealand forests (Nugent et al.  2000 ; Urlich and 
Brady  2005  ) , and were in low abundance at Maungatautari prior to fence construc-
tion. Also, the percentages of common shrubs fruiting and fl owering at Maungatautari 
have increased compared to equivalent unfenced areas (Ecoquest Education 
Foundation, personal communication). 

 For bird communities, limited initial changes have been documented 2 years 
after fence completion and pest eradication at Maungatautari based on call counts 
(Fitzgerald et al.  2009  ) . Three native species were found to have increased in con-
spicuousness compared to an unfenced site with pest mammals (i.e., shining cuckoo 
 Chrysococcyx lucidus , grey warbler  Gerygone igata  (host of the shining cuckoo), 
and tui  Prosthemadera novaeseelandiae ) and two species have decreased (i.e., 
blackbird  Turdus merula , an exotic; and silvereye  Zosterops lateralis , a native, self-
introduced from Australia in the 1800s). The most dramatic difference was in the 
relative abundance of tui, with twice as many recorded in call counts at Maungatautari 
than the unfenced control (Fitzgerald et al.  2009  ) . Tui are mobile birds, and surveys 
of landowners in 5 km bands around Maungatautari document 8–22% increases in 
the most tui seen at one time, up to 20 km away (JI, unpublished data). This also 
suggests that pest-proof fenced sites may act as source areas to enrich adjacent 
zones with mobile species. 

 Invertebrate communities have also shown changes in composition and abun-
dances of key species. Signifi cant increases in Auckland tree weta  Hemideina tho-
racica  and other weta ( Hemiandrus  spp. and  Gymnoplectron  spp.) were found 2 
years after pest mammal eradication at Maungatautari (Watts et al.  2011  ) . Watts 
 (  2007  )  also found a 300% increase in the abundance of ground-dwelling beetles at 
Maungatautari over the same time period with consistent though complex changes 
in composition. These are considered initial but not fi nal changes to invertebrate 
communities and will probably continue to change as populations of insectivorous 
birds increase.  

   Negative Ecological Consequences of Fenced Sites: 
Real and Potential 

 Negative ecological consequences of pest-proof fences have not been obvious in 
New Zealand but this now needs critical assessment. Those that have been reported 
to date include (1) increased mortality of ducklings of forest edge nesting species 
(e.g., paradise shelduck  Tadorna variegata  when they are unable to follow parents 
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to feed outside the fence (Sanders et al.  2007  ) ), and (2) occasional bird deaths 
through collisions with fences (e.g., dead individuals of kereru  Hemiphaga novae-
seelandiae  and long-tailed cuckoo  Eudynamys taitensis ; found at Maungatautari). 

 As the biotic communities enclosed by pest-proof fences develop in the absence 
of pest mammals, there are a number of potential negative ecological impacts that 
may also occur. Fencing may prevent dispersal of individuals from populations, as 
occurs for kiwi at Puketututuku Peninsula mentioned earlier, and lead to higher pop-
ulation densities within fences than might occur naturally. This overabundance may 
lead to overuse of resources and the potential for catastrophic decline (Hayward and 
Kerley  2009  ) , although population limitation by intra- and inter-specifi c competition 
is probably a more natural or original state for New Zealand birds than top-down 
limitation by pest mammals (Innes et al.  2010  ) . It is also often diffi cult to apply fenc-
ing at scales large enough to sustain genetically viable populations of some animals, 
due to inbreeding. For example, minimum North Island brown kiwi territory sizes 
are 2–3 ha (Holzapfel et al.  2008  ) , so many of the existing pest-proof fenced areas in 
New Zealand are too small to support more than a few birds. The blocking of emi-
gration and immigration to and from other populations may exacerbate inbreeding 
depression due to small founding populations (Hayward and Kerley  2009  ) . 

 The eradication of pest mammals behind fences may also impact on species that 
now rely on these mammals for critical life history processes in the absence of their 
original mutualistic partners. For example, Dungan et al.  (  2002  )  found that brushtail 
possums were probably important as seed dispersers in seral vegetation in lowland 
Canterbury, and speculated on its possible modern role in dispersing large-seeded 
native species, particularly as large-gaped native birds are becoming increasingly 
uncommon. Also Lord  (  1991  )  attributed pollination and seed dispersal of the dioe-
cious vine kiekie  Freycinetia banksii  to possums in areas in which its original pol-
linator short-tailed bat  Mystacina tuberculata  was locally extinct. Brushtail possum 
is one of the mammal species eradicated from within pest-proof fenced areas. In 
such areas, will the absence of both the indigenous and an adopted exotic pollinator 
and seed disperser now limit and eventually reduce large seeded native plant and 
kiekie populations?  

   Management Experience with Pest Exclusion 
and Pest-Proof Fences 

 All of the pest-proof fenced areas so far created in New Zealand have been operat-
ing for less than 10 years (Table  5.1 ), so experience with their management is still 
relatively immature. Here we discuss the initial pest eradication and maintenance of 
pest-free status within these areas, and ongoing maintenance requirements associ-
ated with the fences. 

 Pest eradication methods used in New Zealand have improved dramatically over 
recent years (Kelly and Sullivan  2010  ) . For the pest-proof fenced projects consid-
ered here, the primary tool for initial eradication was aerial applications of cereal 
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pellets containing the anticoagulant toxin brodifacoum applied in late winter/early 
spring when bait uptake by rodents is highest (Speedy et al.  2007  ) . The aerial bait 
applications were accompanied by hand-spread baits immediately inside the fence 
to ensure complete coverage, followed by intensive trapping, and ground based bait 
stations where necessary (Goldwater  2007  ) . As well as effects on pest mammal 
populations, the primary knockdown using brodifacoum inevitably resulted in some 
deaths of non-target wildlife. Hoare and Hare  (  2006  )  record 16 native New Zealand 
bird species that have suffered mortality as a result of exposure to brodifacoum, and 
Dowding et al.  (  2006  )  specifi cally noted the deaths of eight shorebirds (three pied 
stilts  Himantopus himantopus , four New Zealand dotterel  Charadrius obscurus  and 
one spur-winged plover  Vanellus miles novaehollandiae ) following a broadifacoum 
operation at the pest-proof fenced Tawharanui Open Sanctuary. 

 Although the initial bait applications in pest-proof fenced areas removed the 
majority of pest mammals, small numbers of survivors often remained (Speedy 
et al.  2007  ) . At Maungatautari, small numbers of surviving ship rats, mice and 
hedgehogs were found up to 20 months after the initial eradication operations within 
the southern and northern enclosures (Speedy et al.  2007  ) . These were eventually 
removed with persistent trapping and by deploying extra baits in bait stations. At 
Tawharanui, the most persistent pest mammals have been mice, hedgehogs and rab-
bits that were still present 2 years after the initial knockdown (Goldwater  2007  ) . 

 Despite the demonstrated effi cacy of the fences used on these projects in trials, 
ongoing but infrequent reinvasions have been recorded. Some of these have been the 
result of damage to the fence incurred by tree falls or fl ood scours after storm events, 
or by human error such as gates being left open, vehicles being left close to the fence 
from which pests jumped over the fence, or vehicle or other damage to the fence (Day 
and MacGibbon  2007  ) . At Maungatautari, tree falls on the fence occurred at a rate 
of 10 over a 3 year period (Day and MacGibbon  2007  ) . Video surveillance of 20 
simulated fence breaches at Maungatautari indicated that pest mammals were com-
mon directly outside the fence and constantly challenging it (Connolly et al.  2009  ) . 
This study estimated a 99 and 85% probability of reinvasion at a fence breach by at 
least one mammal within 24 h in summer and winter respectively, with mice and 
ship rats being the most likely invaders (Connolly et al.  2009  ) . Rapid response to a 
fence breach is therefore critical to prevent reinvasion, and managers of pest-proof 
fenced sites have developed systems to ensure this, e.g., development of a surveil-
lance wire on top of fences that when tripped will immediately alert staff to breach 
events (Day and MacGibbon  2007  ) . 

 Although most reinvasion events into pest-proof fenced sites have been quickly 
mitigated once detected, reinvasion (or repopulation) by mice has resulted in persis-
tent populations of this species in some sites which are proving very diffi cult to 
eliminate. At Karori Wildlife Sanctuary (Zealandia), mice were thought to have 
been removed completely during the initial eradication but reinvaded within 2 years, 
indicating that this initial design was probably not completely mouse-proof. 
Removal of this population has not been achieved yet though they are maintained at 
low densities. At Tawharanui Open Sanctuary which is on a peninsula, mice were 
probably never completely eradicated and were also able to reinvade after the initial 



835 The Use and Potential of Pest-Proof Fencing for Ecosystem Restoration…

eradication attempt by moving around the space between the fence ends and the sea 
(Goldwater  2007  ) . Here, mouse populations increased rapidly in the absence of 
mammalian predators and competitors (a type of mesopredator release predicted by 
the models of Tompkins and Veltman  2006  )  to attain densities higher than any pre-
viously recorded in New Zealand (157 mice per ha, Goldwater  2007  )  and are still 
present. The renewed elimination or control of mice, and understanding the impact 
on biodiversity of mouse populations within pest-proof fenced sites, are now key 
ongoing research questions for managers. Without targeted research, it is also dif-
fi cult to tell if residual individual mice are survivors (or their progeny) or invaders; 
better monitoring tools and strategies are needed for this species. 

 The threat of reinvasion by pest mammals into pest-proof fenced sites ensures 
that monitoring to detect such events is a key activity and cost. One of the main tools 
for detecting incursions within these areas is the footprint tracking tunnel (King and 
Edgar  1977 ; Brown et al.  1996  )  deployed in grids ranging in intensity from 25 × 25 
to 100 × 100 m (Speedy et al.  2007  ) . This method has proved generally effective in 
detecting the presence of several key pest mammals (mice, ship rats, stoats, hedge-
hogs and possums) and may provide additional benefi ts by monitoring recovery of 
some valued indigenous species, such as insects (Watts et al.  2011  ) . The use of 
trained rodent search dogs  Canis familiaris  to detect and locate pest individuals at 
low densities is increasingly being recognized as an alternative and effective tech-
nique (Gsell et al.  2010  ) . 

 Other management specifi cally associated with pest-proof fences includes the 
need to maintain both the condition of the fences and vegetation clearance around 
them. Although pest-proof fences are generally constructed of durable materials 
with a long life expectancy (Day and MacGibbon  2007  )  even in coastal environ-
ments, e.g., marine grade stainless steel mesh, the fences require regular and fre-
quent inspections to ensure all parts of the fence retain their pest-proof capability. 
The 47 km-long Maungatautari pest-proof fence is inspected at a general level 
weekly, and more intensively monthly (T. Rolley, Maungatautari Ecological Island 
Trust, personal communication). Fences that bisect forested areas also require regu-
lar inspection to ensure that the gap between canopies on either side of the fence 
remains wide enough (approximately 4 m) to prevent pests jumping between them. 
As well, grass and weeds growing around the base of the fence require regular con-
trol to prevent them compromising fence effectiveness. It is a common misconcep-
tion that fences provide an “erect and forget” strategy for pest exclusion. In reality, 
effective fence designs provide an “erect and check forever more” tool that is always 
under pressure from potential invaders (Connolly et al.  2009  ) . Fences therefore 
require a high level of vigilance and maintenance to ensure prolonged success.  

   Social and Economic Considerations 

 The upsurge in pest-proof fenced sites in New Zealand is as much a social phenom-
enon as a conservation initiative. Rather than being government-led, the agencies 
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responsible for establishing these fenced areas are mostly community-led trusts or 
private individuals (Campbell-Hunt et al.  2010  ) . Building fences has not generally 
been the result of a coordinated conservation programme but independent decisions 
by a number of communities. Campbell-Hunt et al.  (  2010  )  suggest that the emer-
gence of these groups has been triggered by a shared perception of ecological loss 
within the community together with the motivation to take action provided by the 
novel availability of pest-proof fences. These fences have provided an attractive 
solution as they are not perceived as requiring the ongoing application of toxins that 
alternative approaches demand, and are also tangible and familiar. 

 The long-term commitment required by community groups to this restoration is 
also surprising because of the large capital and ongoing costs associated with pest-
proof fences. Current costs for this type of fence in New Zealand are approximately 
US$150,000/km (Campbell-Hunt  2008a  )  and signifi cant ongoing operational costs 
to maintain and monitor the fences and develop the reserve are required. Although 
funds for the establishment of these reserves and construction of the fences have 
been gained from charitable trusts, private donations and one-off government grants 
(Campbell-Hunt  2008b  ) , sources of money to ensure the long-term fi nancial sus-
tainability of these pest-proof fenced sites are more diffi cult to fi nd, and the future 
of many of these projects is uncertain. Many of these trusts view ecotourism as a 
partial source of revenue for ongoing operating costs for these sites, and have either 
started or are preparing to charge visitors (Campbell-Hunt  2008a  ) . Karori Wildlife 
Sanctuary (Zealandia) is the site with the longest experience at ecotourism, now 
with approximately 60,000 visitors annually providing 30% of its annual income 
(Campbell-Hunt  2008a  ) . Nevertheless, the fi nancial viability of these projects with-
out more underlying support is currently being tested. 

 A major social benefi t from community-led pest-proof fenced projects that has 
not been fully valued is the increase in both social capital that has occurred as a 
result of these endeavours and in the education and reconnection of community 
group members with the natural world. Local communities have found a common 
goal that has provided a unifying focus. The increase in understanding and appre-
ciation for the natural world by community members associated with these groups 
is often most evident during translocations of valued species (Parker  2008  ) . 

 The high cost of pest-proof fences has led to an ongoing debate on the cost-
effectiveness of such protection compared to sustained pest removal over time on 
mainland sites (although such alternative techniques have not been able to duplicate 
the near-zero pest densities achieved in fenced areas). Clapperton and Day  (  2001  )  
compared the cost-effectiveness of pest-proof fencing when compared against the 
cumulative cost of conventional pest control based on repeated use of toxins and 
traps. Their scenarios suggest that pest-proof fencing becomes cost effective 
between 4 and 9 years compared with conventional control depending on the size of 
the reserve and assumptions on the cost of fence maintenance and monitoring. 
Experience with pest-proof fences since this analysis suggest that the costs of fence 
maintenance, continued control of residual or reinvading pests, and ongoing 
pest surveillance in fenced sites may be higher than assumed in these models, so 
a reanalysis of the cost-effectiveness of different strategies is urgently needed. 
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The challenge to fi nd lower cost solutions to conservation management in New 
Zealand still remains. 

 Comparisons are also made between pest-proof fenced sites and offshore islands 
in terms of determining effective investment strategies for the conservation of 
threatened species. Offshore islands probably have a higher level of security follow-
ing eradication than fenced sites in that their borders are not continually challenged 
by pest species (Connolly et al.  2009  ) . However, invasions by pests capable of 
swimming to near shore islands or off boats occur regularly (Russell et al.  2008 ; 
Bellingham et al.  2010  ) , so pest reinvasion is a threat to both types of reserve and 
continuous surveillance to detect invasions is necessary. Offshore islands are char-
acterized by oceanic and lowland environments and do not cover the full range of 
climates and soils represented on the New Zealand mainland (Meurk and Blaschke 
 1990  ) . Therefore, pest-proof fenced sites may provide opportunities to secure popu-
lations of threatened species in environments not found on offshore islands. Fenced 
sites can act as sources for the movement of mobile species into the surrounding 
landscape more so than offshore islands. Also fenced sites are more accessible to 
the public than offshore islands so can bring valued biodiversity into the life experi-
ences of more people. Lastly, the establishment and maintenance of pest-proof 
fences incurs a high cost on these sites, but offshore islands incur ongoing costs 
associated with diffi culties of access, e.g., remoteness and often poor landing sites. 
Pest-proof fenced sites and offshore islands therefore provide different advantages 
and disadvantages to the conservation of threatened species, and should be viewed 
as different options rather than as strict alternatives.   

   Conclusions 

 There has been a major surge in development of conservation fencing in the last 
decade in New Zealand, and projects adopting this tool have already achieved many 
important conservation outcomes in extending the ranges of threatened species and 
in ecosystem restoration. They must now be considered an important component of 
any national conservation strategy. After only a decade of development, manage-
ment experience with conservation fences must still be considered immature, and 
adaptive approaches will be necessary to realize their potential. Conservation fenc-
ing in New Zealand has required high investment but this has occurred with a high 
degree of community involvement and ownership with attendant social benefi ts. 
Fencing has certainly enabled rare and valued biodiversity to be much more acces-
sible to the public and is fulfi lling an important advocacy role. Although the eco-
nomic sustainability of projects adopting this technology is not yet clear, there are 
high hopes for their success. In the long term, the high cost of fences means they are 
probably stop-gap measures until other more cost-effective conservation solutions 
are found. The ultimate (and currently unrealistic) measure of conservation success 
will be when the threat is removed outside the fence, and the fence itself can be 
taken down.      
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          Introduction 

 Conservation management requires planning and then implementation in order to 
effectively achieve objectives. Historically, major interventions were undertaken 
without a complete understanding (or regard) of the potential consequences, for 
example, fencing the western border of the Kruger National Park (KNP) negatively 
affects herbivore populations (Whyte  1985  cited in Grant et al.  2008 ; Grant et al. 
 2008 ; see also Loarie et al.  2009  ) . Further, because the fences separated the animals 
from traditional water-sources (Grant et al.  2008  ) , that intervention resulted in the 
necessity to create artifi cial water-holes, which in turn had unforeseen consequences 
(e.g. population decline of rare plains species – Harrington et al.  1999  ) . Fencing for 
conservation management is a strong potential tool (Hayward and Kerley  2009  ) , but 
we need to understand better our ability to nuance its implementation in order to 
maximise benefi ts while reducing costs. 

 Hayward and Kerley  (  2009  )  provide a comprehensive review of fencing and 
 conservation, and highlight the complexity of creating and maintaining barriers in 
conservation land. South African conservation managers have been leaders in devel-
oping fencing as a conservation management tool (e.g. van Dyk  1997 ; Hayward 
et al.  2007 ; Grant et al.  2008 ; Gusset et al.  2008  ) . One of the major reasons for 
 fencing is to prevent human–wildlife confl ict by preventing dangerous animals, 
such as megaherbivores or large carnivores, from entering human communities 
(Grant et al.  2008 ; Hayward and Kerley  2009  ) . 
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 While there are clearly benefi ts from fencing, there are also a range of costs 
(Hayward and Kerley  2009  ) . Fencing may be essential for a particular conservation 
objective or purpose, such as mitigating human–wildlife confl ict (e.g. Grant et al. 
 2008 ; Hayward and Kerley  2009  ) , but there are ways in which the associated costs 
can be reduced (e.g. through economies of scale,    Lindsey et al.  2009  ) . In this paper, 
I interrogate and explore some of the innovations in fencing for conservation which 
allow reduction of some of the costs associated with fencing, using African ele-
phants ( Loxodonta africana ) in South Africa as a case study.  

   Elephant Management with Fences in South Africa 

 The history of elephant management in South Africa was recently reviewed 
(Carruthers et al.  2008  ) , and here I focus on the detail of reintroductions that 
occurred subsequent to 1980 (see Garai et al.  2004 ; Slotow et al.  2005  ) , as this pro-
vides the main context for management through fencing. Naturally occurring popu-
lations of elephants occur at KNP, Addo Elephant National Park, Tembe Elephant 
Park (Carruthers et al.  2008  ) , while elephants have been reintroduced to over 80 
state-owned, communally owned and privately owned reserves (Garai et al.  2004 ; 
Carruthers et al.  2008  ) . 

 There are many different types of fences that have been used for wildlife manage-
ment, and a range of studies testing their effectiveness or appropriateness (e.g. Moseby 
and Read  2006 ; Vercauteren et al.  2006  ) . Fencing has been used to specifi cally con-
trol the movement of elephants since the erection of the fi rst “Armstrong” fence in 
Addo Elephant National Park which consisted of a strong, unelectrifi ed barrier (Grant 
et al.  2008  ) . Since 1980/1981, when elephants were introduced to Pilanesberg 
National Park (Anderson  1994  ) , small reserves (exceptions were Ithala and iSiman-
galiso (see below)) in South Africa have been required to have an electrifi ed complete 
perimeter fence of a minimum standard (see Grant et al.  2008  for fence information). 
The effectiveness of electric fences such as these, and other barriers in restricting 
elephants have been extensively studied (see Grant et al.  2008  for review). 

 The vast majority of reserves that have reintroduced elephants use fences 2.4 m 
high, and with either three or four live electric strands (Fig.  6.1 ). Having a fence 
capable of keeping elephants in does not mean that it is successful in keeping people 
out. Reserves have to patrol the border fence for two purposes, fi rstly reserve secu-
rity against intruders, and secondly, to check whether the fence requires mainte-
nance. A survey was conducted of all small reserves with elephants in 2001, and 
there was wide variation in how reserves dealt with these issues (Fig.  6.2 ). Guards 
in most state reserves were armed, whereas 40% of private reserves had unarmed 
guards, and about 40% of private reserves employed <5 guards (Fig.  6.2a ). There 
was also variation in the frequency of fence patrolling, with almost all private 
reserves patrolling on a daily basis, i.e. a specifi c point on the fence was passed daily 
(Fig.  6.2b ). Ten out of 57 (17.5%) reserves surveyed reported fence damage with 
no breakout, indicating that the fence does work despite elephants testing it, but 
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emphasizes the need for continual patrolling to detect damage. However, breakouts 
do occur, with fi ve out of 15 reserves that introduced older adult male elephants 
reporting breakouts (Garai and Carr  2001  ) .   

 Large mammals are capable of learning about fences, and developing strategies 
to overcome the barrier. This is particularly true for electrifi ed fences which become 
inoperative (Garai and Carr  2001  ) . The process for introducing elephants into small 
reserves in South Africa includes a short period in a small (about 1 ha) holding 
 facility (boma) (Garai and Carr  2001  ) . The boma is electrifi ed in the same manner as 

0

5

10

15

20

25

30

35
a b

1.7 1.8 2 2.2 2.3 2.4 2.5 2.6 2.7 2.8 3

N
um

be
r 

of
 r

es
er

ve
s

0

5

10

15

20

25

0 1 2 3 4 5 6

N
um

be
r 

of
 r

es
er

ve
s

Fence Height (m) Number of electric strands

  Fig. 6.1    Fencing structure in reserves which introduced elephants. ( a ) Maximum height of fence 
( b ) Number of live electric strands (most have an associated earth wire). Data are from a question-
naire survey of reserves conducted by the Elephant Owners and Managers Association by Dick 
Carr and collated and analysed by myself (see Slotow et al.  2005  for details of methods)       

0

10

20

30

40

50

60

N
um

be
r 

of
 r

es
er

ve
s

> 20
15 to 20
10 to 15
5 to 9
1 to 4
yes
no

P S T
Are Guards

Armed?

P S T
Number of

Guards

0

5

10
15

20

25

30
35

40

45

N
um

be
r 

of
 r

es
er

ve
s

1
2
3
7

ba

Private State Total

Interval
(days)

  Fig. 6.2    Security associated with fenced small reserves. ( a ) Security guards indicating if they are 
armed or not, and the number employed by the reserve. Legend refl ects number of guards. 
 P  = Privately owned,  S  = State owned,  T  = Total regardless of ownership. ( b ) Frequency of patrol-
ling of the border fenceline where numbers refl ect the interval between patrols in days. Figure 
indicates whether the guards are armed or not, and secondly, the number of guards employed by 
the reserve. Data are from a questionnaire survey of reserves conducted by the Elephant Owners 
and Managers Association by Dick Carr and collated and analysed by myself (see Slotow et al. 
 2005  for details of methods)       

 

 



94 R. Slotow

the boundary fence, and the elephants learn to associate fencing with electric shock, 
i.e. become fence-trained prior to release into the general reserve area (Garai and Carr 
 2001  ) . This has, for the most part, proved successful, with relatively few breakouts 
from reserves over the years (but see    read Garai and Carr  2004  ) . Note that in the KNP, 
elephants are not fence-trained in this manner as they occur naturally in the area from 
the period before the reserve was fenced (Garai and Carr  2001  ) , which may  contribute 
to the relatively high number of breakouts from KNP (Grant et al.  2008  ) .  

   People and Electric Fences 

 A fence is only effective as a barrier if it is completely operational. Entry and egress 
require gates, and these have to be properly closed (Vercauteren et al.  2006  ) , and if 
the fence is electrifi ed, the integrity of the electrifi cation of the gate needs to be 
maintained. Elephants have broken out of at least two reserves through gates (Garai 
and Carr  2001  ) . In addition, the electrifi cation of fences has to be maintained. At 
least fi ve Foot and Mouth disease outbreaks adjacent to KNP have been attributed 
to buffalo ( Syncerus caffer ) escaping through fence breaks made by elephants (Grant 
et al.  2008  ) . However, the reason why the fence-breaks occurred was poor quality of 
workmanship, and poor fence maintenance (Grant et al.  2008  ) . In East Africa, effec-
tiveness of fences was infl uenced by their location in relation to landscape factors as 
well as areas of high elephant densities, and maintenance (Kioko et al.  2008  ) . 

 Garai and Carr  (  2001  )  assessed the success of introducing older male elephants 
into 15 different reserves, and identifi ed the following aspects as factors leading to 
breakouts: “power failure on a perimeter fence during the rainy season; avoidance 
of the perimeter fence by swimming across a fl ooded river; destruction of fences in 
drainage lines caused by excessive rainfall; inability of management to patrol and 
maintain the perimeter fence during an excessively wet season; and lack of electri-
fi cation of gates in the perimeter fence”. Fence maintenance was clearly a major 
issue, despite the fact that many of these reserves regularly patrol their fences 
(Slotow personal observation). 

 There are a range of natural factors that can affect fencing, particularly electric 
fencing. Fences have to cross water-courses which fl ood in summer thunderstorms 
and deposit debris which shorts out the fence. A solution to this has been the use of 
sacrifi cial fences across drainage lines with continual problems, whereby a cheap, 
easily replaced section is constructed across the drainage line, and the whole section 
is simple replaced when compromised (personal observation). Large mammals pose 
a major problem in that carnivores use fences as hunting aids (van Dyk and Slotow 
 2003  ) , often resulting in breakage or compromise of the electrics (personal observa-
tion). Unless quickly repaired, these can become weak-points through which ele-
phants can break-out. 

 Fence maintenance is not only about natural factors, as the main problems with 
the KNP fence is theft and vandalism providing opportunity for animals to then 
break out (Grant et al.  2008  ) . 
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 In terms of damage to infrastructure within the reserve, managers have responded 
in three ways. Firstly, doing nothing, and absorbing the costs. This is particularly in 
cases where resources are not available, and as yet the costs have not escalated to the 
extent that intervention is deemed necessary. However, in most cases damage tends 
to escalate as repeat offences tend to build up into problem individuals (Slotow et al. 
 2008  ) . In such cases, management has no option other than to remove the offending 
individual (who becomes known through repeat events (Slotow et al.  2008  ) ). In most 
cases, these tend to be adult males (various managers personal communication; per-
sonal observation). The third management intervention is to fence out key infra-
structure, which includes accommodation areas (camps), and water storage tanks of 
various forms (elephants damage tanks or break piping to get to water). Most often 
these are solar-powered, electrifi ed fences which work effectively (if maintained).  

   Unfenced Boundaries in Small Reserves 

 Unfenced boundaries are common in reserves outside of South Africa, and cur-
rently exist along international borders within Transfrontier parks. There are two 
reserves within South Africa that have elephants and that currently have unfenced 
boundaries, Ithala Game Reserve and iSimangaliso Wetland Park (iSWP, previously 
Greater St. Lucia Wetland Park). I will discuss each of these in turn as case studies. 
There have also been two occurrences where elephants moved out of reserves 
through gaps in the fence where large rivers exit reserves. Firstly, shortly after ten 
large male bulls were introduced from KNP to Hluhluwe-iMfolozi Park (HiP), one 
of these males moved out the reserve when crossing the Hluhluwe River. Apparently, 
he walked along the fence, entered the river, and then exited the river on the other side 
on the wrong side of the fence. He was captured and returned to HiP (Slotow unpub-
lished data). In the second incident, two males moved out of Songimvelo Game 
Reserve in Mpumulanga, and into Malolotja Nature Reserve, Swaziland, by cross-
ing the Komati River. These two animals remained in Malolotja, and thus pose 
a concern to managers there (Mtui and Owen-Smith  2006 ; Norman Owen Smith 
personal communication  2009  ). 

 Ithala Game Reserve introduced elephants between 1990 and 1993, young 
orphans from the KNP culls (see Slotow et al.  2005  ) . The reserve is bordered in the 
north by the Phongola River, and that river frontage is not fenced. The land on the 
north of the river belongs to a number of communities and a small mining company. 
It is very sparsely populated, with little crop farming, and is mainly untransformed 
natural vegetation suitable for elephants. There is a steep ridge forming the northern 
edge of the river valley, which may prevent movement out of the valley bottom. 
More dense human habitation starts on top of that ridge. If any situation in South 
Africa was suitable for having an unfenced boundary, this would be it. As expected, 
elephants have started making excursions out of the reserve (the following is based 
on Ezemvelo KZN Wildlife (EKZNW) management reports collated by Taryn 
Gilson), with a brief movement out in 1992, the next by males in 1995, followed by 
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the herd in 1998. In 1999, the whole herd moved out 3–4 times per year, and by 
2003, they went out >10 times, staying out for up to 2 weeks. Since 2005, when 
satellite collars were fi tted to the female groups, the furthest north that they have 
ventured is 2 km from the river. Excursions were mainly in the wet summer, when 
resources are more widely available. In general, the staff responded to excursions by 
chasing the animals back, either using a helicopter or on foot using load noises 
including gunshots. Three males were shot on return to the reserve in 2005 in a hope 
of discouraging future excursions (disturbance culling, see Grant et al.  2008  ) , but 
this has been unsuccessful. 

 The river provides an important resource, so there will be fundamental problems 
with fencing the river out of the reserve as this will remove access to that resource, 
particularly for the endangered black rhinoceros ( Diceros bicornis ). In addition, the 
river has major aesthetic value for tourists, which will be compromised by a fence. 
Reserve management, therefore, faces a conundrum, and is currently working with 
the concept of virtual fences (see below). 

 iSimangaliso Wetland Park introduced elephants in 2001, and faces a problem in 
the southern part of the park around Lake St. Lucia itself. The land within the reserve 
does not completely surround the lake, which makes it possible for elephants to move 
into the lake, and then out onto land that is not contained by fencing. This land is 
either occupied by communities, or private land-owners practicing various land-uses. 
In addition, the eastern border of the lake is made up by the Indian Ocean, making it 
theoretically possible for elephants to walk around the fence on the beach. The lake 
is shallow enough for elephants to easily cross, and large areas dry out during drought 
years, meaning that the reserve has to erect temporary fencing along those areas 
when the lake dries up, and remove the fences when the lake fl oods. Shortly after 
introduction into the reserve, two young males walked north along the lake shore, 
and walked around the fence on the northern border of the lake (Slotow unpublished 
data). They had to be recaptured, and were returned to Hluhluwe-iMfolozi Park from 
which they were originally translocated from (Slotow unpublished data). 

 A further problem faced by iSWP is that two key reserve boundaries are made up 
of rivers. The northern and eastern border of Mkuze Game Reserve is along the 
Mkhuze River, which is accessed by the communities on the north/east banks for 
their own use, as well as for their livestock and agriculture. Historically, the river 
was not fenced, which led to people and their livestock moving freely into the 
reserve, and animals leaving the reserve. The proclamation of the Greater St. Lucia 
World Heritage Site, and the plan to introduce large carnivores, as well as a major 
raid by most of the elephants into an orchard on the east bank, led to a decision to 
fence that boundary. This resulted in the river being fenced out of the reserve, requir-
ing innovative planning to provide artifi cial water for the animals. The second major 
water-source that was fenced out of the reserve was Nyalazi River, on the west bank 
of Lake St. Lucia. This river has a community living on the western shore, and is the 
most substantial and consistent fresh-water source in the region (the lake becomes 
hypersalinic during drought years), necessitating artifi cial provisioning of water. The 
ecological effects of fencing-out these rivers have not been studied. In Mapungupwe 
National Park, which has its own elephant population, SANParks have erected a 
fence along the Limpopo River border with the Tuli Block, primarily to prevent 
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additional elephants moving into the reserve from the larger Tuli population. This 
fence reduces the aesthetic of the river frontage, and also prevents other animals 
from access to the river (Norman Owen Smith, personal communication).  

   Enclosures vs. Exclosures 

 Fencing of elephants is generally considered to be a problem of enclosing them 
inside a reserve in order to prevent them escaping. However, fences are also impor-
tant for excluding elephants from a specifi c area within the reserve, such as camps, 
staff housing, infrastructure or even key natural resources of high conservation 
value, including threatened plant species (reviewed in Grant et al.  2008  ) . The pur-
pose of the fence needs to be clearly understood, and an exclosure and enclosure 
may have very different purposes. For example, it may be desirable to preclude only 
elephants from entering a particular area, whereas all species may be prevented 
from leaving the reserve. Further, fences may also be established to prevent humans 
from entering a protected area. In addition to direct management benefi ts, exclo-
sures also provide a key resource for scientifi c understanding of the effects of ele-
phants on the ecosystem (Grant et al.  2008  ) .  

   Ecological Effects of Fences 

 Fences constrain the movement of elephant, and in a relatively small reserve, 
increasing elephant densities (Slotow et al.  2005 ; Mackey et al.  2006  )  may nega-
tively affect ecological processes or biodiversity (see Grant et al.  2008  for review). 
We do need to separate the concern over elephant concentration into small areas on 
biodiversity (   Kerley et al. 2008, but see Landman et al.  2008  )  from the effect of the 
fence as a barrier per se. Fences affect elephant movement, and in extensive areas 
may cause them to bunch up against the fence (Loarie et al.  2009  ) . However, we 
have recently shown for Pilanesberg National Park, female elephant use the fence 
more for movement between foraging areas, presumably with low foraging impact 
near the fence, but that the edge effect of fencing may result in higher vegetation 
impacts deeper in the reserve (Vanak et al.  2010 ).  

   Permeable Fences 

 Fencing may reduce gene fl ow from natural populations outside of protected areas 
and also has localised effects on biodiversity through focussing biotic processes 
(Hayward and Kerley  2009  ) . If a fence needs to exist, then it should be as permeable 
as possible, preventing only movement of the target species. This would allow all 
non-target species to move freely, avoiding some of the negative consequences of 
fencing (see Hayward and Kerley  2009  for costs associated with fencing). 
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 One of the fi rst such fences in Africa was developed by Natal Parks Board (now 
EKZNW) to restrict the movement of rhinoceros. A singe strong cable was strung 
about 30 cm above the ground. This prevented rhinoceros from crossing the fence 
as they could not lift their legs over it. This allowed rhinoceros to be restricted into 
specifi c areas of a reserve, or to prevent them from moving onto a public road 
through a reserve and thus posing a threat to motorists (and vice versa) such as at 
Weenen Game Reserve, KwaZulu-Natal (personal observation). 

 This concept was applied by EKZNW to the conservation management of ele-
phants at iSWP. In this case, an electrifi ed strand was placed about 2 m above the 
ground with an associated earth strand. This prevented elephants that were intro-
duced to the park from moving out into the surrounding community areas. This 
proved very effective in that no elephants broke-out of the reserve through this fence 
(Slotow unpublished data). The fence did allow other species to move freely, and 
has now been modifi ed to a complete standard electrifi ed fence to allow the intro-
duction of a wider range of species (personal observation). 

 Besides this fence having the ecological advantage of allowing movement of 
other species, it is also much cheaper than a complete fence, and requires less main-
tenance as the electrics or fence itself are not broken by other species (van Dyk and 
Slotow  2003 ; Hayward et al.  2007  ) . 

 The concept of single electric-strand fencing to control the movement of ele-
phants has become more widely applied, for example some areas within the 
Associated Private Nature Reserves (APNR) adjacent to KNP use such fencing to 
exclude elephants from camps (personal observation), and Phinda Private Game 
Reserve (Lagendijk et al.  2011 ) and Tembe Elephant Park have used it to exclude 
elephants from key threatened Sand Forest areas. Managers are learning through 
experience to modify the fences to be more effective. For example, in the APNR, for 
the single electric strand exclusion fence, the electric wire is led down the support 
poles to prevent the elephants from pulling out the poles, and thereby shorting the 
fence (Slotow personal observation). At Phinda, the height of the single electric 
strand has been lowered slightly to prevent young elephants  moving under the fence 
(whereupon the mothers become agitated and break through the fence (Tarynne 
Dickerson, pers. comm.)).  

   Virtual Fences 

 Modern technology provides the opportunity to view fencing from another perspec-
tive. In the context of elephants, fencing is either to protect people from risk, or to 
prevent elephants from entering a particular area for an extended time. A large por-
tion of the risk associated with elephants, i.e. when people and elephants come into 
contact, is the surprise factor, both in terms of location and timing (Slotow unpub-
lished data). If we look a the Ithala example above, the elephants are not spending 
a lot of time out of the reserve, and even when outside the reserve, they are not 
necessarily entering areas of high human activity. It is relatively unlikely that they 
will encounter people, i.e. it is a low-risk situation. However, there may be times or 
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circumstances when the risk of an incident escalates greatly. In that case, managers 
would need to intervene, which may simply mean warning, for example, the staff of 
the mine across the river. GPS collars can provide real-time data on elephant loca-
tions. The management of Ithala have set up a process, whereby each of the elephant 
herds is collared with a GPS collar, and they have identifi ed “hot-spots” of risk 
outside the reserve. As soon as the elephants enter a buffer area around those hot-
spots, the management of the staff respond in some way. This means that they can 
potentially effectively manage the risk without incurring the huge ecological and 
fi nancial costs of fencing-off the river. 

 iSimangaliso Wetland Park has a different situation, in that there are two ele-
ments of risk, of the elephants leaving the reserve, but also of risks of human–ele-
phant confl ict within the reserve. Since iSWP has excellent GSM cell-phone 
coverage, it is possible to use real-time feedbacks on their location relative to spe-
cifi c parts of the landscape. Computer technology (  www.yrless.co.za    ) allows an 
ARCVIEW shape-fi le containing the border of the reserve to be loaded, and any 
time the elephant collar moves across that border, a notifi cation is immediately sent 
to pre-specifi ed cell-phone numbers giving the location of the elephant, the time and 
a local geographic reference point. 

 Within iSWP itself, there are two kinds of risk, fi rstly to staff and visitors within 
the camps which are not fenced. Secondly, to contractors who are working on the 
reserve, for example in harvesting from forestry plantations within the reserve. The 
same principle is applied in these instances, were each camp has a virtual border 
loaded into the computer system, and each time an elephant enters or leaves that 
zone an SMS is sent to the pre-determined staff member, for example the camp 
manager. The camp manager can then make an appraisal of the situation, and whether 
any intervention is necessary, such as moving people to safety. In terms of the for-
estry workers, the zone can be moved around, i.e. the shape-fi le updated when they 
move into a new block, and the foreman can be notifi ed of any elephants within the 
zone. In the same way as Ithala above is managing the risk, iSWP has a mechanism 
whereby it can manage the risk of human-elephant confl ict using virtual fences. 

 Some of the problems that have been encountered with the system are that (1) 
The border needs to be moved outside the actual border by about 100 m to allow for 
GPS error, which otherwise gives false alarms when elephants walk alongside the 
fence. (2) SMS numbers for alerts need to be updated when there is staff turnover, 
otherwise the correct staff member is not notifi ed. (3) Contractors do not really use 
the system as they do not see the elephants much, i.e. they do not associate a major 
risk with elephants.  

   Discussion 

 Fencing of reserves was primarily aimed at preventing elephants from leaving 
reserves into the surrounding communities and farmland. Despite the breakouts 
mentioned above, fences have been largely effective at preventing human–elephant 
confl ict outside reserves (Slotow et al.  2008 ; Twine and Magome  2008  ) , other than 
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the Greater KNP complex (which includes the adjacent private reserves) (Grant 
et al.  2008  ) . For managers of smaller reserves, the main concern tends to be 
human–elephant confl ict within the reserve, with 72% of human fatalities by ele-
phants between 2002 and 2007 occurring within protected areas (   Twine and 
Magome  2008  ) , including aggression towards people and other species, and dam-
age to infrastructure (Slotow et al.  2008  ) . Although it is possible to fence out 
accommodation areas, all fatal interactions have occurred in the general veld 
(Slotow unpublished data), making such confl ict impossible to manage through 
conventional fencing. More widespread use of virtual fences may be an alternative 
worth pursuing. 

 Fencing for ecological exclosures in order to remove the effect of elephants has 
been relatively successful (Addo: Lombard et al.  2001 ; Phinda: Lagendijk et al. 
 2011 ). Such exclosures, and those erected for scientifi c study can also produce use-
ful insights into the ecological effects of elephants (Grant et al.  2008  ) . 

 Badly aligned fences can have major consequences for biodiversity, for example 
by interrupting key movement patterns (Hayward and Kerley  2009  ) , or when ele-
phant bunch up against them in the wet season (Loarie et al.  2009  ) . This can result 
in major mortality of key species, or indirectly by shifting the ecological infl uence 
of biotic factors such as grazing or browsing (see examples in Hayward and Kerley 
 2009  ) . The key issue of fencing out of rivers, and the ecological and aesthetic con-
sequences of this, needs study. 

 Hayward and Kerley  (  2009  )  coin the phrase “metaphorical” fences to describe 
alternative approaches to barriers such as using  Capsicum  repellents (Osborn and 
Rasmussen  1995  ) . Other alternatives being tested also include the use of bee ( Apis 
mellifera ) hives (King et al.  2009  ) , or even the sound of agitated bees (King et al. 
 2007 ; see also Grant et al. for discussion of alternatives to fencing). An important 
result to emerge from this overview is the potential for permeable fencing which 
achieves a specifi c purpose, but reduces both the fi nancial and ecological costs. It is 
important that proper studies be undertaken to refi ne different methods (e.g. Moseby 
and Read  2006  )  for permeability. It is clear that permeable fences are not relevant 
only for controlling larger species, for example in Australia it is the smaller species 
such as feral cat ( Felis catus ) that need to be constrained, with larger species such 
as kangaroos being able to jump over the fences; sophisticated designs could facili-
tate this (see Moseby and Read  2006  ) . I take the conceptualisation of alternative 
methods a step further, explaining the use of virtual fences using remote-sensing 
technology as alternatives both within reserves to avoid fencing camps, or outside 
reserves to avoid fencing perimeters. The uses of such alternatives need to be better 
understood and tested. 

 Fences are not infallible, particularly given the maintenance necessary for elec-
trifi cation (particularly when human vandalism and theft are rising), and the sophis-
ticated ability of elephants to learn how to overcome fences (Grant et al.  2008  ) . The 
key issue for using fences to contain elephants is not necessarily the absolute 
strength of the fence, but rather the integrity of the electrical system. It may be pos-
sible to reduce vandalism and theft, through working with the community, and to 
reduce human shorting of the fence for transit, for example by illegal immigrants 
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through KNP, by placing a second permeable electric fence just within the boundary 
fence, which will allow people to move freely under it while maintaining a barrier 
to elephants. To improve consistency, remote sensing technology could be placed at 
key points on the boundary to alert managers when power goes down, at sacrifi cial 
river-crossings, for instance, especially in reserves that do not patrol the fenceline 
daily. 

 Gates are weak points, and some form of barrier that does not require human 
intervention at points of entry/egress is ideal (see Vercauteren et al.  2006  for some 
examples), and electrifi ed grids across the road work to contain African wildlife, 
including elephants (personal observation at a range of reserves). Fencing major 
water-bodies is diffi cult, and similar problems to those indicated for elephant are 
evident in electrifi ed road-side fences used to control moose ( Alces alces ), where 
moose enter the road area through gaps in the fence-line such as at lakes (Leblond 
et al.  2007  ) . Fences in such situations require management fl exibility, for example 
erection of temporary fences that can be removed when fl ooding occurs, or loca-
lised use of repellents (e.g.  Capsicum , Osborn and Rasmussen  1995  ) . Virtual fences 
may also prove useful in these situations. 

 There was a lot of variation among reserves as to the effort invested in patrolling 
for maintenance and security, which is a high, ongoing cost to fencing. While effort 
could relate to the local circumstances, it may prove valuable to develop effective 
and “best practice” in the industry through sharing information among stakeholders. 

 Private land owners tend to be strongly independent, but there is value in com-
bining together to form larger conservancies (Lindsey et al.  2009  ) . In such conser-
vancies, the internal fences between properties are removed, and all members 
contribute to the perimeter fence of the overall conservancy. This leads to econo-
mies of scale regarding fencing (see Lindsey et al.  2009  )  as the overall distance of 
fence relative to the area of land declines with increasing size (Vercauteren et al. 
 2006  ) . In addition, maintenance cost per individual owner would decline in a 
 conservancy through economies of scale (a single patrolling programme rather than 
each separate farmer having their own patrolling programme). Finally, within a 
 conservancy, the number of corners within the fenceline and river-crossings decline, 
resulting in a reduction in weak-points and expense: corners and end points 
 contribute >80% of the material costs of fences (Vercauteren et al.  2006  ) . Importantly, 
cadastral boundaries are often formed by rivers, which are key ecological resources, 
and joining land parcels will result in the inclusion of rivers within the fenced area. 
There are obviously ecological and economic incentives for forming conservancies 
(see Lindsey et al.  2009  ) , and from a fencing perspective, it makes sense for 
 land-owners to join together in conservancies. 

 While fencing to prevent human–elephant confl ict has become required in South 
Africa (DEAT  2008  ) , it is not widely used elsewhere, and other Governments are 
going to need to consider fencing along hard boundaries where transformed human 
community land borders natural areas, such as along the western border of Serengeti 
National Park, Tanzania. Governments have tended to be slow to react to changing 
scenarios that potentially require fencing (Hayward and Kerley  2009  ) , but the pri-
vate sector is initiating fencing of some reserves in East Africa (Kioko et al.  2008  ) . 
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 Hayward and Kerley  (  2009  )  conclude that the costs of fencing far outweigh the 
benefi ts, but their approach was simply a listing of benefi ts next to costs. The issues 
that they list in their Table 2 should not be equally weighted, and I believe that, 
depending on the circumstances, the benefi ts far outweigh the costs. For example, 
private game reserves in South Africa would not be allowed to introduce key tour-
ism species if they do not upgrade their boundary fence to a minimum regulated 
requirement for particular species such as elephant (DEAT  2008  ) . If they did not 
fence, then these reserves would not exist, and the benefi ts that they have brought to 
conservation (e.g. Gusset et al.  2008 , but see Hunter et al.  2007 ; Slotow and Hunter 
 2009  )  would not persist. Hayward and Kerley  (  2009  )  conclude that fencing to miti-
gate Human–wildlife confl ict is likely to persist, and in this chapter, I have demon-
strated how careful planning can mitigate some of the costs (including ecological) 
while still achieving conservation objectives. Importantly, the costs associated with 
fencing can be reduced through economies of scale with increasing area, and con-
solidation of land-parcels through conservancies (e.g. Lindsey et al.  2009  )  and other 
partnerships such as Transfrontier parks (van Aarde and Jackson  2007  ) . The key 
purpose of a fence needs to be defi ned, so that the most effective solution, permea-
bility, can be implemented.      
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  Introduction 

 In this chapter, we introduce our participatory and adaptive  Fence Incident 
Surveillance System  (FISS), which monitors wild mammal permeability to fencing 
and the damage to these structures that a number of species of African large mam-
mals can cause along a 90 km pilot study section of the western boundary fence of 
Kruger National Park (KNP).  

 The entire 400 km western boundary of the KNP (the southern boundary adds a 
further 350 km of fencing) is demarcated by a veterinary fence, primarily designed 
to contain the foot-and-mouth disease virus within the park (Bengis et al.  2003 ; Jori 
et al.  2011  ) . The western fence varies in structural types and different sections can 
be exposed to different degrees and causes of damage (Ferguson  2009a,   b ; Jori et al. 
 2009  ) . The resultant large mammal fence permeability patterns that we present here 
represent a vital pre-requisite to an understanding of the underlying processes and 
the potential mitigation of the impact of such cross-boundary animal movement. 

 Historically, the sustainable monitoring and management of fences in Southern 
Africa has been primarily perceived as an issue of disease control, with often the 
more direct human–wildlife confl ict aspects and the threats posed by these struc-
tures to conservation goals being relegated to a secondary management issue (Taylor 
and Martin  1987 ; Hayward et al.  2008 ; Lamarque et al.  2008  ) . 
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 Fencing can “constrain and contain” in symbolic, physical, ecological and eco-
nomic senses (Spierenburg and Wels  2006  ) , and fences represent an important 
structure that moderates the biological exchange between the “natural” and “human-
modifi ed” domains (Boone and Hobbs  2004 ; Kock  2005 ; Lindenmayer and Fischer 
 2006  ) . The practical issues surrounding fencing should be viewed in the broader 
light of human–wildlife confl ict theory and practice (Lamarque et al.  2008  ) . 

 Containing wildlife by means of fencing can only serve a potential combination of 
four purposes: fi rstly, to reduce human–wildlife confl ict by reducing contact between 
the two; secondly, to reduce disease transmission risk between wild and domestic 
animals; thirdly, to increase the security of a protected area and fourthly, on occasion, 
to demarcate an international boundary (Hayward and Kerley  2009 ; Newmark  2008  ) . 

 In South Africa, fences could therefore be seen to be part of a well-worked out 
containment strategy within a multiple zoning framework (e.g. fenced and disease 
risk zones) endorsed by international bodies such as the World Animal Health 
Organization (OIE) that governs the import/export of livestock products (Bengis 
et al.  2003 ; Jori et al.  2009 ). 

 In terms of the threats posed by fences to large mammal conservation goals, these 
can be divided into two categories: direct and indirect. Factors such as direct mortality, 
the entrapment of a relict population by fencing and the dissection of land that reduces 
the carrying capacity of the source area (effectively creating a source-sink paradigm; 
Lindenmayer and Fischer  2006  )  can each affect large mammal populations (Williamson 
and Mbano  1988 ; Whyte and Joubert  1988 ; Mbaiwa and Mbaiwa  2006  ) . 

 Indirect factors related to fencing that may induce a reduction in population size, 
such as changes in reproductive parameters in either the relict or source population, 
remain obscure. Certainly, the manifold and subtle effects of fencing on wild animal 
populations are only now being slowly determined (Ben-Shahar  1993 ; Martin  2005  ) . 

 Therefore, fences “impose themselves” (by enhancing fragmentation via edge 
effects and creating biological and human impact gradients) on landscapes, which 
often due to cost, run with unremitting linearity (Albertson  1998  ) . Lindenmayer and 
Fischer  (  2006  )  discuss in detail the creation and impact of natural and artifi cial edge 
effects. Edge effects are major drivers of change in many fragmented landscapes, 
but they are often highly variable in space and time. 

 Alternatives to fencing that allow some degree of merger between these “natural” and 
human-modifi ed domains, such as the development of buffer zones, wildlife corridors 
and the zoning of different forms of wildlife usage, require much more effort and more 
planning (e.g. corridor development; Chetkiewicz et al.  2006 ; Newmark  2008  )  than sim-
ply erecting fencing and will inevitably fail unless animal health experts can be con-
vinced that diseases of economic importance to the nation can still be effectively contained 
within this new partially or wholly “unfenced” dispensation (Bengis et al.  2003  ) . 

 However, fencing can also have conservation benefi ts (Hayward et al.  2008  ) , for 
example by physically protecting rare species such as rhino or protecting wild 
 herbivore species from grazing competition with livestock by excluding the latter 
(Dunham et al.  2003  ) . It is the achievement of a balance between “responsible fencing” 
(Bengis et al.  2003  )  and the use of fences as a “blunt” instrument that is often the 
ignition point for “fences confl ict” between conservationists and the animal 
 production agro-industry (Albertson  1998  ) . 
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   A Brief History of KNP Fences 

 For nearly half of its existence, the KNP has been bounded to a greater or lesser 
degree by varying lengths and types of fence. Starting in the early 1960s, the 
Government of South Africa, following several outbreaks of foot-and-mouth dis-
ease in 1958, decreed that the risk of foot-and-mouth disease spreading to neigh-
bouring livestock production areas that lay to the west of the KNP had to be curbed 
(Bengis et al.  2003 ; Joubert  2007  ) . 

 On completion of the western fence in 1961, much of the park became effectively 
isolated from the rest of the progressively more human-dominated, greater Kruger 
ecosystem (du Toit  2003 ). Smuts  (  1982  )  commented that the “effective size of 
the park is gradually shrinking”. Pollard et al.  (  2003  )  point out that the onset of the 
isolation of the Kruger Park pre-dates fences; the isolation itself was largely due to 
mechanisms such as human population increases (released by a decline in malaria 
outbreaks and the eradication of the tsetse fl y) in the Lowveld from the 1930s to the 
1950s and also to the exclusivist policies of the park management at that time. 

