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ABSTRACT

A rising human population continues to threaten global biodiversity. The International Union
for the Conservation of Nature (IUCN) has increased the number of species it considers to be
threatened from 38, 049 (2004) to 44, 838 (2008). There is, therefore, an urgent need for
effective conservation action and optimal management, coupled to the need for cost efficiency
with the limited funds available for conservation. Until recently, there has been little attempt
to identify the most effective means of conserving species by collating results from various
projects across the world. This study was designed to evaluate the effectiveness of
management, research and monitoring in the conservation of endangered species.

The main aim of the study (September 2003 — February 2010) was to carry out an extensive
review of conservation action for 153 terrestrial mammals, classified as endangered and
critically endangered (IUCN 2004), and identify potential ‘best practice’ which could then
inform work for other species. Initially, the study involved a global analysis specifically
investigating geographic, taxonomic, ecological, and conservation action data for the 153
species. These data were subject to critical analysis using both uni-variate and multivariate
quantitative methods including a Random Forest Analysis (RFA) which had the potential to
detect relationships between the more than 50 variables included in the data set. For 20 of
these species, selected on the basis of them having a monitoring programme in place, an
extensive literature review further explored the effectiveness of conservation action.

Case studies for 4 of the above species were then developed through direct contact with
conservation scientists involved in their management in situ (Iberian Lynx (Lynx pardinus),
Spain, black rhino (Diceros bicornis), Kenya, Giant panda (diluropoda melanoleuca), China
and San Diego Zoo, California and the Channel Island fox (Urocyon litteralis), California).
Information from the species reviews and the case studies was used to develop a list of criteria
which would potentially be able to identify a well managed and monitored species from basic
evidence. The information was also used to identify a possible ‘gold standard’ of management
and monitoring. The main elements of the gold standard were then incorporated into a
monitoring design flow diagram. This protocol was used to design a vegetation monitoring
system for the habitat of the black rhino in Kenya. The aim of this was to design a reliable and
cost effective habitat monitoring system, able to measure the affect of browsing from girafTe,
elephant and rhino. A variety of vegetation survey techniques were tested and the effect of
using different surveyors was also explored over three field seasons in Kenya.

From the global analysis of 153 separate species from across the world, patterns of threat,
conservation strategies and species-specific levels of management were identified. The most
prevalent threats were confirmed as habitat loss and degradation, and exploitation (harvesting
and/or hunting), but many threats may act together to increase vulnerability to extinction. The
RFA revealed that the presence of research and monitoring had a positive association with
species trend. This analysis also identified characteristics of species which have good levels of
research and monitoring. These included: a critical status (as opposed to *endangered’), high
charisma, living in open habitats (e.g. grasslands), high levels of protection (e.g. legal,
protected area) and the threats of persecution, hunting and natural disaster. The need for clear
quantification of trends in abundance for species in the endangered category was also
identified. Areas of successful conservation action were also indicated, as well as those which
may require more work. Such areas may be deemed conservation ‘blackspots’ as they may not

fall under the boundary of geographical ‘hotspots’.

For the 20 monitored species, many were found to suffer multiple threats, some of which were
common across the species, where others were species specific, and acting to exacerbate their
situation. Prioritising specific conservation actions (e.g. specific threat removal) was found to



be just as important as the common conservation actions (e.g. habitat protection). In
monitoring, the basic and indirect techniques (e.g. sign surveys) were identified to remain key
monitoring tools, alongside additional inventive techniques such as scat detection by dogs.
The great potential of incorporating satellite and GIS technology for most threatened species
was also recognised. The consistent use of one or two techniques over a long time period was

highlighted as good monitoring practice.

Essential criteria to identify a species with good management and monitoring were identified
as including good collaboration and co-operation, a fast response and secure funding, as well
as documented demographic and ecological information. Elements of a ‘gold standard’ of
monitoring included a strong theoretical background, secure funding, clear goals, a robust,
powerful and consistent methodology and analysis techniques which are user friendly. The
monitoring design flow chart used these elements and was designed to guide through the
initiation, mobilisation and implementation stages of system development to the end goal of

the monitoring cycle.

The initial analysis following initiation and mobilisation stages of the system design revealed
an optimal and potentially powerful vegetation monitoring methodology. Ecologically, most
browsing occurred to trees less than 2 metres tall, which was in accordance with abundance,
as the majority of trees were of this height. The majority of damage caused by rhino, elephant
and giraffe was judged not to be severe. The optimal monitoring design was suggested as a
20x20m square plot, subdivided into 10x10m blocks. When different surveyors were
compared using the data collection technique and the monitoring design, there was some
variation between results, even though they recorded data in the same area, used the same
techniques, followed the same training and worked under the same conditions. This
highlighted the importance of using consistent surveyors for the best results. In comparing the
performance of the monitoring system itself on the 15 set monitoring points, to 10 comparison
plots and 8 control plots, the method was found to be ‘robust’ for broad scale data (e.g.
number and proportion of trees damaged), but there was more variability for fine scale data
(e.g. species-specific browse). The 15 monitoring plots were suitably representative of the
reserve but vanability in the pattern of browse should be expected. A single index, the damage
product score (DPS), which measures both the presence and severity of browse, is suggested.
The final field design was found to be powerful enough to detect an 8.4% change in the
number of damaged trees (including very minor damage), and a 5.6% change in DPS per year.

In conclusion, this study represents the first time in which varied conservation activities have
been brought together to identify common factors which underpin successful conservation
initiatives. Although taxonomically biased, it is clear that most successful projects have
common qualities: effective communication, adequate funding and timely and sustained
action. Overall the most effective and cost effective conservation action is the one which
achieves its defined goals. Effective monitoring was found to be a crucial tool for successful
conservation, and indeed without such monitoring, there can be no evidence for success or
failure. This study has highlighted how relatively simple methods of research can be used to
identify significant relationships, and set precedents for effective management and monitoring
of individual species and their habitats, It has indicated how an analytical method such as

RF A has potential in the work to save endangered species, complementing theories such as
the ‘hotspot’ theory. This study has also followed the identified elements of good monitoring
practice to design a detailed monitoring scheme for the black rhino and has made this
available to research staff in the field both in Kenya and elsewhere.
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CHAPTER ONE: INTRODUCTION

1.1 The Extinction Crisis

The biota of the Earth is currently undergoing a dramatic transformation and the world
is facing an unprecedented extinction crisis with recent rates far exceeding the rates of
extinction in the fossil record (Baillie et al 2004, Mooney and Cleland, 2001, Purvis et
al, 2000, Magin et al 1994). Spatial patterning, structure and functioning of most of
the worlds ecosystems have been changed: there is an increasing list of documented
extinctions, mainly due to direct and indirect human activities, creating a situation
where human-induced environmental change is the greatest threat to biodiversity
(Phillips and Shine, 2004, Mooney and Cleland, 2001, Magin et al 1994). There is
every indication that these trends will intensify with a growing human population,
even in areas set aside for protection because of global changes that are affecting the
atmosphere and the climate (Mooney and Cleland, 2001). What we do (or do not do)
within the next few decades will determine the long-term future of a vital feature of

the biosphere - its abundance and diversity of species (Myers et al, 2000).

1.2 Causes of Extinction

Extinction can be described as the death of the last individual of a species, or the end
of the evolutionary process, thus representing the permanent and irreversible loss of
one of life’s unique evolutionary and functional forms (Baillie et al 2004, Purvis et al,
2000c). Recent extinction rates are 100 to 1000 times their pre-human levels in well-
known, but taxonomically diverse groups from widely different environments (Pimm
et al, 1995). Species are lost from an ecosystem either through extrinsic causes, which
may be biotic or abiotic, or because of intrinsic or evolutionary changes, with some

taxa appearing to be more vulnerable than others (Purvis et al, 2000c).