 The cessation of the migrations of large herbivores at the KNP western interface 
may have been partially due to the imposition of fencing (Whyte and Joubert  1988 ; 
Ben-Shahar  1993  ) . However, the removal of fencing can rapidly lead to a resump-
tion of regular wildlife movements as has been witnessed by recent elephant move-
ment into Limpopo National Park from the Kruger Park (D. Pienaar personal 
communication; 2009). Joubert  (  2007  )  commenting from an intimate knowledge of 
KNP states that “at the time of demarcation of the boundaries, important consider-
ations such as animal migrations were not taken into account”. And yet it is clear 
from the historic records that the zebra and wildebeest migration routes westwards 
out of the park were largely mapped prior to fence construction (see Pienaar’s 1960 
map reproduced in Joubert  2007  )  and the fact that a water provision programme 
near the western border pre-dates fencing suggests that the fence was “on balance” 
considered by the then park managers to be a positive contribution to the preserva-
tion of the KNP (Joubert  2007  ) . 

 The western boundary fence received an upgrade to electrical status that was 
completed in 1999 at a cost of twelve million Rand. The next year fl oods devastated 
the electric fence and caused seven million Rands worth of damage. Increased per-
meability to large mammals in parts of the western fence caused by the fl oods and 
elephant damage in particular meant that the electric fence was no longer a viable 
option. 

 Has the KNP western boundary fence performed to expectation with regard to 
the containment of disease? Between the years 1983 and 1999, no foot-and-mouth 
disease outbreaks were recorded. Between the years 2000 and 2009, six outbreaks 
have been recorded in KNP (Grant et al.  2007 ; Jori et al.  2009  ) . 

 The current managers of the western Kruger fence (Department of Agriculture, 
Forestry and Fisheries (DAFF)) have a clear mandate to protect both the park and 
the surrounding areas from epizootic impacts (Bengis et al.  2003  ) . The containment 
of other forms of human–wildlife confl ict is not within the DAFF remit unless these 
issues are pertinent to disease control. 
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 In fencing terms, the KNP has come full circle, from being an “open” management 
system at inception to becoming a completely “closed” management system from the 
mid-1970s to one which is again opening up (due to transfrontier conservation; Hanks 
 2000  )  in new and expansive ways (Joubert  2007  ) .   

   Materials and Methods 

   Types of Fence 

 Our research fence line spans approximately 90 km in length (from the Luvuvhu 
River in the north of KNP to the Olifants River further South) along the northern-
western KNP boundary fence. The topography along the fence line is generally fl at 
and the dominant vegetation type is Mopane ( Colophospermum mopane ) shrub and 
bushveld. Habitat “inlets” of a diverse array of other vegetation types (various 
Sandveld habitats) occasionally intrude along the fence. 

 Along this perimeter, we encountered fi ve types of fence which have been erected 
at various times. Table  7.1  shows fence incidents statistics per type of fence and 
Fig.  7.1  shows temporal permeability data collected over the duration of the fi eld 
study. Figure  7.2  shows the position of the various types of fences and the fence 
intensity density data.  

    (a)     New “I” Beam  (specifi cations: 2.4 m high; wooden droppers; 4 × 13 mm steel 
cable; barbed wire strands; steel uprights implanted at 50 m intervals). This is the 
preferred DAFF fencing structure and it is now considered by them to be the 
universal standard for sealing off elephant populations from livestock-dominated 
landscapes. This fence type composes 42% of the total fence length in the study 
area. The fence is designed to withstand sustained assault by elephants such that 
this species cannot facilitate buffalo excursions (and the resultant spread of dis-
ease). It is still unclear if elephants have the capacity to successfully challenge 
this fence (two isolated cases seem to suggest that they can; K. Ferguson per-
sonal observation; D. Keet personal communication; 2010   ). The “I” Beam fence 
is being erected in priority areas prior to the planned complete coverage along 
the western boundary. It is being constructed at the relatively slow rate of 25 km 
per annum (D. Keet personal communication; 2009). The “I” Beam should be 
relatively maintenance free. It is not and was not intended to be carnivore proof.  

    (b)     2.4 m Steel Fence  (   specifi cations as for  New “I” Beam     except with metal drop-
pers and hollow steel uprights). In some sections, many of the metal droppers 
have not been bent out of shape (K. Ferguson personal observation; 2009; usu-
ally by animals or fence workers during repairs) which tends to suggest a low 
incidence of fence challenges. The reason for this remains unknown, but it may 
be due to the inherent strength of the fence, lower densities of bull elephants in 
this area or landscape differences (e.g. the presence of a large barren sodic pan 
adjacent to much of this fence section).  



1097 An Adaptive Monitoring Programme for Studying Impacts Along the Western…

   Ta
bl

e 
7.

1  
  FI

SS
 p

er
 s

pe
ci

es
 a

nd
 p

er
 ty

pe
 o

f 
fe

nc
e 

be
tw

ee
n 

N
ov

em
be

r 
20

08
 a

nd
 J

ul
y 

20
09

   

 Ty
pe

 o
f 

fe
nc

e 

 Pr
op

or
tio

n 
of

 th
e 

fe
nc

e 
ty

pe
 o

n 
th

e 
to

ta
l f

en
ce

 li
ne

 
 To

ta
l f

en
ce

 
in

ci
de

nt
s/

km
 

 Fe
nc

e 
in

ci
de

nt
s/

km
 o

f 
ty

pe
 o

f 
fe

nc
e 

by
 s

pe
ci

es
 

     U
nk

no
w

n  
  B

uf
fa

lo
  

  E
le

ph
an

t  
  H

um
an

  
  H

ye
na

  
  Li

on
  

 1.
8 

m
 r

ai
l p

os
t f

en
ce

 
 19

.8
 

 8.
9 

 0.
1 

 0.
2 

 6.
7 

 0.
1 

 1.
2 

 0.
7 

 2.
4 

m
 e

le
ct

ri
c 

fe
nc

e 
 8.

8 
 3.

3 
 0 

 0.
6 

 1.
3 

 0.
8 

 0 
 0.

4 
 2.

4 
m

 n
ew

 I
-B

ea
m

 f
en

ce
 

 41
.8

 
 3.

3 
 0.

2 
 0.

1 
 0.

5 
 0.

4 
 1.

7 
 0.

4 
 2.

4 
m

 o
ld

 f
en

ce
 

 24
.2

 
 17

 
 0.

1 
 0.

2 
 13

.2
 

 0.
5 

 1.
4 

 1.
5 

 2.
4 

m
 s

te
el

 f
en

ce
 

 5.
5 

 2.
8 

 0 
 0 

 0.
4 

 0.
4 

 0.
8 

 1.
2 

 To
ta

l F
IS

S 
 n  

=
 7

27
 

 ? 
 B

uf
fa

lo
 

 E
le

ph
an

t 
 H

um
an

 
 H

ye
na

 
 L

io
n 

 Pe
rc

en
ta

ge
 (

%
) 

 1.
5 

 2.
3 

 64
.1

 
 4.

7 
 16

.8
 

 10
.6

 
  ? 

=
 u

nk
no

w
n 

sp
ec

ie
s  



110 K. Ferguson et al.

    (c)     1.8 m Rail/Cable Fence  (specifi cations as for  New “I” Beam  except for height). 
Parts of this fence show severe signs of sustained elephant damage and it is cur-
rently being heightened to 2.4 m by means of added cables and girders. This 
represents one of the highest impact zones for elephants and carnivores which 
epicentres at the joining of this fence and the “old inactive” electric fence.  

    (d)     2.4 m “Old inactive” electric fence  (specifi cations: steel posts embedded in 
concrete, metal droppers, barbed wire strands and conductor strands only). This 
was the KNP’s major fence electric upgrade of the 1990s. After the fl oods of 
2000 and the continuous theft of electric components (solar panels, batteries, 
wire) it fell into disrepair. Along most of its length it has suffered sustained 
damage by elephants and it is no longer an effective barrier to the movement of 
most species. Most recorded excursions occur in these sections.  

    (e)     2.4 m Electric fence  (specifi cations as for  “Old inactive” electric fence  ,  but the 
electric current is active). One small section is maintained as an electric fence (by 
the use of solar panels and batteries, but since 2001 thirty-six solar panels have 
been stolen in the study area (D. Keet personal communication; 2009). This 
fence records very few excursions and usually only when the electric current fails 
(usually over a week-end when a skeleton fence maintenance staff remains in the 
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  Fig. 7.1    FISS per species (elephant, lion and hyena only) per month between November 2008 and 
July 2009       
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park). It is remarkable how quickly elephants can determine a decrease in voltage 
(within hours; K. Ferguson personal observation; 2009) of the electric fence. The 
fence requires constant maintenance and is costly in terms of guarding the solar 
panels. It is an effective anti-predator fence, except across small drainage lines. 
We agree with Thouless and Sakwa  (  1995  ) , Bonnington et al.  (  2009  )  and Graham 
et al.  (  2009b  )  that electric fencing is the most effective anti-elephant barrier, if it 
is properly maintained and appropriately sited.      

  Fig. 7.2    The position of the various types of fences used in the study       

 



112 K. Ferguson et al.

   The Development of the Fence Incident Surveillance System  

 Our adaptive monitoring strategy is intended to provide accurate data via our novel, 
cost-effective and simple fence permeability monitoring/profi ling system. 

 Currently we have trained over 40 DAFF fence workers in the methodology of 
the Fence Incident Surveillance System (FISS). Fence workers are requested to 
attach strips of plastic tape to the fence inscribed with one (or more) of fi ve symbols 
that denote elephant ( Loxodonta africana ), lion ( Panthera leo ), hyena ( Crocuta cro-
cuta ), buffalo ( Syncercus caffer)  and human theft fence incidents (respectively: 
X = lion; ● = Elephant; ▲ = buffalo; � = hyena; and ╫ = fence theft), and each sym-
bol is indicative of whether the recorded species has crossed and/or damaged the 
fence. A sixth symbol, a question mark (?), allows the fence worker to indicate that 
he is unsure of which species has challenged the fence. Additional symbols (↑ = out 
of park and ↓ = into park) denote whether the fence worker deems that an individual 
of a particular species has exited or entered the park. Fence workers largely use 
spoor, scrape marks at the base of the fence, hair on the fence and the general state 
of the damaged fence to determine which species is considered to have been respon-
sible for the fence damage and/or a species “excursion” event. 

 Pocket PC (personal computer) trained fence workers then geo-reference their own 
data on to a pre-programmed (using Cyber-Tracker™ Software) format for later 
downloading on to the laptop spreadsheet of a mobile senior fence worker. The latter 
then downloads this spreadsheet on to the PC of the State Veterinarian with GIS 
responsibilities in Skukuza (KNP DAFF/HQ). Permeability maps for each type of 
fence and its species interactions and a dedicated database are created at this point. 
The FISS, therefore, facilitates an unbroken chain of electronic fence data. In the event 
of a Pocket PC malfunctioning, the fence workers can leave the barrier tape hanging 
from the fence for later geo-referencing (the “lifespan” legibility of ink on the tape can 
be up to several months; K. Ferguson personal observation; 2009). Training protocols 
have been produced in the local language – XiTsonga (explaining instructions for 
operating the tape/symbol system and the use of the Pocket PC and Cyber-Tracker™ 
software). 

 ARCView™ GIS was used to record and map species-specifi c fence incident 
permeability and to attempt to discern the potential correlation between species 
with regard to patterns of fence-related movement. Our profi le maps accumulate 
data over time allowing the managers of the fence to detect recurrent patterns of 
fence damage and to rectify their fencing deterrent strategies as necessary.   

   Results 

   Fence Profi ling in KNP: Results per Species per Type of Fence 

 Within our study area, incident statistics per type of fence are presented in Table 7.1 
and temporal FISS data collected over the duration of the fi eld study are illustrated 
in Fig.  7.1 . We concluded that none of the fence types are 100% effective. 
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 The highest numbers of fence incidents were recorded in the older fences where 
electric power was very irregular or nonexistent or the structure of the fence was 
weak (2.4 m old fence and 1.8 m rail post fence), ranging between 9 and 17 incidents/
km. Incidents were much lower in those sections of the fence where electricity was 
maintained and also in the I-Beam fence (dropping to 3.3 and 2.8 incidents/km). 

 Elephant was by far the species most often recorded causing damage and/or 
crossing through the fence with a rate of 6.4 incidents/km of fence. It was followed 
by carnivores, with 16.8 and 10.6 incidents recorded/km for hyena and lion, 
respectively. 

 Buffaloes were by far, from those monitored, the species that caused the lowest 
number of incidents with only 2.3 incidents recorded/km of fence during the study 
period. 

 There was a clear increase in the number of fence incidents caused by elephants 
in the months of February and March. The other species monitored did not show a 
specifi c temporal trend of fence incidents (see Fig.  7.1 ).   

   Discussion 

   Elephants and Fencing Impacts 

 Elephants represent the major challenge for fence management along the KNP 
western boundary. This “keystone” fence breaker can directly cause confl ict with 
local people and indirectly lead to massive national economic losses by facilitating 
the release of diseased buffaloes (Grant et al.  2007  ) . 

 Our study area encompasses a “bull enclave” (historically, it is bull elephants that 
have home ranges along the western boundary; Smit et al.  2007b  )  and the only cow/
calf herd detected during the 10 months of fi eldwork was photographed at night, 
adjacent to the fence, by means of a camera trap. Habitual fence offenders are, 
therefore, likely to be almost always bull elephants. The “sub-population” of ele-
phants whose home ranges adjoin the fence is relatively small (data from ear-notch 
identifi cation fi les), but this group is also likely to be continually replaced after 
lethal incidents (approximately ten bull elephant deaths reported during the study 
period) caused by humans. 

 The reasons for our study area being a predominantly “bull area” are not clear. It 
may be in part due to the physiological limits placed on cow/calf groups in this loca-
tion. The interface also represents an anthropogenic danger to elephants where 
humans are an ever present threat to these animals; bulls may be more “risk-prone” 
in this regard (Hoare  1999  ) . It is also possible that bull home ranges and movements 
vary widely due to social pressures induced by hierarchy and musth (Wittemyer 
et al.  2008  ) . The processes which motivate elephants to cross the fence are therefore 
likely to be multi-factorial and seasonal. Osborn and Parker  (  2003  )  contend that in 
the case of crop raiding, elephant bulls exit protected areas when the quality of the 
available forage declines below the level of the quality of the crop species grown 
outside of the area. 
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 In the Kruger case, it has been long suspected that a seasonal peak in elephant 
excursions is caused by the Marula tree ( Sclerocarya birrea  subspp.  caffra ) fruiting 
season (Grant et al.  2007  )  and this implies that the number of fruiting mature female 
trees has attained a higher density outside of the park (due mainly to elephant dam-
age of stock within the park and perhaps also to differential fi re regimes across the 
boundary than within, preventing seedling recruitment (Helm et al.  2009  ) . 

 Our research from line transect data (inside and outside of the boundary) has 
shown that a tree density differential does exist and that the February–March peak 
of elephant excursions is likely to be driven by the availability of this seasonal 
resource (Adam et al. unpublished data). This result suggests that elephant-induced 
mortality of marula trees inside the park acts as a seasonal driver of “excursions”. 
Presumably, as the park’s elephant population has increased so has the mortality of 
marula trees within the park to such a degree that the marula population could face 
local extinction within KNP (Helm et al.  2009  ) . Our data suggest that a partially 
protected tree population may exist adjacent and external to the park boundary. This 
marula tree population size difference suggests either that fences in the past have 
worked and they have only recently become highly permeable (due to the park-wide 
fl oods in the year 2000) to elephants or that an increase in elephant numbers has led 
to a segment of the “risk-prone” bull population seeking out the last of these 
resources beyond the fence. 

 These observations lead to an interesting management scenario. A potential way 
of mitigating the effects of this driver of elephant excursions would be for local 
people to pre-harvest the fruit and to store and ripen it for later use (F.V. Osborn 
personal communication; 2010). Another alternative is to deter fence breakages by 
the selective displacement culling of identifi able “habitual” elephant fence breakers 
or to deploy non-lethal mitigation methods (e.g. direct protection of the fence by 
chilli pepper or indirect protection by aversion therapy, e.g. “shooting” elephants 
with “pepper balls”). 

 A second hypothesised “excursion peak” in winter has yet to be defi ned by our 
data, but it has been suggested that the resource sought after in this case seems to be 
surface water (R. Bengis personal communication; 2008). Grant et al.  (  2007  )  showed 
that in the winter of 2005 up to 35 elephant fence breaks/day occurred along a 
12 km stretch of the western fence, where presumably the elephants were breaking 
out to drink in one of the few remaining pools situated in the Klein Letaba River. 

 The closure of boreholes within the park over the last several decades may have 
also led to recent increases of fence challenges by elephants (and possibly lions) in 
order to access external (to the park) water sources (Grant et al.  2007  ) . 

 Density-independent permeability factors such as the fl oods of 2000 were largely 
claimed to have been responsible for the disabling of the recently upgraded electric 
fence, and thereafter it could not be maintained faster than elephants destroyed it, 
and humans stole components from it. Limited data for past years fence breakages 
suggest that the variation in the number of breaks between the years 2001 and 2004 
(Grant et al.  2007  )  may be as signifi cant as the intra-annual average variation in 
fence breakages, thus contesting a simple “more elephants equal more fence breaks” 
hypothesis. A localised density-dependent effect in the number of breakages is more 
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likely to be due to the greater abundance of the fruiting marula trees found outside 
of the park which may encourage the highly seasonal grouping of bull elephants. 

 The most likely alternative to a direct density-dependence effect is to postulate 
an increase in habitual fence breakage as a result of one or more of the following 
factors (i) by more bulls being available and younger ones being “taught” to break 
by older bulls (ii) and/or by younger bulls avoiding an increased number of musth 
males and/or an increased number of musth males searching more widely (iii) and/
or by bulls seeking other essential resources, e.g. forage and water (iv) by dominant 
herds forcing sub-dominant herds to the marginal periphery, often out of a protected 
area (Wittemyer et al.  2008  ) . 

 General rules governing the movement and landscape selection by African ele-
phants are slowly being revealed largely due to the development of more sophisti-
cated telemetry devices. Chase and Griffi n  (  2009  ) , Loarie et al.  (  2009  )  and    Thomas 
et al.  (  2008  )  have presented general evidence that park and veterinary fences in 
southern Africa (in addition to civil war and other human perturbations) have had a 
major impact on the traditional movement patterns of these populations. Particular 
concern in shown by these authors to the excising of wet season ranges caused by 
the erection of these barriers. In East Africa, the use of fencing to aid the rapid pri-
vatisation of rangeland has had a major impact on elephant and wildlife distribution 
whilst proving ineffective at controlling human–wildlife confl ict and indeed engen-
dering a greater degree of human–human confl ict (Okello and D’Amour  2008  ) . 

 More specifi cally, the rules that defi ne short- to long-term elephant movement 
across fences (and therefore the positive selection by this species) in either direc-
tion, i.e. from or to heavily “human-dominated” and “human-sparse” landscapes are 
likely to be primarily based on seasonal and rainfall parameters and food resources. 
Surface water availability often presents the best predictor of seasonal range use 
(Redfern et al.  2003 ; Smit et al.  2007a ; Harris et al.  2008  ) . Landscape topography 
(e.g. avoidance of hills; Wall et al.  2006  ) , corridor linkages (Douglas-Hamilton 
et al.  2005  ) , direct and indirect confl ict with humans (Hoare  1999 ; Sitati et al.  2003 ; 
Dublin and Hoare  2004 ; Knickerbocker and Waithaka  2005 ; Graham et al.  2009a  ) , 
sexual dimorphism in feeding behaviour (Stokke and du Toit  2002  )  and even the 
eco-physiology of temperature thermoregulation (Kinahan et al.  2007  )  are all fur-
ther potential drivers of movement in and out of a fenced, protected area.  

   Carnivore Excursions 

 Lion depredations of livestock are a major cause of local community dissatisfaction 
with the park (K. Ferguson personal observation; 2010; S. Midzi personal communi-
cation; 2010) in terms of human–wildlife confl ict. Lions regularly exit the park via 
the fence and kill livestock (mainly cattle). In June 2009, a lioness was found dead 
near the boundary of the park. She was photographed by camera trap exiting through 
the same scrape under the fence that she had used the previous night (on this occasion 
she killed 16 goats, apparently to teach her elderly cubs how to hunt). Post-mortem 
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results show that she was poisoned by the agro-pesticide carbofuradan, KNP’s fi rst 
recorded case of the use of this agro-pesticide chemical for this purpose. 

 This event illustrates that lions tend to be site-faithful when exiting the park. 
Preference seems to be to exit via rivers, but they can also dig through any part of 
any fence (including the electric fence, though this is likely to be when the current 
is inactive). The only hyena-proof fence at present is the electric fence. Hyenas also 
prefer regular exit routes, and there is some evidence that these routes overlap with 
lion excursion patterns. We conjecture that hyenas follow lions across the fence to 
feed on kills made by lions. 

 Seasonal peaks of carnivore movement across fences may also be related to water 
distribution. Social factors are likely to confound the picture. Dispersing males may 
be more willing to risk fence excursions than established territorial males (D. Keet, 
personal communication; 2009). 

 We also endorse Anthony’s  (  2006  )  recommendation that as far as human–lion 
confl ict is concerned there is a pressing need to harmonise the response between the 
provincial and park authorities to the lethal control of this species. A compensation 
scheme which positively rewards good husbandry techniques (particularly, effi cient 
nocturnal kraaling) whilst at the same time fi nancially remunerating verifi ed live-
stock losses should be considered by SANParks as a less wasteful alternative to 
direct killing.  

   Large Ungulates and Fencing Impacts 

 Our buffalo excursion rate was recorded as the second lowest incident rate. Buffaloes 
do not challenge fences directly unless they are being stampeded by predators 
(F. Jori personal observation; 2009) and otherwise they react to all fences in a pas-
sive manner. The low level of buffalo incidents (elephants are 27 times more likely 
to exit the park than buffaloes) may indicate that the fence workers did not easily 
record buffalo spoor in the vicinity of a fence break. This may be due to the heavy 
presence of cattle spoor on the outside fence track and the large number of buffalo 
dung piles that accumulate along the inner fence track (evidence from dung pile 
transect data). Buffalo herds regularly use the fence track and a “parallel path” cre-
ated by wildlife which runs along the fence track (up to 100 m within the park 
boundary fence). The hypothesis that buffaloes track elephant fence breaks has not 
been substantiated, although overlap in the density of fence incidents between these 
two species does exist. The importance of bachelor herds/solo “dagga boys” vs. the 
mixed herd’s use of the interface needs to be examined. Buffaloes are often chased 
back into the park by helicopter and only euthanised if they prove too troublesome 
to direct back inwards. Solitary males seem to make extensive home range use of 
areas near fencing and on occasion spend large periods of time outside of the park 
(K. Ferguson personal observation; 2009). Whilst it is generally accepted that habit-
ual fence excursions by elephants are common, the movements of buffaloes across 
fences have so far received little attention. How “habitual” are the buffaloes that are 
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crossing the boundary and whether there is a sexual dimorphism or demographic 
variability in the profi le of “escapees” remain to be studied.  

   Species Interactions and Overlaps at Fence Breaks 

 Fence permeability data and maps can be used to detect general overall trends in 
fence excursions between species. It is clear from the maps we have produced that 
all species benefi t from the damage caused by elephants, especially in terms of this 
species facilitating the excursions of other large mammals through the dilapidated 
“old” sections of fencing (although the rate of excursions of “diggers” such as lion 
and hyena are not limited by a low number of elephant breakages). 

 However, we must add the caveat that the data interpretation in this regard is 
limited because elephant breaks can extend for up to 50 m in length whilst a lion 
“scrape” may be less than a meter in width (GPS accuracy is between 6 and 10 m, 
further complicating direct referencing of inter-species facilitation of movement). 
Therefore, we did not fi nd a statistically proven correlation between elephant breaks 
and the movements of some species (e.g. buffaloes). 

 We have also recorded that the current fence contractor is using unsuitable (it can 
be used to make heavy-duty snares) 13 mm cable in the construction of the new “I” 
beam fence. It remains a future possibility that human theft of cable from the new 
“I” beam fence may weaken the structure and allow elephants and buffaloes to cross 
at the same point along the fence with the former facilitating the release of the latter.  

   Limitations and Biases of the FISS Method 

 Spatial permeability to fences by this guild of large mammals is determined by 
multiple factors, the most important of which are species abundance and distribu-
tion. Species-specifi c behavioural mechanisms for circumventing these barriers will 
be predicated by the type of fence (and its state of maintenance), the landscape that 
the fence is embedded in (including access to water points) and the biology of the 
species in the surrounding matrix (e.g. density, social structure). Temporal perme-
ability will be affected by the above factors but also by the abundance and location 
of the resources that “drive” each species to cross this hostile barrier. Our analysis 
of these multiple factors and the processes which underpin these animal “excur-
sions” is currently focussing on readily observable patterns of fence damage as this 
is the easiest and most sustainable way of building up a database of events. Further 
research, including telemetry of key species, will be needed to unravel the complex 
sequence of events that have emerged in terms of fence excursion rates and timing. 

 The discernment of FISS patterns for each species is not without its limitations. 
Human observer bias is likely and whilst the fence workers can estimate the spatial 
and temporal frequency of species excursions from spoor, they cannot estimate the 
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number of animals involved in each incident (unlike other studies that use spoor 
density indices, e.g. Houser et al.  2009  ) . However, broad agreement between FISS 
patterns and a second questionnaire-based fence permeability method (Jori et al. 
 2011 ) suggests that that interpretations of spoor reading may not be a signifi cant 
source of bias. The majority of fence workers experienced few problems related to 
the use of the Pocket PC and these were overcome with time and extra training.  

   Fences and Human Neighbours 

 It has been estimated that at least two million people reside within 50 km of the 
KNP western boundary fence (Pollard et al.  2003  ) . The demise of the tsetse fl y 
allowed an expansion of agriculture and increased human densities which often 
exceed 300 persons/km for some communal areas (Pollard et al.  2003  ) . 

 The mixture of private and subsistence farming adjacent to the western boundary 
of the park has meant that park fencing is viewed by these bordering constituents in 
different ways. In the past, protection of commercial livestock from disease would 
have been seen as a greater priority than protecting indigenous people from direct 
confl ict with wildlife (Wels  2000  ) . 

 The dual role of the fence, as a barrier to disease and a barrier to more direct 
human–wildlife confl ict, has been the single most important reason for the lack of a 
coherent strategy by the park authorities in terms of monitoring and mitigating the 
fence impacts on people and wildlife (e.g. “fences” are rarely mentioned in park 
management plans; Ferguson  2009a,   b  ) . 

 Anthony  (  2006  )  has highlighted the disparity in equity between the park and its 
indigenous neighbours. Although there has been no direct attitudinal survey of the 
local people to fi nd out their views on the Kruger fence, we can extrapolate to a 
degree from the fi ndings of other studies of the effects of animal movements across 
Kruger fences on the perception of local people. 

 Anthony  (  2006  )  has suggested that the “fences and fi nes” approach to Kruger 
park management will be increasingly more problematic to enforce. Local popula-
tions often only interact with the park authorities after human–wildlife confl ict inci-
dents or when they are caught within the park whilst illegally harvesting resources. 
The fence engenders in some villagers a feeling of security against wild animal 
depredations, although this attitude could change quite rapidly (see Knickerbocker 
and Waithaka  2005  ) . To others, the fence is undoubtedly viewed as a symbol of 
oppression – or even a “white signature” scarring the land and acting as a metaphor 
of appropriation (   Wels  2000 ; Spierenburg and Wels  2006 ; but see    Wolmer  2007  ) . 
The theft of fence components or the vandalism of the fence may be in part due to 
resentment towards the park and partly a means of subsistence or making a profi t. 
The irony is that the creation of a greater permeability fl ow of dangerous animals 
due to humans weakening the fence structure should be noted. 

    Lagendijk and Gusset  (  2008  )  found that 52% of respondents who lived along the 
border of KNP owned livestock and 81% had lost animals to wild carnivores, the 
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implication here being that none of the fences are predator-proof and currently no 
plans exist to upgrade any KNP fences to this standard.   

   Conclusion 

 The FISS methodology that we have tested highlights the need for a continuation of 
fence permeability monitoring and we suggest that participatory monitoring and the 
communal management of fences should also be encouraged (Ferguson  2009a,   b ; 
Lindenmayer and Likens  2009  ) . 

 The “edge” (buffer or boundary) of any protected area represents the “soft under-
belly” of conservation efforts (Woodroffe and Ginsberg  1998  ) . In the Kruger case, 
the fence acts as a mediator between two different organisational systems (protected 
areas and communal lands; Newmark  2008  )  and two management regimes with dif-
ferent objectives (DAFF and SANParks). For the adjoining human communities, the 
fence has both symbolic and practical implications (Spierenburg and Wels  2006  ) : it 
demarcates mobility in relation to the boundary and in certain cases requires to be 
negotiated either physically or in terms of fi nancial loss if epizootic disease or dan-
gerous animals permeate through. 

 For animal species that require access to resources outside the park (the seasonal 
movements of some species, in the KNP case study, may also represent an innate 
westerly drift through “corridors past”) the fence represents a “gateway” into a more 
dangerous anthropogenic setting. Many of the species observed at the fence will 
make strenuous efforts (including self-harm) to gain rapid access back into the park. 
There is much to learn about fence interface interactions and the various factors that 
regulate species movement in terms of the “movement resistance” across the land-
scape created by fencing. These lessons cannot be learned without the long-term 
application of a robust fence monitoring system (Lindenmayer and Likens  2009  ) . 

 In the future, we foresee that the concept of “ SMART ”  (specifi c, measurable, 
achievable, realistic and targeted)  fencing will more often be applied. We defi ne 
this as fencing that attempts to be more sensitive to the “grain” of ecological land-
scapes and in “tune” with ecological processes (such as migration, wherever possi-
ble). For example, should the opportunity arise (and cost permitting) for the 
placement of fencing in direct relation to iso-height contours or that encompasses 
external water points rather than excluding these variables by means of a straight 
fenceline, then this may be a more preferable outcome for a protected area. 

 We speculate that in any given year, within the southern African sub-region, the 
amount of kilometre of fence that will be erected will be much greater than the 
lengths of fence removed due to the expansion of transfrontier or game conservancy 
conservation policies. Therefore, it is important that the confl ict that ensues around 
fencing is seen as part of the general human–wildlife confl ict. 

 Furthermore, intensifying rates of climate change may have unforeseen conse-
quences for animal movement in relation to fencing and protected area boundaries 
(Ogutu and Owen-Smith  2003  ) . 
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 The “One Health” (Osofsky et al.  2008  )  approach to human–wildlife interface 
dynamics is a promising start that seeks to place fencing in a proper context, and 
perhaps the use of fences as a “blunt” instrument will give way to more wildlife 
friendly modes of animal (both wildlife and livestock) movement control. 

 It is our hope that our standardised method of collecting permeability data can be 
harmonised across the sub-region and perhaps lead to an information-driven regional 
position encompassed within a  Pan Southern   African Fences Charter  that will seek 
to lay down guidelines for the judicious erection and/or the removal of these unnatu-
ral barriers. It is not possible to ignore the role that fences play in the agricultural 
sector and they will continue to play a major role in protected area and animal dis-
ease management.      
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          Introduction 

 As wildlife-rich habitats shrink in size and become isolated within areas degraded 
by human activities, the importance of ensuring that wildlife can move between 
species-rich areas has increased, leading to greater emphasis on landscape planning 
and the creation, maintenance and quality of wildlife corridors, including those that 
cross national boundaries (Newmark  1996 ; Smith et al.  1998 ; Puth and Wilson 
 2001 ; Hofer et al.  2004 ; Chetkiewicz et al.  2006  ) . Fences that prevent the move-
ment of wildlife are at odds with this new paradigm, but may provide conservation 
benefi ts to specifi c areas or species (Hayward and Kerley  2009  ) . Fences, as a form 
of demarcation of land, have an ancient history, and the extent to which they have 
been used in agricultural landscapes is infl uenced by cultural traditions (Rackham 
 2003  ) . Tradition, and construction and maintenance costs are probably the key fac-
tors that have infl uenced the extent to which fences have been used as a wildlife 
management tool in different countries. This may explain why in southern Africa, 
conservation areas are often fenced, whereas in eastern Africa few conservation 
areas have been fenced. 

 The Serengeti National Park (SNP) in northern Tanzania (Fig.  8.1 ) covers an area 
of 14,763 km 2 . It is surrounded by a network of protected areas that together encom-
pass the majority of the Serengeti ecosystem that spans the international border 
between Tanzania and Kenya. This ecosystem (also termed the Serengeti-Mara eco-
system or the Serengeti ecological unit) is defi ned as the approximately 25,500 km 2  
covered by migratory herbivores during their annual migration (Schaller  1972 ; 
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Sinclair  1979,   1995  ) . The vast migratory herds drive many key  ecosystem processes, 
including plant community dynamics (McNaughton  1990 ; McNaughton and 
Banyikwa  1995  )  and predator–prey interactions (e.g. Hanby and Bygott  1979 ; Hofer 
and East  1993a–c ). Given the disastrous effect of fences on herbivore migrations 
elsewhere in Africa (e.g. Williamson and Williamson  1984 ; Spinage  1992  )  there can 
be little doubt that fencing the SNP would be entirely detrimental to the annual her-
bivore migration, and thus the entire Serengeti ecosystem.  

 In this chapter we consider whether the vast size of SNP and associated protected 
areas is suffi cient to minimise sources of human–wildlife confl ict between the SNP 
and local people, and whether non-physical barriers reduce such confl ict. We start by 
briefl y describing the protected areas that surround the SNP. We then consider three 

  Fig. 8.1    The Serengeti National Park and surrounding protected areas (Ikorongo Game Reserve, 
Grumeti Game Reserve, Maswa Game Reserve, Ngorongoro Conservation Area, Loliondo Game 
Controlled Area) plus boundaries of administrative districts. The Western Corridor is the area of 
the Serengeti National Park that extends westwards towards Lake Victoria       
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key forms of human–wildlife confl ict: predation of livestock by wild carnivores, the 
illegal offtake of bushmeat by local hunters and the transmission of infectious patho-
gens between domestic animals and wildlife. We discuss predation by wild carni-
vores in terms of the economic cost of livestock losses to farmers, consider how the 
costs and benefi ts of hunting determine the spatial distribution of hunting activities 
and review the use of mass vaccination campaigns to induce non-physical barriers of 
immunity against the spread of three pathogens, two  Morbilliviruses  that are rela-
tively new to Africa (rinderpest and canine distemper virus [CDV]) and one virus 
with a more ancient history in Africa (rabies).  

   The Protected Areas and Surrounding Communities 

 The SNP is administered by the Tanzania National Parks Authority. Photographic 
tourism is permitted in the SNP but hunting, human settlements, crop cultivation, 
livestock grazing and domestic animals are not permitted. Along its western edge 
are three game reserves (GRs), the Ikorongo GR, Grumeti GR and Maswa GR 
(Fig.  8.1 ), that form buffer-zones between the SNP and mostly subsistence farming 
communities that grow crops and rear livestock (Loibooki et al.  2002  ) . Communities 
to the west of the SNP practice bushmeat hunting, for home consumption and to 
generate income through the sale of dried meat (Hofer et al.  1996 ; Loibooki et al. 
 2002  ) . The Wildlife Division of the Ministry for Natural Resources, Environment 
and Tourism administer GRs and the Loliondo Game Controlled Area (LGCA) to 
the east of the SNP. Only licensed hunting is permitted in GRs and the LGCA. Crop 
cultivation, livestock grazing and human settlements are not permitted in GRs. The 
Ngorongoro Conservation Area (NCA) and LGCA are mainly inhabited by low 
density pastoralist communities that rarely hunt bushmeat (Campbell and Hofer 
 1995  ) . The NCA is a multiple land use area administered by the NCA Authority. To 
the north, across the international border is the Masai Mara National Reserve 
(MMNR) in Kenya (Fig.  8.1 ). We will refer to the SNP and its associated protected 
areas as the protected area (PA) of the Serengeti ecosystem. 

 In the SNP, apparent anthropogenic effects are limited and natural ecosystem 
processes mostly predominate. Beyond the PA, particularly in the west, human 
activities and those of domestic animals and livestock predominate. Recently, the 
term Serengeti ecological region has been applied by studies in areas well beyond 
the western limit of the Serengeti ecosystem (e.g. Cleaveland et al.  2000 ; Lembo 
et al.  2008 ; Kaare et al.  2009  )  – an important point to bear in mind.  

   Livestock Predation 

 Farmers worldwide view wild carnivores as a threat to their livestock and as a result 
many carnivore species have been exterminated from much of their historic range 
(Nowell and Jackson  1996 ; Mills and Hofer  1998 ; Treves and Karanth  2003  ) . Here 
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we examine human–predator confl ict in terms of livestock predation reported by farm-
ers living close to the western boundary of the PA. We recognise that the number of 
livestock losses claimed by farmers may not be strictly accurate, but consider esti-
mates of this kind to reveal the level of confl ict farmers perceive they have with wild 
carnivores and provide a rough index of livestock predation. 

   Livestock Predation in Areas West of the Protected Area 

 Between 2001 and 2002 the economic costs of different causes of livestock loss 
were surveyed in 21 villages close to the western boundary of the PA (Nyahongo 
 2004  ) . A total of 210 livestock owners were interviewed, representing ten farmers 
from seven randomly selected villages in each of three administrative districts 
(Serengeti, Bunda and Magu Districts, Fig.  8.1 ). Respondents tallied their livestock 
losses during the preceding 5 years and allocated losses to four categories: preda-
tion by wild carnivores, disease, theft and animals that strayed when herds were 
moved to and from grazing or watering areas. The estimated economic cost of live-
stock losses in these categories (Tables  8.1  and  8.2 ) was based on the approximate 
value of an adult cow of US$50 and of an adult goat or sheep of US$12 (Nyahongo 
 2004  )  even though the price received at sale would depend on size and condition 
(Loibooki et al.  2002  ) .   

 In all three districts, the largest reported livestock loss (cattle, Table  8.1 ; sheep 
and goats combined, Table  8.2 ) was caused by disease (US$202, 409 and 110 per 
farmer, per year in Serengeti, Bunda and Magu districts respectively, Tables  8.1  
and  8.2 ). These losses were several times higher than losses from other causes, 
 including losses caused by predation (US$52, 119 and 36 per farmer per year in the 
three districts, respectively, Tables  8.1  and  8.2 ). Furthermore, the likelihood of a 
 carnivore attack on livestock was low, given that only 20% of those surveyed 
reported one or more predator attacks per annum. Farmers in all three districts 
reported a similar relative importance for the four categories of loss for cattle 
(disease >> theft > predation > strayed) and the same was true for losses of goats and 

   Table 8.1    Reported losses of cattle per household per year (mean ± SE) and their value in US-$ 
equivalents   

 Cause of loss 

 Animals/household/year  US$/household/year 

 Serengeti 
district 

 Bunda 
district 

 Magu 
district 

 Serengeti 
district 

 Bunda 
district 

 Magu 
district 

 Strayed  0.4 ± 0.1  1.6 ± 0.3  0.5 ± 0.1  20  80  25 
 Predation  0.9 ± 0.3  1.9 ± 0.5  0.6 ± 0.1  45  95  30 
 Theft  1.3 ± 0.4  2.6 ± 0.4  1.1 ± 0.2  65  130  55 
 Disease  2.8 ± 0.5  7.3 ± 1.4  1.4 ± 0.3  140  365  98 
 Total losses  5.4  13.4  3.6  275  670  280 

     The average price of one cow in 2002 was approximately US$50  
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sheep (disease >> predation > theft = strayed). Losses caused by predation may have 
been overestimated because they are based on the average sale price of an adult 
animal of reasonable size and condition, whereas some animals taken by predators 
might have been in poor condition or might have died before reaching adulthood. 
There was considerable variation in the number of livestock owned by farmers, 
with some owning few or no livestock and others owning large herds (e.g. 490 
cattle plus 270 sheep). Ownership of a large cattle herd is an important source of 
income and prestige, and a resource used to acquire wives through the presentation 
of between 2 and 16 animals to the bride’s family (Loibooki et al.  2002  ) . For a 
farmer with few livestock, the loss of any livestock to predators can represent a 
considerable economic loss. For farmers with an average sized herd (with approxi-
mately 18 cattle and 9 sheep/goats) the value of such a herd, based on the price of 
adult animals, would be approximately US$1,008 and the maximum loss of live-
stock to predators per year (reported by farmers in Bunda District, Tables  8.1  and 
 8.2 ) of approximately 2 cows and 2 sheep or goats would represent roughly US$124 
per year, whereas the minimum loss (reported in Magu District) of approximately 
1 cow and 0.5 sheep or goats would represent US$56 per year. A study of livestock 
losses in 2004 (Holmern et al.  2007  )  estimated that only 27% of the 481 house-
holds surveyed claimed to have lost livestock to predators. For these households, 
the estimated annual value of losses to predators was US$98 per household and 
similar to those estimated in 2001/2002. There are no government schemes to com-
pensate farmers for livestock killed by wild carnivores. However, some pastoralists 
living to the east of the SNP are compensated for livestock killed by African wild 
dogs  Lycaon pictus  through a scheme run by local communities and funded by 
tourist companies. 

 Predator attacks west of the PA occurred predominantly (98%) at night on live-
stock in protective enclosures. Most attacks were on goats or sheep, and involved 
small groups of 1–3 spotted hyenas  Crocuta crocuta  (83% of 143 claimed witnessed 
attacks). Attacks by lions  Panthera leo  and leopards  Panthera pardus  were rarely 
witnessed; all six observed lion attacks were on cattle. Predation of cattle caused 
greater resentment among farmers than predation of goats or sheep, probably 
because of the larger economic loss involved (Nyahongo  2004  ) . 

   Table 8.2    Reported losses of sheep and goats per household per year (mean ± SE) and their value 
in US-$ equivalents   

 Cause of loss 

 Animals/household/year  US$/household/year 

 Serengeti 
district 

 Bunda 
district 

 Magu 
district 

 Serengeti 
district 

 Bunda 
district 

 Magu 
district 

 Strayed  0.4 ± 0.1  1.5 ± 0.3  0.2 ± 0.1  4.8  18.0  2.4 
 Predation  0.6 ± 0.1  2.0 ± 0.5  0.5 ± 0.1  7.2  24.0  6.0 
 Theft  0.4 ± 0.1  1.5 ± 0.3  0.2 ± 0.1  4.8  18.0  2.4 
 Disease  5.2 ± 1.0  3.7 ± 0.7  1.0 ± 0.1  62.4  44.4  12.0 
 Total losses  6.6  8.7  1.9  79.2  104.4  22.8 

  The average price per sheep or goat in 2002 was approximately US$12  
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 The density of livestock outside the western boundary of the PA was far higher 
(38.0 ± 4.1 animals km −2 ) than the density of wild herbivores (2.8 ± 0.01 ani-
mals km −2 , Nyahongo et al.  2005  ) . Given such a high livestock density, why don’t 
wild carnivores kill livestock more often? Possibly because the density of wild 
 herbivores inside the SNP is equivalent to or higher than livestock densities outside 
the PA, and hunting livestock protected in enclosures and guarded by domestic dogs 
and people may be risky (Nyahongo et al.  2005  ) . The spotted hyena, the carnivore 
most often observed attacking livestock, chiefl y preys on brindled wildebeest 
 Connochaetes taurinus , plains zebra  Equus burchelli  and Thomson’s gazelle  Gazella 
thomsoni  (Hofer and East  1993a,   b ; Höner et al.  2005  ) . These herbivore species are 
predominantly migratory in the Serengeti ecosystem except for a small resident 
population of wildebeest in the western corridor of the SNP (Fig.  8.1 ). Migratory 
movements of these prey species are mostly restricted to the PA and result in large 
temporal fl uctuations in prey density in spotted hyena clan territories inside the SNP 
(Hofer and East  1993a,   b  ) . As a result, the total population of approximately 5,300 
spotted hyenas in the SNP (Hofer and East  1995  )  regularly travel long distances 
from their “home” territory to forage in areas in the PA that contain large concentra-
tions of migratory herbivores (Hofer and East  1993b,   c  ) . It is probably more benefi -
cial and less risky to forage in distant areas with high densities of preferred migratory 
prey species than risk attacking livestock in villages. 

 Although farmers generally think that livestock predation is caused by carni-
vores from the SNP (Loibooki et al.  2002  ) , how likely is this? Spotted hyena preda-
tion on livestock does not decline with distance from the PA boundary, whereas 
predation by large cats does (Holmern et al.  2007  ) . This suggests that attacks on 
livestock by large cats are probably caused by animals from the SNP or PA, whereas 
most spotted hyena attacks involve members of resident clans outside the PA. The 
suggestion that wild carnivores in protected areas preferentially hunt natural prey 
rather than livestock is consistent with the fi nding that the number of carnivores 
killed in retaliation for livestock predation in areas around Tarangire and Manyara 
National Parks in Tanzania, was small in villages close to these parks and increased 
in villages at greater distances from these parks (Kissui  2008  ) .  

   Livestock Predation in Other Areas of East Africa 

 In areas surrounding Tarangire and Manyara National Parks in Tanzania, the largest 
cause of livestock loss was also attributed to disease; predation accounted for mini-
mal losses (Kissui  2008  ) . On commercial farmland in Laikipia District, northern 
Kenya, in an area without any formally protected reserves, predation levels by wild 
carnivores (lion, leopard, cheetah  Acinonyx jubatus , spotted hyena, striped hyena 
 Hyaena hyaena  and African wild dog) were similar to those west of the SNP and 
although tolerance of wildlife was high, the incidence of retaliatory killing of wild 
carnivores was related to the number of livestock thought to have been killed by 
wild carnivores (Ogada et al.  2003  ) .  
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   Conclusions 

 Although farmers living close to the western boundary of the Serengeti PA suffered 
economic losses caused by livestock predation, these losses were minor compared 
to those caused by disease. The belief that all livestock predation is caused by wild 
carnivores from the SNP or PA is not consistent with current evidence and should 
be tested rather than assumed. Currently, the spotted hyena population in the SNP 
chiefl y prey on migratory species throughout the year even though this requires 
regular long-distance foraging trips to areas with high densities of migratory herbi-
vores. For this reason it is likely that livestock losses outside the PA will remain low, 
provided high densities of the preferred prey of spotted hyenas are preserved inside 
the PA. The economic losses suffered by farmers from livestock predation would 
best be ameliorated by processes that reduced the current high loss of livestock to 
disease such as improved veterinary services and education on animal husbandry. 
At a local level, community initiatives to compensate farmers for livestock killed by 
predators can also be a useful tool to decrease predator-human confl ict. Several 
studies of livestock predation by wild carnivores in East Africa suggest that more 
robust “carnivore-proof” enclosures would decrease predation (e.g. Ogada et al. 
 2003 ; Nyahongo  2004  ) , but the material costs (when fencing materials are pur-
chased) and opportunity cost (time spent collecting fencing material from a distant 
commercial supplier or from local natural resources, plus the time spent construct-
ing and maintaining enclosures rather than on other activities) appear a suffi cient 
disincentive (at the current low level of predation) to greater investment in overnight 
enclosures. 

 As already mentioned, wildlife-proof fences would damage ecosystem processes 
in the PA should they be employed as a management tool to decrease human–wild-
life confl ict. Furthermore, the extremely high cost of constructing, maintaining and 
patrolling a wildlife-proof perimeter fence around an area the size of the SNP (or 
the entire PA) would exceed, by many orders of magnitude, the cost of crop damage 
or livestock predation caused by wildlife. As fencing materials are a useful resource, 
any section of fence that was not regularly patrolled would probably be dismantled 
by locals and used elsewhere or sold for profi t. Well administered compensation 
schemes for local farmers, based on a quantifi cation of losses caused to wildlife 
and/or the provision of improved agricultural and livestock education facilities and 
extension services would most likely be far less expensive than fencing and more 
effective at decreasing human–wildlife confl ict.   

   Bushmeat Hunting 

 Prior to the establishment of the current boundaries of the SNP and PA, bushmeat 
hunting was practiced by communities living in the west of the Serengeti ecosystem 
(Turner  1987  ) . The establishment of the SNP in the 1950s outlawed hunting inside 
the park and permitted hunting only under licence in the adjacent GRs, yet (illegal) 
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bushmeat hunting continued in the west of the PA, to obtain meat for home 
 consumption and to generate income through the sale of dried meat and hides 
(Arcese et al.  1995 ; Campbell and Hofer  1995 ; Hofer et al.  1996 ; Mduma et al. 
 1998 ; Loibooki et al.  2002 ; Nyahongo  2004  ) . The current level of illegal bushmeat 
hunting is considerable and has resulted in the local extinction of resident herbi-
vores in some areas of the SNP (Arcese et al.  1995 ; Campbell and Hofer  1995  ) . 
Hunters mainly use inexpensive methods such as wire snares (Fig.  8.2 ), self-made 
traps and poisoned arrows (Turner  1987 ; Arcese et al.  1995 ; Nyahongo et al.  2005  ) . 
The vast majority of hunters walk from their villages to hunting areas inside the PA. 
Some hunters establish camps in concealed areas so that they can operate for an 
extended period inside PA and employ porters to carry accumulated dried meat out 
of the PA (Arcese et al.  1995 ; Hofer et al.  1996  ) .  

   Distance Barriers and Costs of Illegal Bushmeat Hunting 

 Several spatial models have explored the pattern and extent of illegal hunting in the 
PA and these models can then be tested using empirical data (Campbell and Hofer 
 1995 ; Hofer et al.  1996,   2000  ) . These models assumed that illegal hunters weigh 
the costs and benefi ts of hunting in different areas as a function of a number of 
spatially explicit variables such as their travel distance to and from a hunting area, 
the proximity of hunting areas to ranger posts, habitat quality and the likelihood of 

  Fig. 8.2    A spotted hyena in the Serengeti National Park with a wire snare through its mouth       
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detection by ranger patrols. These models were conservative in that they calculated 
the benefi t obtained from illegal hunting on the basis of the distribution of relatively 
low density populations of resident herbivores and ignored the potential benefi t-
enhancing, temporary, yet unpredictable presence of large concentrations of migra-
tory herbivores. 

 In a recent model (Hofer et al.  2000  ) , the costs of hunting included the logistic 
effort of travelling by foot to hunting areas, the penalty incurred if arrested, capital 
invested in hunting equipment and the opportunity cost of hunting. The benefi t was 
the income obtained from the sale of bushmeat from resident species. Results from 
the model suggested travel distance and investment in hunting equipment were key 
costs and that the cost of travel was suffi cient to prevent extensive illegal bushmeat 
hunting by local communities deep inside the SNP (Hofer et al.  2000  ) . This is con-
sistent with other studies of bushmeat hunting that have found travel distance to be 
a signifi cant barrier to illegal hunting and a signifi cant factor determining the spatial 
distribution of illegal hunting (Nyahongo et al.  2005 ; Ling and Milner-Gulland 
 2008  ) . Furthermore, local people have migrated from distant villages to settle in 
villages closer to the boundary of the PA, resulting in an unusually high population 
growth in these villages during the 1980s (Hofer et al.  1996  ) . One likely reason for 
moving close to the PA boundary would be to minimise travel distance and increase 
the economic benefi t obtained from bushmeat hunting (Hofer et al.  1996  ) . 

 Opportunity costs are probably not important for bushmeat hunters because 
available alternative sources of income provided low economic returns (Hofer et al. 
 2000  ) . It is worth noting that the returns from bushmeat hunting in terms of meat for 
home consumption, to trade for other commodities or to generate income (Loibooki 
 1997 ; Section “Economic Benefi ts of Illegal Bushmeat Hunting”) are likely to be 
greater than the returns gained from small herds of livestock, and this may explain 
why few livestock owners invest heavily in terms of time or money in night-holding 
areas for livestock, when in any given year the probability of a predator attack is low 
(see Section “Livestock Predation”; Holmern et al.  2007  ) . 

 The results of Hofer et al.  (  2000  )  also indicated that the cost of arrest was not an 
important factor for hunters because their chance of arrest was very low. Certainly, 
most bushmeat hunters use inconspicuous wildlife capture techniques that are hard 
to detect such as wire snares, and are chiefl y active at night (Arcese et al.  1995 ; 
Hofer et al.  1996 ; Loibooki et al.  2002 ; Nyahongo  2004  ) . Hunters can also reduce 
their chance of arrest by operating in areas with dense vegetation and complex 
topography that are rarely patrolled by rangers (Campbell and Hofer  1995  ) . A com-
bination of these factors may explain why high hunting effort can occur close to 
some ranger posts in the PA (Nyahongo et al.  2005  ) . 