Understanding the ecological mechanisms that underlie extinction is fundamental to
conservation (Owens and Bennett, 2000). It is acknowledged that extinction risk is
non random and that not all taxa are equally vulnerable to extinction, however

ecological theory offers sometimes conflicting predictions about the species



characteristics which correlate with their risk of extinction (Beissinger, 2000, Owens
and Bennett, 2000, Purvis et al 2000a). Purvis et al (2000b) analysed a number of
species vulnerability hypotheses, with the aim of assessing the relative importance of
biological factors in the risk of extinction, and additionally assessing the impact of
anthropomorphic pressure. The hypotheses tested were that species with small
populations, island endemics, higher trophic levels, slow life histories, complex social
structures, large home ranges, and species with characteristics such as being diurnal
and having a larger body size, were at a greater risk of extinction. The study indicated
that the most influential factors in promoting extinction were occupation of a small
geographical range, occurrence at low density, location at a high trophic level in the
food chain and possession of low reproductive rates (Purvis et al, 2000b). This study
also found that the current severe anthropogenic pressures can overwhelm a species
resistance to extinction processes (Purvis et al, 2000b). Collen et al (2006) analysed
extinction risk in Asian vertebrates and also found that small geographic range (‘area
of occupancy’ in their study) was associated with extinction risk in mammals, birds

and reptiles. Mammals with longer dispersal distances were also vulnerable.

The reasons why some taxa are more prone to extinction than others may be partly
due to different mechanisms acting on the different taxa (Owens and Bennett, 2000).
Their study focused on comparing the impact on birds of habitat loss, human
persecution and introduced predators, to their body size, generation time and degree of
habitat specialisation. The results both supported and challenged current extinction
theory (Beissinger, 2000). Owens and Bennett (2000) supported predictions that taxa
are prone to difterent extinction mechanisms and that different ecological factors are
associated with different extinction mechanisms. They also found it to be unusual for
a species to be threatened by both habitat loss and human persecution/introduced
predators, with 54% of species being threatened by either factor, and only 27%
threatened by both (Owens and Bennett, 2000). Therefore, the ecological mechanisms
underlying extinction may differ for lineages of birds threatened by habitat loss, from
those which are threatened by human persecution and introduced predators
(Beissinger, 2000). They also found that large body size is only associated with threat
in species for which the threatening process is persecution and introduced predators,

and not habitat loss (Owens and Bennett, 2000, Collen et al, 2006).



The work by Owens and Bennett (2000) indicates that there may be a complex
relationship between potential extinction mechanisms and actual risk.

This is also illustrated by the association between body size and extinction risk
(Cardillo et al, 2005, Cardillo and Bromham, 2001, Collen et al, 2006). It has been
unclear if species with small body size and short generations (‘*fast lifestyle’), or those
with a large body size and long generations (‘slow lifestyle’) are more or less likely to
become extinct (Beissinger, 2000). Cardillo et al (2005), state that many large animal
species have a high risk of extinction. Their study found both intrinsic and
environmental factors had greater impacts on species with a body mass greater than 3
kilograms. Also, whereas extinction risk for smaller species was driven by
environmental factors, environmental and intrinsic factors combined for larger
species, thus accentuating the disadvantage of a larger body size (Cardillo et al, 2005).
This is supported by an earlier study by Cardillo and Bromham (2001) which explored
the link between body size and extinction risk in Australian mammals. They suggested
that small bodied species were less threatened than large and medium sized species,
however, the positive relationship between body size and extinction risk described
was restricted to smaller species, with no relationship within larger species (Cardillo
and Bromham, 2001). It was suggested that the real pattern requiring explanation was
the relative resistance to extinction of the smallest species (Cardillo and Bromham,
2001). In their study, Collen et al (2006) found large body mass to be associated with
extinction risk in game species where persecution was probably the major threat: the
direction of the relationship was however reversed for non game species, with smaller
species at greater risk. In conclusion, Collen et al (2006) regard understanding the
process of extinction to be more important than using indices to measure extinction
risk, which have the potential to mask the very biological traits which may predispose
extant species to elevated extinction risk (Collen et al, 2006). Lockwood et al (2002)
suggest that when a group shares traits that are known to confer a high risk of
extinction, members of this group, even those species not currently listed as

endangered, should be considered to be more vulnerable than non members.

Whatever the underlying mechanisms, the vast majority of extinctions since 1500
have been within oceanic birds and mammals. Reasons for these two groups featuring
could be a combination of factors such as that they are easier to study, there may be a

bias of interest (Magin et al 1994, Baillie et al 2004), and they may actually need more

3



space than smaller species. It is possible that the isolated evolutionary history of island
species may make them more vulnerable to certain threats (Baillie et al 2004, Magin
et al 1994). The degree of specialism developed by island species and their loss of
adaptability could arguably make them more extinction prone, or it may just be the
nature of living on islands, where species have small populations and small ranges,
which makes them more vulnerable. It can be said now that the species most prone to
current extinction are rare and local (Pimm et al, 1995), but this does not apply only to
island species, extinctions on the mainland may be catching up. Indeed , calculations
now suggest that species extinction rates will increase rapidly due to an increase in
extinction on continents where there have been fewer recorded extinctions to date
(Pimm et al, 2006). If allowed to persist, this would constitute a problem with a far

more enduring impact than any other environmental issue (Myers et al, 2000).

1.3 The Human Impact on Species

As indicated above, multiple factors may interact to threaten species (Beissinger,

2000), but it is the influence of human activities on wild species that has grown at an
unprecedented rate. If human impacts continue to expand at their present rate, they

will threaten many species not currently at risk (Pimm et al, 2006).

People and threatened species are often concentrated in the same area, with the
number of threatened species being likely to increase where human population rates of
increase are high (Baillie et al 2004). The most commonly recorded threat to the
species that have been lost over the past 20 years is habitat destruction, with other
major impacts listed as habitat fragmentation invasive alien species, over utilisation,

disease, pollution and contaminants, incidental mortality and climate change (Baillie

et al 2004).

In total, habitat loss impacts upon 85 — 90% of threatened species within bird,
mammal and amphibian groups, with the majority occurring in tropical forests where
the most serious habitat loss is taking place (Baillie et al, 2004). Birds are primarily
threatened by habitat loss and degradation. When species distribution becomes insular
because of habitat loss, populations become more vulnerable to other threats
(McLaughlin et al, 2002). About one third of the worlds threatened bird species are at



risk from direct mortality because of human persecution, including harvesting,

poisoning, egg collecting and capture for trade, and by predation from introduced

predators particularly on islands (Beissinger, 2000).

In addition to habitat loss, climate change is considered to be among the most serious
current global environmental threats, and it could be considered as one of the most
significant factors in future species extinction, (Pimm et al, 2006, Stachowicz et al,
2002). McLaughlin et al, (2002), reported that extinctions of two populations of the
checkerspot butterfly (Euphydryas editha bayensis) were caused by a combination of
habitat loss and regional climate change. Dang et al (2007) analysed instrumental
records of earth surface temperatures and found pronounced warming trends over the
major biotic regions, starting from the beginning of the 20™ century. In their study,
global land cover classification data were used to divide the globe into seven regions
to study surface temperature changes over different vegetation/surface classes.
Statistically significant warming was found from the year 1900 over all regions
(except for the ice sheets over Greenland and Antarctica), and an anthropogenic
warming trend was detected in six out of seven regions (Dang et al, 2007). Climate

change could have drastic effects. It may alter species distribution, abundance,

phenology, morphology and genetic composition (Baillie et al, 2004).