 Despite high livestock densities close to the PA boundary, livestock is not often 
taken inside the PA, possibly because livestock owners, in contrast to bushmeat 
hunters, consider the chance of detection and fi nancial penalties (fi nes or confi sca-
tion of livestock) too high in relation to the benefi t gained from illegally acquired 
forage and water for their stock (Nyahongo et al.  2005  ) . Furthermore, owners of 
medium to large livestock herds are relatively wealthy members of local communi-
ties and rarely engage in illegal bushmeat hunting (Loibooki et al.  2002  ) .  
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   Economic Benefi ts of Illegal Bushmeat Hunting 

 Expected returns from the sale of dried bushmeat are high, and dried bushmeat is 
both a substantial component of the local economy and a signifi cant source of pro-
tein to local communities (Loibooki  1997 ; Loibooki et al.  2002 ; Nyahongo  2004  ) . 
Migratory herbivores supply the bulk of bushmeat illegally taken from the Serengeti 
ecosystem (Arcese et al.  1995 ; Hofer et al.  1996 ; Nyahongo et al.  2005  ) . Of the 
approximately one million people living within 45 km of the western boundary of 
the PA (Campbell and Hofer  1995  ) , an estimated 52,000 people are involved in 
illegal hunting activities inside the PA (Loibooki et al.  2002  ) . It is likely that there 
is a link between poverty and illegal bushmeat hunting in the PA given that owners 
of livestock in communities west of the PA were signifi cantly less likely to say that 
they practised bushmeat hunting than those that owned few or no livestock, and 
hunters arrested inside the SNP were predominantly young, poorly educated males 
that owned few or no livestock (Loibooki  1997 ; Loibooki et al.  2002  ) . Arrested 
hunters may not be a representative sample of hunters operating in the SNP (possi-
bly being younger, poorer and more likely to take risks that result in arrest than 
more experience hunters), but today’s less experienced hunters may become tomor-
row’s experienced hunters that generate much of their annual income from illegal 
bushmeat (Loibooki  1997  ) . A link between income and bushmeat hunting was also 
apparent in the Udzungwa Mountains in Tanzania, where people who said that they 
practised bushmeat hunting were from poorer households than those who said they 
were not bushmeat hunters (Nielsen  2006  ) .  

   Does the Vast Size of the Serengeti Ecosystem Protect All Species? 

 The vast size of the PA clearly does provide resident herbivores that live at a dis-
tance from the PA boundary with protection against illegal bushmeat hunting. 
Equally clearly, the size of the PA is insuffi cient to provide large numbers of migra-
tory herbivores and resident wildlife close to the western boundary of the PA with 
full protection against bushmeat hunters. This is particularly the case for areas of 
the SNP close to sections of the SNP boundary without a game reserve to act as a 
buffer-zone between the park and local communities (Nyahongo et al.  2005  ) . 

 Wire snares are a non-selective hunting method that capture both target and non-
target species. If wire snares are not cleared from an area they remain a potential threat 
to wildlife. Snares capture, injure or kill many non-target species as by-catch (Hofer 
et al.  1996  )  and are a particularly severe threat to spotted hyenas in the SNP (Fig.  8.2 ). 
This is because spotted hyenas regularly travel long-distances to feed in areas where 
bushmeat hunters are likely to set snares (Hofer et al.  1993  ) . When large concentra-
tions of migratory herbivores move through the western areas of the PA, bushmeat 
hunting in these areas signifi cantly increases in intensity (Nyahongo et al.  2005  )  with 
the result that about 8% of spotted hyenas from social groups throughout the SNP are 
annually killed as a form of by-catch in wire snares (Hofer et al.  1993,   1996  ) .  
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   Conclusion 

 Currently, the vast size of the SNP and the fact that the park lies at the centre of an 
extensive network of protected areas is suffi cient to provide populations of most 
resident species within the SNP with some protection against bushmeat hunters. 
Even so, migratory herbivores and wide-ranging species that venture close to the 
western boundary of the PA are particularly at risk from wire snares. By increasing 
the cost of travel by foot, buffer-zones around the SNP form a relatively effective 
distance barrier against extensive bushmeat hunting deep within the SNP. Two fac-
tors associated with bushmeat hunters are poverty and a low level of education. The 
development of environmentally appropriate income generating activities in col-
laboration with local communities where the number of livestock per inhabitant is 
low would help to reduce both poverty and bushmeat hunting. An improvement in 
the level of education within such disadvantaged communities would also likely 
achieve similar benefi cial results. In comparison, and for the reasons that have 
already been outlined, fencing the SNP would result in a massive waste of money 
and be detrimental to this ecosystem. Given that the majority of the estimated 
11,950 tons of wild herbivore meat illegally harvested each year from the PA (Hofer 
et al.  1996  )  comes from migratory species, any detrimental effect on migratory 
herbivore populations (which would be considerable should the SNP be fenced) 
would cause increased poverty and decreased nutrition in local communities. 
Fencing the PA boundary might also undermine tourist facilities established by 
communities close to the PA to generate income for the community, and generally 
heighten the perception of locals that wildlife in the PA was “reserved” for others.   

   Vaccine Barriers Against Disease Transmission 

 The transmission of diseases between people, domestic animals and wildlife can 
 generate human–wildlife confl ict, as is the case when farmers perceive that their 
income from livestock is reduced by diseases spread by wildlife. For example, some 
UK farmers believe that bovine tuberculosis (TB) caused by the bacterium 
 Mycobacterium bovis  in their cattle herds results from TB spread by infected badgers 
 Meles meles  (McDonald et al.  2008  ) . People or their domestic animals can also 
 transmit diseases to wildlife populations, thereby generating confl ict with the conserva-
tion aims of protected areas, particularly when transmitted diseases threaten populations 
of endangered species. The spread of human diseases to great ape populations (Wallis 
and Lee  1999 ; Ferber  2000 ; Köndgen et al.  2008  )  illustrate this form of confl ict. 

 Barriers of immunity against the spread of many infectious diseases can be cre-
ated through the use of vaccines (Anderson and May  1991  ) . Vaccines have been 
developed that immunise people and domestic animals against many diseases, but 
few vaccines have been developed for wildlife species. The application of vaccines 
developed for one species to another species can produce unwanted side effects, 
such as vaccine-induced disease (Carpenter et al.  1976 ; McCormack  1983  ) . 
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 To be effective, vaccine-induced immunity barriers require a suffi cient proportion 
of susceptible individuals in a population to be immunised. For pathogens main-
tained in one host species, the establishment of an effective immunity barrier in that 
species will eliminate the pathogen from all other infected species that do not inde-
pendently maintain infection. Vaccine-induced immunity barriers against rinderpest 
in domestic cattle and its subsequent elimination from wild ungulate species is an 
excellent example of this effect (see Section “Rinderpest”). In contrast, pathogens 
maintained in multiple host species require immunity barriers in these host species 
before the disease they cause can be controlled. 

 We initially outline a successful vaccine-induced barrier in cattle around the PA 
against rinderpest and why rinderpest control was essential for the health of the vast 
herds of migratory wild ungulates and thus the entire Serengeti ecosystem. Global 
control of rinderpest has been so successful that now rinderpest, like smallpox in 
humans, is thought to have been eradicated worldwide. We then discuss less success-
ful attempts to establish vaccine-induced immunity barriers against rabies and CDV 
in the domestic dog population surrounding the PA aimed at protecting wild carni-
vores in the SNP, and against rabies in the African wild dog population in the PA. 

   Rinderpest 

 Rinderpest probably originated in Asia and was introduced to ungulates south of the 
Sahara in the 1880s, possibly by the movement of infected livestock. As both cattle 
and wild ungulates in sub-Saharan Africa lacked natural immunity to rinderpest, the 
virus rapidly spread through naïve cattle and wild ungulate populations (Sinclair 
 1979 ; Plowright  1982 ; McNaughton  1992  ) . Rinderpest reached Tanzania by 1890 
and informal observations suggest that by 1892 it had killed up to 95% of infected 
cattle. As a result, pastoralist communities lost their livelihoods and suffered famine 
and disease (Plowright and McCullough  1967 ; Plowright  1982 ; McNaughton  1992  ) . 

 In the Serengeti ecosystem, rinderpest caused precipitous population declines in 
many wild ungulate species, including buffalo  Syncerus caffer  and giraffe  Giraffa 
camelopardalis , and also in the large migratory wildebeest population. The substan-
tial decline in the populations of wild herbivores caused by rinderpest resulted in 
major changes to ecosystem dynamics (McNaughton  1992  ) . Wild herbivores that 
survived exposure to rinderpest gained lifelong immunity (as is thought to be true 
for other viruses in the genus  Morbillivirus  such as measles in humans and CDV 
infection in carnivores) and thus contributed to the prevailing level of herd immu-
nity. By 1925, less virulent strains of rinderpest had appeared that chiefl y caused 
mortality in yearlings which unlike calves, no longer received maternally derived 
antibodies (Plowright  1982 ; McNaughton  1992  ) . 

 In the early 1950s, vaccination of cattle against rinderpest began in areas sur-
rounding the SNP, but early vaccines increased calf mortality. The development of an 
attenuated vaccine solved this problem and lead to the start of extensive, regular, 
cattle vaccination programmes in the mid-1950s (Plowright  1982  ) . By the mid-1960s, 
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mass vaccination of cattle had controlled rinderpest in areas surrounding the PA, and 
resulted in a rapid decline in rinderpest antibodies in wild ungulates, with seropreva-
lence in adult wildebeest falling from 100 to 0% in 6 years, and in adult buffalo from 
100 to 0% in 8 years. This demonstrated that rinderpest was maintained in cattle and 
not in wild ungulate populations, as was originally thought (Rossiter et al.  1983, 
  2006 ; McNaughton  1992  ) . Once rinderpest was no longer spread to wild ungulate 
species from cattle, their populations grew rapidly in size. For example, the wilde-
beest population increased from approximately 250,000 in 1961 to about 1.4 million 
by the late 1970s and the buffalo population increased from approximately 30,000 in 
1961 to about 63,000 in 1970 (Sinclair  1979 ; Campbell and Borner  1995  ) . In response 
to this increase in prey, predator populations also signifi cantly increased (Hanby and 
Bygott  1979 ; Hofer and East  1995  ) . There was one fatal outbreak of rinderpest in 
buffalo in the SNP in 1982, possibly caused by the illegal movement of unvaccinated 
cattle through the park (Rossiter et al.  1983  ) . If, as has been suggested, global control 
of rinderpest was achieved by 2010, mass vaccination of cattle surrounding the PA 
may no longer be required.  

   Rabies and Canine Distemper Virus (CDV) 

 Domestic dogs in areas surrounding the PA are infected with CDV and rabies 
(Alexander and Appel  1994 ; Cleaveland and Dye  1995 ; Cleaveland et al.  2000  ) . 
Both these viruses also infect wild carnivore species in the PA (Harrison et al.  2004 ; 
Lembo et al.  2008 ; Goller et al.  2010  )  and SNP (Maas  1993 ; Haas et al.  1996 ; 
Roelke-Parker et al.  1996 ; East et al.  2001 ; Lembo et al.  2008  ) . It has been suggested 
that both rabies and CDV are maintained in the domestic dog population but not in 
wild carnivore populations, and that the control of both these diseases in domestic 
dogs by mass vaccination would result in their elimination from wild carnivore pop-
ulations (e.g. Alexander and Appel  1994 ; Cleaveland et al.  2000,   2006,   2007 ; Lembo 
et al.  2008  ) . This idea has recently been queried by Alexander et al.  (  2010  ) . 

 Although sporadic, limited domestic dog vaccination programmes occurred in 
various locations around the PA in the early 1990s (Alexander and Appel  1994 ; 
Cleaveland and Dye  1995 ; Cleaveland et al.  1999 ; Coleman and Saoli Ole Kina 
 2007  ) . More recently, mass vaccination campaigns were conducted between 1996 
and 2006 (Cleaveland et al.  2003 ; Lembo et al.  2008 , their supplementary Appendix 
S2; Kaare et al.  2009  )  during which domestic dogs were simultaneously vaccinated 
with 1 ml of Nobivac rabies vaccine (Intervet) and 1 ml Puppy DP (Intervet), a vac-
cine against CDV and canine parvovirus (Cleaveland et al.  2003 ; Kaare et al.  2009  ) , 
with Nobivac used as a solvent for Puppy DP (Cleaveland et al.  2003  ) . More exten-
sive domestic dog vaccination campaigns mounted by the Tanzanian government 
during the rabies epidemic (see Section “Mass Vaccination Campaigns from 2002 
Onwards”) administered only rabies vaccine. 

 To create a vaccine-induced immunity barrier against disease transmission, a 
critical proportion of susceptible animals should be immunised (Anderson and 
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May  1991  ) , which for the control of rabies is 70% (Coleman and Dye  1996  ) , and 
probably similar vaccine coverage is required to control CDV (Kommonen et al. 
 1997  ) . The period during which vaccine induced rabies antibody titres persist at the 
level recommended by WHO (  ³  0.5 IU/ml) is infl uenced by many factors, including 
the period elapsed since the last vaccination, the age, nutritional status, parasite 
burden and breed of domestic dog, and the choice of vaccine (e.g. Kitala et al. 
 2001 ; Mansfi eld et al.  2004 ; Minke et al.  2009  ) . Vaccination schedules against 
canine distemper typically recommend that domestic dog pups receive two sepa-
rate doses of vaccine separated by several weeks, and that adult dogs receive vac-
cine every 2–3 years (e.g. Kommonen et al.  1997  ) .  

   Mass Dog Vaccination Campaigns Between 1996 and 2001 

 Between October 1996 and February 2001, four mass domestic dog vaccination 
campaigns were conducted in Serengeti District (Cleaveland et al.  2003  ) , an admin-
istrative area west of the SNP (Fig.  8.1 ). Each animal received vaccine against both 
rabies and CDV (see Section “Rabies and Canine Distemper Virus (CDV)”). The 
total rural dog population for these campaigns was estimated to be 11,664 dogs 
(Cleaveland et al.  2003  ) , a substantially lower fi gure than the 21,635 dogs estimated 
for Serengeti District (19,838 dog in rural areas plus 1,797 dogs in the district’s 
main town) for the period 1991 and 1993 (Cleaveland and Dye  1995  ) . The reason 
for the extreme difference between these two dog population estimates is unclear. 
Comparison of the dog:human ratio of 1:5.9 for 1991–1993 (Cleaveland and 
Dye  1995 ; Hampson et al.  2009  )  update link for years and 1:6.3 for 1996–2001 
(Cleaveland et al.  2003  )  does not indicate that a large decline in the dog population 
occurred between these two studies. 

 The estimated vaccine coverage for the campaigns, based on household surveys 
conducted after the completion of each campaign in June 1997, August 1998, 
August 1999 and February 2001 were 64.5, 61.6, 70.6, 73.7%, respectively 
(Cleaveland et al.  2003 , their Table 2). These estimates differ from those reported 
by Lembo et al.  (  2008 , their Appendix S2) who stated that relatively high vaccina-
tion coverage (>65%) was attained between 1997 and 1999 (quoting Cleaveland 
et al.  2003  ) , and that coverage was lower (35–40%) and more patchy from 2000 to 
2003. Hampson et al.  (  2009  )  also stated that vaccine coverage in Serengeti District 
in 2000 was low (35–40%) and patchy and provided no information on coverage in 
2001 or 2002. We interpret information in both Lembo et al.  (  2008  )  and Hampson 
et al.  (  2009  )  to imply that vaccine coverage achieved by the campaign between May 
2000 and February 2001 was well below the high coverage reported by Cleaveland 
et al.  (  2003  ) . The reason for the signifi cant reduction in the estimated coverage of 
the 2000–2001 campaign is not explained. 

 Cleaveland et al.  (  2003  )  assessed the effi cacy of vaccination campaigns 
between 1997 and 2001 using the monthly incidence of suspected cases of rabid 
dogs recorded by wildlife offi cers between November 1996 and June 1999 in 15 
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vaccination villages and ten control villages in an adjacent district (Musoma, 
Fig.  8.1 ) where no mass vaccination campaigns occurred, and bite cases by sus-
pected rabid dogs recorded at local hospitals between September 1993 and 
December 2001 (both measures extrapolated to a monthly per capita incidence 
using human population census data; Cleaveland et al.  2003 , their Figs. 2 and 3). 
Not all suspected cases of rabies were confi rmed by laboratory tests (see Section 
“Does Rabies Spread from Domestic Dogs to Wild Carnivores in the SNP?”), 
instead reported incidences were judged as to whether or not they involved a rabid 
dog. It is plausible that recorders in Serengeti District would be far less likely to 
judge a bite-case as involving a rabid dog after mass vaccination campaigns had 
occurred than recorders in Musoma District, and hospitals in Musoma District 
would be more likely to administer post-exposure treatment for rabies to people 
bitten by dogs than hospitals in Serengeti District. Cleaveland et al.  (  2003  )  noted 
that the provision of human rabies vaccine by the project to district hospitals 
prompted increased administration of rabies vaccine to people bitten by dogs in 

  Fig. 8.3    Incidences of bites from suspected rabid domestic dogs (per 100,000 people per year) in 
two administrative districts, registered at local district hospitals. ( a ) Serengeti district: monthly 
incidence rates between 1988 and 1992 and between 1994 and 1996 ( short-dashed line ) were 
extracted from Lembo et al.  (  2008 , their Fig. 4), and between 1994 and 2000 ( solid line ) from 
Cleaveland et al.  (  2003 , their Fig. 3) and summed for each year. Because the data in Cleaveland 
et al.  (  2003 , their Fig. 3) only start in February 1994, we added the value for January 1994 extracted 
from Lembo et al.  (  2008 , their Fig. 4) to provide an annual estimate. Yearly incidence rates between 
2002 and 2006 were obtained from Hampson et al.  (  2008 , their Table 1). The upper estimate ( long-
dashed line ) included all bite injuries whether or not the biting animal was a suspected rabies case. 
( b ) Ngorongoro district: monthly incidence rates between 1999 and October 2003 ( dashed line ) 
were extracted from Lembo et al.  (  2008 , their Fig. 4) and were tallied by year. Yearly incidence 
rates between 2002 and 2006 ( solid line ) were obtained from Hampson et al.  (  2008 , their Table 1). 
The upper estimate ( long-dashed line ) included all bite injuries whether or not the biting animal 
was a suspected rabies case.  Arrows  indicate the end of vaccination campaigns when this date was 
known, otherwise point to the year in which they occurred.  Thick arrows  indicate extensive vac-
cination campaigns by the Tanzanian government       
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Musoma, and that this probably explained the sharp rise in bites by suspected 
rabid dogs recorded at hospitals in Musoma Districts shortly after the start of 
mass vaccination campaign in Serengeti District. The problem with using sus-
pected rabies cases to assess the effi cacy of vaccination campaigns is illustrated 
by the fact that livestock offi cers between November 1996 and June 1997 reported 
a higher incidence of suspected rabies cases in Musoma District than Serengeti 
District whereas hospital records at this time indicated the reverse, i.e. a higher 
incidence of rabies cases in Serengeti District than Musoma District (Cleaveland 
et al.  2003 , their Figs. 2 and 3). As the clinical signs of CDV infection can be 
confused with those caused by rabies (see Section “Conclusion: Rabies Vaccine 
Barriers in Domestic Dogs”) some suspected rabid dogs are likely to be animals 
infected with CDV and this may explain why samples from a relatively high pro-
portion of suspected rabid dogs are rabies negative in laboratory tests (see Section 
“Mass Vaccination Campaigns from 2002 Onwards”). We therefore doubt that the 
prevalence of suspected rabies cases is a useful measure of the effi cacy of rabies 
vaccination campaigns.  

      Mass Vaccination Campaigns from 2002 Onwards 

 Mass vaccination of domestic dogs in Serengeti District continued in 2002 and 
2003, and reported vaccine coverage was low (35–40%) and geographically patchy 
(Lembo et al.  2008 , their supplementary Appendix S2). In 2003, the focus of vac-
cination was shifted to villages within a 10 km zone adjacent to the entire western 
border of the SNP (Lembo et al.  2008 , their supplementary Appendix S2; Hampson 
et al.  2009  ) . Initial coverage between 2003 and 2005 (immediately after a cam-
paign) ranging from 43 to 83% (Lembo et al.  2008 , their supplementary Appendix 
S2) or between 40 and 80% (Hampson et al.  2009 ). Much of the western boundary 
of the SNP is fl anked by game reserves that do not contain villages (and where 
domestic dogs are prohibited), thus many vaccination villages would have been 
more than 10 km from the SNP boundary particularly those outside the Maswa GR 
boundary (Fig.  8.1 ). 

 Evidence of an outbreak of epidemic rabies was evident in the domestic dog 
population in the Serengeti District in 2003. In an article discussing disease epidem-
ics in wildlife (Livermore  2004  ) , Kate Hampson is quoted as describing this epi-
demic in domestic dogs as “a rabies epidemic of unprecedented scale in recent 
Tanzanian history”. Epidemic rabies persisted until 2006 along the western fl ank of 
the PA and was apparent between 2003 and 2005 on the eastern fl ank of the PA 
(Hampson et al.  2008 , their Table1; Hampson et al.  2009 , their Fig. 1b). Although 
Lembo et al.  (  2008  )  aimed to consider the long-term dynamics of rabies, their plot 
designed to illustrate long-term trends in suspected rabies incidence, plotted data 
from 1988 until the start of mass rabies vaccination campaigns in 1997, and excluded 
data that would have illustrated the failure of mass vaccinations between 1997 and 
2002 to control rabies. To illustrate this point we have extracted data from published 



1418 Does the Vastness of the Serengeti Limit Human–Wildlife Confl icts?

sources on people bitten by suspected rabid dogs (Cleaveland et al.  2003 ; Hampson 
et al.  2008 ; Lembo et al.  2008  )  and plotted these together with information on the 
timing of mass vaccination campaigns (Fig.  8.3a ). The sharp increase in incidences 
in 2003 (Fig.  8.3a ) no doubt refl ects the increasing fear of rabies among people 
aware of an ongoing rabies epidemic and their increased effort to seek medical 
advice when bitten by a dog. Even so, more than 10% of suspected rabies exposure 
cases that attended medical facilities did not receive PEP because of shortages of 
human vaccine and some people died, despite receiving post-exposure treatment 
(Hampson et al.  2008  ) .  

 Vaccination campaigns continued between 2003 and 2005 presumably in vil-
lages close to the western boundary of the PA and estimated coverage, immediately 
after vaccination campaigns, ranged between 43 and 83% (Lembo et al.  2008 , their 
supplementary Appendix S2). Between 2004 and 2006 the Tanzanian government 
also conducted mass anti-rabies vaccination campaigns of domestic dogs in more 
extensive areas both east and west of the PA (Lembo et al.  2008 , their supplemen-
tary Appendix S2) in an attempt to control the rabies epidemic (Fig.  8.3a, b ). 

 Information on the extent of rabies vaccination campaigns along the eastern 
fl anks of the SNP is limited. Before the start of the 2003 rabies epidemic, only 
small-scale, localised, campaigns occurred in one urban area east of the SNP (Lembo 
et al.  2008 , their Appendix S2). Annual mass vaccination campaigns started in 2004 
along the eastern fl ank of the SNP (Hampson et al.  2009  ) , and vaccination coverage 
between 2004 and 2006 either exceeded 80% (Lembo et al.  2008 , their Appendix 
S2), or varied between 19.2% (in villages with central point dog vaccinations) and 
86.3% (in villages where central point vaccinations and community based strategies 
were combined, Kaare et al.  2009 , their Table 2). Lembo et al.  (  2010 , their Fig. 4) 
indicated a mass vaccination campaign east of the SNP that ended in the third quar-
ter of 2003, which from previous published accounts appears to be an error. If so, 
the fi rst extensive mass vaccination campaign east of the SNP ended in the third 
quarter of 2004, more than a year after the maximum peak in incidences of animal 
bite injuries by suspected rabid animals which occurred in the second quarter of 
2003 (Lembo et al.  2010 , their Fig. 4). 

 Before the start of mass rabies vaccination campaigns, the proportion of samples 
from domestic dogs showing neurological signs consistent with rabies that tested 
positive for rabies was 46.7% for 15 samples collected between 1991 and 1995 
(Cleaveland and Dye  1995 , their Table 2), and 48% of 29 samples collected between 
1992 and 1996 (Kaare and Cleaveland  2007  ) . Between 1997 and 2000, surprisingly 
70.4% of 27 samples collected from suspected rabid domestic dogs were positive 
for rabies by laboratory diagnosis and no difference was found in the proportion of 
suspected dogs confi rmed rabies-positive in the Serengeti District compared to non-
vaccination districts (Cleaveland et al.  2003  ) . These data do not suggest a signifi -
cant decline in rabies in Serengeti District during the four vaccination campaigns 
(1996–2001), and taken together, data between 1991 and 2000 demonstrate that 
only 58% of suspected rabies cases were rabies positive by laboratory diagnosis. 
Between 2002 and 2006, a period including 4 years of epidemic rabies in domestic 
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dogs (Hampson et al.  2008 , their Table 1), 74.3% of 74 samples collected from 
suspected rabid animals were found positive.  

   Does Rabies Spread from Domestic Dogs to Wild 
Carnivores in the SNP? 

 Recently it was implied (Cleaveland et al.  2007  )  that mass vaccination of domestic 
dogs had controlled rabies in the domestic dog population outside the SNP and 
prevented the spread of rabies from domestic dogs to wildlife inside the SNP. It was 
also stated that the African wild dog population (“in the area”) had increased. Does 
available information support these statements? The incidence of samples from 
wild carnivores inside the SNP that tested positive for rabies was certainly low 
before the start of mass domestic dog vaccination campaigns outside the SNP in 
1997 (Lembo et al.  2008 , their Fig. 3b). Most laboratory positive cases in wildlife 
in the SNP occurred in 1998 and 1999, and despite around 65 samples being tested 
between 2003 and 2006 only one laboratory rabies case was confi rmed (Lembo 
et al.  2008 , their Fig. 3b), during a period of epidemic rabies in the domestic dog 
population that Cleaveland et al.  (  2007  )  appear to have overlooked. Thus there is no 
evidence that epidemic rabies in the domestic dog population surrounding the PA 
spread into wild carnivores inside the SNP. There is, however, evidence that epi-
demic rabies spread from domestic dogs to wild carnivores in areas occupied by 
humans and their domestic dogs (Lembo et al.  2008 , their Fig. 5). 

 We can fi nd no evidence to support the claim by Cleaveland et al.  (  2007  )  that the 
size of the African wild dog population outside the SNP has increased as a result of 
mass rabies vaccination campaigns in domestic dogs. Since the extinction of 
African wild dogs inside the SNP in 1991 (Burrows  1992  ) , this endangered canid 
has continued to persist in the area surrounding the SNP (Burrows et al.  1994  ) , 
mostly in the LGCA and NCA to the east and south of the SNP (Fig.  8.1 ). As previ-
ously mentioned, mass rabies vaccinations of domestic dogs in the LGCA and NCA 
did not start until 2004, well after the start of a rabies epidemic in domestic dogs 
that persisted in these areas until 2005 (Fig.  8.3b ). Thus, available information 
strongly suggests that African wild dogs in packs living along the eastern fl anks of 
the SNP persisted  despite  epidemic rabies in sympatric domestic dogs, not because 
rabies in the domestic dog population was controlled.  

   Conclusion: Rabies Vaccine Barriers in Domestic Dogs 

 The establishment of an effective vaccine immunity barrier against the spread of 
rabies in domestic dogs surrounding the PA would decrease the threat of rabies to 
people, livestock and wildlife in rural and urban areas outside the PA. Available 
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evidence does not lend strong support to the notion that rabies infection in domestic 
dogs spreads to wild carnivores inside the SNP. Why mass vaccinations of domestic 
dogs in the Serengeti Districts failed to prevent epidemic rabies is open to debate and 
the increased loss of human lives to rabies during the epidemic is highly regrettable. 
Achieving and maintaining suffi cient vaccine coverage in domestic dog populations 
in rural Africa is an expensive and substantial challenge. Problems include catching 
dogs that are rarely if ever restrained, the decline in vaccination coverage caused by 
low survival and high recruitment of young unvaccinated pups, necessitating vac-
cination campaigns at 6 month intervals to maintain recommended coverage, inef-
fective vaccine induced immune response in poorly nourished dogs with high 
parasite burdens (a problem likely to be increased by the administration of multiple 
vaccines in one shot) and the existence of feral dogs (Kitala et al.  2001 ; Coleman and 
Saoli Ole Kina  2007 ; Kaare et al.  2009  ) .  

   Barriers of Immunity Against Canine Distemper Virus 

 In 1993/1994, a CDV epidemic infected several wild carnivore species in the SNP 
and MMNR (Haas et al.  1996 ; Roelke-Parker et al.  1996 ; Carpenter et al.  1998 ; 
Kock et al.  1998 ; Harrison et al.  2004  ) . In response to this outbreak, a project 
(Project LifeLion) was launched in Tanzania (Pain  1995  )  to vaccinate domestic 
dogs in Serengeti District against CDV, as it was proposed that CDV infection had 
spread from domestic dogs outside the PA to wild carnivores inside the SNP (Roelke-
Parker et al.  1996  ) . Vaccination of domestic dogs against CDV was thus included in 
the mass vaccination campaigns against rabies conducted between 1996 and 2001 
(Cleaveland et al.  2003 , see Section “Rabies and Canine Distemper Virus (CDV)”). 
Whether or not all the rabies vaccination campaigns between 2002 and 2006 also 
administered vaccines against CDV is not mentioned by Lembo et al.  (  2008  )  or 
Hampson et al.  (  2009  ) . Kaare et al.  (  2009  )  report that both Nobivac and Puppy DP 
were administered to domestic dogs during their mass vaccinations in areas east and 
west of the SNP, but the years in which mass vaccinations occurred were not 
mentioned. 

 Neurological signs of CDV infection in domestic dogs can be confused with 
those of rabies infection. Thus, some samples from domestic dogs that exhibited 
neurological signs consistent with rabies that produced negative laboratory results 
for rabies infection (see Section “Mass Dog Vaccination Campaigns Between 1996 
and 2001”) may have come from CDV infected animals. Seroprevalence to CDV 
exposure in the domestic dog population in Serengeti District between 1992 and 
1994 was high (Cleaveland et al.  2000  )  and this suggests that many people reporting 
to hospitals with bites from suspected rabid domestic dogs between 1988 and 1993 
(Fig.  8.2a ) may have mistaken the neurological signs of CDV for rabies. 

 Initially it was proposed that the 1993/1994 CDV epidemic in the SNP was 
caused by a new virulent biotype (Roelke-Parker et al.  1996  ) . This idea has been 
questioned by evidence for several “silent” CDV epidemics that caused signifi cant 
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increases in seroprevalence without leading to clinical signs of disease in spotted 
hyenas in the MMNR between 2000 and 2001 (Harrison et al.  2004  )  and lions in the 
SNP in 1976, 1982, 1999 and 2007 (Munson et al.  2008  ) . It is plausible that the 
pathological impact of CDV infections may be increased by factors such as concur-
rent infections with other pathogens. This has been proposed for lions co-infected 
with CDV and  Babesia  sp. (Munson et al.  2008  ) , and for members of one pack of 
African wild dogs that were co-infected with CDV and several other pathogens, 
including parvovirus (Goller et al.  2010  ) . This pack died of severe CDV infection in 
2007 just outside the north-eastern boundary of the SNP. Interestingly, wild carni-
vore hosts inside the SNP that would be expected to be susceptible to CDV, such as 
young spotted hyenas (Haas et al.  1996  )  and lions (Roelke-Parker et al.  1996  )  did 
not display clinical signs of disease in that year (own unpublished observations), 
even though serological evidence indicated a “silent” wave of CDV infection in the 
SNP in 2007 (Munson et al.  2008  ) . 

 Roelke-Parker et al.  (  1996  )  hypothesised that CDV-infected domestic dogs in 
Serengeti District transmitted the virus to spotted hyenas during their long-distance 
foraging trips and that the virus was then carried to the centre of the SNP. This is an 
unlikely scenario as commuting hyenas that forage in any given area will return to 
many different clan territories scattered throughout the SNP (Hofer and East  1993b  )  
thereby transmitting CDV to many different locations in the SNP. Furthermore, 
CDV infected domestic dogs close to the western boundary of the PA would be 
expected to spread infection to resident wild carnivores in their area and CDV would 
then spread into the SNP across the park boundary. We know of no evidence to 
indicate that this happened. The scenario that CDV spreads from domestic dogs to 
wildlife inside protected areas is also contradicted by serum neutralising CDV anti-
body titres in spotted hyenas in the MMNR (Harrison et al.  2004  ) , because animals 
in a territory that encompassed pastoralist settlements with domestic dogs on the 
edge of the reserve contained signifi cantly fewer canine distemper antibody-positive 
hyenas than spotted hyenas from further inside the reserve and at a greater distance 
from contact with domestic dogs.  

   Conclusion: Canine Distemper Virus Vaccine Barriers 
in Domestic Dogs 

 The passage of “silent” canine distemper epidemics through the SNP lion popula-
tion in 1999 and 2007 is not consistent with the suggestion (Cleaveland et al.  2006  )  
that mass vaccination of domestic dogs against CDV conducted in Serengeti District 
since 1996 prevented epidemic waves of CDV infection in wild carnivores inside 
the SNP.  
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   Vaccine Barriers Against Rabies in African Wild Dogs 

 The vaccination of members of a wildlife species thought to be at risk from a specifi c 
pathogen is similar in concept to the use of fences or cages around endangered plants 
(Hayward and Kerley  2009  ) . One widely discussed, yet ultimately inconclusive 
example of a vaccination programme on an endangered species is provided by the 
sudden demise of all African wild dog packs studied in both the Kenyan and 
Tanzanian sectors of the Serengeti ecosystem between 1989 and 1991 (Burrows 
 1992,   1994 ; Burrows et al.  1994  ) . Central to the debate was the possible negative 
effect that vaccination against rabies may have had on post-vaccination survival of 
vaccinated packs (Burrows  1992,   1994 ; Macdonald et al.  1992 ; Burrows et al.  1994, 
  1995 ; Ginsberg et al.  1995 ; East  1996 ; East and Burrows  2001 ; Woodroffe  2001  ) . 

 African wild dogs vaccinated in the Tanzanian sector of the Serengeti ecosystem 
survived for signifi cantly shorter periods after vaccination than those that were 
anaesthetised and radio-collared but not vaccinated (Burrows et al.  1994  ) . The effect 
of vaccination on African wild dog packs studied in the Kenyan sector of the eco-
system has not been rigorously examined because Ginsberg et al.  (  1995  )  excluded 
rabies vaccination as a form of intervention in their analysis of survivorship (East 
 1996  ) , even though it was evident that a minimum of 27 individuals were vaccinated 
between 1987 and 1991 (East and Burrows  2001 ; Woodroffe  2001  ) . Information on 
the number and mode of vaccinations carried out on African wild dogs in Kenya is 
still unavailable (East and Burrows  2001 ; Woodroffe  2001  ) . Rabies was diagnosed 
in all three packs from which tissue samples were submitted for laboratory diagno-
sis after pack deaths between 1989 and 1991 (Burrows et al.  1994 ; East and Burrows 
 2001 ; Woodroffe  2001  ) . Thus, despite extensive vaccination against rabies, avail-
able evidence indicates that pack deaths between 1989 and 1991 were associated 
with rabies infection. Why did vaccination against rabies fail to create a barrier 
against rabies infection in African wild dogs inside the PA? 

 The rationale to vaccinate African wild dogs in the Serengeti ecosystem was 
based on several key assumptions. Most crucially, it was assumed that one standard 
dose of inactivated rabies vaccine, developed for domestic dogs, would induce a 
suffi cient immune response to provide inoculated African wild dogs with protection 
against rabies infection. This assumption has been shown to be false and it is now 
recognised that African wild dogs require a course of multiple doses of inactivated 
domestic dog rabies vaccine to stimulate antibody titre levels likely to provide pro-
tection (East and Burrows  2001 ; Visee  2001 ; Woodroffe  2001  ) . Furthermore, the 
time period during which vaccine-induced antibody protection was likely to persist 
in African wild dogs was also unknown when African wild dogs in the Serengeti 
ecosystem were vaccinated either by hand injection following anaesthesia, or by 
bounce-darting which entailed a plastic dart containing a dose of vaccine being fi red 
at an animal from a dart-gun. Use of this last method assumed that there would be 
no dart malfunction caused by the failure of darts to inject an entire dose and that 
animals would not pull out darts before the delivery of the entire dose (Stearns and 
Stearns  1999  ) . Thirdly, it was assumed that vaccinated African wild dogs lacked 
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natural immunity to rabies, whereas serological data provided evidence for a degree 
of natural immunity, given that 5 of 12 animals serum-sampled in Tanzania before 
vaccination had rabies-specifi c antibody titres above the international standard 
(0.5 IU/ml) considered suffi cient to provide protection against rabies infection 
(Gascoyne et al.  1993  ) . Three of these fi ve seropositive animals survived for 3 years, 
2 years and 10 months, respectively, after serum sampling, suggesting that they 
survived rabies infection (Burrows  1992 ; Burrows et al.  1994  ) . 

 Vaccination of African wild dogs in the Serengeti ecosystem drew criticism 
because there was a lack of adequate scientifi c design, such as the inclusion of 
unvaccinated packs to act as controls (Heinsohn  1992 ; Burrows et al.  1994  ) . Post-
treatment monitoring was insuffi cient, particularly of radio-collared individuals in 
Tanzania, and as a result no tissue samples for laboratory analysis were obtained to 
determine the cause of death of vaccinated Tanzanian packs (Heinsohn  1992 ; 
Burrows et al.  1994  ) . High mortality among vaccinated animals in Tanzania was 
initially substantially under-reported (cf. comment by Burrows  1994  in response to 
Gascoyne et al.  1993  ) , and vaccination by bounce-darting was an untested proce-
dure that may have been physiologically stressful as darts were fi red at each mem-
ber of a pack in succession on the same occasion, which inevitably resulted in 
several hours of continual disturbance of larger packs (Burrows  1994 ; Stearns and 
Stearns  1999  ) .  

   Conclusion: Vaccine Barriers Against Rabies in African Wild 
Dogs 

 Despite the loss of all vaccinated African wild dog packs, unvaccinated, dispersing 
animals and breeding packs have persisted since 1991 outside the SNP, particularly 
in the south and east of the ecosystem in areas inhabited by pastoralists and their 
domestic dogs (Burrows et al.  1994 ; Goller et al.  2010  ) . The persistence of these 
packs, despite the occurrence of a substantial rabies epidemic between 2003 and 
2006, suggests that unvaccinated African wild dog populations are not necessarily 
adversely affected by rabies epidemics in sympatric domestic dogs.   

   Conclusion 

 Non-physical barriers around the protected areas within the Serengeti ecosystem 
can be effi cient in protecting natural resources, as demonstrated by the lack of ille-
gal grazing inside protected areas because of park ranger patrols, and the absence of 
rinderpest infection in wild herbivores following an effective shield established by 
a highly effi cacious livestock vaccination programme in northern Tanzania. The 
distance bushmeat hunters have to travel to hunting areas inside the protected areas 
limits their ability to utilise wild ungulate populations deep inside the SNP, because 
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buffer zones around the edges of the park signifi cantly increase travel costs for hunters. 
This situation might change should hunters use vehicles to access hunting areas. 
Mass vaccinations of domestic dogs against rabies did not prevent cycles of epi-
demic rabies outside the SNP and the PA. Furthermore, there is currently no evi-
dence that epidemic rabies in rural domestic dog populations spreads to wild 
carnivores inside the SNP. Mass vaccination of domestic dogs against CDV in rural 
areas surrounding the SNP did not prevent the passage of “silent epidemics” of 
CDV infection in wild carnivores inside protected areas, suggesting either that CDV 
 epidemics are not linked to infections in rural domestic dogs or that vaccination 
campaigns were ineffective in preventing CDV outbreak in domestic dogs which 
then spread to carnivores in the SNP. The death from CDV of one pack of African 
wild dogs in 2007 questions the effi cacy of mass vaccination campaigns of domestic 
dogs to prevent fatal CDV in wild carnivores.      
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    Introduction 

   History and Purpose of Veterinary Cordon Fences 

 Veterinary cordon fences (VCFs) zigzag across the southern African savannah. The 
fences are intended to separate disease-free livestock from infected livestock and 
their closest wild relatives, buffalo  Syncerus caffer  and to restrict the movement of 
antelope that could carry diseases of concern. Livestock production is an important 
aspect of many African nations, economically and culturally, locally and nationally, 
for both subsistence and commercial producers. However, the fences do not discrimi-
nate between targets and non-targets, and create obstacles for many large mammals. 

 Over the past 130 years, fences have been constructed at various times to control 
Foot-and-Mouth Disease (FMD), Contagious Bovine Pleuropneumonia (CBPP), 
trypanosomiasis, rinderpest and other diseases that can affect livestock (see Taylor 
and Martin  1987 ; Bengis et al.  2002 ; Hargreaves et al.  2004 ; Kock  2005 ; Mapitse 
 2008 ; Osofsky et al.  2008  ) . 

 Some diseases pose a serious threat to livestock and, in turn, to food security and 
human livelihoods. Others, particularly FMD, do not signifi cantly affect livestock 
production nor suitability for human consumption, but are controlled in order to 
meet conditions set by the World Organization for Animal Health (OIE, formerly 
the Offi ce International des Epizooties) for trade on the more lucrative interna-
tional market. The actual losses caused by FMD to subsistence pastoralists are low 
(Kock  2005  ) , but fi nancial losses to cattle exporters are high because of stringent 
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processing and handling requirements (Taylor and Martin  1987 ; Mapitse  2008  ) . 
European policies and tariffs have buoyed cattle export from some African coun-
tries, and have subsidised further fence building; the 1976 Lomé Convention and 
its successor, the 2000 Cotonou Agreement, gave Botswana preferred trading status 
for beef, guaranteeing prices 25% higher than the global average (Environmental 
Investigation Agency  2004 ; Nair  2007 ; Mapitse  2008  ) . Donors have funded fences 
under the guise of poverty alleviation and economic development, but evidence 
indicates that the majority of revenue from beef export is captured by elites (Perkins 
 1996 ; Nair  2007 ; Mapitse  2008 ; Scoones and Wolmer  2008  ) . 

 FMD is particularly challenging to control in situ. The virus that causes FMD is 
hardy and may be spread through the air (when infected or carrier animals cough or 
sneeze), through fomites (inanimate objects or substances) and possibly by feeding 
in the same area (when grazing mammals feed on grass that has been fed on by an 
infected animal). The virus enters hosts by inhalation or ingestion. Weather is also 
believed to be a factor, spreading more readily during cool, damp spells (du Toit 
 2005  ) . However, aerial transmission is unlikely in southern Africa under the prevail-
ing dry, hot weather (Sutmoller  2002  ) . The virus can be found in a diverse range of 
hosts including hedgehogs, artiodactyls, primates, armadillos and rodents. Cattle  Bos 
taurus  and  Bos indicus , pigs  Sus scrofa , sheep  Ovis aries  and goats  Capra hircus,  are 
the domesticated species most seriously affected (Bengis et al.  2002  ) . In Africa, 
impala  Aepyceros melampus,  kudu  Tragelaphus strepsiceros,  wildebeest 
 Connochaetes taurinus  and sable  Hippotragus niger  have low to negligible mortality 
from the FMD virus, but are known to carry it (Kock  2005  ) . Buffalo have historically 
been regarded as the most important wild host for FMD virus and the most likely to 
interact with livestock and transmit infection, which led to the intentional extermina-
tion of buffalo in many cattle-producing areas in Zimbabwe (Taylor and Martin 
 1987  ) , Namibia (Martin  2005  )  and Botswana (Albertson  1997  ) . Cattle and buffalo 
become long-term carriers of FMD viruses, whereas antelope do not (Hargreaves 
et al.  2004  ) . In order to satisfy OIE trade conditions, many southern African nations 
employ a combination of fences and vaccination regimes. In countries that have 
secured disease-free zones, outbreaks are controlled with slaughter of livestock to 
confi ne and eradicate the disease before it becomes economically devastating.  

   Fence Purposes and Designs 

 Veterinary cordon fences vary in strength and penetrability depending upon the dis-
ease targeted. Simple wire-strand cattle fences, 1–2 m high, suffi ce for CBPP con-
trol, and are built to restrict the movement of cattle and buffalo only. Most veterinary 
cordon fences are comprised of horizontal wires only, without the vertical or subter-
ranean mesh that would be required to stop crawling or digging animals. 

 Stronger double-cordon fences are constructed to reduce the transmission of 
FMD. FMD fences are intended to exclude potentially infected or reservoir species, 
and to create a mammal-free gap of 10 m or more between the infected zone and 
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animals in vaccination or quarantine zones (Taylor and Martin  1987  ) . Vegetation 
between the fences is cleared manually or mechanically, and roads to facilitate main-
tenance or patrolling are cut along one or both sides of the fence. To reinforce the role 
of the fences in preventing disease transmission, trespassing livestock are destroyed. 
When animals that could be disease transmitters get on the “wrong” side of fences, 
well-fi nanced wildlife departments may actively chase the animals back into wild-
life areas (e.g. Kruger National Park in South Africa [F. Jori pers. comm.] and along 
the Northern Buffalo fence in Botswana [Albertson  1997  ] ). More often, countries 
cull potential carriers that manage to get through (instituted in Zimbabwe [Taylor 
and Martin  1987  ]  and Botswana [Albertson  1997  ] ). Some countries have proposed 
“shoot to kill” policies for all wild animals that cross cordons, regardless of whether 
they are disease risks or not, as proposed for a 300-km fence along Namibia’s bor-
der with Angola (see Gadd  2007  ) . Because of the wide swath of bush that has to be 
cleared, the height, and the double rows of fencing, FMD-fences create a greater 
hurdle to wildlife than simple cattle or game fences. 

 The third and strongest type of fence prevalent in southern Africa along interna-
tional borders serves multiple purposes, including preventing illegal movement of 
people and restricting animal (livestock and wildlife) movement. Long stretches of 
the borders shared by Botswana, South Africa, Mozambique, Zimbabwe and 
Namibia are fortifi ed with razor wire or electrifi ed, carrying 7–12 kV of electricity 
(enough to deter elephants and to jolt humans), and may be actively patrolled. 

 Southern African countries have experienced an upsurge of disease outbreaks in 
recent years (FAO  2005  ) , including within fenced zones. Although the effi cacy of 
fences has long been questioned (Owen and Owen  1980 ; Ross  2003  ) , fences are still 
regarded as an essential component of disease control because they provide partial 
protection: “the rate of spread of disease is proportional to the amount of animal 
traffi c, which fences facilitate holding to a low level” (Taylor and Martin  1987  ) . 
This paper does not aim to examine the effi cacy of veterinary cordon fences in con-
trolling diseases nor the economic costs and benefi ts of fencing. Nor does it address 
the social impact of fencing on human residents whose movements and livelihoods 
may be adversely affected (Albertson  1997 ; Gupta  2004 ; Mapitse  2008 ; Pierson and 
Gadd  2008  ) . Instead, the following pages focus on the ecological costs of veterinary 
cordon fences, with an eye to anticipating future ramifi cations. Expected impacts on 
various ecological levels (individual, population, species, community and ecosys-
tem) are outlined. A review of observed effects is presented, limitations of existing 
data are evaluated and general trends are summarised. Approaches that could 
improve our understanding of the impact of fences and actions that could lessen 
detrimental effects are highlighted.  

   Trend Towards More and Stronger Fencing 

 Fences are already a prominent feature of southern African rangeland and fencing 
is increasing exponentially across Africa for myriad reasons: increasing human 
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population, shifting from pastoralism to agriculture, changing land ownership policies 
(including privatisation and redistribution), sub-division of existing large blocks of 
land into smaller privately owned fragments, and escalating human-wildlife con-
fl ict. Globally, livestock numbers are expected to increase dramatically to satisfy 
the increasing demand for meat worldwide (due to growing human populations and 
increasing wealth per capita, enabling more people to afford meat). Africa is pro-
jected to be a net supplier to meet this increasing demand, and more regions will 
undoubtedly seek to control diseases that diminish production or jeopardise their 
ability to export to international markets (Kock et al.  2002  ) . 

 Disease outbreaks, increasing instability in neighbouring countries, and increases 
in fence breakage (by people and by wildlife) have triggered the fortifi cation of 
existing VCFs. Fences are being heightened, electrifi ed and elephant-proofed, which 
substantially increases the obstruction they pose to wildlife. In 1995, an outbreak of 
CBPP among cattle around Botswana’s northern border with Namibia precipitated 
the hasty construction of three parallel east–west fences (Samochimo, Ikoga and 
Setata) to try to limit the spread (Ross  2003  ) . In spite of these measures, the disease 
quickly jumped the fences (by means of illegal cattle movement through the fences) 
and the government culled all 320,000 cattle in Ngamiland district to prevent an 
even more costly spread of the disease to export zones further south. To prevent 
incidents of this magnitude, Botswana upgraded and electrifi ed its Caprivi fence to 
better barricade against livestock covertly entering from Namibia and Angola 
(Weaver  1997 ; Albertson  1998 ; Martin  2005  ) . More recently, as Zimbabwe’s gov-
ernment disintegrated and its ability to maintain disease controls came into ques-
tion, Botswana took steps to defend its eastern border, adding a second row of 
fencing and electrifying it to prevent breakage by elephants (Gadd  2001  ) .  

   Why We Might Expect Adverse Effects on Wildlife 

   Extent of Fencing 

 The sheer extent of fencing in southern Africa makes fencing a substantial modifi er 
of the landscape (Fig.  9.1 ). For example, Botswana’s perimeter is less than 3,700 km 
but within the country (including border fences), more than 5,000 km of fenceline 
protect the cattle industry (calculated from Williamson  2002 ; Environmental 
Investigation Agency  2004,   2005,   2007  ) . Fences span hundreds of kilometres with-
out any openings or gaps to allow passage of wildlife (e.g. Botswana’s 300 km Kuke 
fence [Ross  2003  ] ).   

   Alignment of Fencing 

 Fences have been aligned according to political decisions, not ecological ones. 
Many of the fences run east–west (e.g. Botswana’s Kuke fence, Namibia’s existing 
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“Red Line” fence and its proposed 250 km fence along the border with Angola), 
cutting directly across habitat types, without any regard for the distribution of natu-
ral resources or wildlife. Fences cut through wilderness areas, hemming mammals 
into whichever side of the fence they happen to be on at the time of construction 
(Albertson  1997 ; Gadd  2001  ) . They do not accommodate predictable seasonal 
movements of migratory species, nor wet season range expansion, or dispersal of 
adolescent animals leaving their natal territories. Fences often join at acute angles, 
unintentionally funnelling wildlife into blind corners with no outlet. Other fences 
jut out across miles of pristine wilderness before coming to an abrupt, seemingly 
arbitrary, end. When deciding on fence alignment around water points, wildlife usu-
ally loses out, with access to water being given to cattle owners. Countries have 
fenced extensive parts of their perimeters. Where these borders coincide with major 
river systems, e.g. the Limpopo, Shashe, and Kavango rivers, fencing must be 
wholly contained within one country, therefore, the water source (and, sometimes, 
its riparian buffer) is fenced entirely in or entirely out, separating wildlife from vital 
water supplies. 

 Fences are not amenable to changing land uses or disease patterns. Fences are 
sometimes built as an emergency response to an active outbreak. When the threat 
has passed or the fence has failed and no longer serves any disease control purpose, 
the fences are abandoned. Without maintenance, fences may even become more of 
a death trap for wildlife: unchecked conversion of wire to snares, broken dangling 
wires ensnaring animals, and as they decay over time, becoming less visible but 
equally impenetrable. Some fences go through areas of dubious disease transmis-
sion importance, with little or no cattle (Albertson  1997  ) . In others, the value of 
wildlife-based industries already exceeds the value of the livestock industry. In parts 
of sub-Saharan Africa where wildlife is a profi table use of marginal land, some 
landowners are shifting away from pure livestock towards multi-species systems 
(du Toit  2005 ; Mapitse  2008 ; Osofsky et al.  2008  ) . The recently established Kavango 
Zambezi Transfrontier Conservation Area (KAZA), spans more than 250,000 km 2  
in fi ve southern African countries and holds great promise to become a premiere 
tourism destination; however, it is littered with fences, particularly in its southern 
reaches. Tangles of active, redundant and defunct fences compartmentalise areas 
and prevent animals from expanding into others. For communities anxious to par-
take in the new wildlife-based development plans, fences thwart their hopes of 
mammal re-establishment and recovery.   

   Expected Effects 

 Based on theoretical ecology and on evidence observed from analogous structures 
elsewhere, we can anticipate certain consequences of barriers on wildlife (Table  9.1 ). 
Wherever humans occur, manmade objects interrupt and alter the landscape. Even 
porous objects like settlements and roads have signifi cant effects on local ecology. 
A growing body of research shows the undesirable effects of roads on ecology (see 
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  Fig. 9.1    ( a ) Major fences in southwestern Africa before 2000 (Martin  2005  ) . ( b ) Fences in 
Botswana before 1997 (Williamson  2002  )          
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Forman et al.  2003  ) . Even though roads would appear to be a minimal obstacle to 
large-bodied, wide-ranging mammals like elephants, recent research on collared 
elephants in the Congo Basin indicates that forest elephants avoid crossing roads 
outside protected areas (Blake et al.  2008  ) . Roads, and the human activities that 
accompany them, may artifi cially restrict elephant movement and sub-divide popu-
lations. We would expect fences, which are specifi cally designed to stop animal 
movement to have an even greater impact than roads, but empirical research is thin 
(discussed below in Methods). Like other barriers, fences may cause ecological 
effects directly and indirectly, immediately and over the long-term. If fences are 
non-porous, they may function as hard boundaries, fragmenting the landscape into 
small, disconnected patches. Habitat loss and fragmentation are major drivers 
behind the current wave of species extinctions (McGarigal and Cushman  2002  ) . 
Patches isolated by fences could function as land-locked islands, subject to the 

Fig. 9.1 (continued)
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   Table 9.1    Expected impacts of veterinary cordon fences   
 Level  Effect 

 Individual  Movement impeded 
 Individual territory or home range fragmented 
 Behavioural change to cope with fence 
 Entrapment or inability to escape fi re, fl ood, predation, drought 
 Mortality: starvation, dehydration, entanglement, electrocution 

 Population  Social or family groups divided or fragmented 
 Essential daily or seasonal movement prevented 
 Effective population size reduced by mortality or by subdivision 
 Increased predation pressure 
 Shift in prey selection, predation success 
 Disappearance of migratory population/persistence of sedentary 

population 
 Dispersal inhibited 
 Social interactions restricted 
 Breeding behaviour altered 
 Overcrowding, abnormally high density 

 Species  Mass mortality 
 Cessation of migrations, selection for sedentary individuals 
 Loss of genetic potential 
 Disease spread in confi ned spaces or high densities 
 Lack of connectivity between groups/conspecifi cs 
 Loss of metapopulation function: prevention of recolonisation 

 Community  Change in species composition: loss of migratory individuals and 
species 

 Change in disease dynamics: new species interactions at sites of limited 
resources 

 Predators shifting prey species 

 Ecosystem  Habitat degradation due to local overabundance when animals are 
constrained 

 Depressed local primary productivity 
 Nutrient depletion 
 Avenues for invasive species 
 Provides access for humans to remote areas 
 System resilience lowered: potential for recovery diminished 
 Expansion of incompatible human land uses 

predictions of island biogeography theory (MacArthur and Wilson  1967  ) . Isolating 
pieces of land may result in the loss of species and eventual species relaxation, as 
predicted for mammals in protected areas in Tanzania (Newmark  1996  )  and wit-
nessed in Ghana (Brashares  2003  ) .  

 Fences physically divide contiguous populations of mammals into separate, 
smaller, isolated populations. Small populations are inherently more at risk of 
extinction via stochastic events than large populations (reviewed in Caughley  1994  ) . 
Small populations are more vulnerable to demographic failures (e.g. inbreeding or 
inability to fi nd mates), and are less able to recover from disasters such as drought, 
fl ood, and fi re. In metapopulations (where local extirpations periodically occur and 
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local colonisation or recolonisation events re-establish sub-populations) (reviewed 
in Hanski  1998  ) , fences prevent the recolonisation and recovery of satellite sub-
populations. Individual stressors may combine synergistically, pushing populations 
or species beyond their ability to recover, to the point of extinction. Perturbations 
can trigger an extinction vortex: a mutually reinforcing cycle of biotic and abiotic 
processes that drive population size further downward toward extinction (Brook 
et al.  2008  ) . 

 Habitat fragmentation and physical barriers have been called “the greatest 
obstruction to maintaining species diversity and ecological integrity” (Clevenger 
and Waltho  2000  ) . Fragmenting a landscape reduces the heterogeneity within each 
fragment. Confi ning wild or domestic herbivores in fi nite areas within a larger land-
scape reduces the variation in vegetation type, quality and quantity available to 
them. Empirical evidence from livestock production areas in southern Kenya indi-
cates that sub-division of land resulted in numerous small plots of relatively uniform 
quality, with lower overall carrying capacity and mammalian biomass production 
than when it was a contiguous heterogeneous unit (Boone and Hobbs  2004  ) .   

   Methods 

   Meta-Analysis 

 I categorised the effects of veterinary cordon fences on wildlife from 34 published 
and unpublished reports (Table  9.2 ). Of these, 25 contained primary data or included 
fi rst-hand eyewitness accounts. Those articles that did not contain primary data were 
popular articles or position papers, summarising fi eldwork conducted by others. In 
cases where the same species, events, sites and years were referred to by multiple 
authors, I made every effort to identify and cite only the fi rst or original source in 
order to avoid double counting. Only one report was an environmental impact 
assessment conducted prior to fence construction, weighing various proposed fence 
alignment options (Scott Wilson Resource Consultants  2000  ) . The vast majority of 
documents assessed impact during or after fence construction (Albertson  1997, 
  1998,   2005,   2008 ; Scott Wilson Resource Consultants  2000 ; Gadd  2001,   2003 ; 
Gupta  2004  ) . One article reviewed fence strengths and purposes (Hoare  1992  ) , and 
one proposed alternative fence designs and mitigation measures (Kalikawe  1997  ) .  

 Attempts to correlate impact with fence type, length and age proved impossible 
due to the limitations of the data (see below) and incomplete details on fence attri-
butes. Quantifying the scope and magnitude of fencing proved impossible: fence 
types and lengths are not available from a central, updated source. Previously pub-
lished maps provided the best record of major fence lines in specifi c regions, but 
these are now more than 10 years out of date (Williamson  2002 : Botswana fences 
constructed prior to 1997; Ross  2003 ; Martin  2005 : Namibia, Botswana and north-
western Zimbabwe fences constructed prior to 1996), cover limited locations and 
did not specify fence type.  
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   Limitations 

 Ideally, ecological experiments should have replicated, controlled, paired samples 
(Hurlbert  1984 ; McGarigal and Cushman  2002  ) . Wildlife research rarely takes place 
under ideal conditions, and monitoring fence effects on wildlife in Africa is no 
exception. Unfortunately, most assessments were based on single visits. Driving or 
walking a portion of fence line and counting spoor or carcasses was the most com-
mon method employed. In fi ve cases, aerial surveys were done (Child  1972 ; 
Williamson and Williamson  1981 ; Williamson and Mbano  1988 ; Spinage and 
Matlhare  1992 ; Knight  1995  ) . Regrettably, game counts did not have optimally 
paired or repeated pre- and post-construction datasets. Many reports did not attempt 
to address and eliminate other potential causative factors, such as change in precipi-
tation or increased livestock densities, etc. 

 Fences were not visited systematically, thoroughly, repeatedly, or frequently; 
therefore, rates of encounter and entanglement, frequency of individual and mass 
mortalities and total cumulative effects remain unknown. Carcass counts delineated 
the range of species affected, but because they were conducted only over fi nite areas 
and limited time periods, provide only the absolute minimum estimate of mortali-
ties. Community reports and interviews with fence maintenance staff may under-
count (disappearance of carcasses due to decay, scavenging or human interference) 
or overcount (by multiple residents reporting the same carcass or authors retelling 
the same event) actual impact. 

 The quality of veterinary fence impact studies and long-term monitoring has 
been severely hampered by political pressures. Biologists and conservation advo-
cates were not informed or consulted before fence construction. Lack of communi-
cation within governments was also at play: fence construction and maintenance lie 
within the mandate of veterinary departments and wildlife departments are not 
always consulted. Fence construction was often rushed and impact assessments 
waived. Where assessments were conducted beforehand (Scott Wilson Resource 
Consultants  2000  ) , recommendations on optimal alignment were ignored (Albertson 
 2008 ; Environmental Investigation Agency  2004,   2005,   2007  ) . Governments dis-
couraged or denied proposals to monitor fences. Researchers have been threatened, 
denied entry or expelled for their conduct related to fence effects. In some cases, 
government employees actively interfered with data collection: hiding, removing, 
burning or burying carcasses to prevent researchers from documenting wildlife 
mortality events (Albertson  1998  ) . Concerns about wildlife may be downplayed for 
several reasons: a tendency to undervalue the contributions of wildlife to the national 
economy, powerful lobbying by wealthy cattle owners, pro-cattle cultural values in 
local and national political arenas, local support for the jobs created by fencing, a 
lack of interest or awareness from consumers, the desire for income generation and 
foreign exchange by donors and politicians, and donor preference for short-term, 
tangible deliverables.   
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   Results 

   Individual 

   Animal Encounter/Passage Rates 

 How often African mammals attempt to cross fences and fail remains unknown. 
Heavily travelled game trails along veterinary fences indicate that animals approach 
the fence and are forced to turn left or right. Fence maintenance personnel in 
Zimbabwe visited a veterinary fence separating a designated cattle area from a wild-
life area and kept a running tally of animal tracks approaching and successfully 
passing through the fence in either direction over 1 year (Booth et al.  1998  ) . Buffalo 
rarely escaped from the wildlife area to the cattle area (691 out of 696 approaches 
were rebuffed). Elephants broke in and broke out of the wildlife area with some suc-
cess: 20% of attempts to get out of the wildlife area succeeded (209 of 988), while 
52% (416 of 790) approaches to get in succeeded. A more successful strategy was 
found by 603 elephants, which followed the fence to its terminus and walked around 
it. By contrast, only one buffalo found its way around the end. In northern Botswana, 
well-worn paths indicated that elephants frequently walked the length of the Nxai 
Pan fence to reach the open end (Albertson  2008  ) . Upon encountering a newly elec-
trifi ed fence, elephants in eastern Botswana walked alongside it for several kilome-
tres, until they reached the last white insulator and then broke through (Gadd  2001  ) . 
In another study, 60–600 antelope were estimated to jump over veterinary fencing 
per year in Save Valley, Zimbabwe (Sutmoller  2002  ) .  

   Individual Behaviour 

 None of the reports assessed the effects of fencing on individual mammals through 
focal animal observation or behavioural studies before- and after- fence construc-
tion. Anecdotal evidence suggests that hippos,  Hippopotamus amphibious,  are 
quick to accept the boundaries demarcated by fences (Booth et al.  1998 ; Hoare 
 1992  ) . Others, notably elephants and buffalos, challenge fences (Hoare  1992  ) . 
Elephants may “retaliate” (Hoare  1992  ) , removing large sections of fenceposts and 
wire after being shocked, or after youngsters stray inside fenced areas (pers. obs.). 
Giraffe,  Giraffa camelopardalis,  are among the slowest to learn the risks of fencing 
(Goodwin  1985  cited in Hoare  1992  ) , and also the most reluctant to cross over fence 
lines when wires have been removed (Albertson  2005  ) . 

 The effects of fences on small, sedentary, territorial species were rarely men-
tioned. Small ungulates (e.g. dik dik  Madoqua  spp., steenbok  Raphicerus campes-
tris,  duikers  Cephalophus  spp. and  Sylvicapra grimmia)  are probably adept at 
slipping under fences or between wires, if spaced adequately, and not electrifi ed at 
low level. At an experimental fence intended to exclude wild mammals in Kenya, 
steenbok occurred in higher densities inside fenced areas than outside, indicating 
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that the exclusion of predators resulted in increased survival or that individuals 
outside actively sought refuge or lower herbivore competition and immigrated 
inside (Young et al.  2005  ) . Suids and digging animals are diffi cult to deter (Hoare 
 1992 ; Booth et al.  1998 ; Schumann et al.  2006  )  and may be less affected by VCFs. 

 How veterinary fences alter carnivore behaviour and distribution is not well doc-
umented, but many species squeeze through or dig under. Wild dogs  Lycaon pictus  
in northern Botswana readily crossed veterinary fences, and lions  Panthera leo  
forced their way through, although certain lions more often than others (McNutt, 
pers. comm.). Evidence from experimental fenced plots indicates that predators can 
penetrate ten-strand electrifi ed game-proof fencing: cheetahs,  Acinonyx jubatus,  
frequently went inside and lions were encountered inside once (pers. obs.). Predation 
incidents by lion and spotted hyena  Crocuta crocuta  remained unchanged before 
and after an electric fence was installed around Hwange National Park, indicating 
that their passage was unimpeded (Booth et al.  1998  ) .  

   Impeding Movement and Dividing Groups 

 Wildebeest, gemsbok  Oryx gazella,  roan  Hippotragus equinus,  tsessebe  Damaliscus 
lunatus,  giraffe, and elephants were seen stranded on opposite sides of the fence 
from their conspecifi cs (Owen and Owen  1980 ; Albertson  1998  ) . The smallest 
youngsters probably wandered under or through (elephants, sable, roan, eland) and 
adults were unable to follow. In other cases, the largest individuals may leap over, 
walk over, or push through and the smallest individuals are left behind.  

   Mortalities 

 Reptiles, birds and mammals were among the fence casualties. Flamingos 
 Phoenicopterus  spp., were entangled as they attempted to follow receding water-
lines in drying pans traversed by fences (Williamson  2002  ) . Ostriches,  Struthio 
camellu,  have been found with necks, wings or legs entangled in fences (Taylor 
and Martin  1987 ; Albertson  1998 ; Kavadimba  1998  ) . Tortoises can become stuck 
under the lowest wires of fences (pers. obs. in Northern Kenya, EIA unpublished 
photo at Boteti, Botswana). 

 Mammal carcasses found along, entangled in, or trapped between fences included 
virtually all medium and large ungulates and sub-ungulates in the vicinity: duiker, 
steenbok, springbok  Antidorcas marsupialis,  impala, hartebeest  Alcelaphus busela-
phus,  wildebeest, sable, kudu, zebra  Equus quagga,  gemsbok, eland  Taurotragus 
oryx,  buffalo, giraffe and elephants. Although not defi nitively known, entanglement 
or confi nement and subsequent dehydration were probably the cause of death. 

 Surprisingly, veterinary cordon fences pose a serious obstacle to elephants, 
which are notoriously diffi cult to restrain. Elephant carcasses were found along 
fence lines on paths to water, families were seen on separate sides of fences, individ-
ual elephants paced fence lines or walked kilometres to fi nd a gap (Albertson  1998 ; 
Gadd  2001  ) , and high concentrations of elephants were found against fence lines. 
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In other circumstances, particularly where rewards on the other side of fences are 
high, elephants doggedly fi nd ways through fences: short-circuiting fences with 
their tusks (Hoare  1992  ) , bringing felled trees to drop across electric wires (pers. 
obs.), or pushing smaller elephants through. Cutlines and roads alongside VCFs 
may add to their barrier effect: elephants can be reluctant to cross abrupt or unnatu-
ral changes in vegetation cover (pers. obs., F.L. Osborn pers. comm.). Individual 
behaviour and experience may play a role: elephants that have been electrocuted on 
fencing elsewhere may avoid all fencing (even non-electrifi ed) (Gadd  2001  ) , while 
others become adept fence-breakers, regularly breaking out of protected areas into 
cultivated crops (Craig  2007  ) . 

 Where fence wires have been dismantled, some animals still shy away. Giraffe 
and eland retreated from a section where wire had been removed, possibly due to 
the visual barrier of the cutline or the fence posts, or the smell of creosote-treated 
posts (Albertson  2005,   2008  ) . Elephants trapped in an enclosure refused to cross the 
fence line even after it had been dismantled to release them (pers. obs.). Elephants 
are reluctant to cross manmade roads (Blake et al.  2008  )  and clearings (F.L. Osborn, 
pers. comm.) in other circumstances and may cross unfamiliar gaps only when 
highly motivated to do so.  

   Predation 

 Cleared cutlines alongside fences provide easy access for humans to remote areas 
and create opportunities for predators to track or chase and corner wildlife. Some 
animals charge directly into fences when startled by humans (on foot or in vehi-
cles) (pers. obs.), but data are lacking on which species are most likely or most 
affected. Carnivores follow fencelines and roads, and may use fences to their 
advantage. In South Africa, wild dogs killed larger prey than usual (adult male 
kudus and waterbuck) by using Pilanesberg National Park’s perimeter fences (van 
Dyk and Slotow  2003  ) . Domestic dogs in Kenya used game fences to corner a 
zebra (pers. obs.). Numerous cases were documented where humans capitalised 
on “easy pickings” offered by veterinary fences: slaughtering hundreds of trapped 
springbok against fences in South Africa in the 1890s (Roche  2008  ) ; and wilde-
beest in Botswana (Owen and Owen  1980 ; Williamson and Mbano  1988  ) , hunting 
on foot with dogs (Owen and Owen  1980  )  or shooting from vehicles (Albertson 
 1998  ) . Veterinary fences provide inroads for poachers from other areas in com-
munity owned hunting areas (Albertson  1998 ; Kavadimba  1998  )  and in commer-
cial safari areas (Weaver  1997  ) . Fence maintenance personnel have also been 
implicated in cornering and killing wildlife (Albertson  1998  ) . Wherever wire 
fences are built, snares soon follow. People deftly convert fence wire into snares 
for bushmeat (pers. obs., Booth et al.  1998  ) . Over a 6-month period, 2000 snares 
were picked up in the Chirisa Safari Area, all made from the nearby tsetse control 
fence (Conway  1984  cited in Taylor and Martin  1987  ) . How many new snares are 
made available annually by veterinary fences is unknown, but the practice is 
ubiquitous.   
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   Population Effects 

   Isolation of Populations 

 Populations that were once contiguous and interbreeding have been severed by 
fences. Fencing is believed to be a causal factor in the long-term decline of wilde-
beest, hartebeest and eland in the Kalahari (Spinage and Matlhare  1992 ; Knight 
 1995  ) ; roan, sable and tsessebe in the Caprivi, Namibia (Weaver  1997 ; Martin 
 2005  ) ; and roan, oribi,  Ourebia ourebi,  and sable in northern Botswana (Albertson 
 1997  ) . Fencing enforced hard edges on rhinos,  Diceros bicornis minor,  in Zimbabwe, 
preventing natural dispersal and intermingling and necessitating active metapopula-
tion management (du Toit  2005  ) .  

   Failure to Recolonise or Recover 

 Namibia’s Caprivi is a thin strip of land bounded by the major rivers of the Kavango 
and the Zambezi. Wildlife populations in the Caprivi and in Angola were heavily 
depleted by war and anthropogenic pressures prior to 1990. Botswana has provided 
a source of recolonizing ungulates making their way north again, particularly buf-
falo, elephants, roan, sable, and tsessebe. However, since 1995, when Botswana’s 
northern border fences were fortifi ed, roan, sable and tsessebe have markedly 
declined. Examining all other factors (including rainfall, law enforcement, patrol 
effort, and human population trends), Martin  (  2005  )  concluded that the declines can 
be attributed to the fortifi ed veterinary fences which prevent immigration of ungu-
lates, and possibly, to elephant-induced habitat change.  

   Mass Mortalities 

 Mass mortality events were most common in migratory ungulates, with die-offs 
numbering in the tens of thousands. In South Africa, enormous herds of springbok 
once migrated across the Karoo region. Although the deaths of hundreds of thou-
sands of springbok in the 1890s was previously blamed on rinderpest, an examina-
tion of newspaper reports reveals that not long after fences were constructed to 
protect grazing resources for domestic livestock, springbok became confi ned in 
high densities, died of starvation, and were slaughtered by settlers (Roche  2008  ) . 
Shortly after Botswana’s Kuke and Ngamiland veterinary fences were constructed 
in the late 1950s, wildebeest and hartebeest began dying in great numbers at the 
ephemeral Lake Xau (Child  1972 ; Owen and Owen  1980 ; Williamson and Mbano 
 1988 ; Spinage  1992  ) . It is believed that when wildebeest and hartebeest migrating 
from the Kalahari Desert to the inundated Okavango Delta encountered fences 
blocking their traditional northerly migration, they turned east and followed the fence 
line for hundreds of kilometres, possibly drawn by the scent of water. In subsequent 
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years, the wildebeest repeated their ill-fated migration to the new destination: with 
successive wildebeest die-offs witnessed in 1961, 1963–1964, 1970, and 1982–
1983. In the dry season of 1963, an estimated 300,000 wildebeest died (Child  1972  ) . 
Thirty-fi ve years after fence construction, mass mortalities continued with a further 
52,000–80,000 wildebeest dying at Lake Xau in 1982–1983 (Parry  1987 ; Williamson 
and Mbano  1988  ) . By 1986, there was no migration, and a 1987 aerial count found 
only 260 wildebeest in the Central Kalahari (Ross  2003  ) , down from 262,000 in 
1979 (DHV survey data in Spinage  1992  ) .  

   Selective Pressures 

 Eventually, the toll taken on migratory populations and species has led to a shift in 
animal behaviour and in community composition. As mentioned above, South 
Africa’s largest mass migration disappeared after springbok were confi ned by fence-
lines and died  en masse  in consecutive years in the 1890s. Within a decade, the 
springbok migration vanished and only small herds and scattered individuals per-
sisted (Roche  2008  ) . After the construction of fences across the northern boundaries 
of Etosha National Park in Namibia, the migration of 30,000 wildebeest disap-
peared. A smaller, sedentary population of wildebeest survives within Etosha, but is 
susceptible to episodic declines, probably due to disease outbreaks (Berry  1983  ) . In 
the Kalahari, migratory wildebeest, hartebeest and zebra perished when they failed 
to reach their annual destination (Spinage  1992 ; Spinage and Matlhare  1992 ; Ross 
 2003  ) , but some non-migratory individuals survived (Knight  1995  ) . Within a matter 
of years, the repeated selection against migratory individuals has led to the pre-
dominance of sedentary individuals. Community structure may also shift, away 
from species reliant upon water (e.g. wildebeest and eland) to species that are not 
migratory or water dependent (e.g. gemsbok and springbok) (Spinage and Matlhare 
 1992 ; Knight  1995  ) .  

   Ecosystem Effects 

 Confi nement of herbivores by VCFs can lead to habitat degradation, depressed pri-
mary production and, eventually, decreased carrying capacity. Restriction of spring-
bok, kudu, wildebeest, and giraffe by VCFs to areas of very high grazing and 
browsing are blamed for population declines in the Caprivi (Albertson  1998  ) . 
Models using aerial survey data indicate that ungulate biomass in the Kalahari was 
only 25% of its predicted level after fence construction (1,833 vs. 439 kg/km 2 ) 
(Williamson and Williamson  1981  ) . Soil samples in and around Khutse Game 
Reserve, Botswana linked low wildebeest and hartebeest biomass to a downward 
spiral in carrying capacity: free-ranging wild herbivores are necessary for nutrient 
input and in their absence, soil nutrition may decline (de Queiroz  1993  ) . 

 Artifi cially high concentrations of elephants can cause rapid habitat change, so 
their confi nement by fences can have marked effects. Elephants are keystone species, 
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capable of causing shifts in vegetation structure and in species composition (plant 
and animal) (see Caughley  1976 ; Cumming et al.  1997 ; Ogada et al.  2008  for 
reviews). Trampling by elephants along fence lines caused local habitat degradation 
in Zimbabwe (Taylor and Martin  1987  ) . Exceptionally high densities of elephants 
in northern Botswana may be due in part to range restriction imposed by veterinary 
fences (Albertson  1998  ) . In combination with lack of recolonisation opportunities, 
the resulting elephant-induced changes in vegetation structure may contribute to the 
marked decline of buffalo, roan, sable and tsessebe in the Caprivi (Martin  2005  ) .  

   Human-Wildlife Confl ict 

 Although fences can be built specifi cally to curtail human-wildlife confl ict, VCFs 
can intensify confl ict. Where fences separate wildlife, especially elephants, from 
water supplies, human-wildlife confl ict escalates (Taylor and Martin  1987 ; Gadd 
 2001  ) . Animals denied access to natural watercourses are forced to seek water else-
where, often resorting to waterholes in close proximity to humans and their live-
stock. Fences can facilitate land use practices that are incompatible with wildlife 
conservation. Where fences are built along the boundary of a wildlife zone, agricul-
ture tends to expand right up to the boundary, even if a buffer zone has been desig-
nated (Taylor and Martin  1987  ) . Fences that dead-end near agricultural settlements 
unintentionally funnel elephants in, increasing crop raiding (Booth et al.  1998  ) . 
Fences remove incentives for people to actively herd their cattle, and cattle wander 
unattended, rendering them more susceptible to predation, stock theft and acciden-
tally wandering through broken fences into disease zones (Gadd  2001  ) . When ele-
phants break VCFs and unaccompanied cattle escape, hostility toward elephants 
increases and cattle owners may demand compensation or extermination of ele-
phants (Albertson  1998 ; Gadd  2001,   2003  ) .  

   Benefi ts of VCFs to Wildlife 

 In addition to preventing disease spread, some veterinary cordon fences do confer 
advantages to wildlife. Fences made it possible to keep commercially valuable, 
disease-free buffalo in Zimbabwe prior to the collapse of the central government in the 
early 2000s (Taylor and Martin  1987 ; du Toit  2005  )  and in Namibia’s Nyae Nyae 
Conservancy (pers. obs.). Fences can also exclude domestic stock from wilderness 
areas: e.g. the Southern Buffalo Fence skirts the southern edge of Botswana’s Okavango 
Delta, keeping wildlife to the north and domestic stock to the south (Ross  2003  ) .  

   Synergies 

 The most devastating and long-lasting impacts occurred when fences combined 
with other factors. Fences, disease, drought, confi nement and resulting high local 
densities, and subsequent predation by people are blamed for the disappearance of 
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hundreds of thousands of springbok from South Africa’s Karoo (Roche  2008  ) . 
Fences, loss of migration routes, and disease outbreaks depressed the wildebeest 
population in Etosha, Namibia to a fraction of its original size (Berry  1983  ) . Fences, 
human hunting, drought and competition with cattle precipitated the demise of the 
Kalahari’s wildebeest (Owen and Owen  1980 ; Williamson and Mbano  1988 ; 
Spinage  1992  ) . Fences and drought contributed to the declines of hartebeest and 
zebras in the Kalahari in the 1980s (Spinage  1992 ; Ross  2003  ) . Fences, provision-
ing of artifi cial waterholes and drought contributed to the decline of wildebeest, 
hartebeest, eland, and ostrich in Kalahari Gemsbok National Park (Knight  1995  ) . 
Fences, excessively high concentration of herbivores and subsequent die-offs may 
cause depressed productivity in the Khutse area of the Kalahari (de Queiroz  1993  ) . 
Fences, high elephant densities which depleted browsing and grazing, and the fail-
ure of immigrants to replenish northern satellite populations explain the decline of 
local ungulates in Caprivi, Namibia (Martin  2005  ) . Fencing of the Shashe River, 
human-elephant confl ict around agriculture and water points, and targeted hunting 
are likely to eliminate the last few dozen elephants around Mmadinare, Botswana 
(Gadd  2001,   2003  ) .  

   Mitigation 

 Few attempts have been made to lessen the impact of veterinary cordon fences, 
either by leaving openings or by designing fences that are more permeable to wild-
life. Give-and-go fences that could be triggered by elephants have been suggested 
(Kalikawe  1997  )  but not fi eld-tested. Carnivores showed some proclivity for learn-
ing where passage points were in a ranch fence in Namibia (Schumann et al.  2006  ) . 
Attempts to curtail crop raiding by elephants could yield insights that could be 
applied to veterinary fences. Managers at Ol Pejeta Conservancy in Kenya identi-
fi ed points in their perimeter fence that elephants often broke through. At these 
breakage points, managers fortifi ed the fences and where the property joined wild-
life-friendly areas, managers removed sections of fence to encourage passage. 
Preliminary evidence from collared individuals and spoor counts indicates that ele-
phants abandoned strengthened sections and quickly learned to use gaps (Craig 
 2007  ) .  

   Progress and Restoration 

 Although pre-construction wildlife surveys were rarely used to decide upon the 
alignment of fences, governments recently agreed to remove specifi c sections of 
fence line after construction, after local and international outcry. To the acclaim of 
conservationists and local residents dependent on wild products and non-export 
livestock, Botswana’s Department of Agriculture dismantled 210 km of the Setata 
fence (west of the Okavango) and 66 km of the Nxai Pan Buffalo Fence (east of the 
Okavango) in 2003 and 2004. Within weeks, elephants, zebras and wildebeest 
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traversed the old line and moved into their former range (Albertson  2005  ) . After 
being absent for decades, a hippo and a rhino made their fi rst forays south of the old 
Setata line (Albertson  2008  ) . In spite of these successes, Botswana’s Department of 
Animal Health reversed its standpoint in 2007 and made the unilateral decision to 
rebuild the Setata fence (Environmental Investigation Agency  2007  ) , selecting the 
alignment least recommended by the environmental impact assessment. However, 
progress was made again in 2008, when the Botswana government announced that 
it would leave a 100-km section of fence to allow wildlife to move unencumbered 
and would follow a less objectionable alignment option (Botswana Offi ce of the 
President 2008).    

   Discussion 

   Trends Across Studies 

 Data on the impact of veterinary fences have been collected over fi nite sampling 
periods and covered only a fraction of the existing fences; therefore, they vastly 
underestimate the true toll. However, they provide incontrovertible evidence that 
veterinary cordon fences have played a signifi cant role in the deaths of thousands of 
mammals, the disappearance of mass migrations and the collapse of local 
populations. 

 Effects have been recorded at all levels of organisation (individual to ecosystem) 
and across time scales (short- and long-term). With the exception of small mammals 
and carnivores, most mammals in the vicinity experienced individual entanglement 
and mortality. However, large, migratory ungulates have been the most severely 
affected, experiencing repeated mass mortalities and population crashes. 

 In the short term, animals in the immediate vicinity are separated from vital 
resources, family groups and conspecifi cs. Populations are restricted into habitat 
fragments and isolated into smaller populations. During drought periods, animals 
are unable to reach their dry season destination. Diverted by fences, animals may 
crowd into blind corners or confi ned areas, reaching unnaturally high concentra-
tions, where they suffer exhaustion and stress and may succumb to dehydration, 
starvation, and predation. Human hunters take advantage of these aggregations, 
quickly and easily slaughtering confi ned, exhausted animals. 

 Deaths continue decades after fence construction, as new generations try to dis-
perse, degraded habitat or climatic conditions force animals to take new paths or 
attempt to restore old ones. Over a few years, migratory individuals may perish, and 
over generations, migratory behaviours may disappear. The relict population may 
be more sedentary, isolated and susceptible to extinction. Community structure may 
shift, favouring sedentary species. In the long-term, the instinct and the ability to 
migrate could be lost. 

 Fences create feast and famine situations; too many herbivores confi ned on one 
side can lead to overgrazing, trampling, disease outbreaks, habitat degradation, 
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starvation, and eventual decrease in carrying capacity. Too few on one side can lead to 
local extinctions. Fences bisect habitat and divide populations, blocking corridors and 
severing connectivity of metapopulations and of wildlife areas. Over time, popula-
tions dependent on infl ow of new individuals from source populations may crash. 

 When combined with other forces, including natural environmental stressors 
(drought, fi re, disease), competition with other herbivores (particularly cattle and 
elephants) and hunting by humans, fence effects can be catastrophic.  

   Learning from Our Mistakes 

 We have every reason to expect the prevalence of fences and the negative impacts of 
fencing on wildlife to increase in the coming years. In addition to new fences, exist-
ing fences are being strengthened to withstand disease threats and breakage by ele-
phants in some regions and unwanted wildlife in other regions, and to resist the 
uncontrolled movement of people. 

 We should anticipate that climate change may exacerbate fence impacts. Animals 
will need to move in response to changing rainfall patterns and resource distribu-
tion, and will be forced to track shifting prey species or habitat distribution. Animals 
may fi nd their habitat or prey species moving north or south of fences. Fence sec-
tions which have not had signifi cant impact may suddenly be in the way of vital 
range shifts. Disease dynamics and animal interactions are bound to change. Existing 
fences may not be properly placed to accommodate changing land uses and disease 
control needs. There may be demand for a new generation of fences on the new 
frontlines of the wildlife/livestock interface; therefore, it is imperative that we have 
a realistic understanding of the effects of existing fences and a strategy to minimise 
undesirable consequences.  

   Improved Planning and Monitoring 

 For too long, disease control policies have been planned and executed in isolation. 
A new approach that considers economic productivity, ecosystem function, biodi-
versity and human health is essential (Osofsky et al.  2008  ) . Diseases are a very real 
threat, but control plans should be developed at the regional level, in consultation 
with key stakeholders including cattle producers, veterinary departments, human 
health advocates, wildlife agencies and local residents. 

 Policies and subsidies need to be examined closely for hidden costs. It has been 
suggested that the standards for international trade are antiquated and that different 
protocols need to be explored (Nair  2007 ; Scoones and Wolmer  2008 ; Thomson 
 2008  ) , which could alleviate the need for FMD fencing. For example, advocates of 
commodity-based trade argue that hygienically processing healthy cattle in Africa 
(by removing bones and lymph nodes) before export would serve the dual purpose 
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of eliminating the risk of disease transmission and adding value to the commodity, 
thus removing the need for physical barriers and allowing African nations to retain 
more revenue from their exported beef (Scoones and Wolmer  2008 ; Thomson  2008  ) . 
International trade agreements with consumer countries, aid from developed nations 
and policies within African countries that encourage sub-division and fencing, need 
to be examined for their unintended effects.  

   Conscientious Consumers and Educated Donors 

 Consumers are becoming more conscientious about the ecological footprint of the 
food they buy, yet few European consumers are aware of where their beef comes 
from, and even fewer are cognizant of the links to African wildlife. Campaigns to 
label the country of origin of animal products and to publicise the ecological cost 
could result in improved consumer awareness and more discerning buyers. 

 New fences are often paid for under the aegis of economic development. Cost/
benefi t analyses need to appropriately value the wildlife resources affected. Donor 
nations have the right, and the obligation to conduct environmental, social and eco-
nomic impact assessments before fencing.  

   Mitigation 

 Several simple steps could improve our understanding of existing fences. Firstly, 
we need to take stock of the existing fences. An accurate, centralised, spatially 
explicit database of all fences (including information on key fence attributes, like 
type of fence, condition, etc.) is critical to understanding the current fence network 
and to prioritising future construction and removals. 

 Impediments to research need to be removed so that impact assessments can be 
carried out in a transparent, objective manner. Researchers have been unable to col-
lect paired before- and after- or long-term data, and advice on minimizing impact to 
wildlife has been ignored. When new fences are deemed absolutely necessary, 
objective, independent environmental impact assessments must be conducted prior 
to fence construction and recommendations adhered to. At a minimum, for any 
proposed new fencing, mammal distribution, migration pathways, resource distribu-
tion (including vegetation types, rainfall gradient and water sources), historic 
knowledge of movements and migrations, altitudinal gradients, present and pro-
posed land uses should be taken into account. Repeated, systematic paired assess-
ments should be conducted before and after fence construction to see how wildlife 
distribution and abundance changes. Longitudinal studies to determine how indi-
viduals and species are affected at a given location need to be initiated. Focal ani-
mals should be studied before and after construction in order to answer questions 
about how individuals respond to altered resource availability, home ranges or ter-
ritories, and divided social groups. 
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 Existing fences must be managed adaptively. Fence encounter and passage rates 
can be calculated through simple yet systematic, frequent monitoring of fences. 
With regular monitoring, we can better understand mortality patterns and, most 
importantly, events that trigger them. By anticipating when and where essential 
wildlife movements are likely to happen, and where the disease control trade-off is 
reasonable, proactive measures like fence removal can be undertaken. Identifying 
locations that are likely to be used by wildlife that could be left open without com-
promising restriction of cattle movement would be a vast improvement. Where 
mammal traffi c or mortality is high along VCFs or where threatened species occur, 
changes need to be made. In high impact areas, important corridors, or at times of 
year when migration is essential, alternatives to fencing must be explored. 

 Fence design has been relatively unchanged for the last 50 years. Simple innova-
tions that allow the passage of some animals while preventing others could lessen 
the effects of fences without compromising their disease control functions. For 
example, where cattle and buffalo are the species of concern, cattle grids could be 
installed and effectively maintained. These will prevent the passage of cattle and 
buffalo while elephants and other wildlife could move across, unimpeded. The 
removal of fences within emerging transfrontier conservation areas, such as Kruger 
National Park’s border with Mozambique, provide a unique opportunity to study 
how animals respond to fence removal and to test new wildlife friendly fencing sec-
tions, in a controlled, replicated manner. 

 For decades, the impact of veterinary fences on wildlife has been swept under the 
rug. It is time to take an honest accounting of the impact thus far and to take steps 
to prevent such unnecessary damage in future.       
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          Introduction 

 Fences have become a common management tool to counteract the increasing  pressure 
on protected areas and their animals from encroachment of an expanding human 
population, increased prevalence of diseases and increased spread of alien invasive 
species. However, although fences often have positive effects by protecting land from 
urban sprawl, and from poaching or encroaching livestock, they may also have 
 negative effects on animal movement and demographics (reviewed in Hayward and 
Kerley  2009  ) . Of these negative effects, one of the most important is that fences often 
restrict the movement of the enclosed animals (Newmark  2008  ) , thereby creating a 
network of isolated populations. If fences are impenetrable, there will be no interpopu-
lation movement, which has demographic consequences (e.g. Somers et al.  2008  ) . 

 Movement between subpopulations is an important process in the dynamics of 
spatially structured populations, because it provides the linkage between subpopula-
tions and enables the colonization of unoccupied areas by dispersing individuals 
(Brachet et al.  1999 ; Thomas  2000 ; Revilla and Wiegand  2008  ) . Movement also 
ensures the long-term persistence of metapopulations (Hanski  1998  ) . Because con-
servation areas cover only a small fraction of the total land area, the management of 
matrix habitat in between isolated populations becomes increasingly important 
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(Prugh et al.  2008 ; Franklin and Lindenmayer  2009 ; Prevedello and Vieira  2010 ; 
Watling et al.  2011  ) . For instance, Akçakaya et al.  (  2007  )  emphasized that the viabil-
ity of a population may depend on surrounding populations, in which case metapo-
pulation processes infl uence or determine reserve design and management options. 

 Large carnivores are often persecuted in rural areas because of the damage they 
do to livestock, the fact that they compete with humans over game or the direct threat 
they pose to humans (Kruuk  2002  ) . This has led to heavy persecution, and subse-
quently for many species to local, regional or global extinction (Dalerum et al.  2009  ) . 
Because of their body size and potential confl ict with humans, many populations of 
large carnivores are enclosed by fences, which often have led to detrimental levels 
of population fragmentation (Hayward and Kerley  2009  ) . This fence-driven frag-
mentation process has been accentuated by an increase in large carnivore reintroduc-
tions (Hayward and Somers  2009  ) . Although substantial efforts are devoted to keep 
fences secure, many large carnivores are able to penetrate them, possibly decreasing 
the negative demographic effects of fences. Such breakouts often occur following 
fl oods when fences placed across rivers are washed away, when poachers break 
fences to gain access to conservation areas or simply through holes made by other 
species such as warthogs  Phacochoerus africanus  (Somers, unpublished data). 

 The African wild dog  Lycaon pictus  is a large (20–30 kg) canid that lives in com-
plex social groups of up to 24 individuals (Creel and Creel  2002 ; Somers et al. 
 2008  ) . It occurs throughout central, eastern and southern Africa. Following heavy 
persecution, the species became endangered during the twentieth century and it 
remains at a fraction of its previous population size. In South Africa, wild dog con-
servation has focused on reintroducing packs within fenced conservation areas and 
on facilitating movement between these isolated populations through translocations 
(Davies-Mostert et al.  2009 ; Gusset  2010  ) . Wild dogs usually disperse in single-sex 
groups at the age of 1–2 years. Individuals rarely breed if they remain in their natal 
packs beyond this age because wild dogs usually do not breed with close relatives 
(Somers et al.  2008 ; Spiering et al.  2011  ) . Therefore, unless animals of dispersal age 
are actively translocated (Gusset et al.  2009  ) , they are effectively demographically 
lost to the South African managed metapopulation. 

 Although persecution of wild dogs outside of conservation areas in South Africa 
may be substantial (Gusset et al.  2008  ) , it is potentially benefi cial if dispersing wild 
dogs manage to penetrate fences since they then may meet unrelated dispersers of 
the opposite sex and form new packs. This may be inside conservation areas or 
elsewhere. If such spontaneous dispersal is suffi ciently common, a natural metapo-
pulation will form (Hanski  1998  ) . This has large demographic and genetic benefi ts 
compared to isolated populations where the only method of dispersal between sub-
populations would be by human translocation (Frankham  2009  ) . Therefore, evaluat-
ing the infl uence of fences on wild dog demography and population persistence is 
central to the conservation of the species particularly in southern Africa, where 
fences are prevalent and populations are fragmented. Here, we use stochastic popu-
lation models to investigate the demographic effects of varying levels of fence pen-
etrability on the viability of spatially structured wild dog populations.  
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   Methods 

 We modifi ed a stochastic population model previously described in Dalerum et al. 
 (  2008  ) . The model is temporally discrete with a simple sex and age structure, and 
can be formalized as:

           = + + + +i iP AM AF SM SF J ,i i i i    (10.1)

    where  P  
 i 
 , AM 

 i 
 , AF 

 i 
 , SM 

 i 
  ,  SF 

 i 
  and  J  

 i 
  are population size, number of adult males and 

females, number of subadult males and females and number of juveniles at year  i , 
respectively. For our purposes, we regarded adults as animals 2 years or older, sub-
adults as animals from 1 to 2 years and juveniles as young of the year (Somers et al. 
 2008  ) . We calculated the number of animals in each age and sex category as:

               = ´iJ AF f ,i i    (10.2)    

           -= ´ ´ + -i 1SM 0.5 J IMS EMS ,i i i ijs    

(10.3)       -= ´ ´ + -1SF 0.5 J IFS EFS ,i i i i ijs        

           - - -= ´ + ´ - +1 1 1AM AM SM EMA IMA ,i i i i i i imas mss    

(10.4)      - - -= ´ + ´ - +1 1 1AF AF SF EFA IFA ,i i i i i i ifas fss    

    where  f  
 i 
  is annual birth rate (number of pups per female per year after weaning; 

weaning sex ratio is estimated to be 1:1), js 
 i 
  is juvenile survival, mss 

 i 
  and fss 

 i 
  are 

subadult survival for males and females, mas 
 i 
  and fas 

 i 
  are adult survival for males 

and females, respectively, EMS 
 i 
 , EFS 

 i 
 , EMA 

 i 
  and EFA 

 i 
  are the net number of sub-

adult and adult emigrating males and females, and IMS 
 i 
 , IFS 

 i 
 , IMA 

 i 
  and IFA 

 i 
  are the 

net number of subadult and adult immigrating males and females. 
 We ran the model with discrete 1-year time steps, and for each year we drew 

female fecundity from a normal distribution, and survival from a binomial distribu-
tion. We calculated the number of emigrants by multiplying the number of animals 
in each age and sex category with binomial probabilities of dispersal. We calculated 
the number of immigrants from emigrating individuals from connected populations. 

 To evaluate the effect of fences, we multiplied the number of immigrants from a 
particular population with a scaling factor ranging from 0 to 1, so that a scaling 
 factor of 0 would result in no immigrants and a scaling factor of 1 would result in 
all potential immigrants entering the population. We regarded this scaling factor as 
a theoretical proxy for fences of varying penetrability, so that a scaling factor 
(i.e. fence penetrability) of 0 would represent a completely wild dog proof fence 
and a fence penetrability of 1 would represent an unfenced population boundary. 
This approach controlled only the net number of immigrants, but not the number of 
emigrants. We used this “one way” fence approach (i.e. restricting immigration but 
not emigration) since we modelled relatively small populations and any prospective 
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emigrants that would have been locked in by a fence would most likely not be 
demographically active (Somers et al.  2008  ) . We repeated each subset of simula-
tions over the full range of fence penetrability values 1,000 times, and for each 
simulation we coded population size at 25 years as either below the initial popula-
tion size or not, or extinct or not-extinct. Based on these binary codes we used 
logistic regression models to calculate probabilities of population decline and 
extinction over varying levels of fence penetrability (e.g. McCarthy et al.  1995, 
  1996 ; Cross and Beissinger  2001 ; Dalerum et al.  2008  ) . 

 We considered two different scenarios of wild dog populations. Both are rel-
evant from a conservation perspective (see Davies-Mostert et al.  2009  ) . First, 
we considered a source–sink scenario with one large source and fi ve small sink 
populations, with each sink population being 10% of the size of the source pop-
ulation (Fig.  10.1a ). Secondly, we considered a metapopulation scenario with 
six evenly sized subpopulations (Fig.  10.1b ). For the metapopulation scenario, 
we altered the connectivity of the subpopulations to range from one to fi ve 
(i.e. the number of connected populations for each subpopulation), and also the 
number of connected populations that were affected by the fence variable 
(ranging from one to the maximum number of connected populations for each 
scenario).  

 Fecundity, survival, demographic structure and dispersal parameters underlying 
the simulations are given in Table  10.1 . To avoid unlimited exponential growth, we 
capped source and sink populations at a carrying capacity of 500 individuals, and 
subpopulations within the metapopulaton at 200 individuals (see below for descrip-
tions of the two demographic scenarios). However, for simplicity we did not include 
density-dependent effects on demographic parameters until the carrying capacity 
was reached.   

  Fig. 10.1    Conceptual description of model scenarios. We explored the effect of fences on ( a ) 
source–sink populations consisting of one source population with 400 individuals and fi ve sink 
populations with 40 individuals each, and ( b ) four different metapopulation scenarios, each with 
six subpopulations consisting of 100 animals each but with varying connectivity (ranging from 
each subpopulation being connected to its two nearest neighbours to each subpopulation being 
connected to all subpopulations in the metapopulation)       
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   Results 

 In the source–sink scenario, completely wild dog proof fences (i.e. with zero pen-
etrability) generated substantial probabilities of population decline in all fi ve sink 
populations (>75%), and over 20% probability of having up to three sink popula-
tions going extinct within 25 years. Fences with less than 25% penetrability gener-
ated almost 100% probabilities of population decline in at least one of the sink 
populations over 25 years (Fig.  10.2a ), and generated associated risks above zero of 
having at least one sink population going extinct (Fig.  10.2b ). There appears to be a 
threshold of fence penetrability at about 50%; populations enclosed by fences with 
higher penetrability had substantially lower probabilities of decline and almost zero 
probability of extinction (Fig.  10.2 ).  

 In the metapopulation scenario, both connectivity within metapopulations and num-
ber of fenced population connections affected how important fences were for wild dog 
population viability. At least half of the population connections had to be fenced for 
fences to have a substantial effect on the probabilities of population decline (Fig.  10.3a ), 
and all population connections had to be fenced for fences to have any effect on sub-
population extinction probabilities (Fig.  10.3b ). Even with all connections affected by 
fences, as is typically the case in South Africa, there appears to be a threshold at 
approximately 50% penetrability for fences to have substantial effects on the 

   Table 10.1    Parameters underlying our modelling approach to evaluate the effect of fences on the 
viability of spatially structured wild dog populations   
 Parameter  Value  Source 

 Adult males (%)  29.86  Creel and Creel  (  2002  )  
 Adult females (%)  27.09  Creel and Creel  (  2002  )  
 Subadult males (%)  8.03  Creel and Creel  (  2002  )  
 Subadult females (%)  9.84  Creel and Creel  (  2002  )  
 Juveniles (%)  25.18  Creel and Creel  (  2002  )  
 Fecundity mean (offspring/female/year)  2.4  Estimated from Creel and 

Creel  (  2002  )  
 Fecundity SD (offspring/female/year)  1.2  Estimated from Creel and 

Creel  (  2002  )  
 Juvenile female survival (annual)  0.75  Creel and Creel  (  2002  )  
 Juvenile male survival (annual)  0.66  Creel and Creel  (  2002  )  
 Subadult female survival (annual)  0.84  Creel and Creel  (  2002  )  
 Subadult female survival (annual)  0.99  Creel and Creel  (  2002  )  
 Adult female survival (annual)  0.69  Creel and Creel  (  2002  )  
 Adult male survival (annual)  0.73  Creel and Creel  (  2002  )  
 Subadult male migration (proportion animals)  0.30  Creel and Creel  (  2002  )  
 Subadult female migration (proportion animals)  0.49  Creel and Creel  (  2002  )  
 Adult male migration (proportion animals)  0.10  Creel and Creel  (  2002  )  
 Adult female migration (proportion animals)  0.11  Creel and Creel  (  2002  )  
 Sink population size mean  40  Estimated from Davies-Mostert 

et al.  (  2009  )  
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 probabilities of subpopulation decline (Fig.  10.3a ), and a threshold at approximately 
20% penetrability for fences to substantially affect extinction probabilities (Fig.  10.3b ).  

 The effects of fences on the probabilities of both decline and extinction in at least 
one subpopulation were higher in the source–sink than in the metapopulation sce-
nario, unless all subpopulation connections in the metapopulation were fenced 
(Table  10.2 ). Moreover, metapopulations were more sensitive to the effects of fences 
if they had a large number of connections, so that fences in metapopulations with a 
large number of connections could have higher penetrability but still generate 
 substantial probabilities of decline (Table  10.2 ).   

  Fig. 10.2    Probability of ( a ) decline and ( b ) extinction after 25 years of simulations of theoretical 
wild dog populations, each consisting of a source population with 400 animals as well as fi ve sink 
populations with 40 animals each. Each  line  represents the probabilities of decline and extinction 
in one to fi ve sink populations. The model assumes that animals not being able to disperse were not 
demographically active while remaining in their population of origin       

  Fig. 10.3    Probability of ( a ) decline and ( b ) extinction after 25 years of simulations of theoretical 
wild dog metapopulations, each consisting of six subpopulations with 100 animals each. Each 
 row  represents the number of connecting subpopulations (ranging from two to fi ve) and each 
  column  represents the number of fenced subpopulation connections (ranging from one to the 
 maximum number of connections for each model scenario)       
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   Discussion 

 Our results highlight the fact that fences can substantially affect the viability of 
source–sink populations of wild dogs through constraints in dispersal, and that 
fences effi cient in limiting wild dog movements can generate substantial extinction 
probabilities in such populations. Our results further indicate that the connectivity 
within metapopulations infl uences the effects of fences on population viability. In 
both scenarios, there appears to be two crude thresholds of fence penetrability; 
fences with about 50% penetrability or less seem to generate substantial probabili-
ties of decline, whereas fences with 20% penetrability or less seem to generate 
probabilities of extinction that are above zero. Although our analyses should be 
interpreted in a largely qualitative context, these results still suggest that entirely 
predator-proof fences are detrimental for the conservation of large carnivore species 
such as wild dogs, unless the animals are periodically translocated between fenced 
conservation areas (Gusset et al.  2009  ) . However, the penetrability of fences typi-
cally varies owing to varying levels of maintenance, fl ooding or destruction by ani-
mals such as elephants  Loxodonta africana , so that completely predator-proof 
fences are, in reality, probably absent or very rare. 