Invasive alien species are another major threat in addition to habitat loss and climate
change. Whilst it may be possible to find a way of reversing some aspects of global
change through societies taking appropriate action, some changes are permanent
(Mooney and Cleland, 2001). This is true for biotic exchange, where the mixing of
formerly separated biota, and the extinctions these introductions may cause are
essentially irreversible (Mooney and Cleland, 2001). Some species introduced into
new geographical areas from their native ranges wreak ecological and economic
havoc in their new environment, with islands in particular being the recipients of the
largest proportional numbers of invaders (Strauss et al, 2006, Mooney and Cleland,
2001). Invasive species bring a variety of threats which can lead to extinction, from
direct predation and competition to hybridisation and displacement such as the grey
and red squirrel in the UK (Mooney and Cleland, 2001). A population which exhibits
adaptive response is more likely to persist when challenged by an invasive species,

such as recorded in Australian snakes which display morphological adaptations,



reducing their vulnerability to invading toxic cane toads which were introduced in
19335 (Phillips and Shine, 2004).

It 1s also important to recognise that threats can act synergistically, and therefore need
to be dealt with collectively (Baillie et al, 2004, Fahrig, 2001). Climate change and
exotic species are two major threats that may act together to impact upon species. A
study into ocean warming and non indigenous species invasions found that over long
time periods (e.g. decades), warming could facilitate the establishment and spread of
introduced species and that, coupled with enhanced global transport of species,
increasing ocean temperatures may provide an explanation for increasing rate of

Invasion by non-indigenous ocean species (Stachowicz et al, 2002).

1.4 Economics and Conservation

Conservationists are unable to assist all species under threat, if only for lack of
funding (Lindsey et al, 2005). All too often, conflicts of interest arise between human
economic activities and biodiversity conservation, and for private landowners,
endangered species could be perceived as a financial liability. (Rondinini and Boitani,
2007, Main et al, 1999). This could result in the incentive to work against
conservation, as maintaining high-quality habitats that are home to or attract

endangered species may create a loss of future economic options (Main et al, 1999).

Global priorities cannot be fully addressed by biological analysis alone: social and
economic factors that drive biodiversity loss must be taken into account and if the
extinction problem is due to human action, then modifying human behaviour must be
part of the solution (Moran et al, 1997, Shogren et al, 1999). For this reason,
economics do impact greatly on conservation, and a number of studies have assessed
the cost of species conservation in terms of efficiency, evaluation of schemes, costs of
tackling conflicts, the willingness to pay for conservation and why economics matter
(e.g. Lindsey et al, 2005, Main et al, 1999, Rondinini and Boitani, 2007, Shogren et al,
1999, Stanley, 2005). Shogren et al (1999) discuss the importance of economics. They
state that both human behaviour and economics help determine the degree of risk to a

species, that over other expenses it is the cost of species protection which impacts



decision making the most, and that incentives are critical in shaping human behaviour,

and consequently species recovery.

1.41 Cost efficiency

Cost efficiency is a global problem, affecting international, national and regional
efforts to conserve species. Biodiversity conservation can be expensive and ensuring
that money is well spent is important if conserving maximum biodiversity is an
objective (Moran et al, 1997). Cost efficiency in conservation can be gauged in terms
of units of environmental goods (e.g. recovery in population numbers or area of key

habitat) conserved per unit money spent (Lindsey et al, 2005).

In recognition of the importance of cost efficiency in conservation programmes,
Moran et al (1997) developed an index which measures cost (investment) and benefit
(biodiversity indicator, species, richness) to develop a ratio for cost benefit analysis.
This “cost-effectiveness’ index could then be applied globally, combining scientific
and socio-economic criteria, and used to rank countries. A high ratio indicates low
threat and a higher probability of success, and lower costs. As threat and costs
Increase, and success decreases, the ratio also falls. The authors suggest its use in
assessing the priorities for national investments, but also urge caution in
interpretation, as rankings are relative and may not absolutely distinguish the
performance of one country from another. The national scale may be appropriate for
decision making but there is an incomplete picture of biodiversity dynamics at local

and regional scales (Moran et al, 1997).