 The demographic impacts of fences will depend both on the level of density-
dependent regulation in fenced populations and the mortality rates in unfenced areas. 
Therefore, fences may not have detrimental effects on all wild dog populations since 

   Table 10.2    Fence penetrability (ranging from 0 being complete wild dog proof fence to 1 being 
no fence), generating 25, 50 and 75% probabilities of decline and extinction after 25 years of simu-
lations in at least one subpopulation of a source–sink population and in metapopulations with 
varying levels of connectivity and with different numbers of fenced subpopulation connections      

 Population 
scenario 

 Number of 
connections 

 Number 
of fenced 
connections 

 Decline  Extinction 

 25%  50%  75%  25%  50%  75% 

 Source–sink  0.53  0.47  0.41  0.19  0.12  0.06 
 Metapopulation  2  1  0.23  0.10  0  0  0  0 

 2  0.44  0.31  0.18  0.04  0  0 
 3  1  0.13  0  0  0  0  0 

 2  0.34  0.21  0.09  0  0  0 
 3  0.56  0.43  0.30  0.05  0  0 

 4  1  0.03  0  0  0  0  0 
 2  0.24  0.12  0  0  0  0 
 3  0.46  0.33  0.20  0  0  0 
 4  0.67  0.54  0.41  0.06  0  0 

 5  1  0  0  0  0  0  0 
 2  0.15  0.02  0  0  0  0 
 3  0.36  0.23  0.10  0  0  0 
 4  0.57  0.44  0.32  0  0  0 
 5  0.79  0.66  0.53  0.07  0.01  0 
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they might prevent animals from suffering persecution and other human-related 
mortality outside of fenced areas. For instance, fence length, a surrogate for the level 
of fence maintenance, was negatively related to the survival of reintroduced wild 
dogs in South Africa (Gusset et al.  2008  ) . Furthermore, the only reintroduced pack 
within the South African managed metapopulation that had a mortality risk higher 
than the population average was released into the only area that was not entirely 
fenced (Gusset et al.  2010  ) . The major cause for the increased mortality among these 
wild dogs was snaring immediately outside of the reserve. However, contrasting 
these results are fi ndings that wild dogs succeed in dispersing over long distances, 
and occasionally between fenced conservation areas (e.g. 100 km between Hluhluwe-
iMfolozi Park to Ithala Game Reserve; Somers, unpublished data). These inconsis-
tent results regarding the effect of fences on wild dog demographics highlight the 
complexities in evaluating the consequences of fences for populations of large car-
nivores. Therefore, we stress that our suggestion that a certain level of fence pene-
trability may be benefi cial for large carnivore conservation does not apply to all 
species and for all management scenarios. Instead, the infl uence of dispersal barriers 
such as fences should optimally be evaluated for each species and situation sepa-
rately. It is only in such context-dependent evaluations that species-specifi c disper-
sal behaviour can be considered and weighted against estimated mortality risks in a 
matrix habitat. 

 To conclude, our results suggest that fences can generate substantial probabili-
ties of decline and extinction probabilities above zero in both source–sink popula-
tions and metapopulations of wild dogs. However, these suggestions of purely 
negative effects of fences are contradicted by empirical data from South Africa 
where wild dogs suffered higher mortality in areas with higher fence penetrability 
due to human-related mortality outside of conservation areas (Gusset et al.  2008, 
  2010  ) . We argue that these inconsistencies are caused by the relative effects of the 
levels of density-dependent constraints on population growth inside fenced reserves 
(Somers et al.  2008  )  and mortality rates in matrix habitat. However, we still 
acknowledge that large protected areas probably are the best way to protect biodi-
versity, especially wide-ranging species such as large carnivores (Mills  2005 ; 
Hayward and Kerley  2009  ) .      
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          Introduction 

 Regional-scale    conservation planning initiatives are undertaken to mobilise  collective 
action by communities to achieve strategic nature conservation goals at sites of con-
servation importance (e.g., Cowling and Pressey  2003 ; Rouget et al.  2006 ; Smith 
et al.  2008  ) . Increasingly, spatial prioritisation techniques are applied by conserva-
tion planning initiatives (Pressey  2002  )  to explicitly locate and design areas where 
optimal suites of conservation instruments (Young et al.  1996  )  can be most effec-
tively and effi ciently implemented to ensure the conservation and sustainable 
 management of nature. Despite controversy surrounding the design and effi cacy of 
local-scale conservation corridors, due, for example, to uncertainty surrounding 
actual use by target species and their potential to facilitate spread of invasive alien 
species (Hobbs  1992 ; Simberloff et al.  1992 ; Dobson et al.  1999  ) , regional-scale 
corridors are increasingly designed to achieve conservation goals. This is a response 
to the rising awareness of the importance of protecting environmental processes 
which ensure the persistence of biodiversity and their links to the complex and 
 systemic functioning of social–ecological systems. Environmental processes such as 
migration, speciation and climate change have been included in both target-
driven (e.g., Cowling et al.  1999,   2003 ; Carroll et al.  2001 ; Rouget et al.  2006  )  
and  non-target-driven (Conservation International  2000 ; Dinerstein et al.  2000 ; 
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Sanderson et al.  2002 ; Muruthi  2004 ; Beier et al.  2008  )  spatially explicit regional 
conservation corridor designs. 

 Practical conservation    planning initiatives aim to deploy a Landscape Manage-
ment Model (Knight et al.  2006a  )  that comprises a diverse but optimal suite of con-
servation instruments: establishing formally protected areas, entering into voluntary 
and/or binding agreements with private land managers, offering incentives, restor-
ing habitat and supporting institutions (Young et al.  1996  ) . Conservation corridors 
are often designed to link existing protected areas across privately owned land (e.g., 
Rouget et al.  2006 ; Beier et al.  2008  ) . Private lands are typically managed as small 
land parcels (cadastres) which may be managed in groups as properties by numer-
ous individual land managers. Land managers typically have diverse management 
goals and activities and, though regulated by government, often manage autono-
mously. Properties and cadastres are managed at a scale far fi ner than the scale at 
which these landscapes function (Briggs  2001  ) , and are often separately and inde-
pendently fenced. Depending upon the management approach, individual cadastres 
may be further internally subdivided with fencing. This fi ne-scale partitioning of the 
landscape by fences disrupts the functioning of environmental processes, counter-
ing the goal of conservation corridor initiatives. A vexing question for those design-
ing and implementing conservation corridors is: “How do we promote collective 
action by land managers to maintain environmental processes across fenced land-
scapes dominated by private tenure”? There are multiple signifi cant challenges to 
providing a long-term solution to this question. 

   Designing Corridors Using Conservation Opportunity 

 When aiming to effectively implement a regional-scale conservation corridor, it is 
essential that it be planned using a spatial prioritisation technique (Knight et al. 
 2006b ; Rouget et al.  2006  ) . Historically, these techniques have applied ecological 
data alone, sometimes coupled with vulnerability data, to determine conservation 
priorities for areas (Pressey  1997 ; Pressey and Taffs  2001  ) . However, mapping 
opportunities for, and constraints upon, implementing effective conservation action 
has been promoted as a more effective approach to improve the likelihood of these 
initiatives achieving their conservation goals (Cowling et al.  2004 ; Knight and 
Cowling  2007 ; Knight et al.  2010  ) . 

 Mapping conservation opportunity provides an explicit approach for planning 
the integration of different types of capital. Much as environmental processes are 
essential for ensuring the persistence of nature managed within conservation corri-
dors, human and social capital must also be explicitly understood and managed, 
because these determine the processes and locations of land-use pressures, and the 
feasibility of effective implementation. We hypothesise that human and social capi-
tal interact together to facilitate connectivity throughout a corridor. Human capital 
(e.g., the knowledge, willingness and capacity of individual people) forms the basic 
building-blocks essential for collective action. If individuals are unable or unwilling 
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to implement conservation action, then the collective action essential for mobilising 
the hundreds or thousands of people required to effectively implement regional-
scale conservation corridors is impossible. Social capital provides the “glue” that 
forges the partnerships essential to mobilise individuals collectively towards a com-
mon conservation goal. Factors defi ning social capital include social networks, con-
fi dence in governance, a local sense of belonging (Grootaert and van Bastelaer 
 2001  )  and willingness to collaborate. In turn, social capital is underpinned by, but 
also infl uences, a range of human capital factors that enable the processes which 
maintain social capital to function effectively. These are hypothesised to include 
multiple factors (Knight et al.  2010  )  such as whether an individual person (often a 
land manager): suffers burnout (Maslach et al.  1996  ) ; is recognised as a local or 
regional champion (someone who provides leadership); is entrepreneurial; has the 
fi nancial capacity to participate (as conservation goals are typically decided by soci-
ety, but costs often realised by individual land managers); fosters strong interper-
sonal relationships; is willing to collaborate with other stakeholders; and/or is 
willing to participate in implementing specifi c conservation instruments (e.g., a 
covenant). Other factors may also be important, depending on the context. Actively 
managing human and social capital is as important as managing other capital (e.g., 
natural, fi nancial) if effective conservation action and, ultimately, adaptive manage-
ment are to be implemented. This can be achieved through processes that enhance 
connectivity between people, notably institutions which facilitate collaboration, 
negotiation and confl ict resolution, social learning and consilience (the fusion of 
knowledge traditions; Wilson  1998  ) . 

 Our conceptual framework recognises fi ve dimensions of conservation opportu-
nity: (1) conservation value; (2) vulnerability; (3) economic costs of implementa-
tion; (4) human capital; and (5) social capital (Knight et al.  2010  ) . These factors are 
formulated in the context of an optimal suite of conservation instruments (Young 
et al.  1996  )  useful for securing important areas, and are collectively constituted as a 
Landscape Management Model (Knight et al.  2006a  ) . Multiple factors defi ne each 
of these dimensions: for example, vulnerability may comprise exposure, intensity 
and impact (Wilson et al.  2005  ) . Factors defi ning individual dimensions vary from 
region to region through differences in regional characteristics and available data, 
meaning specifi c factors, are best defi ned on a case-by-case basis.  

   Fencing and Human and Social Capital Within Corridors 

 Research into the ecological impact of fencing confi rms that fencing inhibits the 
functioning of environmental processes (e.g., Hayward and Kerley  2009 ; de Tores 
and Marlow  2012  ) . In contrast, studies examining the infl uence of human and social 
capital on ensuring connectivity across landscapes are rare. This is unfortunate, and 
perhaps surprising, given the interplay which exists between ecological connectiv-
ity (as impacted by fencing) and social connectivity. The ecological functioning of 
a corridor is directly impacted by land managers’ goals and activities (Cowling and 
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Pressey  2003  ) . In a landscape partitioned into many small cadastres through private 
land tenure, and its associated diversity of management activities, ecological con-
nectivity is enhanced when social connectivity is improved. Fences demarcate land 
ownership, a partitioning of resources, separating “mine” from “yours”. They also 
simplify management of individual cadastres, as individual owners manage their 
cadastres autonomously. This removes the need to consult or collaborate with neigh-
bours, which cannot occur effectively without strong social capital (i.e., trust, a 
shared sense of place, and social networks) (Brunckhorst  2002 ; Brunckhorst and 
Coop  2003  ) . In practice, social capital (through strong relationships) “transcends” 
fencing, and so is a prerequisite for ensuring ecological connectivity on private 
fenced land. Having multiple land managers remove fences between, and within, 
their properties is a highly complex process as it requires that they: (1) have a com-
mon vision of future landscape management; (2) practice land-uses compatible with 
an absence of fencing; (3) be willing to embrace collective action; (4) have the 
capacity to make the required changes to their land management activities; and (5) 
be willing to establish an institution through which to orchestrate their activities. 

 Unfortunately, conservation corridor initiatives rarely evaluate the human and 
social capital required to identify a conservation opportunity that can promote effec-
tive connectivity   . The mapping of a suite of human and social capital indices (for 
example, Table  11.1 ) specifi cally to inform the design and establishment of a con-
servation corridor provides insights into factors defi ning the likelihood of proposed 
conservation actions being effective (Knight et al.  2010  ) . Human factors, such as 
burnout and willingness-to-participate, are hypothesized to infl uence such social 
processes as collaboration and social learning which determine whether conserva-
tion goals will be achieved. Mapping conservation opportunity provides a technique 
to promote landscape-scale understanding of land managers’ values and behaviour 
and to ensure that the design and implementation of a conservation corridor is fea-
sible, cost-effective and reduces confl ict.   

   A Case Study from the Subtropical Thicket Biome 

 The Subtropical Thicket biome is located primarily within South Africa, and forms 
the south-western portion of the Maputaland–Pondoland–Albany “hotspot”, one of 
three identifi ed for southern Africa (Mittermeier et al.  2004  ) . It houses over 1,550 
plant species, 20% of which are endemic (Vlok et al.  2003  ) . The majority of farm-
ing ventures comprise commercial pastoralism, primarily goats and sheep, though 
farming of indigenous game for both eco-tourism and meat and trophy hunting has 
expanded rapidly in recent times (Langholz and Kerley  2006  ) . Stock farms occupy 
extensive areas, commonly 3,000–5,000 ha, whilst private game reserves are sub-
stantially larger, up to 22,000 ha. Irrigated cropping of citrus, pineapples, vegetables 
and chicory and plantation forestry occur along small riverine areas and along the 
coast where rainfall is comparatively high. In the early to mid 1900s, extensive areas 
were degraded through over-grazing, with 42% of the total solid thicket vegetation, 
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and 77% of the mosaic thicket vegetation types transformed (i.e., degraded through 
human activities resulting in a decline in extant habitat, species diversity and eco-
logical function) (Lloyd et al.  2002  ) . As a result, conservation, ecotourism and ani-
mal production values have been severely compromised (Hoffman and Cowling 
 1990 ; Lechmere-Oertel et al.  2005  ) . Abatement of rural poverty and unemployment 
are the primary government goals throughout the Subtropical Thicket biome. 

 In July 2000, the Subtropical Thicket Ecosystem Planning (STEP) Project was 
funded by the Global Environment Facility to raise awareness of the destruction of 
Subtropical Thicket and present a strategy for its conservation. The collective vision 
of the STEP Project was, as agreed by stakeholders, that “The people of the Thicket 
Biome take custodianship of their unique living landscapes and work together to 
conserve, enhance and use their natural resources to ensure sustainable ecological 
processes and livelihoods, now and in the future” (Knight et al.  2003  ) . Phase One 
concluded in December 2003 having delivered (1) an operational model for regional 
conservation planning (Knight et al.  2006a  ) ; (2) a public participation programme 
targeting key implementing organisations; (3) a spatial prioritisation, identifying 
seven priority conservation corridors (Rouget et al.  2006  ) ; (4) conservation plan-
ning products, including training of land-use decision-makers (Pierce et al.  2005  ) ; 
and (5) an implementation strategy (Knight et al.  2003  ) . Phase Two – the implemen-
tation stage – began in January 2004. It focused upon mainstreaming the STEP 
planning products into local government decision-making and the strategic imple-
mentation of proactive conservation initiatives, particularly within the proposed 
Fish-Kowie conservation corridor, and the building of social learning institutions to 
promote effective conservation management (Knight et al.  2003  ) . 

 The proposed Fish-Kowie corridor occupies some 394,000 ha and comprises 
1,027 individual cadastres, many of which are individually fenced, primarily 
because they stock sheep and goats which are actively rotated between individual 
cadastres or between smaller internally fenced camps within cadastres over 
 periods of days or months to manage grazing pressure. These fences include both 
low stock fences and high game fences, some of which are electrifi ed. Groups of 
 properties managed as conservancies – a voluntary agreement between multiple 
 private land managers to manage their natural resources in an environmentally 
friendly manner (NACSA  2003  )  – are also game-fenced, so as to secure a 
Certifi cate of Adequate Enclosure, a prerequisite for legal hunting. However, 
nature conservation is not the primary goal. Internal fencing is typically retained, 
as is individual management by land managers. Several conservancies are situated 
within the study area, and all include stock and game. Several have re- introduced 
a range of endemic and exotic antelope species. Accordingly, some parts of the 
landscape contain many fences. In contrast, formally protected areas and private 
game reserves are fenced to enclose game and megaherbivores such as  elephant 
 Loxodonta africana  and black rhinoceros  Diceros bicornis . These reserves 
often comprise scores of cadastres whose internal fences have been removed to 
enable the natural movement of wildlife. The operation of environmental pro-
cesses, such as species movement and migration and the associated impacts of 
altered  herbivory, seed dispersal and predation, throughout the landscapes of the 



204 A.T. Knight and R.M. Cowling

Fish-Kowie corridor has been variably compromised by fences. Social processes 
required for effective conservation and sustainable land management, such as 
 communication and co-ordinated management between neighbours, has also been 
compromised. Fences have become social as well as ecological barriers. 

 Our aim was to facilitate fi ne-scale planning to direct the implementation of con-
servation action (for more details see Knight et al.  2010 ,  2011b ). We mapped human 
and social capital defi ning conservation opportunity throughout a portion of the Fish-
Kowie corridor (Fig.  11.1 ) using semi-structured face-to-face interviews, which were 
earlier reviewed by other academics and then piloted on nearby land managers. Of 
the 49 land managers approached, 48 agreed to be interviewed. Land managers were 
identifi ed from the telephone directory or through other land managers during inter-
views (“snowballing”, sensu Goodman  1961  ) . The spatial location of cadastres was 
monitored as interviews proceeded, and land managers targeted who owned cadas-
tres adjoining those of land managers already interviewed, improving the spatial 
contiguity of the fi nal sample. Interviews lasted from 1 to 6 hours, and were con-
ducted generally in the land manager’s residence. Most land managers were small 
stock (i.e., goat, sheep) pastoralists who owned, and whose income was primarily 
generated from, their properties. A signifi cant number supplement income with 
small-scale eco-tourism or hunting ventures, or exclusively through eco-tourism.  

  Fig. 11.1    The portion of the Fish-Kowie conservation corridor within the Eastern Cape province, 
South Africa, where 48 land managers were interviewed to assess factors infl uencing conservation 
opportunity for improving ecological and social connectivity       
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 We defi ned indexes and scales for a suite of factors defi ning conservation 
 opportunity, which provided an area-wide assessment of, and comparisons between, 
land managers. We calculated McDonald’s ώ 

h
  (Omega) for each factor of conserva-

tion opportunity (Table  11.1 ) as it is regarded the most accurate coeffi cient of inter-
nal consistency for questionnaire data (Zinbarg et al.  2005  ) , and also coeffi cients of 
Cronbach’s ά (Alpha) (Cronbach  1951  )  and Revelle’s  b  (Beta) (Revelle  1979  ) . 
Alternative combinations of subsets of items were trialled in exploring coeffi cient 
values in the search for internally consistent indexes and scales. The desired degree 
of internal consistency is a function of the purpose of the research, and we used 0.60 
for McDonald’s ώ 

h
  , and 0.80 and 0.70 for Revelle’s  b  and Cronbach’s ά, respec-

tively (Rossiter  2002  ) . Our fi ndings provide insights into the feasibility of restoring 
ecological connectivity through an understanding of factors defi ning land manag-
ers’ motives, as they infl uence collective action and fencing (Ostrom  1990 ; Briggs 
 2001 ; Brunckhorst  2002  ) . Analysis of motives and values is fundamental to imple-
menting collective action (Ehrlich and Kennedy  2005  ) , as choices made by indi-
vidual people determine the effectiveness of conservation planning initiatives 
(Cowling and Pressey  2003  ) . 

 Land managers in the Fish-Kowie corridor demonstrate a strong sense of belong-
ing to their local area, which manifests itself in the way in which they identify 
themselves collectively as “Albany farmers” – small stock (i.e., goat, sheep) pasto-
ralists who own, and whose income is primarily generated from, their properties, 
and whose ancestors were the fi rst English settlers in the area. A small proportion 
supplement their income with small-scale eco-tourism or hunting ventures. Only 
about 20% of land managers are willing to consider selling their land to conserva-
tion organisations (Knight et al.  2011b ). Accordingly, different types of private land 
conservation instruments, not land acquisition for formally protected areas, was 
identifi ed as the most feasible Landscape Management Model for implementing the 
conservation corridor. This supported fi ndings from the collaborative visioning pro-
cess run earlier by the STEP project (Knight et al.  2003  ) , and clearly indicates the 
importance of understanding land managers’ motivations affecting fencing. 

 Willingness-to-Sell ranked highest for Alpha and Beta coeffi cients (0.90), 
and also had the highest RV-coeffi cient (0.79). It represented the most reliable 
factor, with the Willingness-to-Collaborate factor also scoring highly. The 
Confi dence-in-Governance coeffi cient was also relative strong. Both Conservation 
Knowledge and Entrepreneurial Orientation had moderately low, but acceptable, 
coeffi cients. It is worth noting that the Entrepreneurial Orientation factor had a 
low RV-coeffi cient, which may have resulted because we selected and structured 
the items as distinct sub-scales (see Hermansen-Kobulnicky and Moss  2004 )   . The 
measures of Local and Broader Networks ranked low (Omega 0.65). Local Sense 
of Belonging had variable Beta and Omega coeffi cients, but a high Omega coeffi -
cient. Willingness-to-Participate had relatively high values for Alpha, Beta and 
Omega coeffi cients, and a relatively high RV-coeffi cient. The Local Champion – 
Peers factor was not tested for internal consistency as it comprises only one item 
and so is, by definition, internally consistent. Conservation Behaviour and 
Local Champion – Personal both had relatively low Omega coeffi cients. No major 
sub-scales are apparent in the factors we used, which confi rms their internal 
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consistency, though there is some relationship exhibited between Entrepreneurial 
Orientation and Local champion – Peers. 

 Values for individual land manager’s factors varied, often markedly. Conservation 
Knowledge was generally low. In contrast, Entrepreneurial Orien tation was 
high, perhaps because most land managers run their own business. Willingness-
to-Collaborate indexes varied markedly, from very low to very high, but were 
generally positive (mode = 0.608; median = 0.675). Willingness-to-Participate was 
assessed as three sub-scales – willingness to (1) adopt conservation instruments, 
(2) engage incentives, and (3) forgo production activities, with all having high 
values. Four land managers were identifi ed by their peers as Local Champions. 
The factors of social capital were mixed, with Local Networks and Broader 
Network factors measuring low and very low, respectively, whilst Confi dence in 
Governance was generally moderate (mode = 0.5333; median = 0.4667), notably 
with very poor confi dence in local government, but moderate confi dence in national 
government. Local Sense of Belonging was high, indicating land managers’ attach-
ment to the Subtropical Thicket biome. 

 Proposed implementation activities for the Fish-Kowie conservation corridor 
collaboratively sanctioned by stakeholders during Phase One of the STEP project 
(Knight et al.  2003  )  have stalled, primarily because little investment has been made 
in improving the human and social capital of land managers by conservation and land 
management organisations (Knight et al.  2011a  ) . Generally, human and social capital 
are heterogeneous, sometimes markedly so, which necessitates a substantial invest-
ment by conservation organisations in promoting collaboration if collective action is 
to be effectively implemented. Presently, a common, united vision for improving 
 connectivity and sustainable land management does not exist amongst land manag-
ers throughout the proposed Fish-Kowie conservation corridor. Few land managers 
have signifi cant knowledge of the STEP Project, the conservation targets (Rouget 
et al.  2006  ) , or of the global signifi cance of the Subtropical Thicket Biome. A com-
mon vision is also lacking, in part because land managers have differing, multiple 
goals for their properties, and wish to pursue a diverse range of activities, some of 
which are compatible with conservation, whilst others are not. This diversity of 
activities means that some land managers require low numerous stock fences, others 
game fences and others fences suffi cient to enclose elephants and rhinoceros. The 
removal of fences is therefore problematic, which is further complicated by land 
managers’ general lack of knowledge about conservation approaches and activities 
and of the options that exist for improving the ecological functioning of the  landscape 
and how this may improve their business ventures. 

 Declining returns on stock farming coupled with the expansion of private game 
reserves, often purchased by wealthy foreign nationals prepared to pay premium 
prices for land, has encouraged some land managers running small stock to sell their 
properties over the last 10 years. Private reserves have purchased multiple stock 
farms, which is benefi cial for connectivity within the corridor as private reserves 
remove internal fences. This is done due to the higher fi nancial returns of eco-
tourism compared to stock farming (Langholz and Kerley  2006  ) , and the need to 
“re-wild” their landscapes to ensure visitors a genuine African safari experience. 
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However, it has also resulted in the landscapes of the Fish-Kowie corridor slowly 
being emptied of people. For example, Kwandwe Private Game Reserve, the largest 
private reserve in the study area, comprises some 22,000 ha, which was previously 
multiple stock farms and their families. These families have now moved away. 
Traditional social institutions which historically maintained strong social capital, 
such as sporting clubs and Farmers Associations, are generally in decline or aban-
doned. Local and broader social networks are therefore poor, leaving land managers 
largely isolated. 

 Complicating the removal of fencing further is the strong sense of autonomy 
exhibited by land managers, a moderate and highly variable willingness-to- 
collaborate with each other and with conservation and land management organisa-
tions generally. Land managers are highly selective regarding whom they will 
collaborate with. Occasionally, relationships between neighbouring land managers 
can be extremely poor, decreasing the likelihood of fence removal. Levels of trust 
are generally low between land managers and land management organisations. 
Local government, which has signifi cant land management infl uence, is generally 
neither respected nor trusted by land managers, with the South African national 
government commonly preferred. Eleven percent of land managers are very unwill-
ing to collaborate with either the provincial nature conservation agency or nongov-
ernment conservation organisations (NGOs), due to negative past experiences or 
concerns about their motives. Accordingly, voluntary non-binding agreements are 
more highly favoured than legally binding agreements. This has obvious potential 
implications for which specifi c organisations should lead initiatives that attempt to 
improve connectivity and that can run for long periods of time. A divide between 
managers of stock farms and formal protected areas and private game reserves is 
also apparent, with managers of stock farms viewing these “conservation areas” as 
refugia for “vermin” such as black-backed jackal,  Canis mesomelas , and caracal, 
 Caracal caracal , which predate domestic stock. The removal of fences between 
private reserves and stock farms is, in the mind of many stock farmers, likely to lead 
to increased predation of their stock by large carnivores. Following a substantial 
historical decline in support – and hence economic viability – from national govern-
ment coinciding with the fall of Apartheid, the removal of fences is possibly also 
symbolic of relinquishing further control of their businesses at a time when land 
restitution is a primary government goal. The corridor-wide removal of fences in 
such a context will require a long-term perspective and an intensive investment of 
time and resources by conservation organisations. 

 There has been informal discussion for several years about the benefi ts to adjoin-
ing private game reserves within the Fish-Kowie corridor of removing their fences 
and being managed collectively, but no concrete action has so far manifest. The 
opportunity to enhance the ecological connectivity of the proposed corridor across 
private game reserves is contrasted by the challenges facing the managers of stock 
farms. Marginal returns from small stock farming (driven in part by the broad-scale 
and intensive degradation of these landscapes which has reduced productivity), 
coupled with the volatility of international markets and exchange rates, leaves 
few land managers who run stock able to afford fence removal, because they lack 
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the fi nancial resources to transition to alternative business models (such as fi ve-star 
private game reserves). Many are also reticent because of the risk if a new venture 
should fail – the cost of re-establishing fences is now prohibitive. These impedi-
ments are reinforced by their need to rotate stock between camps to manage grazing 
pressure. Fences between stock farms and reserves (both private game reserves and 
formally protected areas) are perceived as essential by managers of stock farms 
because of the damage eventuating from incursions by mega-herbivores and large 
and medium-sized carnivores which predate stock. Persecution of black-backed 
jackal, caracal and leopard,  Panthera pardus , is probably substantial (Lindsey et al. 
 2009  ) . Removing fencing is probably also hampered by land managers self-image 
as “Albany farmers”, which is founded (in part) upon running small stock (which 
require small fenced camps) in Subtropical Thicket. Given that only 20% of land 
managers are considering moving out of the region (i.e., are willing to sell), the 
fencing situation is unlikely to change through the infl ux of more sympathetic land 
managers, even through land reform and redistribution, as no land claims are 
pending the study area. 

 Given the decline in social networks and the generally low human capital which 
undermines the functionality of social processes, the opportunity to establish insti-
tutions to orchestrate the improved knowledge and refi ned behaviour required to 
initiate broad-scale removal of fences is minimal. The Association of Eastern Cape 
Private Nature Reserves & Frontier Country, otherwise known as the Indalo group, is 
perhaps the most obvious existing institution to promote landscape connectivity – it 
meets regularly, is an existing institutional structure with adequate fi nancial capac-
ity, its members are relatively spatially contiguous and have already removed the 
majority of internal fences within the borders of their individual private game 
reserves. A visioning process, and on-going negotiation, is required to focus and 
align the goals of its members. Such a collaborative institutional arrangement will 
need to address: (1) the need for autonomy expressed by individual private game 
reserves (which are mostly managed by entrepreneurs unused to sharing leader-
ship); (2) the challenge of redefi ning between individual private game reserves to 
negate inter-reserve competition whilst promoting joint commercial gain; (3) a policy 
on exotic species; and (4) impact on tourist satisfaction with their ecotourism expe-
rience if neighbours are hunting. 

 Of institutions that promote connectivity among stock farms, conservancies are 
a well-recognised land management institution in South Africa and have been 
included in gap analyses and conservation plans (e.g. Driver et al.  2005  ) . They have 
generally been assumed to provide a degree of protection for conservation-worthy 
land (e.g. Cowling et al.  2003 ; Gallo et al.  2009  )  and to represent areas where mini-
mal institutional investment will promote achievement of conservation goals (e.g., 
Rouget et al.  2006  ) . However, qualitative data from our surveys indicate that conser-
vancies exhibit no more social connectivity than do non-conservancy groups of land 
managers, with several displaying severely fractured internal relationships. 
Furthermore, they do not provide secure long-term protection for valued nature 
(Driver et al.  2005 ; Downsborough et al.  2011 ) and may even be problematic for 
conservation, because land managers with game or stock farms (who commonly 
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implement conservancies) may still persecute predators, over-stock with game or 
domestic species, introduce extra-limital species or artifi cially select hunted species 
for specifi c preferred traits, such as colour variations (Lindsey et al.  2009  ) , all of 
which compromise ecosystem function. Conservancies are therefore no more likely 
to provide short-cuts for the establishment of land management institutions which 
promote ecological and social connectivity than other groups of land managers. 

 On the positive side, land managers exhibited high levels of Willingness-
to-Participate in conservation initiatives, to engage incentives and to reduce 
production activities, which are all benefi cial for achieving conservation goals. In 
the case of private game reserves, this may align with their existing conservation 
philosophy and/or provide a marketing advantage. For managers of stock farms, this 
Willingness-to-Participate is possibly due to wanting to conserve landscapes man-
aged by their ancestors, their personal attachment to these landscapes, or the desire 
to improve the fi nancial viability of their farming business through diversifi cation. 
These motivations should be considered in the development of conservation initia-
tives promoting connectivity. Burnout in land managers is also low, meaning that 
the likelihood of them exiting a conservation initiative due to emotional or psycho-
logical stress is low. High levels of burnout have been linked to land managers 
exiting natural resource management programmes (Byron et al.  2001  ) . Four land 
managers also present strongly as local champions, who might possibly provide the 
leadership required for initiating and maintaining effective collective land manage-
ment. It is unlikely: however, that these land managers could drive effective collec-
tive action without a substantial investment of resources and external leadership.   

   Conclusions 

 When designing conservation corridors, connectivity is typically defi ned according 
to environmental processes. However, where ecological functioning of landscapes 
is compromised, the cause is generally human land management practices. The 
establishment of fences on multiple, privately owned properties disrupts species 
movement and migration (e.g., elephants), and can directly increase mortality rates 
and compromise species activities and habitat functioning. In this regard, ecological 
connectivity is a function of social connectivity, as people’s interactions and net-
works are the mechanisms for developing the common vision and institutions essen-
tial for orchestrating the collective action necessary to motivate and co-ordinate 
broad-scale removal of fencing. Social connectivity can also be highly heteroge-
neous and fragmented, across landscapes, much as ecological connectivity may be. 
The mapping of human and social capital dimensions of conservation opportunity 
throughout a portion of the Fish-Kowie conservation corridor indicates that although 
the majority of land managers demonstrate signifi cant Willingness-to-Participate in 
nature conservation initiatives, the generally low levels of human and social capital 
ensure that substantial investments of time and resources in long-term collaboration 
processes will be required before fence removal becomes possible. In a signifi cant 
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number of instances, removing fences will not be a feasible option. The landscapes 
and social networks within the Fish-Kowie conservation corridor are fragmented, 
and there appears to be little readiness by land managers to embrace the collective 
action required to holistically and effectively implement the corridor. The impor-
tance of developing a “true ecology” for addressing fencing fragmentation prob-
lems, one which integrates the human, social and ecological dimensions of 
connectivity, cannot be over-stated. Leadership and funding from all tiers of govern-
ment, with support from non-government organisations, will be essential for build-
ing an institution capable of ensuring the collective action required to restore 
connectivity throughout the proposed Fish-Kowie conservation corridor.      
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          Introduction    

 Fencing has taken on an increasingly important role in wildlife management in parts 
of Africa in recent years, particularly in southern Africa. Fencing is a legal require-
ment for ranchers to own wildlife in Botswana, Zambia and South Africa and facili-
tates the process of obtaining permits for some forms of consumptive utilization of 
wildlife on ranches in Namibia. Large areas of private land are broken up into small 
parcels by high game fencing across parts of the region as a result (Bond et al.  2004 ; 
Barnett and Patterson  2006  ) . A number of protected areas in Africa are also partially 
or completely fenced, with the objective of limiting the movement of wildlife out 
of, and people into parks. While historically barriers were typically used to keep 
wild animals out, fencing developed as a tool in African conservation to keep wild 
animals inside protected areas. For example, Etosha National Park in Namibia, 
Matobo and Hwange national parks in Zimbabwe, and the Aberdare and Meru 
national parks in Kenya are partially or completely fenced (Boone and Hobbs  2004 ; 
   Purchase  2008 ). Fencing of parks is particularly prevalent in South Africa, where 
virtually all parks are fenced, including most of the 20,000 km 2  Kruger National 
Park. Several lengthy veterinary fences have been constructed in parts of Africa 
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with the objective of preventing disease transfer between wildlife and livestock, 
notably in Botswana, Namibia and Zimbabwe (Taylor and Martin  1987 ; Martin 
 2005 ;    Mbaiwa and Mbaiwa  2006  ) . In other parts of Africa, however, and particu-
larly in West, Central Africa, and most of East Africa, the use of fencing in wildlife 
management is rare. 

 Despite the prevalence of fencing in southern Africa, and potentially signifi cant 
ecological, fi nancial and social impacts, relatively little has been written on the use 
of fencing as a wildlife management tool in the region. Hoare  (  1992  )  provided a 
review of the practical issues related to fencing wildlife in Africa. Several authors 
have assessed the conservation implications of veterinary fencing (Taylor and 
Martin  1987 ; Albertson  1998 ; Martin  2005 ; Mbaiwa and Mbaiwa  2006  ) . Others 
have discussed the role of fencing in controlling human-wildlife confl ict (Kassilly 
 2002 ; Nelson et al.  2003 ; Ogada et al.  2003  ) , some have addressed the ecological 
impacts of fencing (Ben-Shahar  1993 ; Burger and Branch  1994 ; Boone and Hobbs 
 2004  )  and some coverage has been given to the social issues related to fencing 
(Wels  2000 ; Spierenburg and Wels  2006  ) . Hayward and Kerley  (  2009  )  provided a 
recent global review of the issues relating to fencing. However, as yet, the literature 
lacks a comprehensive review of the ecological, social and fi nancial issues relating 
to fencing as a conservation tool in Africa, which is what we set out to achieve in 
this chapter.  

   Types of Fencing 

 A variety of fencing types are employed to restrict the movement of wildlife, includ-
ing galvanized steel wire (which may or may not be electrifi ed) with metal or 
wooden poles, stone walls, live fences comprised of prickly pear  Opuntia littoralis  
or other cactus species and thorn fences comprised of heaps of branches from trees 
such as  Acacia  spp. Throughout this review, unless otherwise specifi ed, we restrict 
discussion to wire fencing, which represents the only type of fencing commonly 
used to create barriers over large distances. It is important to bear in mind that, no 
matter what their design, fences cannot be relied upon as being absolute barriers, 
especially with regard to the mega-herbivores, but their effectiveness is greatly 
enhanced by the appropriate use and maintenance of electrifi cation. 

 Commonly used types of wire fencing include:

    (a)    Fencing designed to restrict the movements of mega-herbivores such as rhinocer-
oses  Diceros bicornis  and  Ceratotherium simum , hippopotamuses  Hippopotamus 
amphibius , elephants  Loxodonta africana  and buffaloes  Syncerus caffer , allow-
ing passage of most other species. Although in most cases more robust designs 
are used a single, electrifi ed wire is often suffi cient to discourage the passage of 
mega-herbivores, strung at a height of approximately 1.5 m for elephants, or 
300–500 mm for a hippopotamus. Examples of the effective use of fencing for 
the containment and management of mega-herbivores include, inter alia: the 
containment of elephants and other mega-herbivores in reserves; the exclusion 
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of elephants from sensitive habitat patches (e.g. from an area of sand forest in 
Phinda Resource Reserve, Zululand); the exclusion of mega-herbivores from 
tourist and staff camps; and, the confi nement of hippopotamuses to single bod-
ies of water during capture. Elephants frequently become adept at challenging 
fences, including those that have been electrifi ed, by either avoiding electrifi ed 
strands while pulling fence posts over or by targeted snapping of electrifi ed 
wires using their tusks (which have low electrical conductivity). The subse-
quent material damage, need to recapture escaped animals, and possible crop-
damage can be costly. In such cases, innovative fence designs are required to 
prevent elephants from challenging the fence. For example, at Ol Pejeta conser-
vancy in Kenya, protruding wires (fi xed to the fence about a metre above the 
ground) of ~1.5 m long, angled upwards at 45° and spaced about a metre apart 
(outriggers), serve to keep elephants away from the fence and prevent them 
from hooking their tusks under a fencing wire and snapping it (Graham et al. 
 2009  ) . Relatively short (1–1.2 m) fencing is often used to contain buffaloes and 
rhinoceroses, comprised of four to six strands of thick (10 mm) cable wire.  

    (b)    Fencing designed to restrict the movement of medium-sized wild ungulates: 
several antelope species, and notably eland  Taurotragus oryx , waterbuck  Kobus 
ellipsiprymnus , greater kudu  Tragelaphus strepsiceros  and impala  Aepyceros 
melampus  are prodigious jumpers, and so fences have to be constructed to a 
height of at least 2.4 m to contain them. Such fences are typically comprised of 
12–21 strands of high tensile steel wire and/or barbed wire (80–170 mm apart) 
and may be electrifi ed (van Rooyen et al.  2002  ) . Where fences are electrifi ed, 
electrifi ed wires are typically offset from the main fence by a distance of 
~300 mm at various heights above ground level to accommodate game of vari-
ous sizes; for example at 250–300, 1,000, 1,500 and 2,000 mm above ground 
level. Meshed wire fencing (e.g. Bonnox™ or Veldspan™) of approximately 
100–200 mm mesh size may also be used. To constrain “non-jumping” ungu-
lates, a standard 1.5 m wire mesh fence with a strand of wire 150 mm above the 
mesh, and another strand 150 mm above the fi rst strand is generally suffi cient   
(van Rooyen et al.  2002  ) . Non jumping ungulates include inter alia: bushbuck 
 Tragelaphus scriptus ; blesbok  Damaliscus dorcas ; grey duiker  Sylvicapra grim-
mia  red hartebeest  Alcelaphus bucelaphus ; oribi  Ourebia ourebi ; oryx  Oryx 
gazella ; roan antelope  Hippotragus equinus ; sable antelope  Hippotragus niger ; 
springbok  Antidorcas marsupialis ; and tsessebe  Damaliscus lunatus  (van 
Rooyen et al.  2002  ) . The use of fencing to contain non-jumping wild ungulates 
is particularly common in Namibia where oryx, red hartebeest and springbok 
are among the most widespread and common species (Lindsey  2011 ).  

    (c)    Predator-proof fencing. Predator-proof fencing generally involves similar mate-
rials as for the fences used to restrain wild ungulates, but with reinforcing at the 
base. Predator-proof fences are always electrifi ed. The lower half of the fence 
is comprised of tight wire (pig) meshing, which may be dug into the soil to a 
depth of up to 50 cm, or alternatively be folded into an apron extending along 
the ground up to 1 m on the inside of the fence. Both arrangements may or may 
not be rock packed or incorporate a low off-set and electrifi ed trip wire, 
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50–100 mm above ground level, to discourage digging under the fence. The 
installation of “swing-gates” permits passage of digging species such as aard-
varks  Orycteropus afer  or warthogs  Phacochoerus africanus  (Schumann et al. 
 2006  ) .      

   Advantages of Fencing as a Wildlife Management Tool 

   Ecological and Epidemiological Issues 

   Fencing and the Utilization of Small Habitat Fragments 

 With burgeoning human populations competing for land, natural habitat is becom-
ing increasingly fragmented and patches of available habitat are shrinking in size 
(Norton-Griffi ths  2007  ) . Fencing permits the utilization of small habitat patches by 
reducing edge effects associated with wildlife moving out, or humans moving in to 
the area encompassed (edge effects are impacts imposed on organisms by the juxta-
position of human-modifi ed landscapes on natural habitat (Murcia  1995  ) ). Wildlife 
moving out of habitat patches is vulnerable to being hunted or being persecuted in 
response to human-wildlife confl ict. Similarly, people moving into habitat patches 
can threaten wildlife through disturbance, hunting or by extracting crucial resources. 
By limiting movement of wildlife and people to and from small habitat patches, 
fencing can reduce the gradual loss of species from protected areas (   Caro and 
Scholte  2007  ) . Fencing has particular applicability to fertile, high rainfall areas 
which often have high densities of humans and fragmented natural habitat, and 
where the prevailing habitat types are under-represented in protected area networks 
(that were generally delineated on the basis of poor suitability for agriculture, 
Cumming  2004a  ) . Fencing is also potentially useful for enhancing the prospects for 
the conservation of wide-ranging predators in habitat patches in which edge effects 
would otherwise cause local extinction (Woodroffe and Ginsberg  1998  ) . In South 
Africa, for example, species such as wild dogs  Lycaon pictus , cheetahs  Acinonyx 
jubatus , lions  Panthera leo  and spotted hyenas  Crocuta crocuta  have been success-
fully reintroduced into a number of small, fenced reserves albeit with ongoing pop-
ulation and genetic management necessitated by virtue of restricted reserve size 
(Lindsey et al.  2005a ; Hunter et al.  2007 ; Hayward and Somers  2009  ) . However, 
while fences may impart benefi ts through reducing edge-effects on large-bodied 
animals, they may actually impose edge-effects on smaller species through mortal-
ity associated with entanglement and electrocution (discussed in detail below, Beck 
 2007  ) . Counter-intuitively, fences may be to the disadvantage of certain species 
within protected areas by obliging them to compete for resources with other wild 
species within a restricted fenced area. An example of this is provided by the thriv-
ing population of suni antelope  Neotragus moschatus , found in the KwaNgwenya 
Communal Area (in northern Zululand, South Africa) whereas the same species is 
markedly under-represented in the adjacent Kube Yini Private Game Reserve. 
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This discrepancy is plausibly due to the competition between suni and nyala, 
 Tragelaphus angasi  which are abundant within the reserve but rare or absent outside.  

   Fencing as a Wildlife Management Intervention 

 By enabling manipulation of the movement of wildlife, fencing is an important tool 
in the management of endangered species and of habitat. For example, fencing can 
be used to separate black rhinoceros bulls, which may otherwise suffer high mortal-
ity rates due to fi ghting (Hrabar and du Toit  2005  ) . Fencing is sometimes used to 
create enclosures to protect locally rare ungulates such as roan antelope or tsessebe 
from predation and competition, as has been attempted in Kruger National Park 
(Grant et al.  2002  ) . Fencing is used as an important tool for wildlife reintroductions, 
by creating release paddocks (or “bomas”) which allow for an acclimatization and 
familiarization period for wildlife prior to reintroduction. Bomas are of particular 
importance for reintroductions involving wide-ranging species such as wild dogs by 
reducing post-release dispersal (Hofmeyr  2001  ) . 

 Fencing can be used to protect sensitive habitats within wildlife areas from pres-
sure from herbivores. In Addo Elephant National Park and Phinda Resource Reserve 
in South Africa, for example, fencing has been used to protect endemic plant spe-
cies from impacts from elephants (Grant et al.  2007  ) . Fencing is also used to protect 
individual trees and infrastructure such as windmills, taps or pipes from damage by 
elephants (Grant et al.  2007  ) .  

   Fencing in Disease Control 

 Fencing is widely employed in southern Africa as a tool for limiting the spread of 
diseases between livestock and wildlife (Thomson et al.  2004  ) . For example, fences 
have been constructed in several locations in Botswana, Namibia, around Kruger 
National Park in South Africa, and widely in Zimbabwe, including in the South, 
Zambezi Valley and escarpment areas (Albertson  1998 ; du Toit  2005 ; Martin  2005  ) . 
Fences are most commonly used to prevent the transfer of foot-and-mouth disease 
from buffaloes and other wildlife species to cattle, to retain access to European 
Union export-markets for beef and meat from wildlife (Thomson et al.  2004  ) . 
Fences have also been used to control transfer of other diseases, including corridor 
disease, rinderpest, African swine fever, contagious bovine pleuropneumonia, 
malignant catarrhal fever and trypanosomiasis (Taylor and Martin  1987 ; Grant et al. 
 2007  ) . The assumed ability of fencing to limit disease transfer was signifi cant in the 
development of the wildlife ranching industry, which may otherwise have been sub-
ject to greater resistance. Conversely, with the formation of trans-frontier parks, 
wild animals are free to move across international boundaries, thus facilitating the 
cross-border spread of important restricted trans-boundary animal diseases. For 
example bovine tuberculosis is now known to have spread from buffaloes in Kruger 
National Park in South Africa to populations in Gonarezhou National park in 
Zimbabwe (Foggin  2008 ).   
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   Social Issues 

   Fencing and Human-Wildlife Confl ict 

 Well constructed and maintained electrifi ed fencing represents an effective tool in 
limiting several forms of human-wildlife confl ict. Most commonly, fencing is used to 
prevent the movement of animals from protected areas into adjacent agricultural lands. 
Fencing can permit the retention of wildlife or establishment of wildlife-based land 
uses in areas dominated by agriculture. For example, the 766 km 2  Aberdare National 
Park in Kenya is surrounded by high densities of humans practising small-scale agri-
culture, and fencing is crucial for controlling the movement of elephants from the park 
and permitting coexistence with neighbouring communities. In Savé Valley 
Conservancy in Zimbabwe, the removal of electrifi ed fencing by settlers during land 
“reform” resulted in an upsurge in confl ict and human fatalities caused by elephants 
due to movement of the species into adjacent agricultural areas (Lindsey et al.  2008  ) . 

 In some cases, fencing is used to reduce human-wildlife confl ict by creating 
enclaves of human activity within wildlife areas. For example, some villages in 
Niassa Game Reserve in Mozambique are fenced in to reduce crop raiding by ele-
phants (Osborn and Anstey  2002  ) . Similarly, the Masoka community in the Guruve 
area of Zimbabwe used donor funds to fence settlements, leaving the rest of their 
land for wildlife production in response to potential benefi ts from the CAMPFIRE 
programme (Taylor  2009  ) . Similarly, in Kenyan pastoral lands, thorn “fences” 
enclosing livestock corral are effective at reducing losses of cattle and sheep to lions 
and spotted hyaenas (Ogada et al.  2003  ) . In Namibia, electric fencing is used in 
some communal land conservancies to protect cattle from crocodiles  Crocodilus 
niloticus  at drinking sites on rivers (Lamarque et al.  2008  ) .  

   Fencing and the Security of Wildlife Areas 

 Electrifi ed fencing is used as a tool to restrict access to wildlife areas by people to 
reduce illegal extraction of natural resources and for security where crime is preva-
lent (such as in South African wildlife ranching areas). Fencing as an anti-poaching 
strategy is particularly important for areas containing high-risk, valuable wildlife 
such as black and white rhinoceroses. In addition to reducing access, cleared areas 
adjacent to fences enable fence patrols to scan for human and animal footprints 
crossing the 4–10 m open patch of ground generally maintained on the inside of 
fence lines. The same patch of open ground also plays a role in controlling fi res by 
acting as a fi rebreak and may reduce the cross-fence transference of arthropod dis-
ease vectors such as the brown ear tick  Rhipicephalus appendiculatus , the vector 
responsible for the transmission of Corridor Disease  Theilleria parva lawrencii  
from buffalo to cattle. The brown ear tick is an “ambush tick” (as opposed to a 
“hunting tick”) and thus is less likely to cross a fence with an adjacent cleared area 
than if vegetation grew right up to the fence on both sides. 

 The majority of fences present little hindrance to human’s intent on entering an area. 
However, fences nonetheless clearly delineate legal boundaries to persons illegally 
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entering wildlife reserves and if such people are apprehended within the fenced area 
they may then be liable to prosecution. In South Africa, for example, persons who cross 
into reserves at sites other than at designated entry points will be deemed to have read 
the indemnities, terms and conditions of entry displayed at such designated entry points 
in the case of such persons making claim for damages against landowners.   

   Financial Issues 

   Allocation of User Rights over Wildlife 

 Wildlife has the status of being  res nullius  in most southern African countries, or 
without ownership until it has been captured, killed or enclosed. This status effec-
tively means that wildlife belongs to the person whose land it is on, but if it leaves 
the property, ownership is lost. In South Africa, the Game Theft Act (1991) was 
promulgated to prevent the theft of wildlife: if a property is adequately fenced, and 
if the wildlife is positively identifi able (e.g. with micro-chips, brands, ear notches or 
ear tags), wildlife remains the property of the owner even if it escapes or is lured or 
otherwise removed from his/her property, or is killed by a poacher (Boshoff  2008 ). 
Legislation requires that fences are present for landowners to effectively own wild-
life in South Africa, Botswana, and Namibia (in the case of huntable and exotic 
wildlife) (Bond et al.  2004 ; Barnett and Patterson  2006  ) . Consequently, fencing was 
an important component in the decision to allocate user rights to wildlife, a decision 
which resulted in the development of the wildlife ranching industry across large 
areas of southern Africa by enabling landowners to benefi t fi nancially from wildlife. 
In Namibia and South Africa, for example, wildlife ranches comprise at least 
288,000 km 2  (with 32,000 km2 used exclusively for wildlife production [i.e. lacking 
livestock], Lindsey,  2011  )  and approximately 205,000 km 2  respectively (National 
Agricultural Marketing Council  2006  ) .    

   Disadvantages of Fencing as a Wildlife Management Tool 

 There are a number of potential social, ecological and fi nancial problems associated 
with the use of fencing as a conservation tool which must be considered by wildlife 
managers. They include the following issues. 

   Ecological and Epidemiological Issues 

   Fencing Inhibits a Variety of Ecological Processes 

 Fencing can inhibit or prevent natural ecological processes such as immigration, 
emigration and migration. By limiting movement, fenced reserves are vulnerable to 
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problems associated with small populations and islands, and render populations 
more susceptible to environmental, demographic and genetic stochasticity 
(Macarthur and Wilson  1967 ; Caughley  1994  ) . Fencing interrupts gene fl ow between 
populations, introducing a risk of inbreeding and enhancing the prevalence and 
impacts of founder effects and genetic drift (Caughley  1994 ; Hayward et al.  2007  ) . 
Managing fenced populations as components of a meta-population can help to avoid 
many of these problems (Hayward et al.  2008  ) . For example, meta-population man-
agement of wild dogs in a series of small reserves in South Africa has enabled the 
re-establishment of a viable population comprising several sub-populations in a net-
work of small fenced reserves, and similar plans are in place for cheetahs (Davies-
Mostert et al.  2009 ; Lindsey and Davies-Mostert  2009  ) . 

 Fencing also limits the extent to which wildlife populations can move to utilize 
patches of primary productivity, and can reduce the ecological capacity of land as a 
result (Ben-Shahar  1993 ; du Toit  1998 ; Boone and Hobbs  2004  ) . The veterinary 
fences of Botswana for example, reduced access of Burchell’s zebra  Equus quagga , 
blue wildebeest  Connochaetes taurinus  and other wildlife to water and dry-season 
grazing and caused massive die-offs as a result (Williamson and Mbano  1988 ; 
Albertson  1998 ; Mbaiwa and Mbaiwa  2006  ) . Fences in northern Botswana have 
been implicated in the decline of populations of species of conservation signifi cance 
in the Caprivi Strip of Namibia, including tsessebe, sable antelope and roan ante-
lope (Martin  2005  ) . In Kenya, the construction of fencing is exacerbating the 
impacts of habitat fragmentation associated with the sub-division of communal 
rangelands into private smallholdings (Western and Nightingale  2005  ) .Similarly, in 
South Africa, wildlife ranchers are increasingly constructing predator-proof fencing 
to protect valuable antelopes, thus reducing habitat availability for free-ranging 
populations of threatened species such as wild dogs and cheetahs (Lindsey et al. 
 2009  ) . Perhaps most seriously, fences may exacerbate the impacts of global warm-
ing on wildlife conservation by constraining adaptive responses of wildlife to cli-
mate change through adjustments in their spatial distribution (Cumming  2004b  ) . 

 The confi nement of wildlife populations with fencing appears to affect density 
dependent population regulation, and fenced areas are susceptible to unnaturally 
high densities of some wildlife, resulting in environmental degradation and the risk 
of population crashes (Boone and Hobbs  2004 ; Hayward and Kerley  2009  ) . For 
some wildlife, such as the white rhinoceros, unusually high densities may increase 
the frequency of aggressive social interactions, resulting in elevated incidence of 
infanticide and reduced reproductive rates (Masterson, unpublished data). As a 
result of these phenomena, small fenced reserves require frequent management 
intervention to prevent over-population or local extinction, which can impose addi-
tional fi nancial costs on the land manager. Predators reintroduced into small reserves 
in South Africa, for example, commonly reach unusually high densities, and man-
agement intervention is sometimes required to prevent precipitous prey population 
declines (Davies-Mostert et al.  2009 ; Hayward and Kerley  2009  ) . Furthermore, 
fencing can modify the behaviour of predators and impose additional fi nancial 
impacts in small reserves. Wild dogs learn to chase animals against fences during 
hunting, enabling them to kill large species such as waterbuck and kudu more fre-
quently than is typical in the absence of fencing (van Dyk and Slotow  2003  ) . 
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Similarly, fencing may increase the local impacts of wild dogs on prey populations 
during the time that they have puppies at a den site by preventing the return of prey 
to an area following departure of the pack (Romañach and Lindsey  2008  ) .  

   Fencing and Disease Control Objectives 

 Fencing is effective at controlling diseases (e.g. corridor disease) that are trans-
ferred by non-fl ying arthropods. However, there is evidence that fences are not 
entirely effective at controlling diseases transferred by aerosol, such as foot-and-
mouth disease and bonvine tuberculosis (Boone and Hobbs  2004 ; du Toit  2005  ) . 
Though buffaloes, which are the primary maintenance host for foot-and-mouth dis-
ease are constrained by fences, other ungulates such as the impala, greater kudu and 
warthog frequently traverse fences. Data from Kruger National Park and from 
Zimbabwe indicate that 18.4% of antelopes and 7.8% of small wildlife species have 
antibodies to foot-and-mouth disease, indicating that there is risk of it being trans-
ferred to cattle outside of fenced wildlife areas when those species escape (Stutmoller 
 2002  ) . Correspondingly, the foot-and-mouth disease fence in Zimbabwe has failed 
to prevent multiple outbreaks of the disease (du Toit  2005  ) . The use of fencing to 
control tsetse fl y and trypanosomiasis has become obsolete due to the development 
of the technique of using pesticides to control tsetse fl ies in the presence of wildlife 
populations (Taylor and Martin  1987  ) .  

   Fencing and Animal Welfare Implications 

 Electrifi ed fencing has implications for animal welfare due to the frequency with 
which small animals are entangled in fence lines and are killed either through elec-
trocution or dehydration. Fencing may also prevent escape of animals from bush 
fi res. In South Africa, a recent study conducted in a number of study areas (Fig.  12.1 ) 
over 2 years recorded 33 species (16 Mammals, 14 Reptiles and 3 Amphibians) 
killed due to entanglement or electrocution on fence lines. The mean mortality rate 
for reptiles was calculated to be 0.48 reptiles/km/year with the bulk of deaths occur-
ring on electrifi ed strands at heights of 50–200 mm (Beck  2007 ; Table  12.1 ). 
Chelonians appear to be particularly affected: one study recorded 52 tortoises being 
killed along a fence of 8.4 km during 132 days (Burger and Branch  1994  ) , with 91% 
of all reptile mortalities involving the leopard tortoise  Geochelone pardalis .     

   Social Issues 

   Negative Community Perceptions 

 The development of preservationist conservation strategies by colonial and post-
colonial governments excluded rural people from the natural resources that they had 
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historically utilized (Els  2002  ) . Wildlife fencing represented both a functional and 
symbolic barrier to local communities and became perceived by them as representing 
a negative, exclusive, imposition designed by wildlife authorities to protect wildlife 
with little consideration for human welfare (   Spierenburg and Wels  2006  ) . In 
Botswana, additional complaints of communities regarding fencing include the fact 
that it prevents the movement of wildlife into traditional hunting areas, and that 
fences have divided communities spatially, preventing interaction among family 
members (Albertson  1998  ) . Though more recently, conservation efforts have aimed 
to “move beyond fences” and extend benefi ts from protected area management to 
neighbouring communities, negative perceptions persist in some areas (Spierenburg 
and Wels  2006  ) . Antagonism created by the presence of a fence can encourage van-
dalism of or theft of parts of the fence, and contribute to the illegal extraction of 
resources from a wildlife area.  

   Theft of Fencing Materials to Make Snares for the Bushmeat Trade 

 The use of wire snares to capture animals for illegal bush-meat is a major threat to 
wildlife populations in Africa (Noss  1998  ) . Steel and barbed wire of the kind used 
to construct wildlife-fencing are ideal material for making snares, and thus, wildlife-

  Fig. 12.1    Geographic location of the study areas in South Africa (Beck, unpublished data)       
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proof fences provide enormous quantities of potential snare material. In Savé Valley 
Conservancy for example, >84,000 snares were removed by anti-poaching teams 
during an 8-year period, most of which were comprised of wire stolen from the 
fence (Lindsey et al.  2011  ) . In parts of Africa where wire is less readily available, 
poachers are forced to use alternative methods which may be easier to control. In 

   Table 12.1    Indigenous South African fauna killed or injured by electrifi ed fences in all study 
areas between July 2007 and June 2008 (Beck, unpublished data)   

 Species  Common name 

 Rate of recurrence 

 Frequent  Infrequent  Occasional 

 Mammals 
  Atelerix frontalis   South African hedgehog   x  
  Canis mesomelas   Black-backed jackal   x  
  Cephalopus natalensis   Red duiker   x  
  Crocuta crocuta   Spotted hyaena   x  
  Galago moholi   Lesser Bush-baby   x  
  Genetta genetta   Small spotted genet   x  
  Hystrix africaeaustralis   Porcupine   x  
  Manis temminckii   Pangolin   x  
  Mellivora capensis   Honey badger   x  
  Oreotragus oreotragus   Klipspringer   x  
  Orycteropus afer   Aardvark   x  
  Oryx gazella   Gemsbok   x  
  Otolemur crassicaudatus   Thick tailed bushbaby   x  
  Phacochoerus africanus   Warthog   x  
  Potamochoerus larvatus   Bushpig   x  
  Simia aethiops   Vervet monkey   x  

 Reptilians 
  Chameleo dilepis   Flap necked chameleon   x  
  Dendroaspis polylepis   Black mamba   x  
  Dispholidus typus   Boomslang   x  
  Kinixys belliana   Bells hinged tortoise   x  
  Kinixys lobatsiana   Lobatse hinged tortoise   x  
  Pelomedusa subrufa   Marsh terrapin   x  
  Philothamnus semivariegatus   Spotted bush snake   x  
  Psammobates oculiferus   Kalahari tent tortoise   x  
  Psammophis mossambicus   Olive grass snake   x  
  Psammophis subtaeniatus   Stripe-bellied sand snake 

Snake 
  x  

  Python natalensis   Southern African python   x  
  Geochelone pardalis   Leopard tortoise   x  
  Thelotornis capensis   Southern vine snake   x  
  Varanus albigularis   Rock monitor   x  

 Amphibians 
  Bufo pantherinus   Leopard toad   x  
  Pyxicephalus adspersus   Giant bullfrog   x  
  Bufo rangeri   Raucous toad   x  
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central Mozambique for example, poachers use steel gin traps which if confi scated 
by anti-poaching scouts are costly to replace (Lindsey et al.  2011  ) . In the Zululand 
region of KwaZulu-Natal in South Africa, most ranchers use mesh Bonnox fencing 
for various practical reasons including the fact that meshed fencing is less condu-
cive to snare construction than steel wire (Lindsey et al.  2005b  ) .   

   Financial Issues 

   Fencing and Wildlife-Based Land Use Options 

 The fragmentation of ranching areas with perimeter fencing along individual prop-
erties limits land use options which has implications for conservation. Ranches in 
South Africa are generally small (8.2–49.2 km 2  depending on the province, Bothma 
 2002  ) . Large charismatic species cannot be reintroduced to small properties with 
perimeter wildlife fencing, which precludes high-end ecotourism, and limits land 
use to high off-take, low income meat and trophy hunting of antelopes (Lindsey 
et al.  2009  ) . Under such conditions, predators are perceived to impose direct fi nan-
cial costs by removing animals that could otherwise have been hunted, and are 
widely persecuted (Marker et al.  2003 ; Lindsey et al.  2005b  ) . By contrast, where 
neighbouring wildlife ranchers have removed internal fencing to create conservan-
cies, the full complement of mammal fauna can be reintroduced, and more profi t-
able land uses such as high-end ecotourism, and “big game” trophy hunting can be 
practised. In conservancies, several of the conservation problems inherent with 
small fenced ranches (e.g. persecution of predators, over-stocking of ungulates, 
unethical hunting practices) generally fall away and natural ecological processes are 
allowed to recover (Lindsey et al.  2009  ) .  

   The Cost of Constructing and Maintaining Wildlife-Proof Fences 

 In Kenya, the 3.3 m tall electrifi ed perimeter fence surrounding Aberdare National 
Park cost ~US $20,000/km to construct (Lamarque et al.  2008  ) . Wildlife-proof fenc-
ing in South Africa currently costs approximately US $4,500–6,500/km for mesh 
fencing designed to contain antelopes and US $5,250–7,250/km for predator-proof 
fencing (Masterson, unpublished data). Costs are signifi cantly infl uenced by the ter-
rain (costs may be double for mountainous vs. fl at terrain), the shape of the ranch/
reserve and whether or not public roads are present which may require fencing. 

 Fence maintenance is also costly: in South Africa, on a reserve with 100 km of 
fencing, fence maintenance costs are likely to be ~US $32,000/year (Masterson, 
unpublished data). Following rainfall, gaps often appear under fences along erosion 
gulleys or stream beds and fences are frequently bridged by species such as wart-
hogs, porcupines and aardvarks which burrow under the bottom wire creating gaps 
for other animals to pass through. These breaches in security impose intensive and 
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costly maintenance requirements. Maintenance costs can be reduced by installing 
swing-gates, concrete drainpipes or old vehicle tyres to allow passage of warthogs, 
aardvarks and other “fence-challengers” (van Rooyen et al.  2002  )  provided that no 
large predators are meant to be contained by the fence. The costs per km of main-
taining fencing are likely to be higher on smaller reserves, due to the loss of econo-
mies of scale associated with fi xed costs such as vehicle purchase. 

 The components of electrifi ed fencing    (such as solar panels, batteries, chargers 
and fence wire) are valuable and vulnerable to theft, which affects fence integrity 
and effi cacy. In Kruger National Park, for example, break outs of elephants through 
the fence have been attributed to vandalism and theft from the fence (Grant et al. 
 2007  ) . Due to the expenditure and diligence required for maintenance, fencing can 
be quickly compromised under conditions of political instability as has occurred in 
Zimbabwe recently (Lindsey et al.  2009  ) . 

 In southern Africa, the expense of fencing is justifi ed by the fact that wildlife is 
a valuable, tradable asset. In most of the rest of Africa, ownership of wildlife is 
retained by the state and such value does not exist. Furthermore, most African coun-
tries are grappling with severe funding shortages for protected area networks, and 
many lack the fi nance to provide anything more than nominal protection for parks 
(Wilkie et al.  2001 ; Child et al.  2004  ) . As a result, outside southern Africa, the use 
of fencing is restricted to a handful of smaller parks and areas experiencing severe 
human-wildlife confl ict.   

   Fencing as a Conservation Tool 

 In light of the problems and limitations that are commonly associated with fencing, 
we outline several issues that should be considered when designing conservation 
strategies involving fences:

    1.    Using the minimum possible amount of fencing 
 The key ecological problems associated with fencing stem from the isolation 

of small populations and inhibition of the processes of immigration, emigration, 
and movement to exploit patchy primary productivity. Most of these problems 
can be resolved by increasing the size of an area encompassed by a fence and 
thus reducing the length of fencing employed per unit area. A practical means of 
achieving this is through the creation of transfrontier conservation areas whereby 
fences are removed between protected areas occurring on the borders of adjacent 
countries. For example, fences have been removed between the Kruger National 
Park in South Africa and Limpopo National Park in Mozambique, which will 
ultimately be linked with Gonarezhou National Park in Zimbabwe to create a 
single large (35,000 km 2 ) protected area, the Great Limpopo Transfrontier Park. 
Even fenced parks as large as Kruger (20,000 km 2 ) have suffered population 
declines related to isolation (Hayward and Kerley  2009  ) . Creating linkages with 
adjacent parks may limit the occurrence of such trends in future. On private land, 
similar ecological benefi ts can be achieved through the creation of conservan-
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cies. Conservancies are created when adjacent landowners remove internal fenc-
ing to create a larger area, usually encompassed by a single perimeter fence. 
Conservancies can support larger populations of wildlife than isolated ranches, 
and contain larger areas which are more resilient to stochastic events. 
Consequently, they are less susceptible to localized variation in rainfall (du Toit 
 1998 ; Lindsey et al.  2009  ) . Furthermore, the larger areas encompassed by con-
servancies permit the re-establishment of the full complement of mammal fauna 
and encourage land uses such as ecotourism which are more closely aligned with 
conservation objectives than the high off-take meat hunting typical of small, 
fenced ranches (Lindsey et al.  2009  ) . National governments should consider 
repealing legislation which requires perimeter fencing to be present for landown-
ers to own/utilize wildlife. In Zimbabwe, land owners are not required by law to 
have perimeter fencing on their property, and consequently, fencing was less 
prevalent in wildlife ranching areas than in South Africa, creating more open 
ecological systems with a lower prevalence of the problems associated with 
fenced wildlife ranching. Conservancies containing charismatic mega fauna 
attract ecotourists and have potential to generate signifi cant foreign currency 
income, and so governments should consider introducing incentives such as tax 
breaks to promote their development (Lindsey et al.  2009  ) . 

 A key barrier to the formation of conservancies is fear among ranchers of the 
loss of wildlife to neighbouring land owners. However, effective models for col-
laborative management of wildlife exist which enable equitable access among 
neighbouring ranchers to the mobile resource, and which take into account and 
address differential initial investments in wildlife. The development of such 
agreements can effectively remove the need for physical barriers between adja-
cent wildlife ranches.  

    2.    Re-thinking fences for veterinary purposes 
 A re-think of the strategy of fencing for veterinary purposes is required. 

Veterinary fences in Botswana have resulted in high mortalities of wildlife due to 
the disruption of migration routes. Moreover, in several southern African coun-
tries, restrictions imposed by veterinary fencing severely limit the profi tability of 
wildlife-based land uses (Albertson  1998 ; du Toit  2005 ; Mbaiwa and Mbaiwa 
 2006  ) . Efforts of southern African countries to develop foot-and-mouth disease-
free zones preclude the reintroduction of buffalo over large areas. Buffaloes are 
the most important species for generating income from trophy hunting as they 
can be hunted in relatively large numbers, they command high trophy fees and 
daily hunting rates, and are used to sell hunting packages (du Toit  2005 ; Lindsey 
et al.  2007  ) . On Namibian wildlife ranches, and most communal land conservan-
cies, the reintroduction of buffalo is precluded by veterinary restrictions (Lindsey 
et al.  2011 ). As a result, hunting safaris on private land in Namibia target almost 
entirely of low-value “plains game” hunts (Humavindu and Barnes  2003 ; Lindsey 
et al.  2007  )  reducing income signifi cantly relative to what could be achieved if 
buffalo reintroductions were permitted. Veterinary fencing is typically supported 
by state or international funding, whereas the benefi ts accrue to private beef pro-
ducers. Such subsidies artifi cially infl ate the profi tability of  livestock-based land 
uses (Scoones & Wolmer  2008 ), while undermining wildlife-based land uses 
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through associated restrictions on buffalo reintroductions and translocation of 
other species (Lindsey  2011 ). The advisability of these subsidies is declining in 
some cases as the profi tability and productivity of livestock production appears 
to be waning in some areas. For example, the livestock industry in Botswana now 
acts as a net drain to the treasury (McLaughlin  2010 ). Similarly, in Botswana, the 
beef export industry is supported by subsidies from the European Union, provid-
ing livestock production with an unfair advantage over wildlife-based land uses 
and promoting continued erection and maintenance of veterinary fences. 
Furthermore, tourism (relying largely on wildlife) has already exceeded beef 
production in its contribution to Gross Domestic Product, and would increase 
further in profi tability if veterinary fences were removed and wildlife popula-
tions allowed to recover (Mbaiwa and Mbaiwa  2006  ) . Research is required to 
compare the profi tability of livestock farming vs. potential returns from wildlife-
based land uses unhindered by veterinary restrictions to assess the appropriate-
ness of current foot-and-mouth disease control policies. Such a review would 
determine whether the promotion of wildlife-based land uses through an expan-
sion of foot-and-mouth disease endemic zones was justifi ed in economic terms. 
In Zimbabwe, for example, several authors have suggested that the foot-and-
mouth disease fence in the South East of the country could be realigned to create 
a larger foot-and-mouth disease zone without adversely affecting potential for 
beef exports (Taylor and Martin  1987 ; du Toit  2005  ) . 

 Ideally, alternative strategies for the control of wildlife-borne diseases are 
required which do not impose limitations on the development of wildlife-based 
land uses. One option would be to create protected enclaves for livestock from 
which wildlife is excluded and where wildlife diseases are strictly controlled, 
while allowing unfettered development of wildlife-based land uses elsewhere 
(Kock  2005  ) . Perhaps the most promising potential strategy is through lobbying 
for acceptance of commodity based trading of processed meat products (Thomson 
et al.  2004  ) . Under commodity based trading, meat processed in a manner proven 
to provide minimal risk of transmitting foot-and-mouth disease virus (e.g. 
through removal of bones and lymph nodes) could be considered acceptable for 
export (Thomson et al.  2004  ) . The most pressing issue for gaining acceptance of 
commodity-based trade is obtaining support of the concept from the World 
Organisation for Animal Health (AHEAD  2008  ) . 

 Where fences will continue to be used to control diseases, it is important that 
the design of fence employed in disease control be appropriate to contain the 
applicable animal hosts of that disease. For example, a fence aimed at restriction 
of African Swine Fever should be constructed in such a way as to be pig-proof 
and would not need to be higher than 1 m whereas a fence to contain foot-and-
mouth disease within a wildlife area should incorporate a corridor to prevent 
direct contact between animals on either side of the fence as well as being appro-
priate to contain all cloven-hoofed wildlife (i.e. being pig and “digger” proof at 
the bottom while being high enough to contain “jumpers”).  

    3.    Adequate environmental and social impact assessments 
 Environmental and social impact-assessments should be a legal prerequisite 

for the development of fences for conservation purposes in all African nations 
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(as is already the case in South Africa), a process that would ensure that the more 
obvious problems associated with fences are avoided. Had environmental impact 
assessments been conducted prior to the construction of veterinary control fences 
in Botswana, for example, wildlife die-offs may have been avoided by employ-
ing different fence designs or alignments, or by advising alternative veterinary 
control strategies (Albertson  1998  ) . 

 The erection of fences around wildlife areas adjacent to rural communities 
should only occur following consultation with and acceptance from those com-
munities. Fences are more likely to be accepted if efforts are made to provide 
communities with a stake in the management and use of wildlife and of the 
fence line. Employment opportunities for communities can be created in this 
way. Similarly, allocating shareholdings in protected areas to communities 
have the potential to increase tolerance of fences. In Kenya, wildlife popula-
tions in protected areas with outreach programmes involving adjacent rural 
communities performed better than those in parks lacking such efforts (Western 
et al.  2009  ) . Community stake holdings in protected areas could be achieved by 
moving fences out to incorporate community land, as was recently done along 
the southern border of Savé Valley Conservancy in Zimbabwe (Lindsey et al. 
 2009  ) . Alternatively, by engaging in co-management agreements with com-
munities, park agencies could improve neighbour relations and effectively 
reduce the negative symbolism of fences. For example, in South Africa, South 
African National Parks have engaged in agreements with several communities 
to form contractual parks within existing national parks (e.g. Kruger and 
Kgalagadi) following successful land claims from communities evicted from 
by the apartheid government (Grossman and Holden  2009  ) . Similar models 
have potential to extend benefi ts “beyond fences” in other countries where 
rural communities were dispossessed of land during the creation of parks and 
game reserves.  

    4.    Re-designing of wildlife-proof fences 
 All wildlife proof fences should be designed to minimize the loss of wild 

 animals due to entanglement or electrocution. For example, Burger and Branch 
 (  1994  )  recommend that the lowest electrifi ed wire should be positioned at 
 ³ 250 mm above the ground to minimize tortoise mortality. Such a placement 
may also minimize the extent to which the fences are damaged by warthogs, 
aardvarks and porcupines, but would mean that predators and smaller species 
would not be effectively contained. Beck  (  2007  )  suggests the following additional 
modifi cations:

   The lowest electrifi ed strand be offset by at least 400 mm to reduce the likelihood • 
of tortoises being trapped between the mesh fence and an electrifi ed strand.  
  Where possible, rock-packed aprons should be used instead of low-level trip • 
wires to reduce tortoise mortality.  
  If low-level trip wires must be used, then a paired earth wire should be offset by • 
an additional 100 mm to prevent direct contact with the live wire.        

 The frequency with which fences are challenged (and that entanglements occur) 
can be reduced by increasing the visibility of the fence by using wire of at least 
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2.5 mm diameter, and attaching objects such as cans or sheet material to the fence 
(du Toit  2005  )  as well as by avoiding construction of acute corners in fences. Finally, 
care is required when constructing fences to ensure that the material used cannot 
readily be made into snares, especially in areas where the supply of metallic wire is 
limited.   

   Conclusions 

 Fencing is an important tool in the management of wildlife and one that has played 
a signifi cant role in the development of wildlife-based land uses in southern Africa. 
Furthermore, fencing is likely to become increasingly important as human popula-
tions continue to encroach on wildlife areas and habitats become more fragmented. 
However, due to fi nancial constraints, fencing is likely to be of limited applicability 
in many countries in Africa. In addition, there are a number of conservation prob-
lems that can result from the improper use of fencing. Cognizance of all ecological, 
fi nancial and social issues related to fences during planning can reduce problems 
and optimize conservation and economic gains achieved. Conservation planners 
should aim to achieve maximum gain with the minimum use of fencing, conduct 
thorough environmental and social impact assessments before establishing a fence, 
obtain support from local people, and give careful consideration to the alignment 
and type of fencing to be used.      
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    Introduction 

 Large areas of continuous forests and marshlands, which covered most of the 
European continent in the past, have been largely wiped out and its remnants frag-
mented during recent centuries as human habitation and cities developed. Along with 
habitat deterioration most of large animals disappeared or have been pushed into 
isolated pockets of habitat (Bibikov  1985 ; Pucek et al.  2004 ; Von Arx et al .   2004  ) . 
Moreover, further fragmentation of habitats has been caused by anthropogenic barri-
ers including roads and human settlements. This gives rise to a question – how does 
it affect the communities of animals and their genetic diversity? This is particularly 
important as the large mammals require vast spaces to exist. For instance, wolves 
( Canis lupus ) with their territories covering from 80 to 4,300 km 2  (Jędrzejewski et al .  
 2007  )  or Eurasian lynx ( Lynx lynx ) utilising ranges up to 1,900 km 2  (Schmidt et al .  
 1997 ; Linnell et al .   2001  )  are often far above the extent of habitat available for sus-
tainable populations of these carnivores. That is most likely why the distribution of 
continuous ranges of those species covering large areas of Asia ends up at the edges 
of uninterrupted forest cover in Eastern Europe. Indeed, the quantitative analysis of 
the wolf and lynx distribution in Poland has shown that woodlands are strongly pre-
ferred by both carnivores (Jędrzejewski et al .   2004 ; Niedziałkowska et al .   2006  ) . 

 One of the last areas in Europe, which supports populations of keystone species, 
such as European bison, Eurasian lynx and wolf is the Białowieża Primeval Forest 
(BPF), located on the Polish-Belarussian border. The BPF constitutes the last rem-
nants of the natural forests that once covered much of continental Europe. It covers 
1,500 km 2  of continuous woodland (600 km 2  in Poland and 900 km 2  in Belarus), 
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consisting mainly of unique, at a European scale, habitats such as oak-lime-hornbeam 
forests and ash-alder wet bog forests    (Jędrzejewska and Jędrzejewski  1998 ). The BPF 
has been protected since the fi fteenth century by Polish kings and later on by Russian 
tsars for hunting purposes (Samojlik  2005  ) . Thanks to this protection, the forest and 
communities of animals, survived almost untouched until the twentieth century. 

 The BPF was an important refuge for the European bison and large carnivores in 
the past. It was one of two locations where the European bison survived into the 
twentieth century (Pucek et al .   2004  ) , whereas the populations of wolves and lynx 
were able to quickly recover in BPF after periods of nearly total exterminations, due 
to its connectivity with other woodlands and marshland in the east (Jędrzejewska 
et al .   1996 ; Jędrzejewski et al.  1996  ) . At present, however, these highly space-
demanding species seem to face several constraints that may create barriers for their 
movements and contribute to the isolation of their populations. The BPF borders 
large open areas consisting of the agricultural lands and human settlements at its 
western edges that form inhospitable terrain for wildlife. Animal movements within 
the BPF have been yet more limited since 1981 due to the construction of a barbed-
wire fence (2.5 m high) along the border of the former Soviet Union, which now 
separates its Polish and Belarussian parts. In this chapter, we discuss the costs and 
benefi ts of physical and metaphorical barriers, and we demonstrate how these barri-
ers are infl uencing the spatial organisation and movements of large mammals, 
namely the European bison, the wolf and the Eurasian lynx, inhabiting the BPF. 

   European Bison: The Beast in the Cage 

 European bison is the largest extant terrestrial mammal in Europe and is a fl agship 
species for nature conservation. After its extinction in the wild at the beginning of 
the twentieth century, the species was resurrected from only seven individuals and 
brought back to the wild (Pucek et al .   2004 ; Krasińska and Krasiński  2007  ) . Bison 
are distributed in nearly 30 populations over large areas mainly in Belarus, Poland, 
Ukraine and Russia (Pucek et al .   2004 ; Krasińska and Krasiński  2007  ) . Exchange 
of individuals among those scattered populations is limited mainly due to their high 
geographical isolation; however, its numbers are systematically growing, but most 
of the bison populations are small (below 100 individuals) (Pucek et al .   2004  ) . 

 BPF protects the largest free ranging bison population, which numbers nearly 
800 individuals (Bison Pedigree Book  2007  ) . Yet this population has had a history 
of restriction in the forest, through land use and management factors. Since the 
beginning of the 1980s, the population has been divided by the Polish-Belarussian 
border fence into two separate populations. Before construction of the fence, 
European bison crossed the border at a rate of 5.8 bison/1 km/year (Bunevich  2004 ). 
These movements were more intensive during the rutting season (August-October), 
when bulls roamed in search of breeding cows. For nearly 30 years the two popula-
tions have remained isolated. 
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 As estimated by many researchers, minimum viable populations of large 
 mammals should number hundreds, or even thousands of individuals (see review 
by Traill et al.  2007  ) . It is especially important for the species such as the 
European bison, which suffered a severe bottleneck effect (Pucek et al .   2004  ) . 
Genetic variation of Białowieża’s population of bison is very low (H 

e
  = 0.26, 

N 
alleles

  = 2.15; Tokarska et al .   2009 ; Wójcik et al .   2009  ) . Thus, the population is 
under threat with regard to factors that are potentially able to decrease its genetic 
variability. First, it is the infl uence of the border fence that prevented any exchange 
of individuals between the two parts of the population. It is clear from radio-
tracking data that movements or shape of the bison home-ranges adjacent to the 
border area are affected by the border fence (Figs.  13.1  and  13.2 ), indicating that 
the fence is a real barrier for them. Second, it is the agricultural land on the west-
ern side of the forest that prevents expansion of the population. Although bison 
are not so sensitive to habitat fragmentation, and migrations through open areas 
were often observed (Krasińska and Krasiński  2007  ) , they are then exposed to 
confl icts with humans. That is due to the damage they cause to crops or the risk 
of attacks on people, when bothered while roaming close to human settlements. 
One of the management strategies in such cases was trapping or culling dispers-
ing animals. Between 1985 and 2005, 32 dispersing bison were culled and 15 
were captured and translocated (Krasińska and Krasiński  2007 ; Krasiński Z, 
 unpublished data).   

  Fig. 13.1    Spatial organisation of large mammals studied by radio tracking in Polish part of the 
Białowieża Primeval Forest: ( a ) bison; ( b ) wolves       
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 Not only are border fences and distribution of woodlands affecting the ranging 
pattern of bison, but also management practices strongly infl uence their spatial 
organisation and movements. Supplementary feeding is one such management 
strategy and is intended to increase bison survival, control their migration and 
decrease the potential of damage to trees. Bison in winter gather in 5 or 6 main feed-
ing sites and create winter aggregations numbering up to 100 individuals (Krasińska 
and Krasiński  2007  ) . In effect, the population is divided into a few sub-populations 
associated with different feeding sites, with no or limited exchange of individuals 
between them (Kowalczyk et al .   2010 ). It also infl uences space use by bison in the 
spring-autumn period, as the home ranges of individuals originating from the same 
feeding site largely overlap (Krasińska et al .   2000  ) . Additionally, most males mate 
with females from the same sub-population (Kowalczyk et al .   2010 ). Of 18 males 
radio-collared in 2005–2008, only 11% roamed between herds of cows associated 
with different sub-populations. Supplementary feeding most strongly affects space 

  Fig. 13.2    Example of movements of bison cow fi tted with GPS collar near Polish-Belarussian 
border (5–15 January 2008)       
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use and movements of bison in winter (Rouys and Krasińska  2001  ) . Ranges of 
individuals from the herds fed intensively (delivery of hay and silage 3–5 times a 
week) occupied very small ranges (mean 2.8 km 2 ), comparing to less- intensively 
(16.2 km 2 ) or non-fed bison (29.5 km 2 ) (Schneider  2008 ; Kowalczyk et al .   2010 ). 
Daily movement distances of bison are negatively correlated with intensity of 
supplementary feeding (Schneider 2008), and it declines from 0.9 km/day in 
non-fed bison to 0.5 km/day for individuals that are intensively fed.  

   Lynx and Wolves: Surviving on Restricted Hunting Grounds 

 Large predators, such as lynx and wolves, are highly mobile animals, whose long-
distance movements are expected to ensure effective gene fl ow among sub- 
populations. However, because they utilise large territories, their densities are usually 
very low; therefore, if they occupy fragmented landscapes the sub- populations are 
much below minimum viable population size (Traill et al.  2007  ) . Such sub- 
populations may exist in the long term only if an exchange of individuals among 
them is possible, otherwise genetic deterioration and/or stochastic events may drive 
them to extinction (Gilpin and Soule  1986  ) . In the case of the Eurasian lynx, habitat 
fragmentation may particularly affect its survival, because of its inability to traverse 
large open areas (Schmidt  1998  ) . Additionally, open landscapes inhabited by 
humans constitute a barrier due to higher mortality rates related to anthropogenic 
reasons (vehicle collision, illegal killing and predation from dogs). Among the lynx 
studied in the Białowieża Forest, nearly every radio-collared lynx whose home 
ranges included fragmented woodlands died due to human-related sources of 
mortality ( n  = 4, i.e. 15% of all radio-collared lynx) (K. Schmidt, R. Kowalczyk, 
and W. Jędrzejewski unpublished data). Radio-tracking studies showed that the 
lynx population in BPF is maintained by exchange with other neighbouring popula-
tions in Poland and Belarus; however, the range and directions of their dispersal is 
strongly affected by the distribution and availability of woodlands and forest corri-
dors (Schmidt  1998  ) . This was especially apparent with two radio-collared siblings 
radio tracked during their dispersal, as they altered the directions of their move-
ments after reaching the western limits of the BPF (Fig.  13.3 ). On the other hand, 
genetic research of lynx inhabiting the BPF and its vicinity suggested low gene fl ow 
between this population and the lynx from the more contiguous population in the 
Baltic countries (Schmidt et al .   2009 ). Thus, although not entirely physically fenced, 
the lynx are affected by metaphorical fences by way of habitat barriers.  

 In contrast, presence of real fences, including the fencing along the Polish-
Belarussian border does not seem to play any role in the lynx movements. Radio-
tracked lynx whose home ranges encompassed both the Polish and Belarussian parts 
of the Białowieża Forest, frequently crossed the border (Schmidt et al .   1997  ) . Their 
ability to pass the fenced border is not surprising, as 31% of lynx resting sites in 
BPF is localised within fenced plots of plantations and thickets (Podgórski  2006 ; 
Podgórski et al .   2008 ). Selection for such plots is due to the fact that most of the 
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younger tree stands used by lynx for resting (Podgórski et al .   2008 ) are fenced 
against damages by ungulates. 

 The border fence is not a barrier to wolves either, as they are able to cross it most 
likely along the rivers. Similarly, the open spaces do not seem to prevent the wolves’ 
movements as they were observed to wander out of the forest area more readily than 
lynx in the BPF (Schmidt  2008  ) . Wolves have been found to be typically less depen-
dent on habitat characteristics than felids (Husseman et al .   2003  ) . In spite of that, 
territories of wolf packs in the Polish part of the BPF were distributed in a way that 
they covered mainly the continuous forested area – between the border fence in the 
east, and open agricultural and urban land in the west (Fig.  13.1 ) (Okarma et al .  
 1998 ; Theuerkauf et al .   2003a,   b  ) . The effect of the border zone can be a result of 
the fact that wolves are strongly persecuted in the Belarussian part of the BPF (62 
wolves shot in 1995–2000; Jędrzejewski et al .   2005 ). A similar reason can deter-
mine the positioning and shape of the western territories, indicating the association 
of these predators with the forest habitat. Wolves settling in areas with little forest 
cover are more prone to confl icts with humans due to their depredation on livestock. 
Indeed, confl ict areas may constitute a signifi cant barrier for wolves’ dispersal as 
the predators are more often removed from such areas (Kojola et al .   2006  ) . 

 Human activity was found to directly infl uence the movement pattern of wolves 
in BPF (Theuerkauf et al .   2001,   2003a,   b  ) . The movement patterns of wolves occu-
pying commercial parts of the forest (human activity and traffi c during the daylight) 

  Fig. 13.3    Dispersal of radio-collared lynx in Białowieża Primeval Forest (based on Schmidt  1998 ; 
modifi ed)       
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were negatively correlated with the activity patterns of humans, whereas those 
inhabiting the strictly protected area of the BPF (Białowieża National Park: reduced 
human activity, no traffi c) were not. Moreover, although the wolves did not reduce 
their activity during the daylight, they avoided being in the same place at the same 
time as humans (Theuerkauf et al .   2001,   2003a,   b  ) .   

   Conclusions 

 Our review showed that spatial organisation, movements and activity of large mam-
mals are affected by past (habitat fragmentation) or present (management, traffi c) 
human activity even in the area considered to be the best-preserved forest in Europe. 
These involve a real fence occurring along the state border that is physically impass-
able for big ungulates as well as virtual barriers in the form of habitat discontinuity 
that does not permit a suffi cient number of animals to traverse. Both types of 
barriers increase mortality of animals on the one hand and decrease the exchange of 
individuals on the other. Therefore, we believe that fencing may have a largely 
negative impact on large mammal population viability. 

 Although fencing wildlife is often considered as a conservation tool aiming at 
preventing damage to human economy (Hayward and Kerley  2009  ) , it should not be 
encouraged in Europe when large ungulates and carnivores are concerned. In con-
trast, measures directed at extending the availability of habitat and alleviating its 
fragmentation through connecting it via the network of ecological corridors should 
be strongly supported. An important task should be to remove the fence along the 
state border; however, this is a political decision, especially considering that the 
eastern border of Poland is also the border of the European Union. Nevertheless, 
given the growing pressure of human activity and increasing fragmentation and loss 
of habitats in Europe, future conservation efforts concerning large mammals should 
aim to mitigate all negative processes.      
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          Introduction 

 The use of fencing to enclose protected areas, and particularly to partition predators 
from areas where it is incompatible for them to range freely amongst agriculture or 
human settlement, is particularly prevalent in southern Africa. For example, Davies-
Mostert et al.  (  2009  )  describe the operation of a “managed metapopulation” of 
African wild dogs  Lycaon pictus  comprised of 12 fenced reserves varying in size 
between 84 and 900 km 2 . Insofar as the reintroduction of predators is an emerging 
priority for conservation biology (Macdonald  2009  ) , and considering that this may 
often involve keeping them separate from domestic stock, the effi cacy of fenced 
reserves is topical. Indeed, Macdonald et al.  (  2000  )  proposed that the eagerness 
with which western conservationists promoted the conservation of large mammals, 
including predators, in developing countries could usefully be matched by more 
radical approaches to restoration in developed countries and, in the case of the UK, 
that this might fruitfully involve consideration of fenced wilderness areas. Several 
practicalities may affect this idea, but perhaps foremost is what size fenced areas 
would have to be in order to deliver more or less natural communities of larger 
mammals for the benefi ts of, for example, tourism and conservation. This is an 
obvious question to pose in the context of frequent press articles about, for instance, 
the reintroduction of wolves,  Canis lupus , to Scotland (Gilchrist  2008 ; Leake  2008  ) , 
yet we are unaware of any systematic attempt to answer it. 
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 Without mention of fenced reserves, Hetherington and Gorman  (  2007  )  have 
fruitfully evaluated the capacity of the Scottish countryside to sustain a population 
of reintroduced lynx,  Lynx lynx , – a species successfully reintroduced in central 
Europe (Breitenmoser et al.  2010  ) . Nilsen et al.  (  2007  )  modelled the likely impact 
on deer  Cervus elaphus  control, in terms of population regulation and economics, 
of reintroducing wolves to the Scottish Highlands. Furthermore, detailed simula-
tions underpinned the reintroduction of wolves to Yellowstone National Park in the 
USA (Boyce  1993 ; Phillips et al.  2004  ) . Turning to fencing, Davies-Mostert et al. 
 (  2009  )  report on the practicalities of creating and managing fenced reserves for 
African wild dogs in South Africa. In Britain, this constellation of possibilities has 
recently been brought into focus when the owner of the private Alladale Estate in 
the Highlands of Scotland made public (e.g. Hellen  2004  )  his aim to manage the 
estate for the purpose of restoring a more natural ecosystem. The management plan 
was expressed in terms of a blend of conservation and development goals, restoring 
and managing the Highland ecosystem, creating jobs in an economically depressed 
area and creating an educationally enriching recreational resource and included 
consideration of the feasibility of creating a fenced wilderness reserve within which 
large mammals, including wolves, might be maintained. Stimulated by this particu-
lar case we seek, in this chapter, to identify some of the questions that would have 
to be answered when evaluating the likely outcomes of creating fenced reserves for 
large predators. 

 Since this topic – the possible management of previously extirpated large carni-
vores such as wolves in fenced reserves in Scotland – is one open to accidental, or 
even wilful, misinterpretation, it seems sensible before going further to be plain 
about what this chapter is and what it is not. This chapter is not a call to reintroduce 
wolves, or other large carnivores into the wild in Scotland, and it is not even a pro-
posal to manage them in a fenced area (itself a very different thing to a reintroduc-
tion). However, since it is the case that the topic of large predators being somehow 
returned to the Highlands is much discussed, and since fenced protected areas are 
already being used successfully in the management and conservation of carnivores – 
notably in southern Africa – it seems logical to discuss what steps might be involved 
in evaluating the pros and cons of a fenced protected area to include large native 
predators in the Highlands. However, even this question is bigger than we can tackle 
here, and we don’t. Rather, we present one approach to tackling just one part of this 
question. The part we tackle is how the viability and functioning of populations of 
wolves and their prey might differ between hypothetical reserves of various sizes. 
We have attempted this, using methods that are transparent and explicit. Our explo-
ration leads us to think that the wider topic is worth exploring further, but we are 
equally clear that even within our exploration various issues remain unresolved. For 
example, we do not consider genetic effects on small populations, and we do not 
reach a conclusion on whether the probability of the fence being breached is accept-
able – we are not ignoring these questions, we simply don’t yet know the answers to 
them. 

 This essay sits on an interesting continuum. A confi ned animal may be in a cage, 
a menagerie, a park, a reserve or a wilderness variously impacted by people. In some 
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of these it may be fenced in, in others it may abut places from which it is fenced out. 
Along this continuum its life may be variously “natural”. However, just what consti-
tutes “natural”, and just how much it is valued, is not easily defi ned. Furthermore, in 
Britain, the various designations of protected areas produce some muddling vocabu-
lary. Landscapes are protected in National Parks and National Scenic Areas, while 
biodiversity is protected in Sites of Special Scientifi c Interest (SSSI), National Nature 
Reserves and Natura 2000 Sites. People gain access to nature in these areas, as well 
as through National Trails, Community Forests and Country Parks. Here, we do not 
intend to stir the hornet’s nest of these designations, nor to imply any particular cat-
egorisation of the fenced protected area about which we write. Rather we ask whether 
such a fenced area could be helpful to conservation, to development and hence to 
society. If it is, then vocabulary and policy can surely be developed to deliver it. 

   Loss of the Native Caledonian Pine Forest of Scotland 

 Pollen analysis suggests that pine and birch woodland, the Caledonian Pine Forest, 
reached its maximum extent in the Scottish Highlands approximately 5,000–6,500 
years before present (BP) when woodland may have covered 50% of the country 
(Smout et al.  2005  ) . By 4,000 years BP the climate had cooled, becoming wetter 
and windier, and caused the Caledonian Pine Forest to retreat (Birks  1989 ; Smout 
et al.  2005  ) . Determining the extent of reduction of woodland cover during this time 
is diffi cult but Smout et al.  (  2005  )  tentatively suggest a decline to 25% cover by 
2,000 years BP. During this period, evidence suggests human settlements were 
restricted to coastal areas in northern Scotland and so were unlikely to have played 
a major role in deforestation (Kinloch et al.  1986 ; Birks  1989  ) . In more recent times, 
anthropogenic deforestation has reduced native woodland cover. There are docu-
mented records of forest exploitation during the last 500 years at specifi c sites across 
the Highlands, including Rothiemurchus, Strathcarron, Glenorchy and The Isle of 
Skye (Smout et al.  2005  ) . By 1905, only an estimated 350,000 ha (4.5% of Scotland) 
of woodland, native and planted, remained (Forestry Statistics  2008  ) . These rem-
nants were put under further strain during the First and Second World Wars when 
the UK was isolated from foreign timber resources. The limited domestic woodland 
resource was noted in 1919 and the Forestry Commission was created and charged 
with the task of creating a timber resource. This began a period of rapid afforesta-
tion in Scotland and woodland now covers approximately 17.2% of the country. 
However, only 9.9% of this total woodland cover is semi-natural and the rest is 
plantation, typically of non-native species such as  Picea sitchensis  (Bong.) Carrière 
(sitka spruce) (Forestry Statistics  2008  ) . The remaining Caledonian Pine Forest is 
now a highly valued habitat designated an Annex 1 Habitat and protected under the 
Habitats Directive (Council Directive 92/43/EEC  1992  ) . Thus, although climatic 
changes appear to be the main cause of the major decline in the native woodland, 
anthropogenic habitat destruction has also played a signifi cant role, and remediating 
this human impact is a stimulus for the conservation and restoration of semi-natural 
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woodland in the Highlands. Moreover, the national forestry policy has been altered 
to a multi-purpose approach emphasising biodiversity and recreational benefi ts, as 
well as providing a timber resource (Kanowski and Potter  1993 ; Warren  2002 ; 
Hobbs  2009  ) . An effective method to meet conservation, biodiversity and recreation 
targets may be to re-establish a functioning Caledonian Pine Forest Ecosystem, 
made up of a full suite of habitats at the landscape scale using ecological restoration 
principles (SERI  2004  ) , of which species reintroduction is a key component (Soulé 
et al.  2003 ; SERI  2004  ) .  

   Deer Numbers and the Suppression of Natural Regeneration 

 Deer at high densities have been shown to suppress natural woodland regeneration 
through browsing and bark stripping (Palmer and Truscott  2003  )  and threaten 
remaining ancient woodland and attempts at reforestation. In Scotland, red deer, 
 C. elaphus , abundance has varied considerably during the history of human occupa-
tion. During the sixteenth century they were valued quarry of royalty, and protected 
in deer forests (a term which doesn’t necessarily mean wooded areas). Between 
1750 and 1800 the Highland human population expanded rapidly and deer, by then 
considered a pest species, were removed in favour of upland sheep. However, by the 
1870s sheep prices had collapsed. Increased interest in stalking, made fashionable 
by Queen Victoria who purchased Balmoral Estate in 1852, encouraged landowners 
to manage and develop their herds then lease their lands for sport (Yalden  1999 ; 
Warren  2002  ) . The nineteenth and twentieth centuries, therefore, saw a considerable 
expansion in the deer population which by then had important socio-economic and 
cultural value. However, crop damage by deer became very problematic and caused 
confl ict with crofters (a unique form of land tenure for small-scale food production 
in the Scottish Highlands) and farmers. Consequently, in 1959, the Red Deer 
Commission was established and made responsible for conservation and control of 
red deer (Warren  2002  ) . 

 It is thought the Scottish red deer herd had reached 350,000 by the early 1990s 
and may have become resource-limited (Clutton-Brock et al.  2004  ) . This led to a 
debate on the appropriate number of deer for the Highlands. Current population 
densities vary between <1 and 30/km 2  in open ground (Macdonald et al.  1998  ) , 
while evidence suggests that reducing deer density to 4–8/km 2  allows woodland 
regeneration (Andrews et al.  2000  ) . Although deer reductions may be achievable in 
some areas it requires a heavy and costly hind cull (Warren  2002 ; Milner-Gulland 
et al.  2004  ) . Due to the diffi culties of culling suffi cient deer to allow woodland 
regeneration, the use of deer exclusion fencing has been popular. Fencing can be 
successful but Warren  (  2002  )  highlights eight major problems including: fencing is 
not a solution: it merely displaces the problem; fenced areas have reduced fl oral 
diversity; signifi cant increases in bird mortality occur, and, in certain cases, it is 
counterproductive to natural regeneration as rapid development of prolifi c ground 
vegetation prevents tree establishment. These problems have led to questioning the 
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suitability of this policy (Warren  2002  ) . A more radical suggestion has been the 
reintroduction of a large carnivore, the wolf  C. lupus  to regulate and limit the deer 
population (Wilson  2004 ; Nilsen et al.  2007  ) . It is also important to note that sheep 
have also played an important role in regeneration suppression and in many areas 
have had a greater impact than deer. Our focus on red deer here though is justifi ed 
by their greater importance in the Alladale area.  

   The Large Carnivore Guild 

 During the last 2,000 years all three members of the large carnivore guild, lynx, 
 L. lynx , bear,  Ursus arctos , and wolf have been extirpated from the British Isles. 
Lynx bones discovered in England and Scotland have been radio-carbon dated to 
1550 (±24) and 1770 (±80) years old respectively, suffi ciently recent to suppose 
persecution and anthropogenic habitat destruction played a signifi cant role 
(Hetherington et al.  2006  ) . Bear are thought to have been lost between 1,000 and 
2,000 years BP from a combination of habitat loss and persecution (Yalden  1999  ) , 
whilst wolves survived in Scotland until the eighteenth century; persecution is likely 
to have played a signifi cant role in their extirpation (Yalden  1999  ) . All three are 
listed Annex IV species of the Habitats Directive (Council Directive 92/43/EEC 
 1992  ) , which requires European Union Member States to study the desirability of 
reintroducing such species where they have become extinct. 

 Increasing consideration is also being given to species reintroduction as a tool to 
re-establish ecosystem function (Soulé et al.  2003  ) , such as using the wolf to limit 
deer numbers (White and Garrott  2005 ; but see also Vucetich et al.  2005  for an 
alternative account) and alter foraging behaviour by altering the “landscape of fear” 
(Laundré et al.  2001 ; Manning et al.  2009 ; Valeix et al.  2009a,   b  )  to allow woodland 
regeneration (Ripple and Beschta  2003  )  as has been recorded in Yellowstone 
National Park. However, understanding and predicting the process and effects of 
natural regulation of large mammals through predator–prey interactions is diffi cult 
due to the landscape scale over which they range, the consequent complexity of 
their environment and the disrupting infl uence of humans. Models created to 
improve understanding and predict these interactions by simulating population 
dynamics have become increasingly popular (Boyce et al.  2007  ) . Mathematical 
modelling is an important tool in conservation when aiming to make a preliminary 
assessment of the likely impact or consequences of any action, especially when the 
cost and impracticality of doing experimental manipulations are prohibitive. It is an 
important caveat that the results of such explorations should be treated as no more 
than they are – explorations. Models are by their nature imperfect; they can provide 
fruitful insight, but they are always wrong to at least some degree and thus should 
be treated with caution. Modelling should be seen as a tool for the exploration of 
broad trends, and of reducing the risk of unexpected surprises when interventions 
are tried in reality. Models should not be considered to accurately predict population 
behaviour in a specifi c situation (Boyce et al.  2007  ) . Nilsen et al.  (  2007  )  used such 
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a model to consider the impact a reintroduced population of wolves might have on 
the Scottish Highlands and reported that their simulations suggested that a possible 
outcome might be a 50% reduction in the Scottish deer herd. However, many direct 
and indirect factors might play a role in the eventual outcome of a reintroduction, 
making the result diffi cult to predict.  

   Using Fences to Reduce Confl ict 

 Reinstating the large carnivore guild, particularly wolves, to Scotland could encour-
age woodland regeneration through trophic cascade effects as has been witnessed by 
the wolf reintroduction to Yellowstone National Park (Ripple and Beschta  2004  ) . 
However, reintroductions are complex and controversial (Fritts et al.  1997 ; Macdonald 
 2009  ) . Public fears associated with the possible threats to safety and livelihood that 
come from the reintroduction of a predator are diffi cult to overcome, and conse-
quently so is gaining political support (Wilson  2004  ) , regardless of whether the gen-
eral opinion is favourable (Nilsen et al.  2007  ) . Fences can be used to mitigate 
human-wildlife confl ict while also providing a conservation mechanism, facilitating 
research into the role and economic benefi ts of previously extirpated species in resto-
ration ecology, as has been seen in the southern African wild dog “managed metapo-
pulation”. This involves reintroducing the wild dogs to numerous fenced reserves 
varying in size between 84 and 900 km 2 , and artifi cially managing dispersal (achieved 
by translocations) between them to maintain a more or less natural social dynamic 
and genetic structure (Gusset et al.  2008 ; Davies-Mostert et al.  2009  ) . However, 
fences will also cause confl ict, for example by restricting public access that is pro-
tected under Scotland’s Land Reform Act (2003). Here we wish to determine if this 
is a concept worth considering in the Scottish Highlands, and whether it could be 
operationally realistic from an ecological perspective. We recognise that access is a 
fundamental issue and that a fenced reserve would require special dispensation to be 
created; however, we feel that if there are strong supporting environmental, social and 
economic arguments then solutions could be found that would not threaten the valued 
and important principle behind the access legislation. We identify the following 
important questions which develop from the fact that the Alladale Estate, at 90 km 2 , 
is unlikely to be large enough in itself to accommodate anything approximating a 
naturally functioning wolf-prey community, and hence that a fi rst step towards a more 
“natural” fenced community would be to enlarge the prospective fenced area:

    1.    How much space is available around the Alladale Estate for a fenced reserve?  
    2.    Is there an ecological minimum area requirement to support wolves and prey in 

a space-restricted environment with an 80% survival probability for 100 years?  
    3.    Will wolves limit deer numbers within a closed and space-restricted system?  
    4.    How to determine the best habitat and landscape to be incorporated within a 

fenced reserve?     
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 Before these questions can be adequately addressed, some criteria of success of 
a fenced reserve must be discussed. Where on the continuum from zoo cage to 
unfettered wilderness are we aiming? The primary ecological purpose of reinstating 
a lost native, keystone, species back into an enclosed area of the Highland ecosys-
tem is the potential to aid ecological restoration through the predation of grazers/
browsers and replacing anthropogenic culling. However, to adequately meet this 
goal both predator and prey must be given a fair opportunity to survive, reproduce 
and lead more or less natural lives. To meet these criteria, we will target the point on 
the scale from zoo to wilderness that offers a wolf population at least an 80% prob-
ability of surviving natural population fl uctuations through stochastic variation over 
100 years without the need for the introduction of new animals other than to provide 
new genetic material. Furthermore, the wolf population should limit the deer popu-
lation to between 4 and 8 deer per km 2 , in line with Scottish Natural Heritage’s 
(SNH) deer density guidelines to allow woodland regeneration.   

   Approach 

   Alladale Estate, Sutherland, Scottish Highlands 

 In 2003, the 90 km 2  Alladale Estate in the Scottish Highlands was purchased by 
Mr Paul Lister for the express purpose of using it as a nucleus to create a fenced 
wilderness reserve containing lost native species. If successful, his vision would see 
the return of wolf, lynx, bear, wild boar,  Sus scrofa , and European elk,  Alces alces , 
to a fenced reserve as part of an ecosystem restoration project. To evaluate the prop-
osition of releasing wolves to Scotland within a fenced reserve, we used the Alladale 
Estate and the surrounding Highland area as a case study.  