The cost efficiency of current and future conservation strategies in Southern Africa
was investigated by Lindsey et al (2007), with focus on the role of donor funding in
wild dog conservation. In a strategy aimed at reducing the risk of catastrophic
population decline, a metapopulation of African wild dogs (Lycaon pictus) was
established within South Africa, a process which was calculated as costing 75% of the
US$380,000 spent on wild dog conservation between 1997 and 2001 (Lindsey et al,
2005). Funding in wild dog conservation is described as ‘critical,” and for support to
continue its use must be shown to be effective. The metapopulation scheme was

effective in that it exceeded its aim of establishing nine packs, and wild dogs are now



successfully established and maintained within eight reserves. However, financially,
conserving wild dogs in large protected areas was found to be the most cost efficient
strategy, with the establishment of the metapopulation being less cost effective, and
the expansion of the programme even less so. Therefore, the authors suggested that
donor funding should be directed at reintroducing wild dogs into ‘transfrontier’ parks
when established, and at maintaining the existing metapopulations. It was
recommended that expansion of the metapopulation should be limited to state owned

reserves and private reserves willing to absorb the costs (Lindsey et al, 2007).

Biodiversity is a global resource, and ownership and therefore contribution to its
protection should potentially fall to each individual benefiting from its existence. So
are people willing to financially support protection of species? Stanley (2005)
assessed the willingness of people to pay towards the conservation of endangered
species in Orange County, California, USA. To do this, a questionnaire was
distributed to residents, which focused upon willingness to pay additional taxes to
support species recovery plans, and to assess a range of benefits which residents attach
to preserving species. Results indicated a substantial positive valuation of the public
good of habitat designations, with however a wide variation of bids of what they were
willing to pay. The public also indicated that compared to single species, they held
higher values for groups of species in an ecosystem, suggesting that habitat based
conservation programmes which invariably protect a range of species, may garner

more support (Stanley, 2005).
1.42 Alleviating conflicts

Species conservation can cause conflicts, particularly with people living in the vicinity
of conserved wild populations of animals that can be a threat to their livelihoods or
personal safety and restrict access to resources. Schemes to alleviate such issues have
been in place around the world and include attempts to control predation from
protected carnivores (e.g.Rondinini and Boitani, 2007), incentive and compensation
schemes (Main et al, 1999, Naughton-Treves et al, 2003) and the implementation of
community conservation or development programmes (e.g. Infield and Adams, 1999,

Noss, 1997, Lewis and Phiri, 1998, Infield and Namara, 2001).



1.42.1 Predator control

Conservation plans using anti predator measures to tackle conflicts raised by both
wolf (Canis lupus) and bear subspecies (Ursus arctos marsicanus) populations in
Italy, were examined by Rondinini and Boitani (2007). Both carnivores are capable of
preying on sheep, and conservation measures considered to prevent or reduce this
conflict were electric fences, and guard dogs. Rondinini and Boitani (2007) used
habitat suitability models to estimate wolf and bear distributions, and the potential
intensity of conflict and the cost of the anti - predator measures was also estimated.
Plans which aimed to conserve the two species within areas of low conflict, were
compared with the cost of implementing conflict control measures in areas of high
conflict. The study found that providing suitable habitat in low conflict areas was
much more economically viable. Importantly however, it was recognised that conflict
avoidance in this way is not always desirable, as it can drastically reduce conservation
options, and currently, most existing suitable habitat for wolves and bears was found

to be within high conflict areas. (Rondinini and Boitani, 2007)
1.42.2 Incentives and compensation