   How Much Space Is Available Around the Alladale Estate 
for a Fenced Reserve? 

 In the area around Alladale we identifi ed regional transport infrastructure and asso-
ciated buildings and classed them as unsuitable for inclusion in a fenced reserve. 
Using 2008 Ordnance Survey (OS) maps (1:50,000) in ArcGIS 9.2 (ESRI Inc. 
© 1995–2009), we marked out exclusion buffer zones around the following fea-
tures: 200 m around tarmac/public roads, 500 m around railway lines, 500 m around 
population centres and 500 m around any building within 700 m of a tarmac/public 
road (Fig.  14.1 )   .   
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   Modelling a Wolf and Deer Population Within a Closed 
and Space-Restricted Environment 

 Population Viability Analysis (PVA) is a species-specifi c modelling process that 
examines the likelihood that a population will be sustained or become extinct over a 
defi ned time period. An Individual-Based Model (IBM) is a tool, regularly used for 
PVA, which follows each individual within a given population, and is often tailor-
made for a specifi c scenario. The advantage of using an IBM is the ability to inves-
tigate any specifi c and clearly defi ned management regime desired, and that it allows 
the impact upon the population to be understood at a relatively fi ne level of detail. 

 Such analyses have been used extensively in conservation biology; however, 
there is controversy concerning the best approach and the value of the results. 
A major criticism of the PVA approach is that it is often the occurrence of catastro-
phes (environmental, demographic, anthropogenic, etc.) that cause a species to go 
extinct, and it is diffi cult to evaluate the likelihood of such an event occurring 
(Coulson et al.  2001  ) . As such, it is often suggested that PVA not be used to make 
quantitative estimates of extinction risks or minimum viable populations, but rather 

  Fig. 14.1    Method of calculating the maximum area of suitable land to be included within a fenced 
reserve. Tarmac road infrastructure and buildings 700 m from these roads were excluded creating 
a maximum boundary of 1,500 km 2 . Buildings further than 700 m from tarmac roads were deemed 
potentially suitable for inclusion. Map in  top right corner  depicts the location of the 1,500 km 2  area 
in Scotland       
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to compare different management regimes, or other pressures upon a species (Reed 
et al.  2002  ) . Hence, whilst the results can be seen as an exploration of possible 
population trends and general viability given different scenarios, it should not be 
considered an exact predictor of extinction probability. 

 Given the unusual nature of the scenario of wolf release to a closed area in 
Scotland it is diffi cult to forecast what circumstances would best deliver success. 
PVA, with a tailor-made IBM appropriate to Alladale and surrounding area, was 
therefore considered an appropriate method for preliminary exploration of the via-
bility of wolves within the hypothetical fenced reserve. The model aimed to assess 
the population dynamics of the wolves and the impact on prey density, in reserves 
of different sizes. Furthermore, it is hoped to approximate different wolf social 
responses when occupying a space-restricted environment. Considering social 
response is essential to understanding how a wolf population may function within 
such a fenced reserve and is an aspect that tends to be overlooked. 

 The model utilised was based on one developed by Nilsen et al.  (  2007  )  for wolves 
in the Scottish Highlands, and further by Bull et al.  (  2009  )  to explore the ecology of 
the closely managed and confi ned wild Norwegian wolf population. With the excep-
tion of Nilsson  (  2004  ) , previous models of wolf population dynamics have focused 
on the interaction between wolves and their prey. Whilst the interaction between 
wolves and deer remains part of the focus of the model used here, the main empha-
sis of the model is on the wolf population itself. Furthermore, we consider only the 
demography of the population, and do not include management for genetic varia-
tion; Nilsson  (  2004  )  warns that inbreeding is a potentially serious threat to the long-
term viability of the Scandinavian population and this is similarly a risk in the 
scenarios we consider. However, our focus is on short-term management for popula-
tion viability and hence we have postponed, but not forgotten, genetic aspects (see 
also Liberg et al.  2005  ) . 

   Modelling Predator–Prey Population Dynamics: The Reserve 

 The current available land area at Alladale, 90 km 2 , provides a minimum potential 
reserve size. Our fi rst question was what minimum area would be needed to sustain 
a pack of wolves. Data on deer predation by wolves in temperate climates (Mech 
and Boitani  2003  )  lead us to estimate that in temperate areas an average pack terri-
tory size is around 200 km 2 . This provides a starting point for estimating the mini-
mum sized unit for a reserve accommodating wolves in Scotland. For a larger area, 
a comparison was drawn with Isle Royale in Lake Superior, on the U.S./Canadian 
border, which covers an area of 544 km 2  and has supported an isolated wolf popula-
tion for over 50 years (Peterson et al.  1998 ; Vucetich and Peterson  2004a  ) . Finally, 
in order to consider the largest reserve size possible, in our given study area, we 
used the conservative estimate of the maximum available area of 1,200 km 2  that 
includes the Alladale Reserve, which given our assumed basic unit, represents the 
potential for around six wolf packs. In summary, we explore four reserve sizes in 
our exploration of the consequences of scale: 90, 200, 600 and 1,200 km 2 . 
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 The initial populations were varied for each size of enclosure that was modelled: 
90 km 2  = an alpha (breeding) pair; 200 km 2  = 1 pack of an alpha pair and 1 male and 
1 female sub-dominants; 600 km 2  = 2 packs each consisting of an alpha pair and a pair 
of sub-dominants; 1,200 km 2  = 3 packs each consisting of an alpha pair and a pair of 
sub-dominants. These are somewhat arbitrary decisions, but remember that our pur-
pose is to explore illustrative options and to learn from them. In the two largest 
reserves, fewer packs than could theoretically be contained within the reserve, given 
our assumed average territory size of 200 km 2 , were introduced to provide an oppor-
tunity for the wolves to expand naturally.  

   The Wolves 

 In the model, the natural life stages of the wolf are categorised to give four basic 
types: cubs, sub-dominant adults, dispersers and alpha wolves. The second and third 
life stages; “sub-dominant adults” and “dispersers” are considered to form collec-
tively a pool of sub-dominant animals. The life cycle of the wolf is then divided into 
four basic “natural” demographic processes, which are modelled in the following 
order: dispersal, establishment of any new territories, reproduction and survival. 

 The imaginary wolves released into the virtual fenced area were treated as a 
completely isolated population, and there was no spatial demographic sub- 
structuring of the population as a whole. Each individual within the IBM is 
uniquely identifi ed and has an age, sex, stage and pack membership associated 
with it. Transitions between stages are related to age and social status, and all 
transitions take place stochastically for each individual in random order. Each 
pack consists of a dominant pair and their offspring; only the dominant pair can 
reproduce.  

   The Deer 

 It is important to consider the deer population in this model for two reasons: fi rstly, 
in a closed ecosystem, over-exploitation of prey by predators will lead to low prey 
availability and increased wolf mortality; secondly, we wish to consider the impact 
wolves have on deer density because of the detrimental effect deer can have on 
woodland regeneration. To keep the model as simple as possible, the deer popula-
tion is represented as the total number of deer predicted to be present in the reserve 
each year with no population sub-structuring. The initial starting population is based 
on the assumption that there is a deer density of c.11 deer per km 2  (as currently 
exists at time of writing on the Alladale Estate; I. MacNeill personal communica-
tion). The average deer density over the maximum potential study area (all of the 
Estates within the North Ross Deer Group) was 12 deer per km 2  in 2008 (Taylor 
 2008  ) . These values were deemed suffi ciently similar to justify the use of the 
Alladale deer density for analysis at each of the described enclosure sizes to facili-
tate the direct comparison in the population dynamics.  
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   The Model 

 The model is designed to output the average population trend over a 100-year period 
in all scenarios The model was coded in R (R Development Core Team  2007  )  and 
each simulation was run 50 times over 100 years in order to generate the main 
results; 50 was the minimum number of repetitions considered statistically neces-
sary to keep the confi dence intervals acceptably narrow, and this minimum was 
used because of the long time taken to run the models.  

   Modelling the Wolf Population 

 Each year, each pup from the previous year can disperse from or remain in the natal 
pack as a sub-adult (i.e. join the sub-dominant pool in the population), or die. The 
existing sub-dominant adults can disperse, die or remain in the pack. Dominant 
animals have a probability of survival and a reproductive rate. If a dominant animal 
dies, it is replaced by the oldest sub-dominant animal of the right sex in the pack. If 
there is no suitable animal available within the pack, the position remains vacant 
until it is fi lled by a dispersing animal or a young individual moves up into the sub-
dominant adult stage. The pack cannot reproduce until a new dominant pair is estab-
lished. If both dominant animals die, the rest of the pack disperses. This latter 
assumption was made primarily to simplify the model, but is considered a reason-
able approximation with regards to the literature: Fuller et al.  (  2003  )  support this 
assumption, and in Brainerd et al.  (  2008  )  the loss of both breeders was noted to 
cause pack dissolution in 85% of cases, and in only 9% of cases did a pack repro-
duce the following season under such circumstances. 

 After dispersing, each disperser over 2 years old has a probability of establish-
ing a territory (the second step in the yearly cycle, Fig.  14.2 ). If an animal is 
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  Fig. 14.2    Graphical depiction of the wolf model       
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establishing a territory, it fi rst looks for an existing pack with a missing animal of 
the correct sex, or otherwise might establish a new territory in which to wait for a 
mate. If, by chance, it is unsuccessful in that year it remains in the disperser pool. It 
is assumed that the probability of any disperser being successful in establishing a new 
territory is constant, and values were obtained from the literature; density dependence 
for the wolf population was ensured via other functions (see “survival” below).  

 Once the territory establishment process is complete, the third step, reproduc-
tion, takes place. Dominant pairs may reproduce, producing a large (5 pups; Nilsson 
 2004  )  or small litter (2 pups; Mech  1970  )  with a given probability. The fourth step 
is to apply the survival function, which removes some wolves from the population. 
Every wolf in the population has some probability of dying in any 1 year and basic 
survival rates are age-dependent, not related to other factors such as the life stage. 
This is unrealistic as, for instance, dispersing wolves, in particular, are generally 
likely to be at slightly greater risk of mortality than wolves resident in a territory 
(Pletscher et al.  1997  ) . However, we judged it a warranted simplifi cation of the 
model as the key factor governing survival rates is the availability of prey and this 
is considered separately in the model. 

 The basic ecological parameters used to characterise the wolf population were 
taken from various sources in the literature (Table  14.1 ). The values used represent 
best available estimates, largely from extensive observations in the wild. Furthermore, 
they are taken from wolf populations living in the Scandinavian population wher-
ever possible, which is considered similar to Scotland in climate, topography and, 
to some degree, ecology.  

 Natural survival rates are modifi ed according to prey availability, using a series 
of relationships, described below, previously shown to be useful in Nilsen et al. 
 (  2007  ) , for the hypothetical case of wolves in the Highlands. The deer population is 
modelled, as described in the section titled “Modelling the Deer Population”, and 
then each year the wolves remove a number of deer from the overall stock. The 
number removed,  k  (per capita kill rate), is calculated using ( 14.1 ), where  a  is the 

   Table 14.1    Parameters and sources used in the wolf model   

 Parameter 
 Baseline 
value 

 Standard 
deviation  Source 

 Cub dispersal rate  0.35  0.15  Gese and Mech  (  1991  )  
 Sub-adult dispersal rate  0.50  0.25  Gese and Mech  (  1991  )  
 Adult dispersal rate  0.90  0.20  Gese and Mech  (  1991  )  
 Probability of establishing a territory  0.8  0.1  Pedersen et al.  (  2005  )  
 “Small” litter size (# cubs)  2  1  Mech  (  1970  )  
 “Large” litter size (# cubs)  5  1  Nilsson  (  2004  )  
 Probability of a large rather than 

a small litter 
 0.73  0.15  Calculated based on 

Pedersen et al.  (  2005  )  
 Cub survival rate  0.903  0.15  Liberg et al.  (  2008  )  
 Survival rate for wolves aged 2–8 years  0.903  0.17  Liberg et al.  (  2008  )     
 Survival rate for wolves aged 9 years  0.40  0.08  Mech  (  1970  )  
 Survival rate for wolves aged 10 years  0.25  0.05  Mech  (  1970  )  
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asymptote which the kill rate approaches,  h  the deer density at which the kill rate 
reaches half the asymptotic value, and  P  is the deer density ( h  = 0.5 deer per km 2 ; set 
low as kill rates are relatively constant across a wide range of deer densities), as 
observed in data from the Yellowstone area (Smith et al.  2004  ) . 

 An element of stochasticity is then introduced via ( 14.2 ), which calculates the 
actual kill rate for any 1 year, where   e   is a normally distributed random variable with 
mean zero and a standard deviation of 0.05. In every time step, the wolves remove 
the number of deer obtained by multiplying the realised kill rate ( k   ¢  ) by the number 
of individual wolves remaining in the population

    =
+

,
aP

k
h P    (14.1)  

    
ε¢ = .k ke    (14.2)   

 Given the remnant deer population, the impact upon wolf survival is then calcu-
lated via ( 14.3 ), in which the realised survival rate ( S  

 i 
 ) during any one particular 

time step is found by multiplying the basic age-specifi c survival rate ( s  
 i 
 ) by a ratio 

in which  g  is the deer:wolf ratio at which survival is half of the maximum, and  P  the 
deer:wolf ratio.

    =
+
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   Wolf Sociological Response Scenarios to High Wolf Density 

 Research supports our assumption that the primary mechanism limiting the density 
of the wolf population is the availability of prey (Peterson et al.  1998 ; Mech and 
Boitani  2003  ) , especially given the likely lack of pressures such as poaching or 
extreme weather in the Highlands. However, wolf sociology could contribute to 
limiting the population by limiting pack density, and therefore reproductive poten-
tial, particularly at low prey density, and increasing wolf mortality as a result of 
pack confl ict. The likely impact of this factor is unknown. Between 1959 and 1974, 
the wolf population on Isle Royale appeared limited to between 17 and 31 wolves in 
no more than 2 packs, and between 1982 and 1986 fl uctuated between 14 and 24 
wolves in 3 packs (pack density = 181 km 2  per pack) (Peterson et al.  1998 ; Vucetich 
and Peterson  2004b  ) . However, in the intervening period between 1975 and 1980 
the wolf population increased steadily and fl uctuated between 34 and 50 wolves, the 
highest wolf density ever recorded, in as many as 5 packs (pack density = 108 km 2  
per pack) before crashing from 50 wolves to 14 between 1980 and 1982 (Peterson 
and Page  1988  ) . To consider the importance of pack density to predator-prey inter-
actions within a fenced reserve three scenarios were investigated separately by 
applying them to the model at the end of every year (Table  14.2 ). These scenarios 
represent a range of possible wolf sociological responses that limit a maximum 
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pack density of 1 pack per 200 km 2  in the Limited Pack Density scenario through to 
Unlimited Pack Density by sociological factors. Should the natural response be 
found not to be as severe as the Limited Pack Density scenario, the Limited and 
Intermediate Pack scenarios could also represent artifi cial management of the wolf 
population. Animals could be removed from the population if that population was 
deemed too dense and if wolf social responses were proving ineffective at limiting 
wolf density and the high wolf densities were posing a risk to the long-term survival 
probability of the wolf population.  

 The candidate scenarios remove the alpha pairs from newly established territo-
ries at the end of the year and before they begin to reproduce. The model records the 
number of wolves taken out of the population and the year in which this was neces-
sary, calculating the management effort required under that specifi c scenario. 
Considering a range of scenarios allows us to explore the importance of wolf den-
sity in limiting deer density.  

   Modelling the Deer Population 

 For each year in the model the deer population was subjected to three life phases: 
recruitment, “natural” mortality and predation by wolves. The recruitment phase 
involved multiplying the total population by 1.2, with some stochastic variation, at 
each time step in the model. This recruitment rate of 20% has been based on data 
collected by Clutton-Brock et al.  (  1997  )  from the Isle of Rum population, and assumes 
that around 50% of the population are sexually mature females, of which approxi-
mately 40% will reproduce in any single year. Deer mortality, also estimated from 
Clutton-Brock et al.  (  1997  ) , was set at a rate of 6% of the population with stochastic 
variation. Annual predation is  k , the kill rate in the wolf model. The deer population 
goes through each of these phases annually. This general approach offers a basic 
representation of how the deer population might respond to the presence of wolves, 
but, in reality, a number of other factors would come into play for the deer; such as 
the fact that wolves would likely target certain age groups or that deer would not be 
uniformly distributed across the range. However, it is important to keep an explor-
atory model such as this simple as well as robust, and it was felt that these three 
phases give a fair approximation of the relevant fundamental life stages of the deer. 

   Table 14.2    Applied candidate management strategies that limit wolf population by removing 
animals when pack density exceeds set limits   
 Scenario  Description 

 Unlimited Pack Density  The wolf population is not limited by wolf sociology 
 Intermediate Pack Density  New packs that attempt to form out of the sub-dominant pool when 

insuffi cient space is available to allow each pack 100 km 2  are 
removed permanently from the population 

 Limited Pack Density  New packs that attempt to form out of the sub-dominant pool when 
insuffi cient space is available to allow each pack 200 km 2  are 
removed permanently from the population. This mechanism 
prevents pack formation beyond the specifi ed pack carrying 
capacity and increases mortality in the sub-dominant pool 
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 The deer population is further refi ned via the incorporation of a density dependence 
function. Empirical evidence suggests a carrying capacity of approximately 23/km 2  
in a habitat such as Alladale (Gorman  2007  ) , although greater estimates have been 
made. The modelled deer population is not capped at this limit; however, from this 
density upwards, the survival rate at each year is reduced by a factor equal to the 
ratio of the actual deer density to this “maximum” deer density. Again, whilst this is 
a relatively crude method of representing density dependence, it ensures that deer 
survival is increasingly limited over a given population threshold, and that this 
threshold is defi ned by empirical evidence and hence should indirectly incorporate 
the effects of other lesser factors. 

 By thus establishing the deer population as a simple factor, we hope to illustrate 
the importance of wolf population density on deer population dynamics, which is 
one of the central aims of the model. While these illustrations hopefully serve a 
didactic function, we realise that in reality the predator–prey relationships are likely 
to be considerably more complex than our depictions.   

   Determining Land Suitability 

 Within our maximum area, land suitability for a fenced reserve containing restored 
predator and herbivore guilds varies. Land suitability was assessed in terms of: 
Habitat type; Land use; Elevation and SSSI or Special Area of Conservation (SAC) 
or Special Protection Areas (SPA). Red deer density and distribution (as the primary 
prey species for wolves) is an important consideration in land suitability and does 
vary within the North Ross Deer Group; however, it is not included in this assessment 
as current distribution is heavily affected by culling efforts, internal fences and human 
densities, all of which would be altered by the establishment of the fenced reserve. 
GIS data layers were obtained for the potential predictors of land suitability and each 
constructed of a grid of 25 × 25 m cells, as this was our coarsest data layer. Each cell 
was given a score between −2 and +4 for each data layer feature contained within it 
according to the scale described in Table  14.3 . All the data layers were overlaid and 

   Table 14.3    Land suitability scoring scale applied to land classifi cation data layers   
 Score  Explanation 

 −2  This land is highly unsuitable for inclusion within the fenced reserve. Inclusion would be 
likely to substantially increase expense, disrupt human activities and increase 
unrelated human disturbance inside the reserve 

 −1  This land is unsuitable for inclusion and may cause some increase in expense and/or 
disrupt human activities, and/or increase unrelated human disturbance inside the reserve 

 0  This land has no benefi cial or detrimental implications if included within the fenced reserve 
 1  There is some direct or indirect ecological benefi t to some of the species proposed to be 

reintroduced or their prey 
 2  A primary habitat or foraging resource for more than one of the species proposed to be 

reintroduced or their prey 
 3  Established woodland habitat 
 4  Ancient semi-natural woodlands 
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the scores summed to create a land suitability map of the combined score per cell, 
which resulted in a range of scores from −4 to +4. By considering the spatial distribu-
tion of these cells we can consider the geography of land suitability for a fenced 
reserve containing restored predator and herbivore guilds within our study area.   

   Assigning Land Suitability Scores 

   Habitat and Land Use 

 Eighteen broad habitat or land cover classifi cations of the 2000 Land Cover 
Classifi cation (LCC) map of Scotland (Fuller et al.  2002  )  were identifi ed within the 
study site and each was scored separately. Woodland cover offers shelter to the 
carnivore guild and shelter and foraging to their prey and received a +2 score. 
Comparison of the LCC map with the 2008 Ordnance Survey (OS) map reveals 
some discrepancy in the current extent of woodland cover, probably due to new 
plantations being displayed in the more recent OS map. As it is desirable to include 
woodland of variable age, where the OS woodlands overlapped with LCC map 
woodlands the cell received a +3 score, as it is assumed that these areas were well 
established with more ecological benefi ts. A further woodland data layer was avail-
able in the form of ancient semi-natural woodland sites mapped in the 1970s from 
the Scottish Natural History. Ancient semi-natural woodland that overlapped LCC 
and OS woodland received a score of +4, as it was assumed to be highly favourable 
habitat. 

 Unimproved grassland provides an important foraging habitat for resident graz-
ers, such as deer. It is essential for maintaining a healthy deer population and may 
provide alternative foraging habitat to woodland thereby helping reduce browsing 
pressure and so received a +2 score. Open heath is another important foraging habi-
tat for red deer and receives a +1 score. 

 Other land classifi cations found within the reserve (including: bracken, bog, 
open inland water, montane habitats and open bare ground) were considered to be 
of neither benefi t nor detriment to the species being introduced and their immediate 
prey, and thus received a land suitability score of 0.  

   Buildings 

 Thirty-seven isolated buildings or small clusters of buildings were located within 
the maximum boundary of the reserve. The buildings have unknown use, but they 
will be owned by the estate on which they lie. It is conceivable that some of these 
buildings are leased to crofters; however, due to their isolated nature it is assumed 
that most are estate lodges, staff accommodation, highland bothies (freely available 
overnight accommodation for walkers) or estate management buildings. Areas 
within 500 m of these buildings received a −2 land suitability score.  
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   Agriculture 

 Agricultural land, including arable and improved grassland, has been scored at −2 
as these land uses would confl ict with a fenced reserve. It is, however, likely that 
some of this land could be considered for inclusion if the land was purchased fairly 
and was not in use by tenants/crofters where inclusion within a reserve would pre-
vent them earning their living. Establishing this would require a ground survey.  

   Leisure 

 In Scotland, hills over 914 m (3,000 ft) are called Munros. As the largest hills in the 
UK, they attract numerous visitors each year, including a specialist group of “Munro 
baggers” who aim to ascend all of the 284 Munros in Scotland. A specialist group 
that desires access for the specifi c activity of climbing Britain’s tallest hills would 
considerably increase the level of access required for activities unrelated to the 
fenced reserve. This will increase the pressure on access points, increase distur-
bance to the reserve and inconvenience those requiring access. For this reason 
ground above 914 m received a −2 land suitability score. Corbetts, hills that range 
in height between 762 and 914 m (2,000 and 3,000 ft), received a −1 score.  

   Sites of Special Scientifi c Interest (SSSIs) 

 Within the maximum area 11 sites are designated as an SSSI and/or SAC or SPA. 
Although we are exploring the hypothetical release of native species to the area as part 
of an ecosystem restoration project, these introductions may pose a threat to the eco-
logical integrity of specifi cally protected sites that have been designated in the 
absence of these species, and often to benefi t species that might be impacted by the 
proposed releases (e.g. ground nesting birds or perhaps even Scottish wildcats,  Felis 
silvestris ). Each protected area therefore requires an environmental impact assess-
ment to determine its suitability for inclusion. Without this information we have 
scored these areas as −1 due to the potentially detrimental ecological impacts.    

   Results 

   Is There an Ecological Minimum Area Requirement to Support 
Wolves and Prey in a Space-Restricted Environment with an 80% 
Survival Probability for 100 Years? 

 In all scenarios, a 90 km 2  reserve could not support a wolf population for more than 
a maximum of 12 years (under the Limited scenario) and on those grounds we con-
clude that this is an inadequate reserve size for the purpose of creating a fenced 
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wilderness reserve as it does not meet our success criterion of an 80% wolf survival 
probability for 100 years. An increase in reserve size from 200 to 600 km 2  signifi -
cantly increased the probability of modelled wolf survival particularly under the 
Limited scenario. For example, in the Limited scenario no wolves survived within 
the 200 km 2  reserve after 40 years, whilst 88 and 96% of repetitions recorded sur-
viving wolves after 100 years within the 600 and 1,200 km 2  reserves, respectively 
(Table  14.4 ), with both the 600 and 1,200 km 2  reserves meeting our wolf survival 
probability success criterion under the Limited scenario. Small population sizes in 
the 200 km 2  area make the population highly susceptible to extinction through sto-
chastic variation. For example, in the 27 repetitions with an extant wolf population 
after 10 years the mean wolf population between 5 and 10 years was 5 wolves, 
(s.d. = 2.5), whilst the mean wolf population over the same period in the 600 km 2  
reserve was 18.4 wolves (s.d. = 4.7) and in the 1,200 km 2  was 41.3 wolves 
(s.d. = 6.5).   

   Can Wolves Limit Deer Numbers Within a Closed 
and Space-Restricted System? 

 To assess whether wolves would limit and regulate the deer population at low den-
sities we considered the Unlimited, Intermediate and Limited scenarios in each of 
the reserve sizes. In the 90 and 200 km 2  reserves the modelled wolves did not per-
sist long enough to allow us to determine the probability of them limiting or regu-
lating the deer population. To consider the impact of introducing wolves into the 
600 and 1,200 km 2  reserves, the hypothetical deer-carrying capacities of the reserves 
were initially determined by running the model without a wolf population. A mean 
deer density of 25.8/km 2  (s.d. = 0.1) was recorded between years 20 and 60 for the 

   Table 14.4    Wolf extinction probability in the range of fenced reserve sizes (200, 600, and 
1,200 km 2 ) modelled using each Pack Density scenario   

 Reserve area (km 2 ) 

 Unlimited Pack 
Density scenario 

 Intermediate Pack 
Density scenario 

 Limited Pack 
Density scenario 

 200  600  1,200  200  600  1,200  200  600  1,200 

 No. of years after 
stocking 

 5  49  50  50  46  50  50  46  50  50 
 10  35  50  50  34  50  50  27  49  50 
 15  20  46  50  26  50  50  15  48  50 
 20  12  43  50  14  48  50  9  48  50 
 30  5  35  49  6  47  50  4  47  50 
 40  3  28  46  4  39  49  0  47  50 
 60  2  12  27  2  23  25  0  45  49 
 80  0  6  19  0  18  13  0  45  48 

 100  0  0  9  0  12  7  0  44  48 

  Data displayed are the number of repetitions with remaining wolves (out of a maximum of 50) in 
the given year from wolf release  
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600 and 1,200 km 2  reserves. When wolves were introduced and the Limited sce-
nario applied, average deer densities of 24.2/km 2  (s.d. = 0.8) and 23.2/km 2  (s.d. = 4.0) 
were recorded in the 600 and 1,200 km 2  reserves respectively over the same time 
period and thus did not meet our success criterion. When the wolves were subjected 
to the Unlimited scenario mean deer densities were limited to the target deer densi-
ties; 7.6/km 2  (s.d. = 3.0) and 4.6/km 2  (s.d. = 2.1). These results may be attributed to 
differences in wolf population dynamics. Using the 1,200 km 2  reserve as an exam-
ple, the average maximum recorded wolf density in the 50 simulations in the 
Unlimited scenario was 104/1,000 km 2  (s.d. = 20.4) while under the Limited sce-
nario it was 48/1,000 km 2  (s.d. = 2.0). Setting the model to limit pack density 

  Fig. 14.3    Average deer and wolf densities under the Limited scenario in the 1,200 km 2  reserve. 
Simulations were excluded from analysis of the deer population from the point a wolf extinction 
was recorded, data shown are the mean and standard deviations       

  Fig. 14.4    Average deer and wolf densities under the Unlimited scenario applied in the 1,200 km 2  
reserve. Simulations were excluded from analysis of the deer population from the point at which a 
wolf extinction was recorded, data shown are the mean and standard deviations       
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appears to limit the wolf population and to determine whether wolves can regulate 
the deer population at low densities (Figs.  14.3  and  14.4 ).   

 The Intermediate scenario records greater discrepancy in the deer and wolf 
 population dynamics between the 600 and 1,200 km 2  reserves than the other two 
scenarios. In the larger reserve, average deer density between years 20 and 60 was 
6.6/km 2  (s.d. = 4.5) similar to the Unlimited scenario while an average deer density 
of 11.2/km 2  (s.d. = 6.7) was recorded in the 600 km 2  reserve. Considering the 
600 km 2  reserve in more detail reveals that after 40 years of occupation 22% of 
simulations recorded wolf extinction, 32% recorded a deer density greater than the 
starting 11/km 2  at an average of 18.8/km 2  (s.d. = 3.5) and 46% recorded a suppressed 
deer density at an average of 6.0/km 2  (s.d. = 3.5). Under the Intermediate scenario, it 
is diffi cult to ascertain the impact of wolves on the deer population and predict 
whether they would regulate deer population at a high or low density. In compari-
son, 90% of simulations of the Intermediate scenario in the 1,200 km 2  reserve 
 suppressed deer density below the starting density. This was recorded despite 
 average maximum wolf density in the 600 km 2  reserve of 91 wolves per 1,000 km 2  
compared to 78 recorded in the 1,200 km 2  reserve. 

 Wolf survival probabilities are also altered by the different scenarios (Table  14.4 ). 
Again using the 1,200 km 2  area as an example, only 18% of simulations recorded 
wolf existence after 100 years in the Unlimited scenario compared to 96% in the 
Limited scenario. It is also of note that under the Intermediate scenario only 14% 
recorded surviving wolves in the 1,200 km 2  reserve compared to 24% in the 600 km 2  
reserve (Table  14.4 ). This indicates that under the Unlimited and Intermediate sce-
narios the wolves limit deer density to an extent which increases the rate of prey-
density dependent wolf mortality, thus increasing extinction probability in these 
small populations. As a result the scenario which meets our success criterion for 
wolf survival probability, the Limited scenario, does not meet the subsequent deer 
density success criterion while the opposite applies to the other two scenarios. 
However, this may be as a result of our simplistic one predator one prey approach, 
an issue that will be considered in more detail in the discussion. 

 Our results indicate that wolf pack density is a key factor determining their abil-
ity to regulate deer density. We performed a sensitivity analysis on the probability 
of packs successfully forming by halving the pack formation success rate to 0.4 and 
ran the model using the Unlimited scenario in the 1,200 km 2  reserve. Deer density 
between 20 and 60 years was 23.8/km 2  (s.d. = 0.9), average wolf abundance in the 
fi rst 20 years was 36/1,000 km 2  (s.d. = 14) and 86% of simulations recorded surviv-
ing wolves after 100 years. These results refl ect the results in the Limited scenario 
and we can conclude that pack formation probability is a critical factor in determin-
ing the impact wolves may have on deer abundance and wolf survival probability.  

   Determining Preferential Land Suitability 

 After visual examination of the map created by the land suitability scoring, the 
study site was further subdivided into fi ve distinct zones (Fig.  14.5 ). These zones 
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were selected as general directions of possible expansion from the current Alladale 
boundary while grouping areas of generally suitable or unsuitable land. Under our 
assumptions, “North” and “East” offer the most suitable zones (Fig.  14.5 ; Table  14.5 ). 
Combining the existing Alladale Estate with the “East” zone, or a combination of 
parts of the “East” and “North” zones, would create the most suitable area for an 
enclosure of 200 km 2 . Combining Alladale, “East” and “North” provides the most 
suitable 600 km 2  area. To create the 1,200 km 2  fenced area the “South” would need 
to be added along with either the “West” or “Far South” zones. These latter zones 
are both, under our assumptions, less suitable for inclusion due to the presence of 
Munros, Corbetts, protected areas and less favourable habitat. Of the two, the “Far 

  Fig. 14.5    Land suitability map of the maximum area potentially available to be fenced. The area 
has been divided into fi ve categories used to help determine the most preferential areas to fence       

   Table 14.5    Table displaying the total area and perimeter length of each subdivided area as well as 
the proportion of suitable, no cost and unsuitable land within each area   

 North  South  East  West  Far South 

 Area (km 2 )  384.41  472.25  145.66  173.45  132.45 
 Suitable (%)  85.48  67.62  83.45  25.82  49.44 
 No cost or benefi t (%)  13  31.19  15.63  44.44  24.61 
 Unsuitable (%)  1.6  1.2  0.97  29.91  25.97 
 Rank preference  1  2  3  5  4 
 Perimeter (km)  91.4  126  52  72.7  48.8 

  Rank preference was calculated by subtracting the Unsuitable area from Suitable area for each 
zone with the highest (“best”) score ranked 1 and the lowest (“worst”) scored ranked 5  
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South” zone is more favourable due to the highly suitable land that is present to the 
south of the Munro.    

   Sensitivity Analysis 

 If our approach were to be developed further, then more sophisticated sensitivity 
analyses would be necessary. To illustrate the principle, a sensitivity analysis of the 
most infl uential and uncertain land suitability scores, woodland, unimproved grass-
land, leisure and SSSI, was carried out to test whether our assumptions would affect 
the resulting suitability of the “East”, “North”, “South”, “Far South” and “West” 
zones. To test the importance of woodland scores we removed the OS and ancient 
semi-natural woodland data layers, so that all woodland received the same score of 
+2, for unimproved grassland the score was reduced from +2 to +1, the scores of −2 
for Munros and −1 for Corbetts were removed, and the −1 scores for the SSSI’s 
(SPA/SAC) were removed. Repeating our suitability analysis reveals that, under 
each new analysis, the rank order of area preference remains the same in all tests 
except when the SSSI −1 score is removed. In this latter case, the “West” zone is 
promoted above the “Far South” zone. The “North”, “East” and “South” suitability 
and unsuitability scores vary by no more than 4% between each test. There is greater 
variation in the “Far South” and “West” zones, with suitability increased in both 
zones, when the −1 score for SSSI’s are removed. Two large SPAs, which are pro-
tected for their importance to ground nesting birds and are situated within the zones 
“West” and “Far South”, cause this alteration in zone suitability. It is encouraging to 
note that, should an environmental impact assessment fi nd that introduced species 
pose low risk to the ecological integrity of these protected sites, then these areas 
may pose less suitability issues than the results initially indicated. This analysis sug-
gests that our conclusions are fairly robust, and that the “North” and “East” zones 
offer the greatest suitability. Other suitability scores were not investigated, as they 
would involve unrealistic parameter values, and were therefore not deemed a prior-
ity for this analysis.   

   Discussion 

 To remind the reader, our purpose here has not been to advocate the establishment of 
a fenced protected area, or the inclusion of wolves within it. Rather, we have sought 
to demonstrate that the formulation of any such proposal should be based on identi-
fying the key issues and then exploring each systematically, transparently and explic-
itly. We have shown that this can be done, as illustrated by the one question we have 
tackled, which concerns the effect of scale on the possible dynamics of wolves and 
their prey in a hypothetical fenced reserve. Others may demonstrate that there are 
better ways of tackling even this question, but we have illustrated a starting point. 
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   The Importance of Scale 

 In this exploration of the importance of scale for fenced reserves our results suggest 
that by increasing reserve size from 200 to 600 km 2  the probability of a wolf popula-
tion surviving natural stochastic variation is signifi cantly improved, with the 600 km 2  
reserve meeting our 100 year wolf survival success criterion, under the Limited 
Pack Density scenario. The existence of a wild wolf population on the 544 km 2  Isle 
Royale for the last 50 years indicates that it is possible for wolves to persist in such 
an area (Vucetich and Peterson  2004a  ) . These values don’t provide a defi nitive min-
imum required area but offer some insight into the range of scales worth further 
consideration. The range of scales explored here, and in the interesting context of an 
approach to rewilding, researching the role of the wolf to the ecological restoration 
of Scotland and a tourism boost, could be seen as part of the progression along a 
continuum running from a level of management intervention that might more closely 
approximate a safari park to a more ecologically functional reserve.  

   Predator–Prey Population Dynamics in a Space-Restricted 
Environment 

 One of several important reasons for considering the introduction of the wolf to a 
fenced reserve in Scotland was the potential to regulate deer numbers, or alter their 
behaviour, to allow forest regeneration. Wolf and deer population dynamics explored 
in the three scenarios applied to our model indicate that limiting pack density, and 
thus maximum wolf population, is infl uential in determining whether wolves could 
regulate the deer population at a low density. In the Unlimited scenario, where no 
sociological factors operated in the model of the wolves’ behaviour, the wolf popu-
lation was limited only by prey density. In our model, using this scenario in the 
1,200 km 2  reserve, mean maximum wolf density reached 105 wolves per 1,000 km 2 , 
which is greater than the maximum wolf density of approximately 92 wolves per 
1,000 km 2  that has been recorded in the wild, on Isle Royale (Peterson and Page 
 1988  ) . These wolf densities introduced a top-down process that limited the deer 
population. However, this also reduced deer density to an extent that greatly 
increased the probability of wolf extinction in these small populations in our mod-
elled single predator-prey relationship. When pack density was limited at one terri-
tory per 200 km 2 , the Limited scenario, the wolf population was limited to a density 
that could not limit deer numbers. However, in doing so wolf extinction probability 
was signifi cantly reduced in comparison with the Unlimited scenario. The 
Intermediate scenario recorded an average maximum density of 78 wolves per 
1,000 km 2 , less than the maximum recorded in the wild, and in 90% of simulations 
the deer population had been reduced below the starting deer density 40 years after 
wolves had been released. Variation in population dynamics recorded between the 
600 and 1,200 km 2  reserves using the Intermediate scenario indicates the diffi culties 
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in predicting these relationships and also appears to indicate a greater probability 
that wolves will regulate the deer population at a low density in a larger reserve. It 
is likely that in reality a combination of top-down and bottom-up processes would 
fl uctuate in their importance for governing the predator–prey relationship (Vucetich 
and Peterson  2004b  ) . In the period after the reintroduction of the wolf to Yellowstone 
National Park (1995–2004) the elk  C. elaphus  herd decreased in size by around 
50% (Vucetich et al.  2005 ; White and Garrott  2005  ) . However, the cause of this 
decline is debated, with White and Garrott  (  2005  )  emphasising the importance of 
the wolves while Vucetich et al.  (  2005  )  emphasise the importance of severe climate 
and hunting by humans during this period. 

 An element of wolf predation that has not been considered in our model but 
merits further consideration is the availability of other prey species within the 
reserve. Although red deer are likely to be the wolves’ primary prey they may also 
utilise roe deer,  Capreolus capreolus , wild boar and European elk, amongst others 
(Jędrzejewski et al.  2002  ) . Under the Unlimited scenario the probability of wolf 
extinction was increased as a result of reduced deer density. Other prey sources 
could provide the opportunity for wolves to switch prey species at low red deer 
densities in a type 3 functional response, offering an increased probability of wolf 
survival and perhaps allowing the red deer population to recover, leading to a more 
stable population dynamic with greater potential of meeting both of our success 
criteria. To further this analysis, a multiple predator–prey relationship needs to be 
considered along with non-lethal control mechanisms such as the “landscape of 
fear;” which affects deer browsing behaviour and consequently vegetation structure, 
composition and distribution (Manning et al.  2009  )  that is not achieved when the 
deer are culled by humans because of the closed seasons. Another important eco-
logical consideration is the potential for wolves to impact smaller carnivore popula-
tions such as the red fox  Vulpes vulpes , and Scottish wildcat through intra-guild 
hostility (Macdonald and Sillero-Zubiri  2004  ) . However, the complex and localised 
nature of these interactions makes it diffi cult to predict without research in the 
Scottish context. In considering the feasibility of wolves controlling the deer popu-
lation through both lethal and non-lethal means in Scotland, Manning et al.  (  2009  )  
have highlighted the national and international scientifi c value and opportunity of 
creating a fenced or island reserve in the Scottish Highlands, as we have described 
here, as a controlled restoration ecology experiment. The aim would be to gather 
information regarding the role of wolves in ecosystem restoration, including key 
trophic levels (plant–herbivore–predator), to inform any future decision regarding 
wolf reintroduction and to provide a model for other restoration ecology projects in 
Scotland and internationally.  

   The Role of Management Interventions Within Small 
Isolated Populations 

 Management could intervene to limit the wolf population if it transpired that wolf 
sociology didn’t limit wolf density suffi ciently to prevent volatile population dynamics. 



26914 Exploring the Value of Wolves ( Canis lupus ) in Landscape-Scale…

Such intervention might, for example, be helpful if wolves turned out to have a posi-
tive effect on woodland regeneration; for example, it might transpire that wolves 
infl uenced deer foraging behaviour by altering the “landscape of fear” (Valeix et al. 
 2009b  ) , without limiting deer numbers to the 4–8/km 2  currently thought necessary 
for habitat regeneration (Andrews et al.  2000  ) . Management of the wolf population 
might include supplementing a depressed wolf population or removing individuals 
at high densities. Additionally, genetics were not considered within our model and, 
as has been seen in the Isle Royale population, genetic deterioration can have severe 
morphological consequences (Räikkönen et al.  2009  ) . Intervention might be neces-
sary to prevent inbreeding depression through introducing new genetic material. 
This could involve replacing a pack or manipulating the hierarchy, bearing in mind 
the evidence that wolves avoid inbreeding when possible (Mech and Boitani 
 2003  ) . 

 Thinking about such interventions is already quite advanced in the case of the 
 African wild dog  managed metapopulation, which has also drawn attention to the 
resulting diffi cult ethical questions (Davies-Mostert et al.  2009  ) . For example, 
should wild wolves be caught on a regular basis to supplement a heavily managed 
and enclosed population? Should captive-bred animals be released into a semi-wild 
situation where they must fend for themselves? What should be done with the sur-
plus wolves? The wild dog managed metapopulation involves over 12 separate 
reserves, offering the opportunity to move individuals or packs between locations 
(Davies-Mostert et al.  2009  ) . Managing numerous small populations in this way 
may alleviate some ethical issues as well as increasing the effective size of the popu-
lation and increasing the genetic pool. However, this solution may not be appropri-
ate in a space-restricted country such as Scotland, unless it is possible to achieve 
co-operation between a number of large reserves in several different countries. 
Interventions would doubtless not be confi ned to wolves, but would extend to their 
prey if the balance of predator and prey required adaptive management, which 
might be fi ne-tuning, but could also occasionally be radical.  

   Diffi culties in Creating a Fenced Reserve 

 Our investigation of the human, physical, biological and geographical suitability of 
the area that surrounds Alladale for a fenced reserve are declaredly simplistic. On 
the other hand, and in comparison to the copious hot air often exhaled on this topic, 
we have sought to be explicit about the types of questions that need to be addressed, 
and to illustrate a transparent approach to tackling them. Although we have been 
clear that at this stage we are not proposing a fenced wilderness reserve, but rather 
that we are proposing that one should be thought about seriously, it seems plausible 
that the rewards for biodiversity, ecological learning, local development and eco-
nomics – as increasingly developed in southern Africa – are worth serious consider-
ation. We conservatively estimate that there is enough space for a 1,200 km 2  reserve. 
Importantly, there would be relatively low disturbance to the human population 
(although considerable to those involved) as only 37 individual buildings or small 
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clusters of buildings exist within this area. If the notion of a fenced wilderness area 
in the Highlands of Scotland is thought to merit further consideration, then to nudge 
it towards the status of a proposal would require a level-headed and methodical 
approach to diverse issues, ranging from the legalities of ownership rights, access 
and veterinary care, economics and local development issues, to the practicalities, 
feasibility and fi nances of fencing, and contingency plans for breaches. 

 The Animal Protection Act (1911, 1912) UK prevents predators being fed live 
vertebrate prey in captivity and thus prevents predator and prey occupying the same 
enclosure. At what point does an enclosure become a reserve? We have described an 
approach to the scale-dependent question of when the interactions of predators and 
prey might be considered “natural” or “in the wild”. The parallel between the reality 
of Isle Royale, the interventions of the wild dog metapopulation and the virtual world 
we have explored in our models, combine to show that exactly the same area could 
function as a wilderness with or without a fence. To cope with such an area being 
surrounded by a fence rather than a sea might require altering the law, adapting regu-
lation and tinkering with vocabulary. That in itself should not be a problem insofar 
as the law is there to serve the desires of society, and society might have aesthetic, 
cultural and fi nancial grounds for wishing such a fenced protected area to exist. 

 Similarly, under the current status quo creating a fenced reserve would be conten-
tious insofar as it diminished the public’s right of access under Scotland’s Land 
Reform Act (2003). As we have several times repeated, this essay is not a proposal 
to create a fenced reserve, but rather an attempt to expose some of the issues that 
would have to be addressed were such a proposal to take shape. In this context we 
obviously realise that creating a barrier restricts legally protected access rights, and 
we believe these rights are important. Nonetheless, it is clear that biodiversity con-
servation, concerns for the wider environment and for human development and 
well-being within it, will all require radical thinking and challenging action in the 
coming years. If that radical thinking takes society in a direction that requires a new 
purpose from the law, then the law can be made fi t for that purpose. In particular, it 
does not strike us as silly to imagine that the sorts of people who rejoice in rights of 
access to Scotland’s marvellous countryside might also be amongst those exhila-
rated by the prospect of engaging with some variant of the type of biodiversity 
reserve we have been discussing. The relatively new access legislation has been the 
result of considerable effort, particularly on the part of the rambling community. 
This effort has rewarded the public with relatively unrestricted access to enjoy the 
dramatic Scottish landscape. It is important legislation, and we think the principle 
behind it should be treasured. That is not to say that it should unbendingly trump or 
curtail other innovative options for fostering a biodiverse, naturally functioning 
countryside that provides society with even more diverse and exciting experiences 
of nature. Solutions to integrate such aspirations would doubtless require a lot of 
discussion, and the development of ingenious mechanisms to facilitate multiple uses 
and diverse outcomes. It is not our purpose here to dictate the terms of the debate, or 
to prejudge its outcome but simply to suggest that it is one worth having. 

 Gusset et al.  (  2008  )  indicated that the electrifi ed fences used to contain wild dogs 
were not impenetrable, with at least eight reserves experiencing a breach between 
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1998 and 2006; an observation supported by Hayward and Kerley  (  2009  )  in a 
broader study of the use of fences for conservation. The issue of fence security is 
key. Escapes would pose an immediate threat to sheep farming interests, public 
peace of mind and the safety of companion animals and perhaps even people. 
Legally, a native predator breaching the fence could constitute a de facto reintroduc-
tion. Scotland’s harsh climate makes it obvious that sooner or later an escape would 
be likely. Heavy rain erodes fencelines and snow drifts can provide a convenient 
ramp to escape. These risks might be minimised by a combination of ingenious 
technology, thoughtful experience, and money, but it would be folly to claim the risk 
would be zero. Better to consider seriously a plan for identifying and quantifying 
risks and their consequences, and how they might be managed and insured against, 
for instance careful fence line selection along with secondary fencing can be used 
to minimise and manage the build up of snow drifts away from the main fence, 
shock collars could be used on predators to prevent them getting too close to the 
fence while GPS technology can be used to monitor predator location in and outside 
the reserve should capture and recovery be required, and to set these negatives 
against a similarly down-to-earth analysis of the benefi ts of creating such a pro-
tected area. In fi rst raising the question of fenced areas as part of a radical strategy 
for nature conservation in Britain, Macdonald et al.  (  2000  )  pointed out the unat-
tractive double standards of developed countries urging those in the less developed 
world to welcome large predators into their own back yards. Fenced reserves may 
offer one relatively comfortable step towards evening out this imbalance, and there 
is abundant experience to be drawn on in South Africa and Namibia. 

 Lessons from southern Africa reveal that the 800 km fence of the Kruger National 
Park cost US$31,250/km when it was constructed in the 1960s and 1970s (Hayward 
and Kerley  2009  ) . The cost of fencing varies considerably according to purpose. 
Hayward and Kerley  (  2009  )  report variation between US$170 and $100,000/km 
although the latter was used to exclude small mammals. This represents only the 
initial costs, and a long-term commitment to maintenance would ensue. The costs 
would doubtless be immense, but before dismissing them it would be sensible to 
consider the potential profi ts on the balance sheet of creating a wilderness reserve 
that would be unique in the Northern Hemisphere, with the potential to generate 
employment and revenue in a region that is currently economically depressed (see 
Lindsey et al.  2005  ) . The necessary cost–benefi t analysis would hinge crucially on 
the conservation, educational, economic and ecological research and social benefi ts 
achieved. Although our model suggests that larger reserves are better suited to meet-
ing our 100 year success criteria the extended time frame means a staged approach 
could be considered. The initial area fenced may be smaller than ideal for long-term 
success but could then be expanded over time. This would allow lessons to be learnt 
while managing a smaller reserve with fewer animals, less fencing – and so reduc-
ing start up and maintenance costs – while causing less disturbance to human activ-
ity in the area. By dealing in smaller, more manageable areas, each step towards a 
radical proposal could be more achievable (Manning et al.  2006  ) . 

 Hayward and Kerley  (  2009  )  highlighted a number of threats associated with use 
of fences for conservation, including disruption to migratory patterns, exceeding 
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natural carrying capacity, sub-dividing populations, reducing genetic pool,  mortality 
along fencelines and restriction of animals to escape fi re. These, together with the 
issues associated with access mentioned above (Land Reform (Scotland) Act 2003) 
and other landuse confl icts such as sheep farming and other livelihoods that maybe 
threatened by such an enterprise, would obviously require thoughtful evaluation. 
Our purpose here has been to demonstrate just one approach to one of these many 
issues – in this case the impact of scale on the viability and “naturalness” of a fenced 
wolf population. Each of the other relevant issues could be scrutinised with similar 
transparency and should be, if this notion is to take shape as a serious proposal. 
Nonetheless, we note that the Scottish Highlands is already a fenced landscape, 
primarily for agricultural and forestry purposes and the associated problems have 
been considered (Warren  2002  ) . The problems associated with fencing are typically 
related to the fence itself, and some may thus diminish with the more favourable 
area-to-perimeter ratio typical of larger areas.   

   Conclusion 

 We undertook this exercise because we were impressed that discussion of wolves 
being returned to Scotland generated fi ery debate, but rather little of the plodding 
evaluation that is often essential to reaching an informed decision. Ours has been a 
scoping study, and has focused on just one of the many aspects that would be neces-
sary for a comprehensive review of this topic. Our purpose has been neither to pro-
mote a proposal nor to advocate any particular outcome, but rather to illustrate one 
way of teasing out possible answers to relevant questions. This will have been use-
ful if it stimulates others to tackle other relevant questions in similarly transparent 
and impartial ways, with the goal of evaluating whether the fenced reserve concept 
is worth further consideration in Scotland to facilitate species reinstatement, eco-
system restoration and to restore ecosystem function. Although we do not, nor have 
we attempted to, offer defi nitive answers to our key questions, our results do offer 
some insight into the ecological feasibility of creating a landscape-scale fenced 
reserve as a tool for ecological restoration in Scotland. This has been a didactic 
exploration, intended to illustrate the questions that need to be tackled if this issue, 
the subject of much superfi cial rhetoric in the press, is to be treated seriously. 
Furthermore, we argue that it merits serious treatment. The approaches we have 
outlined are declaredly simplistic, but they are intended to lay foundations that 
could fruitfully be refi ned. A range of fenced reserve scales has been identifi ed that 
could potentially allow a wolf population to function, although artifi cial manage-
ment is likely to be required. The required size is hypothetically achievable within 
the area around the Alladale Estate. It is unclear whether wolves would limit deer 
abundance although the potential is there if wolf population is primarily regulated 
by prey density, especially in larger reserves. Conservation without the use of fences 
is desirable and is surely a general long-term goal. However, for the foreseeable 
future the reintroduction of large predators to Scotland, with its potential benefi ts to 
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biodiversity conservation and economic development, seems most likely in a fenced 
area. We suggest that the idea of a large, fenced wilderness reserve in the Scottish 
Highlands merits serious consideration.      
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    Introduction 

 The pronghorn  Antilocapra americana  is an open-country grassland and shrub-steppe 
obligate and the sole surviving member of a taxonomic family unique to North 
America. Adapted to outrun American cheetahs,  Miracinonyx trumani , an extinct 
predator that once roamed the North American plains (Byers  1997  ) , the pronghorn 
can reach a top speed of nearly 100 km/h, making it the fastest land mammal on the 
continent. With its exceptionally large eyes set far back on the skull it can detect 
movements up to 5 km away, and with a burst of speed it can quickly deter any mod-
ern predator from giving chase. Despite these and other adaptations to the prairie 
landscape, the pronghorn is ill equipped to deal with the agro-industrial and social 
transformation of the mixed-grasslands of the Northern Great Plains, which began at 
the turn of the nineteenth century (O’Gara and McCabe  2004  ) . 