A scheme which incorporates incentives is introduced by Main et al (1999), who focus
on evaluating costs associated with conservation of habitat necessary for recovery of
the Florida panther in southwest Florida, USA. Both land acquisition schemes and
permanent conservation easements were discussed and resource conservation
agreements (RCA’s) were introduced as an alternative. Land acquisition and
conservation easements may be incompatible to many landowners, reluctant to sell
their property or accept compensation below the development potential of the land. In
recognising this, and the fact that native land use was intensifying, RCA’s were
introduced as a way of achieving habitat conservation objectives while addressing
private property owner concerns. An RCA was designed to compensate landowners
for sacrificing both agricultural and non agricultural development, and instead
maintaining and managing native habitats. Main et al (1999) describe the conflicting
views which emerged about how best to conserve panther habitat on private lands.
One view was for federal, state and local agencies to continue purchasing ‘priority

habitat’ on private lands. An opposing view argued for continued private ownership



with the implementation of resource conservation agreements (RCA’s), and their
financial incentives. RCA’s are a promising incentive-based mechanism to conserve
wildlife on private lands, turning wildlife into a commodity rather than an economic
liability (Main et al, 1999). However, to prove effective, they would need heavy
management, with economic decisions relying on market forces, and good monitoring
to prevent ‘perverse incentives,’ and to make sure required land management practices
were properly implemented (Main et al, 1999). When compared to land acquisition
and permanent compensation easements, this study found RCA’s to be 200-400% less
expensive. Therefore, for the assessed ¢.200,000 hectares of privately owned land 1n
Southwest Florida, an RCA scheme may prove cost effective for conserving wildlife

on private lands (Main et al, 1999).

In another North American example, Naughton-Treves et al (2003) explored tolerance
of rural people to wolf depredation, preferences regarding wolf management, and the
impact of a compensation scheme. In Wisconsin USA, predation of livestock, pets and
dogs trained for hunting had been increasing. Results of a survey indicated that people
who had lost a domestic animal to any predator were less tolerant of wolves than their
rural neighbours who had not (Naughton-Treves et al, 2003). Bear hunters were also
found to be greatly concerned by the depredation of hunting dogs, and approved of
lethal control. The survey found compensation payments apparently did not improve
individual tolerance toward wolves or attitudes to lethal control. Wildlife managers
had hoped such payments would improve tolerance and dissuade people from killing
in retaliation. Although the compensation payments did not seem to ameliorate
individuals grievances against wolves, the authors state it would be a mistake to cut
the programme, particularly as ceasing payments could cause retaliation and increased
hostility (Naughton-Treves et al, 2003). Interestingly the proportion of landowners
using their land for recreational activities was increasing and the livestock producing
and bear hunting population was decreasing. It was thought that this may produce
higher tolerance, yet ironically, the increased development may further degrade and

reduce wild habitat available for the wolves (Naughton-Treves et al, 2003).

Incentive and compensation schemes have also been used in developing nations with
varying success. In Botswana, the Department of Wildlife and National Parks is

responsible for running a scheme which compensates for livestock depredation by
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wild animals (Selebatso et al, 2008). However, cheetah are excluded from the
scheme, and the additional ban in 2000, of killing of problem cheetah may have
contributed to low tolerance from farmers (Selebatso et al, 2008). Selebatso et al
(2008) found farmers to be generally supportive of cheetah conservation, although
some felt cheetahs should be confined to protected areas. It is suggested that paying
compensation for cheetah livestock kills could help the government understand the
extent of the conflict, as currently farmers consider there to be no point in reporting
livestock losses to cheetah when there is no compensation available (Selebatso et al,
2008). Expanding the compensation scheme could alleviate conflicts and increase

understanding however, the costs and benefits of such an expansion would need to be

considered (Selebatso et al, 2008).