 Today, the landscape mosaic of native prairie and cultivated fi elds comprising the 
northern mixed-grasslands largely refl ects the early agricultural history of the region. 
More broadly, the prairies continue to be dramatically altered by the cumulative 
effects of cultivation, irrigation, roads, petroleum and natural gas development, 
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mining, water development, urban expansion and exurban development, electrical 
transmission lines, fences and other developments (Barrett and Vriend  1980 ; Czech 
et al.  2000 ; Forrest et al.  2004  ) . In Saskatchewan and Alberta, only ~20 and ~40%, 
respectively, of native mixed-grasslands remain untilled (Gauthier and Wiken  2003  ) . 
As development progressed following settlement for farming and the human popu-
lation grew, roads associated with industry and rural access improvement increased. 
By the mid-1990s more than 90,000 km of highways, roads and natural gas well-site 
access trails existed in the Grassland Natural Region of Alberta (Alberta 
Environmental Protection  1997  ) . 

 Although pronghorn can persist in low numbers in cultivated areas, they are 
most common in large open native rangelands where they are able to satisfy life 
history requirements, including migrating in response to landscape and regional-
scale variations of forage availability in winter. Human activities from the period of 
agricultural settlement during the early years of the twentieth century to contempo-
rary infrastructure and industrial uses of the landscape have had a profound effect 
on the distribution and abundance of pronghorn. Here, we review the historical 
depletion and partial recovery of pronghorn and the contemporary infl uence of 
fences, roads and other infrastructure and human activities on the spatial ecology of 
pronghorn. We comment on the importance of land-use planning and measures that 
can mitigate the negative impacts of land use, fences and roads on ecological cohe-
sion of landscapes to sustain the pronghorn as a common species. 

   Pronghorn Ecology and Habitat Requirements 

 Remaining mixed-grasslands of south-western Saskatchewan, north-eastern 
Montana and south-eastern Alberta provide habitat for pronghorn and other native 
prairie obligates (Forrest et al.  2004  ) . The landscape between the Missouri River in 
Montana and the Parklands in Alberta and Saskatchewan contains several large, 
relatively intact grassland landscapes (Forrest et al.  2004  ) . The dominant sagebrush 
species in this area, particularly north of the Milk River in Montana, is silver sage-
brush  Artemisia cana  (Jones et al.  2005  ) . This palatable shrub becomes critical win-
ter forage for pronghorn, particularly during harsh winters (Martinka  1967  ) . Winter 
ranges have been identifi ed for pronghorn in Alberta and Montana. These areas 
provide shrub cover and other winter forage (evergreen forbs) important for prong-
horn in winter (Dirschl  1963 ; Martinka  1967 ; Mitchell and Smoliak  1971 ; Barrett 
 1980,   1982  ) . 

 Pronghorn aggregate in restricted areas during severe winter conditions more 
than in normal winters (Barrett  1982  ) . They have a low chest height and a small 
hoof with the heaviest foot loading of any North American ungulate (Guthrie  1990  ) . 
Hence, they are poorly adapted to cope with moving through or foraging in snow 
(Telfer and Kelsall  1984  ) . Severe winter storms and prolonged heavy snowfall with 
reduced access to browse sporadically causes heavy mortality in pronghorn 
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(Compton  1970 ; McKenzie  1970 ; West  1970 ; Wishart  1970 ; Oakley  1973  ) . When 
snow is present, pronghorn seek areas that have blown free or areas with low snow 
cover through which forage protrudes (Dirschl  1963 ; Martinka  1967 ; Mitchell and 
Smoliak  1971 ; Bruns  1977  ) . After heavy snowfall, pronghorn have been observed 
to undertake long-distance movements in search of areas with better forage avail-
ability (Creek  1967 ; Yoakum  1978 ; Guenzel  1986 ; Raper et al.  1989 ; Sawyer and 
Lindzey  2000  ) . Such movements may be a facultative response (Baker  1978 ; a 
response to unpredictable spatial resource availability) to a severe storm (Martinka 
 1967  )  or an annually repeated calculated movement through an invariant corridor 
from an area where snow accumulates predictably every year (e.g. the Jackson Hole/
Green River herd in Wyoming; Berger  2004 ; Berger et al.  2006  ) . In a study in 
Oregon, Dalton  (  2009  )  concurred with White et al.  (  2007 ; Yellowstone ecosystem) 
that pronghorn do not return to the same winter range consistently because they 
only migrate as far as necessary to fi nd suitable environmental conditions. Regardless 
of where they overwinter, in large landscapes female pronghorn exhibit high fi delity 
to fawning areas within their summer range, returning each spring to the general 
area where they successfully fawned in previous years (Autenrieth and Fichter 
 1975 ; Mitchell  1980 ; Byers  1997 ). In an example from Idaho, all 22 collared female 
pronghorn followed for 2 years returned to the same areas they had occupied the 
previous summer (Hoskinson and Tester  1980  ) . 

 Maintaining large tracts of native prairie, traditional and critical seasonal ranges 
and corridors to sustain long-distance movements of this species are important tar-
gets for conserving the ecological cohesion of landscapes ( sensu  Opdam et al. 
 2003  ) . Pronghorn select large, open landscapes (O’Gara and Yoakum  2004  ) . The 
largest populations of pronghorn in the mixed-grasslands are associated with expan-
sive tracts of native prairie (Martinka  1967 ; Mitchell  1980 ; Sheriff  2006  ) . Based on 
23 years of survey records from Alberta, Sheriff  (  2006  )  found a signifi cant log-lin-
ear relationship between the density of pronghorn in provincial management units 
and proportion of the landscape in native cover (Fig.  15.1 ). This landscape cover 
variable alone explained ~56% of variation in pronghorn densities. The lowest den-
sities were in management units in south central Alberta that have been extensively 
converted (>75%) for dryland crop production. Although pronghorn exhibited lower 
densities in cultivated landscapes, they produced more offspring (fawns at heel in 
July) than in native landscapes (Sheriff  2006  ) . Under the regulated management 
system of the province (Alberta Fish and Wildlife  1990  ) , doe hunting is either not 
allowed or is set proportionately very low in croplands, and does not explain the low 
density of pronghorn in these areas. In Alberta, cropland-dominated landscapes 
appear to be population sinks that may provide surplus forage for the few animals 
residing there, supporting high productivity, but compensated by high mortality.  

 During a 3-year period between 2003 and 2007, the Alberta Conservation 
Association recovered GPS receivers from 65 pronghorn collared in Alberta with the 
objective of tracking movements and studying habitat selection. Results of the study 
confi rmed a strong association of pronghorn with native prairie and provided insights 
into movement patterns. Among pronghorn residing in mixed or predominantly 
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native landscapes, about one-third undertook long-distance movements between 
winter ranges and fawning locations in summer range. They moved an average of 
204 ± 112 km ( n  = 17). Pathways followed during spring migration were strongly 
directional (mainly south to north) and linear, deviating only where a major highway 
and railway corridor, fences, urban areas or steep terrain defl ected them (Fig.  15.2 ). 
One exceptional movement originated from a winter-range capture location near the 
Montana border and followed a 445-km pathway northwards into west-central 
Saskatchewan. This is a record movement for the species; previously Sawyer et al. 
 (  2005  )  recorded a seasonal movement of 258 km between winter and summer range 
in Wyoming.  

 Terrain can have an important infl uence on pronghorn movements. In south-east-
ern Oregon, a river and associated road profoundly infl uenced pronghorn movements 
(Dalton  2009  ) . Pathways followed by migrating pronghorn in Alberta were infl u-
enced by terrain features, particularly by steep banks of the deeply incised V-shaped 
valleys of the Saskatchewan and Red Deer Rivers. River crossing sites are limited in 
number and are characterized by shallow grades or fl ats on either side of the river, 
and were connected to native grassland habitat in the adjacent uplands. Pathways of 
4-h point locations of radio-collared pronghorn that crossed the river appeared to be 
aligned with these likely crossing sites. Among anecdotal information obtained by 
Alberta researchers were several reports of pronghorn using small low-traffi c bridges 
to move across rivers, indicating pronghorn can learn to use some human structures. 
Sawyer and Rudd  (  2005  )  reviewed anecdotal published accounts to formulate rec-
ommendations for designing road-crossing structures for pronghorn.  

  Fig. 15.1    Relationship between pronghorn density and percent native grassland cover in prong-
horn management units in Alberta for the period 1985–2003. Source: Sheriff  (  2006  )        
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  Fig. 15.2    Examples of long-distance movement pathways of pronghorn in spring in Alberta based 
on 4-h GPS collar location fi xes. Note the strong northward directionality of movements, the fun-
nelling effect of land use and the impeding effect of the Trans-Canada transportation corridor near 
Medicine Hat. Data source: Alberta Conservation Association       

 



282 C.C. Gates et al.

   Land Use and Infrastructure Effects on Pronghorn Abundance 

 In rural western North America, effective land-use planning is one of the most 
important needs for wildlife conservation (Brown et al.  2005  ) . Human activities and 
infrastructure can have a profound infl uence on wildlife distribution and move-
ments. Urban sprawl and exurban settlement are expanding urban edges and leap-
frogging of residential development and commercial zones into surrounding rural 
landscapes. Together, they are leading causes of biodiversity loss in North America 
(Hansen and Brown  2005 ; Baldwin et al.  2007  ) . In Alberta, expansion of the City of 
Medicine Hat is incrementally infringing on the primary north-south migration 
pathway of pronghorn identifi ed in our current research. The City is situated at an 
L-shaped bend of the Saskatchewan River that acts as a funnel for pronghorn mov-
ing south in the fall and winter from Canadian Forces Base (CFB) Suffi eld, a 2,600-
km 2  area of mostly unfenced native prairie located north of Medicine Hat (Fig.  15.3 ). 
Mass movements of pronghorn into the City are common during harsh winter 
weather events as the animals strive to navigate southwards to more favourable 
ranges (Fig.  15.4 ). The area surrounding the City is becoming less porous to prong-
horn movements owing to increasing commercial, residential and agricultural devel-
opment combined with the main cross-Canada transportation corridor (Highway 1 
and the Canadian-Pacifi c Railway).   

 Even in extensive grassland landscapes, infrastructure and human activities can 
affect the distribution and movements of pronghorn. The township grid of surveyed 
lands, a legacy of federal western settlement Acts in Canada and the United States, 
provides the framework for land development, land tenure, the transportation net-
work and fence lines. As their density increases, roads and fences have had a nega-
tive effect on populations of several species and various ecological processes 
(Trombulak and Frissell  2000  ) . Roadways are a major concern for pronghorn popu-
lations, acting as a fi lter or barrier to movements (van Riper and Ockenfels  1998 ; 
Ticer et al.  1999 ; Yoakum  2004  ) . Unlike other ungulate species, the primary concern 
for pronghorn with roadways is not vehicle collisions; rather, roadways restrict 
pronghorn movements and can impede movements within or between seasonal 
ranges. Pronghorn reduce their use of habitats adjacent to roads, depending on traffi c 
volume (Gavin  2006 ; Kolar  2009  ) , and alter activity budgets near roads by increas-
ing vigilance at the expense of foraging (Gavin and Komers  2006  ) . In North Dakota, 
pronghorn selected open areas in non-rugged landscapes during winter and summer, 
and avoided primary roads during summer and secondary roads during both seasons 
(Kolar  2009  ) . Similarly, in Wyoming pronghorn consistently selected home ranges 
with lower density of highway rights-of-way (ROW) than available (Sheldon  2005  ) . 
Depending on traffi c volume and width of an ROW, roads may be barriers to move-
ments or defl ect or deter passage across them (Forman and Alexander  1998  ) . 
Ockenfels et al.  (  1997  )  radio-tracked 37 pronghorn females and found that fenced 
roads and railways were barriers to movement and infl uenced the shapes of home 
ranges. In Alberta, we observed that the transportation corridor near Medicine Hat 
(Fig.  15.2 ) presents a signifi cant impediment to migrating pronghorn; radio-tracked 
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  Fig. 15.3    Generalized movement corridors of GPS radio-collared pronghorn captured on winter 
range and winter movement pathways previously identifi ed by Mitchell  (  1980  )  in Alberta, Canada. 
CFB Suffi eld is the Canadian Forces Base Suffi eld, a military training facility. Source: Alberta 
Conservation Association       
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individuals (4-h GPS locations) were recorded moving back and forth along the 
transportation corridor for up to 10 days before fi nally crossing it. In southern 
Alberta, herds of pronghorn have been killed by trains during periods of deep snow 
cover. Pronghorn appear to be attracted to snow free railway tracks from which they 
cannot readily escape owing to fences and high snow banks. 

 Manufacturing of barbed-wire fences to contain domestic livestock on western 
rangelands was an emerging industry in 1870. In 1874, 4.5 tonnes of barbed wire 
was manufactured in the United States (MacCallum  1957 ; cited by Leftwich and 
Simpson  1978  ) . By 1880, 36,000 tonnes were produced, increasing to 210,600 
tonnes in 1945. Initially most fences were “drift fences”, used to guide movements 
of livestock on extensive rangelands. Within a decade of barbed-wire fences fi rst 
being erected on western rangelands, Canton  (  1877 :48) reported that four-foot 
(1.2 m) high fences restricted pronghorn movements. Cross-fencing and fencing of 
smaller pastures became increasingly commonplace, further restricting the move-
ment of pronghorn (Martinka  1967 ; Spillett et al.  1967 ; Hailey  1979  ) . Although 
most fences are installed to control livestock, they also are constructed to control 
animal access to roads, highways and railroads, to protect agricultural crops, or to 
limit access of wildlife to private property or special land-use areas (e.g. mining 
operations, military installations). 

 Several studies have found that some fence designs, their location and density 
can affect pronghorn movements and distribution (Hailey and DeArment  1972 ; 
O’Gara and Yoakum  1992 ; Scott  1992 ; Sheldon  2005  ) . Fences designed to confi ne 

  Fig. 15.4    Pronghorn attempting to move through a suburban area on the outskirts of Medicine 
Hat, Alberta following a severe winter storm in November 2003. Photo: D. Eslinger       
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traditional livestock (cattle, sheep or horses) or novel livestock (bison [ Bison bison ], 
elk [ Cervus elaphus ] or deer [ Odocoileus  spp.]) without regard for the ecological 
needs of free-ranging wild large mammals can act as partial or impermeable barriers 
to wildlife movements (Kie et al.  1994 ; Demarais et al.  2002 ; Yoakum  2004 ; 
Autenrieth et al.  2006 ; Gadd  2012  ) . Fences also can be purposefully constructed to 
impede wildlife movements to protect crops (Palmer et al.  1985 ; Fritzell  1998  )  or 
reduce wildlife-vehicle collisions (Clevenger et al.  2001  ) . 

 The effects of fences on the ecology of wildlife are expressed at different scales 
and levels of ecological organization, including partial to complete obstruction of 
daily movements, reduced access to seasonal habitat, food, cover and water, block-
age or diversion of seasonal migration, increased energy demands, separation of 
juveniles from does, entanglement or impact injuries. Increased mortality from 
obstructive fences also can occur if traditional travel corridors are blocked and ani-
mals are forced into situations where vulnerability is high, such as along highways 
or railroad beds (Reed et al.  1974 ; Harrington and Conover  2006  ) . Predators may 
push prey into fences to increase their chances of making a kill (Holzenbein and 
Marchinton  1992  ) . 

 Although pronghorn have the physical ability to jump fences up to 2.5 m high 
(Spillett et al.  1967  ) , they do so infrequently (Rouse  1954 ; Harrington and Conover 
 2006  ) . Typically they crawl through or under barbed-wire fences. They have been 
observed to experience diffi culty in crossing fences (Fig.  15.5 ), and may suffer inju-
ries or become entangled in strand wire and die (Spillett  1965 ; Bear  1969 ; Oakley 
 1973 ; Kie et al.  1994 ; Sheldon  2005 ; Harrington and Conover  2006  ) . Pronghorn are 
unable to pass under woven-wire fences and barbed-wire fences with low bottom 
wires (Yoakum  2004  ) . On western rangelands, three or four strand barbed-wire 
fences with ~25 cm high bottom wires are common and represent a signifi cant bar-
rier to pronghorn movements. In a current study, we observed a large herd of prong-
horn driven by adverse snow conditions temporarily stopped by such a fence as they 

  Fig. 15.5    Pronghorn struggling to move through wire fences (buck on  left , doe on  right ). 
Photographed using automated cameras at Canadian Forces Base Suffi eld, Alberta. Source: 
M. Suitor, Alberta Sustainable Resource Development       
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attempted to move south of the Bodoin Wildlife Refuge in north-eastern Montana. 
In all seasons, we have observed pronghorns searching fence lines for feasible 
crossing opportunities. A well-documented catastrophe occurred in Wyoming in 
1983 when several 100 migrating pronghorn died during harsh snow conditions as 
a result of being unable to cross a newly erected fence (Johnson  1988 , cited by 
Cherney and Clark  2009  ) . Injuries from barbed wire are common. Pronghorn cap-
tured in Alberta and photographed with automated cameras commonly had linear 
tissue injuries down the mid-line of their backs, which we inferred were caused by 
crawling under barb wire (Fig.  15.6 ).   

 In an analysis of minor highways and fences in northern Arizona, Bright and van 
Riper  (  2000  )  found fenced ROWs were greater barriers to movement than highways 
alone. Pronghorn will travel long distances parallel to fenced roads then cross the 
road where no fence is present (Bear  1969 ; Riddle and Oakley  1973 ; Sheldon  2005  ) . 
In Wyoming, pronghorn selected habitats with the lowest fence densities (Sheldon 
 2005  ) . Home ranges were bounded by fences in Arizona (Ockenfels et al.  1997 ; 
Ticer et al.  1999  )  and Wyoming (Sheldon  2005  ) . In Alberta, we observed a distinct 
boundary effect on the distribution of pronghorn using CFB Suffi eld along the west-
ern and southern borders of the military base. This fence-line effect may have 
refl ected the combined infl uence of boundary roads, fences and land use that reduced 
habitat quality adjacent to the military base. In Wyoming, pronghorn selected migra-
tion routes where they encountered fewer fences than random (Sheldon  2005  ) . 
Similarly, in a current study in northern Montana and adjacent Saskatchewan, led 
by one of the authors of this chapter, movement data for radio-tracked animals 

  Fig. 15.6    Pronghorn exhibiting a mid-line dorsal wound likely caused by a low-strung barbed 
wire. Photo: Paul Jones, Alberta Conservation Association       
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indicates migrating pronghorn elect to move through areas with either no fences or 
highly permeable fences. 

 A combination of heavy traffi c volume and fences can make fenced roads effec-
tive barriers or severe fi lters to pronghorn movements (Büechner  1950 ; Ockenfels 
et al.  1994  ) . Fences have been shown to limit daily movements of pronghorn in 
winter in south-eastern Alberta and northern Montana, and accumulated snow can 
interfere with the ability of pronghorn to crawl under fences (Bruns  1977  ) . Riddle 
and Oakley  (  1973  )  found the combined impacts of severe winter conditions and 
fences obstructed movements and led to increased mortality. Fences can reduce or 
prevent the use of previously used movement routes across highways (Büechner 
 1950 ; Ward et al.  1976 ; Guenzel  1986  ) . Under adverse winter conditions in the 
absence of such obstructions we observed large herds of prairie pronghorn rapidly 
moving long distances, nose-to-tail, pushing towards distant ranges where condi-
tions may be more favourable.  

   Land-Use Planning and Mitigation 

 As human populations continue to grow and economic activity shifts from east to 
west in North America, transportation infrastructure will inevitably become more 
elaborate. Road upgrading will include wider ROWs and top-widths, multiple-lanes, 
divided-lanes and fences. Consequently, the ability of pronghorn to move across 
transportation corridors is expected to decrease or perhaps be eliminated in some 
areas. To maintain connectivity within and between seasonal ranges it is increas-
ingly important to design crossing structures that feasibly allow pronghorn to safely 
cross roadways (Sawyer and Rudd  2005  ) . Placement of such structures in key link-
age zones like the Trans-Canada transportation corridor near Medicine Hat and 
Montana Highway two area near Malta, Montana will require improving the aware-
ness and cooperation of transportation, land management and wildlife agencies. 

 On a broad scale, conserving large tracts of native prairie by preventing conver-
sion to croplands (intensive farming; e.g. Fargione et al.  2009  )  or large intensive 
industrial development (sub-surface minerals and wind energy; e.g. Sawyer et al. 
 2005 ; Pruett et al.  2009  )  and changing conventional livestock fences to wildlife-
friendly fences (Autenrieth et al.  2006  )  represent important opportunities for advanc-
ing pronghorn habitat conservation and enhancement. For example, Gross et al. 
 (  1983  )  and Mapston  (  1970  )  tested gate structures that restrict domestic sheep but 
allow passage by pronghorn. They found specifi cally designed horizontal grills 
placed in fence corners effectively restricted sheep but pronghorn would leap over 
the grill (Fig.  15.7 ). An obvious solution to making impassable fences permeable to 
pronghorn is to leave gates open during periods when livestock are not in a pasture.  

 Pronghorn will readily cross under well-designed fences where there is suffi cient 
space between the bottom wire and the ground (Gregg  1955 : 57 cm; Cole  1956 : 
43 cm; Autenrieth et al.  2006 : 41–46 cm). Most western wildlife agencies have pub-
lished guidelines for wildlife-friendly fences (Arizona, Alberta, Colorado, Montana, 
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North Dakota, Washington, Wyoming). As an example, the MultiSAR Program in 
Alberta (  http://www.multisar.ca/documents/fencingBMP.pdf    ) provided a design for 
a wildlife-friendly fence that considered passage by pronghorn and deer species 
(Fig.  15.8 ).  

 Cooperative actions by agencies and NGOs can play an important role in improv-
ing landscape permeability for pronghorn. In Wyoming, backed by a court decision, 
the Wyoming Wildlife Federation successfully forced the removal of a woven-wire 
fence from a rancher’s property after pronghorn were blocked from their winter 
habitat on public land and hundreds died during the tough winter of 1983–1984. 
Citizen groups may volunteer to modify fence lines to accommodate pronghorn 
movements in local areas. In the late 1980s, the California Department of Fish & 
Game reintroduced pronghorn into the Carrizo Plain. A joint effort between the 
Sierra Club, ForestWatch, Desert Survivors and the California Department of Fish 
& Game was organized to remove or modify fences, with the goal of restoring free 
pronghorn movements. Together the non-profi t organizations and state and federal 
agencies worked to remove or modify more than 240 km of fencing. In Charles M. 
Russell National Wildlife Refuge in Montana fences are being removed from areas 
where containment of livestock is no longer necessary. In eastern Montana, the US 

  Fig. 15.7    Design and placement of a welded tubular metal grill that allows passage of pronghorn 
in an otherwise impermeable fence line. Adapted from Gross et al.  (  1983  )  and Mapston  (  1970  )        
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Bureau of Land Management is converting fences on land it manages to make them 
friendlier to wildlife movements. 

 In 2009, the Alberta Fish and Game Association, with assistance from the Alberta 
Conservation Association and the Alberta Fish and Wildlife Division, undertook a 
project to replace the bottom barbed wire with raised double-strand barbless wire 
along the 37 km northern boundary fence line of CFB Suffi eld. Offi cials at CFB 
Suffi eld were encouraged by the pilot project and continued the effort. To date 
153 km of boundary fence has been modifi ed. Sparked by success of the CFB 
Suffi eld projects, other initiatives have moved forward in Alberta. For example, 
fences are being retrofi tted at Antelope Creek Ranch, a model ranch in the mixed-
grasslands of Alberta.   

   Conclusions 

 Grasslands of the Northern Great Plains were substantially altered for crop produc-
tion early in the twentieth century. Remaining native range is used predominantly 
for livestock grazing, although the energy sector has increased its footprint incre-
mentally during the past 2 decades. Fences were fi rst used to guide livestock move-
ments but as pasture size decreased and the road network was elaborated, the density 
of fences has increased. Conventional fencing designed to contain cattle (three or 
four strands of barbed wire) with the bottom wire set at about 25 cm above grade is 
relatively impermeable to pronghorn. Woven-wire fencing is impermeable. Recent 

  Fig. 15.8    Design of a wire fence for containing cattle yet allowing free passage of pronghorn 
under the bottom wire. Note use of smooth top and bottom wires to prevent injuries. Split PVC 
tubing can be used to increase visibility of the top wire in high frequency crossing areas used by 
wild ungulates. Source: Alberta Conservation Association       
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research has shown that pronghorn select large contiguous areas of native habitat. 
Roads and fences diminish habitat effectiveness and effective patch size. 

 Pronghorn may undertake long-distance movements to escape deep snow, then 
return to traditional fawning and summer ranges in the spring. Such movements 
may occur at a regional scale. Migration corridors in Alberta, Saskatchewan and 
Montana are largely located within large tracts of native grassland. Local bottle-
necks associated with natural terrain features, urban expansion and major transpor-
tation corridors have been identifi ed as key linkage areas threatened by incremental 
development. Mitigation of transportation impediments in key linkage zones may 
be possible with the construction of appropriate crossing structures. Mitigation of 
the effects of fences on movements and distribution is possible and is indeed encour-
aged by most jurisdictions with published guidelines for wildlife-friendly fences. 
Non-profi t organizations can play an important role by undertaking cooperative 
projects to modify fences in strategic locations to facilitate passage by pronghorn. 

 The connection between migration and population dynamics of partially migra-
tory ungulates remains poorly understood (Bolger et al.  2007  ) , but obstruction of 
migratory pathways can be expected to result in negative impacts. Although the 
pronghorn remains a relatively common species in many areas of western North 
America, without appropriate land-use planning and management, cumulative 
anthropogenic changes will continue to erode habitat, and alter the suitability of 
movement corridors and key linkage zones supporting movements within and 
between seasonal ranges. 

 In the context of eco-regional planning, the pronghorn requires conservation of 
large areas of native habitat connected by corridors that allow long-distance move-
ments to various winter ranges during harsh conditions. Plans that focus on maintain-
ing the ecological coherence of landscapes (Opdam et al.  2003  )  for common species 
like the pronghorn should also benefi t conservation of other native grassland 
species.      
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    Introduction 

 As top predators, jaguars,  Panthera onca , constitute an important component of the 
megafauna of the Neotropics. Like other large carnivores, they require vast areas of 
relatively wild habitat and a stable prey base. Therefore, their populations are often 
restricted to protected areas or inhospitable, remote areas where human densities 
remain low. The Pantanal, a seasonally inundated plain of over 140,000 km 2  in the 
centre of South America is one such place, harbouring abundant wildlife and being 
considered of high importance for the long-term persistence of jaguars (Sanderson 
et al.  2002  ) . Nevertheless, cattle ranching has been a traditional activity for over 200 
years in the Pantanal, and the region harbours the largest beef cattle herd of Brazil 
(IBGE  2009  ) . As in other areas of the world where large carnivores coexist with domes-
tic animals (Fritts et al .   1992 ; Mizutani  1993 ; Srivastav  1997  ) , this proximity between 
cattle and jaguars results in confl ict with ranchers that makes it one of the greatest 
causes of mortality for the species, throughout its range (Sanderson et al .   2002  ) . 

 Under certain conditions, jaguars will kill livestock (Schaller and Crawshaw 
 1980 ;    Schaller  1983 ; Crawshaw and Quigley  2002 ; Crawshaw  2003 ; Azevedo and 
Murray  2007 ; Cavalcanti and Gese  2010  ) . Therefore, despite other cultural factors 
(Amâncio et al.  2007 ; Cavalcanti et al .   2010  ) , jaguar predation on livestock may 
pose a real economic predicament to ranching operations and signifi cantly contrib-
ute to the confl ict with ranchers and ranch hands, leading to retaliatory killing 
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(Cavalcanti and Gese  2010  ) . For this reason, livestock depredation is an important 
issue to be resolved in jaguar conservation. 

 Throughout the world, there has been an increased interest in the use of non-
lethal methods of depredation control (Shivik  2000 ; Shivik et al .   2003  ) . These 
methods range from the traditional management practices, use of guard animals and 
exclusion methods to the more recent use of chemical repellents and aversive agents, 
to the rapidly growing technology of visual and acoustical stimuli (Koehler et al. 
 1990 ; Andelt and Hopper  2000 ; Shivik  2006  ) . Examples of these later methods 
include devices with movement detection sensors, strobe lights, sirens, bells, 
recorded distress calls, scarecrows, loud music or noise from radios, propane 
exploders, fl adry and electronic training collars (Koehler et al.  1990 ; Linnell et al .  
 1996 ; Shivik  2006  ) . Such practices are viewed as humane, practical and with a 
potential to minimise problems without necessarily removing the predator. Despite 
these new advances in the fi eld of predation management, information regarding the 
use of such devices in Brazil is scarce and to protect their livestock, ranchers still 
resort to the use of tools they have used for many generations. 

 The use of electric fences to deter terrestrial predators was fi rst reported by 
McAtee  (  1939  ) . Their use has been tested as deterrents for several species of preda-
tors such as coyotes ( Canis latrans ), wolves ( Canis lupus ), bears ( Ursus arctos ), 
and lynx ( Lynx rufus ; Acorn and Dorrance  1994 ; Levin  2002 ; Mertens et al.  2002  ) . 
In general terms, fencing may be more viable for protecting smaller herds (or fl ocks) 
of livestock in smaller pastures, as opposed to large open ranges, particularly arid 
ranges, where they typically spread out in search of food and water. However, it 
would be desirable if fences provided a reliable, economical way to decrease preda-
tion on cattle in fi eld conditions in the Pantanal. In this chapter, we describe the use 
of an electric fence in a large cattle ranch in the Pantanal as a method to deter preda-
tion from jaguar. In addition, we describe the trials we conducted to assess the use 
of electric fences as a deterrent for jaguars and pumas,  Puma concolor,  in captive 
situations.  

   Study Area 

   Evaluation of Electric Fences as Jaguar Deterrent 
in Field Conditions 

 The use of electric fences in fi eld conditions was implemented in the Santa Tereza 
ranch (18° 18 ¢  38″ S; 57° 30 ¢  10″ W), located in the municipality of Corumbá, on 
the westernmost region of the Pantanal, Mato Grosso do Sul state, Brazil. The ranch, 
63,000 ha in size, encompassed a high diversity of habitats, from the open water of 
the Baía Vermelha on the border with Bolivia, to cerrado (open shrublands) and 
fl ooded areas, to mountain tops at about 900 m, on the southern extension of the 
Serra do Amolar mountain range (Fig.  16.1 ).  
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 The ranch was purchased by the current owners in early 2006 and included a 
herd of 1,300 cattle in a semi-feral state, which grazed the open range for most of 
the year and spent the wet period in the shrublands above fl ood level. During the 
fi rst year, the owners rebuilt/restored fences and recuperated about 900 ha of pasture 
land that had been opened and planted by the original owner but was kept without 
the regular grazing of cattle in recent years (R. Jank, pers. comm.). These 900 ha of 
overgrown pasture mostly comprise brachiaria grass,  Brachiaria humidicola,  and 
islands of colonião grass,  Panicum maximum . Characterised by dry ground above 
fl ood level, this area was divided into 12 pastures of approximately 75 ha each, to 
manage the different age/classes of a cattle herd of 2,000 head (Fig.  16.1 ). 

 The cattle business was characterised by a beef cattle fattening operation, with 
the vast majority of the herd comprising heifers of up to 350 kg (78%). Cattle man-
agement was divided into two distinct phases according to the drought and fl ooding 
cycles, characteristic of the Pantanal. During the fl oods (mid-February through 
August), the cattle herd was confi ned in these 900 ha of high ground pastures. In the 
drought period (September to mid-February), about 80% of the herd was released 
into the lower areas of the ranch, where they found large extensions of native 
grasses. 

  Fig. 16.1    Santa Teresa ranch, Corumbá, MS, Brazil. Most of the area is characterised by open 
range, with the big Baía Vermelha (lake) in the central portion and the Serra do Amolar mountain 
chain encircling the area from the west to the northeast. The area in the detail is 900 ha of intro-
duced grasses and surrounded by electric fence. The red dots are locations of jaguar kills within the 
enclosed area       
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 After an initial bout of recurrent predation, where nice head of cattle were killed 
in 11 days in February 2007, the owners of the ranch contacted the authors to request 
assistance with the problem. In contrast with the predominant attitude among ranch-
ers in general, they expressed concern regarding jaguar conservation and sought to 
reduce the confl ict and economic losses to an acceptable level.  

   Responses of Jaguars and Pumas to Electric Fences in Captivity 

 As a complement to the fi eld data presented in this chapter, we conducted trials to 
assess the effi cacy of electric fencing as a deterrent for jaguars and pumas, in two 
zoological parks in the state of São Paulo. The zoos were the Parque Zoológico 
Quinzinho de Barros (23°30 ¢ 23.28″ S, 47°26 ¢ 11.68″ O), in Sorocaba, where we 
assessed the behaviour of two jaguars (one male and one female) and three pumas 
(one male and two females), and the Parque Zoológico de Guarulhos (23°26 ¢ 33.77″ S, 
46°33 ¢ 11.90″ O), in Guarulhos, where we assessed the behaviour of two jaguars 
(one male and one female) and one puma (male). In the Sorocaba Zoo, animals were 
kept in a circular enclosure divided into four segments, which encompassed an area 
of approximately 156 m 2  each (front: 23.85 m, back: 7.95 m, sides: 10.60 m each, 
and height: 2 m.). In the Guarulhos Zoo, enclosures measured 13.7 × 4.7 × 4 m, 
encompassing an area of approximately 65 m 2 . In both zoos, with the exception of 
the male puma in the Guarulhos zoo, all the other study animals lived together with 
conspecifi cs within the enclosures and were fed once a day.   

   Methods 

   Evaluation of Electric Fences as Jaguar Deterrent 
in Field Conditions 

 In February 2008, existing conventional livestock fences on the perimeter of the 
pasture area (13,745 m) were retrofi tted with two electrifi ed wires at heights of 25 
and 50 cm from the ground. These additional wires, powered by solar panels (Duboi, 
Campo Grande, MS, Brazil) installed near one of the extremities of the fence, were 
external to the conventional fences, which had fi ve non-barbed wires at heights of 
25, 50, 75, 100 and 125 cm. The electrifi ed wires did not complete the entire perim-
eter of the external fence. About 630 m of the fence, near the ranch headquarters 
were not electrifi ed (Fig.  16.1 ). The voltage used in the fence ranged from 5,000 to 
7,000 V. The fence was checked by the ranch foreman on a weekly basis. Whenever 
the voltage was detected to be low, the entire perimeter of the fence was verifi ed to 
identify and clean branches or other material that could be isolating the system. 

 The use of electric fences was accompanied by additional preventive measures. 
Night-time surveillance of the different pastures was achieved through the use of a 
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tractor and a strong light beam. A ranch hand visited different cattle bed sites 
throughout their surveillance period, and whenever a group of cattle was observed 
to be uneasy (i.e. the presence of a cat nearby was suspected), fi re crackers were lit 
up and fi red in the direction of the closest forest fragment. 

 We accompanied ranch hands in their daily activities on horseback, searching for 
carcasses of cattle killed by jaguars or killed by other causes, monitoring jaguars 
through sightings and other indirect methods (i.e. tracks and scats). Coordinates of 
these events were recorded using a global positioning system (GPS; Garmin 12 XL, 
Garmin International, Inc., Olathe, KS). Sightings of mammalian native species 
were also noted, with date, time and coordinates recorded. 

 In addition to accompanying the ranch hands in their daily activities, additional 
daytime surveillance of the cattle was achieved with the use of a motorcycle. During 
these outings, we opportunistically recorded jaguar tracks, carcasses of their native 
and domestic prey and wildlife sightings with the use of GPS.  

   Responses of Jaguars and Pumas to Electric Fences in Captivity 

 Electric fences were built with fi ve electrifi ed non-barbed wires at heights of 20, 40, 
60, 80 and 110 cm from the ground, cutting off a section of the enclosure where 
food (raw meat, poultry and beef chunks) was placed. In addition to the food, to 
increase motivation, the fence cut off a section of the enclosure that included a 
favourite rest area, or access to it, where animals chose to spend most of their time 
(Fig.  16.2 ). The number of posts depended on the design required to close off the 
selected section of the enclosure. In the Sorocaba zoo, we used a confi guration with 
fi ve posts, for both enclosures (jaguar and puma). In Guarulhos, we used four posts 
in the jaguar enclosure, and three posts in the puma’s. The voltage used in the fences 
ranged from 7,800 to 9,900 V. There was little variation between the voltage attained 
in the different wire strands of the fence. All equipment used was provided by 
Farmtech S.A. Produtos Veterinários (Porto Alegre, RS, Brazil), representatives in 
Brazil of Speedrite ®  and Tru-test ® , from New Zealand. In the Sorocaba zoo, con-
struction of the fence was supervised by a technician (A. S. Balbino) provided by 
Farmtech S. A. In Guarulhos, we built the fence ourselves, but followed the same 
guidelines and general design for the fences.  

 In both zoos, the trials were organised as 3 daytime and one night-time in 30-min 
sessions for each individual of each species where we recorded behaviour in rela-
tion to the fence. The behaviour of the animals was fi lmed during the day and pho-
tographed at night. In addition, a description of their behaviour was recorded with a 
digital voice-recorder. 

 As an additional motivation, study animals were not fed for the duration of the 
trials. In Sorocaba, the fi rst trial with the jaguars started on a Friday, and the second 
only continued on the following Monday. Although the animals had been fed the 
morning of the fi rst trial, they were kept without food, from their habitual feeding 
Friday morning to the end of the trials on the following Wednesday.   
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   Results and Discussion 

 During the fl ood season of 2007, the cattle herd was brought to the higher ground 
fenced pastures but it was not until the following year that the electric fences were 
installed. Data on cattle mortality from 2006 to 2007 were reported by ranch hands 
and were not verifi ed by research personnel because there was nobody stationed 
fulltime at the ranch to do so. According to their records, in 2006 jaguars were 
responsible for 24% of all losses ( n  = 11 of 46 total losses). During 2007, the per-
centage of losses attributed to jaguar kills escalated to 86% ( n  = 24 of 28 total losses). 
In 2008, when we had a researcher spending 20 days/month in the fi eld to monitor 
jaguars and cattle depredation, total cattle losses attributed to jaguar predation rep-
resented 10% of the total losses ( n  = 50 of 504 total losses). In that year, total cattle 
loss escalated to over 500 head, but the vast majority of them were recorded as miss-
ing cattle (82%,  n  = 413). There was a difference observed in the percentage of losses 
attributed to jaguars as recorded by research personnel and by ranch hands (10 and 
13%, respectively), although this difference was not as high as the ones observed in 
other studies (Crawshaw and Quigley  1984,   2002 ; Cavalcanti  2006,   2009  ) . 

 Jaguars killed mostly heifers (73% of all kills), followed by steers and adult cows 
(10% each) and calves (7%). Given that heifers comprised 78% of the herd, jaguars 
did not seem to select for any specifi c age/class category but rather selected the prey 
according to their availability. 

  Fig. 16.2    Electric fence set up at the jaguar enclosure at Sorocaba Zoological Park, Brazil, block-
ing access to favourite resting spot       
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 When we were fi rst contacted by the ranch owners, we recommended that they 
install electric fences in relatively small enclosures where better control of condi-
tions could be exerted. Electric fences can be effective in decreasing predation 
losses, particularly in areas where predation is moderate to severe, and particularly 
if used to enclose the most vulnerable age classes and/or used during the most criti-
cal periods. In Venezuela, Scognamillo et al.  (  2002  )  tested an initial design with 
three electrifi ed wire strands (30, 60 and 90 cm) with voltage ranging between 2,500 
and 3,000 V, which encompassed an enclosure of 18 ha (with a perimeter of 
1,697 m). However, the authors recorded eight attacks by two jaguars and one puma 
in the fi rst 3 weeks of the experiment. They later modifi ed the existing fence to 
include an additional wire (20, 40, 60 and 85 cm) and increased the voltage to 
4,500–5,000, after which the attacks ceased. 

 In our study area, we found that the use of the electric fence, as implemented, had 
limited effect in reducing the probability of livestock depredation by jaguar. 
Although losses attributed to jaguars in 2008 decreased considerably in relation to 
the previous year, they can still be considered high. The design adopted by the 
ranch, to fence only the perimeter of a 900-ha management area (13,745 m), left too 
many opportunities for jaguars to enter the area and take cattle. Potential for preda-
tor entry, as well as electrical malfunctions, washouts and physical damage, is likely 
to increase as fenced areas increase in size. 

 On different occasions ( n  = 7), we observed sites where a jaguar appeared to have 
tried to enter the fence without success, as evidenced by several scrapes on the out-
side of the electric wires (Fig.  16.3 ). In addition, we followed the tracks of jaguars 
walking along the fence for distances of over 400 m, until they found where the 
electric wires were discontinued such as at gates left for the entrance of the cattle. 
These gates were also subsequently equipped with electric wires to isolate the cattle 
management areas and thus prevent the entrance of predators. Therefore, we sur-
mised that the predator entrance was made more diffi cult but not precluded.  

 Night-time surveillance of the different pastures was initiated in early 2007, as 
per our recommendation, after we were fi rst contacted by the ranch owners. However, 
given that we did not have research personnel in the fi eld during 2007, an unbiased 
evaluation of this measure could not be made. According to the ranch foreman, at 
one period when night surveillance and the use of fi recrackers was conducted by 
one well-prepared, conscientious employee, it achieved the proposed objectives, 
and had a marked effect on reducing attacks (F. Machado, pers. comm.). However, 
the change in personnel and insuffi cient time schedules through the night left open 
opportunities that resulted in increased predation. Employees often used fi recrack-
ers at will with no relation to the presence or threat of cats to demonstrate that the 
person was “working”. This may likely have hampered the positive effect of the 
method, making the cats habituated to the explosions, not linked with their proxim-
ity to the cattle. 

 Night-time surveillance is best conducted by an employee specifi cally appointed 
and trained for this function. In this case, overload of duties during the day made it 
diffi cult to complete the required number of hours during the night. Attempted night-
shifts starting at 24:00 h and fi nishing at 05:00 h or from 21:00 to 03:00 h were shown 
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not to cover the crepuscular hours when jaguars have been shown to be usually active 
(Crawshaw and Quigley  1991 ; Cavalcanti and Gese  2009  ) . In four instances, jaguars 
were seen close to the herd between 18:00 and 21:00 h. Therefore, optimum surveil-
lance timing would include from dusk to dawn, or 18:00–06:00 h, requiring one full-
time employee or two employees to divide the task. 

 We also recommended the maintenance of the pasture and other vegetation at 
short heights in the cattle management modules, but this was not implemented. 
However, it was shown to be important, since 51% of all predation events happened 
at clumps of tall grass or very close to them (within 50 m). Jaguars do not pursue 

  Fig. 16.3    Photograph showing where a jaguar tried to enter the fenced enclosure and was impeded 
by the electric fence (photo F. Tortato)       
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their prey for long distances and usually rely on ambush and a short distance chase. 
Therefore, they depend on cover to launch their attacks. With the elimination of 
these patches within the fenced management modules, the opportunities for these 
attacks would likely decrease. 

 Cultural factors play an important role in the conservation of jaguars in cattle 
ranches in the Pantanal and make the interface between ranch personnel and 
researchers a diffi cult issue. From our experience in this and other projects, it is 
clear that most ranch hands do not believe in the effi cacy of anti-predation measures 
and think that jaguar conservation is actually incompatible with cattle operations 
(Crawshaw & Cavalcanti, pers. obs.). Several studies have shown that most ranches 
over-estimate the amount of jaguar predation (Schaller and Crawshaw  1980 ; 
Crawshaw and Quigley  1984 ; Azevedo and Murray  2007 ; Cavalcanti  2009  ) . Ranch 
hands often perceive that if jaguars are protected, their numbers will rise exponen-
tially and predation will increase accordingly. It is diffi cult for them to accept that 
factors other than just the availability of cattle control their population size, such as 
social behaviour, and that jaguars still rely on native prey, such as peccaries and cai-
man (Cavalcanti and Gese  2010  ) . It is important to educate ranch employees and 
their families regarding jaguar ecology to build an understanding of the integral part 
large cats play in healthy ecosystems. This may allow them to recognise the impor-
tance of jaguar conservation and therefore, motivate them to fulfi l their important 
mission in reducing the confl ict and achieving coexistence. 

 During our evaluations in captivity, we observed that each one of the jaguars 
sustained at least one shock from the fence. Mean interval between fi rst introduction 
to the fence and fi rst shock was 1 min. The male jaguar in Sorocaba took two shocks 
in the fi rst session, with the second shock 2 min after the fi rst one (Fig.  16.4 ). The 
female also immediately approached the fence, sustaining a shock 1 min after being 
released into the enclosure. In the next 2 daytime sessions, she spent most of the 
time at the front of the enclosure, apparently indifferent to the fence. However, dur-
ing the night session, she appeared to be bolder, approaching the fence at least 5 
times, and receiving another shock (Fig.  16.4 ).  

 The male and the female jaguar in the Guarulhos zoo also received one shock 
each in the fi rst session. The male received two shocks in the second session; the 
fi rst, 7 min after entering the enclosure, and the second, 11 min later. In this setting, 
a narrow corridor of approximately 1 m was left between one of the sides of the 
enclosure and the electric fence. In two occasions, the male rushed through this 
 corridor, pressing himself close to the outside wall and as away from the electric 
fence as possible. During the third session, the male approached the fence twice, 
with the obvious intention of getting to the meat, but was deterred, most likely due 
to the previous experience with the shocks. Most of the time during the trials, both 
the male and female retreated to the shady, covered section of the enclosure. 

 Results for the pumas were all similar, considering all individuals in both zoos. 
Each of the animals received a total of two shocks, one each in the fi rst session and 
one in the night session. The only difference was regarding the greater time interval 
for the male puma in the Guarulhos zoo, with the shock sustained 13 min after being 
introduced in the enclosure (Fig.  16.4 ). 
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 The pumas in the Sorocaba zoo seemed to be extremely sensitive to disturbances 
to their surroundings. After the fi rst session, their behaviour, from openly explor-
atory, went to extremely wary, looking very alert and skittish. In the last session, the 
male showed patches of bare skin, which according to the zoo vets (A.V. Nunes, 
pers. comm.), was due to stress. Even though the male at Guarulhos did not show 
any physical signs of distress, his behaviour became very reserved in that he spent 
most of the time after the shocks, lying on a platform at one of the corners of the 
enclosure. This was the most evident difference in the behaviour of the two species, 
regarding the electric fence. While pumas became skittish and alert, jaguars reacted 
as if mostly aloof, most of the time disregarding the fence. 

  Fig. 16.4    Latency to shock sustained by four jaguars and four pumas, recorded in Sorocaba and 
Guarulhos zoological parks in the state of São Paulo, Brazil. The  black bar  is the fi rst shock and 
the  grey bar  is the second shock sustained by individual animals. The third session, in  black , was 
conducted at night       
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 For the two species, the fi rst contact with the electric fence was determined 
mainly by exploratory behaviour when animals were investigating novel stimuli in 
their surroundings. The fi rst shock for all animals was within one and a half min 
after releasing the animals back into the enclosures. Although our samples do not 
allow for statistical analyses, they do demonstrate that after one or two shocks, the 
animals learned to avoid the fence, spending most of the time away from it. However, 
we noted an apparent increase in exploratory behaviour in the night sessions, espe-
cially for the pumas, in that both males and females received shocks in the night 
sessions (Fig.  16.5 ), even though they were apparently avoiding the fence during 
the day. The same was the case for the female jaguar in the Sorocaba zoo.  

 The effect of the fence was evident also by the contrast in the behaviour exhib-
ited by all animals, of both species, as soon as the fence was removed: immediately, 
animals proceeded to eagerly explore all that was previously fenced out. On several 
occasions, jaguars of both zoos displayed marking behaviour, at specifi c points of 
the enclosure. However, since we have no information on previous marking rates, 
we cannot link observed markings to the presence of the fence. 

 On several occasions, animals approached the fence cautiously and appeared to 
sense the electricity with the long whiskers (vibrissae), which function as tactile 
sensors (Kitchener  1991  ) , backing away before receiving a shock. 

 After the initial shocks, all animals remained as distant as possible from the 
fence, most of the time apparently indifferent to it. The male and female jaguars 
from Sorocaba also exhibited what could be interpreted as displacement activities 

  Fig. 16.5    Female puma upon receiving a discharge from the electric fence at the Sorocaba 
Zoological Park, Sorocaba, SP, Brazil       
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(Ewer  1968 ; Kitchener  1991  ) . On a few occasions, after intently looking in the 
direction of the fence (and/or the food), they would go directly to the tree trunk and 
sharpen their claws for several minutes. In another instance, they rolled on their 
backs, playfully.  

   Conclusion 

 Total exclusion of predators may be not practical because a predators’ response to 
an electric fence is infl uenced by various factors, such as the animal’s motivation 
and previous experience with fences. In our study area, cattle grazed spread out in 
the open range for quite some time before being confi ned into a smaller pasture 
area, which considerably increased their density. Optimal foraging theory predicts 
that predators should choose the most profi table prey (MacArthur and Pianka  1966  ) . 
However, profi tability may be infl uenced by a combination of search time, encoun-
ter rates and energetic costs of capture. During the wet season, when herbaceous 
fi elds and drainage vegetation habitats become extremely dense and diffi cult to 
move through, high search time and low encounter rates may make hunting in these 
habitats less profi table for jaguars. The option of a readily available prey item con-
fi ned into areas of more profi table hunting grounds may be a strong enough motiva-
tion for jaguars to overcome the electric fence. 

 In our observations within the captive settings, we did not record a scraping 
behaviour (shown by wild jaguars) on the outside of the electric fence at points 
where the animal was apparently kept from entering the enclosure (Fig.  16.3 ). It is 
possible that conditions in captivity, especially easy food availability, mask (or 
dampen) what could be interpreted as motivation to overcome the fence. However, 
it is probably safe to surmise that the ease, with which animals in captivity learn to 
avoid electric fences after one or two electrical discharges, is also applicable to wild 
individuals. What is likely to differ, from our captive observations, is the drive to 
overcome the fence. This possibility underscores the need to consider the adaptive 
capabilities of the predators when planning the use of electric fencing. 

 According to the owners of the ranch (R. Jank, pers. comm.), the measures 
decreased in effi cacy in the following order: (1) predation was reduced signifi cantly 
when the herds were moved to open, short native grasses during the drought season, 
which provided ample visibility preventing the undetected approach of predators. 
With the fl ooding season and the cattle being confi ned in taller vegetation, predation 
increased considerably; (2) night patrolling with a tractor in a central corridor in 
between the fenced pastures holding the cattle at night was also effective in reduc-
ing predation; (3) the electric fence, as used by the ranch, encompassing a very long 
perimeter, likely deterred some individuals, but others managed to overcome the 
fences and succeeded in preying on the cattle; and (4) fi reworks and lighting (as 
employed by the ranch), after habituation by the jaguars, were the least effective 
measures. 

 The opinion of the ranch owners, as the results of our study, highlights some of the 
problems associated with inadequate use of electric fences and other management 
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alternatives in decreasing livestock depredation by large cats in the Pantanal. 
Nonetheless, we believe that the combined information from the wild and captive 
conditions is useful in developing solutions to human-jaguar confl ict as it relates to 
livestock depredation. 

 Despite the costs incurred in fencing for conservation (Hayward and Kerley 
 2009  ) , we view the use of electric fencing as a possible aid to reduce the confl ict 
between large cats and ranchers. However, it is important to understand that there is 
seldom a single “right” preventive or control measure that will resolve the issue of 
livestock depredation. The effi cacy of any method will depend on a combination of 
factors that range from the biology of the predator and its motivation, to the environ-
mental characteristics of the area, to the size and species of the herd to be protected, 
to cultural factors of the local community, and to the motivation of the ranch owner 
and his/her willingness to deal with the problem. Thus, it is important that both 
researchers and ranch personnel work together to test the new methods that should 
comprise their toolbox of prevention and control methods. 

 In the Pantanal, for example, the inherent characteristics of the area make it dif-
fi cult to effectively control the access of predators to cattle, and as long as this is an 
issue, it is likely that predation will occur, to a certain extent. Ranchers should focus 
on increasing their production potential, curtailing losses due to rudimentary herd 
management and poor husbandry practices, which can be more signifi cant than jag-
uar depredation in many cases (Hoogesteijn et al.  1993  ) . In addition, Cavalcanti and 
Gese  (  2010  )  illustrated the possible role native prey abundance could have on jaguar 
predation of cattle. Maintaining native prey populations in the Pantanal may not 
only help alleviate losses incurred from depredation, but may contribute in the 
efforts to conserve jaguars in the long term.      
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