Crop raiding by elephants is widespread in both Africa and Asia and is a major
conservation challenge with its impacts acting to erode local tolerance and impede
conservation efforts (Graham and Ochieng, 2008, Jackson et al, 2008, Sitati et al,
2005, Sitati and Walpole, 2006). In Africa, human-elephant conflict compensation
schemes are rarely used, due to the failure or unmanageability of the programmes, and
the logistical problems of relying on officials to deal with problem elephants (Sitati et
al, 2005, Sitati and Walpole, 2006). This means that farmers must rely on themselves
to try to prevent crop raiding (Sitati et al, 2005, Sitati and Walpole, 2006). Instead of
compensation schemes, studies have focused upon finding effective ways for people
to combat the problem of crop raiding elephants before it causes the damage, by not
only identifying more susceptible areas, but also by testing various techniques.
Particularly important prevention factors were early detection of elephants prior to
their entry into a farm, increased guarding effort and the use of deterrents such as fire
(Sitati et al, 2005). Other methods used with varying success include passive barriers
(e.g.ditches, fences, walls, hedges) and active deterrents (e.g. shouting, banging tins
and drums, throwing stones, and burning chillies (Capsicum spp.) with active
guarding and deterrents being better than passive barriers alone (Sitati and Walpole,
2006). Problems with cost, labourer availability and lack of co-operation between

farms and communities may limit the effective use of such deterrents (Sitatt and

Walpole, 2006)
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Jackson et al (2008) suggest an alternative to compensation schemes, with the
incorporation into conservation plans of a ‘performance payment approach’. This
would be designed as a direct payment rewarding farmers for living with elephants
rather than compensating individuals for losses (Jackson et al, 2008). This in turn
would prevent the lack of incentive to adopt new or revise current practices to reduce
crop raiding, due to a compensation scheme being in place (Jackson et al, 2008). Such
a scheme could be more successful and easier to manage in conserving many species
whose protection conflicts with humans. By supporting communities in this way,
people are not only empowered, but such a conservation programme which
contributes to alleviating the problem before it occurs may well be more effective than

compensation without prevention.

1.42.3 Community conservation

Throughout the tropics, conservation organisations have sought to integrate economic
development with conservation projects, in particular, with wildlife managers
attempting to include local communities in protected area management through
conservation development projects, and community conservation initiatives (Infield
and Adams, 1999, Noss, 1997). Both of these schemes assume that nature
conservation is impossible without the support and participation of local people, and
the expectation is that communities will become vital allies in the wildlife
management effort (Lewis and Phiri, 1998, Noss, 1997). In reality, such schemes have

achieved varying success.

Infield and Adams (1999) discuss a ‘park outreach’ programme in a forest reserve
established to protect gorillas in Uganda. Here, the strategy of using conventional
protected areas is problematic due to high illegal use of the forest for meat, timber and
agriculture, caused by a genuine need for land and food as residents live below the
poverty line. Such poverty acts to exacerbate local perception that the land was
unfairly seized by the government following evictions. Community support or
tolerance for the protected area has however been achieved through a community
conservation programme, which is reliant upon internal donors, international tourism
(predominantly gorilla treks), and continued local support. This programme has

moved from education, to revenue sharing, to consumptive resource use in under 10
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years, and has bought time, some goodwill, and initiated institutional development to
address both local economic needs and conservation goals (Infield and Adams, 1999).
However, despite initial success, both the park and the community conservation

programme are regarded as fragile (Infield and Adams, 1999).

Community attitudes to a similar programme were explored by Infield and Namara
(2001), around Lake Mburo National Park, Uganda. The area was made a national
park in 1983, and a community conservation unit set up in 1992. At this point,
relations between the people and park staff were so hostile that a project was put in
place to develop interaction. Since then the community conservation programme has
been involved in education for local schools and adult groups, funded community
development projects, supported institutions, initiated resource access and reduced
conflicts with wildlife with fences, training farmers and providing seeds and
seedlings. In economic terms, the costs levied by the park showed a negative balance,
however the survey showed that communities benefiting from the programme were
significantly more positive towards the park and wildlife than communities that did
not (Infield and Namara, 2001). However, seven years after the start of the
programme, the study found that communities were not more positive towards
conservation, they were more critical of management, demanded more support and
resources than they had received and high levels of poaching and illegal grazing
continued (Infield and Namara, 2001). Overall the achievements of community

outreach were found to be fragile and easily undone (Infield and Namara, 2001).

A basic determinant of the success of a community conservation scheme may be if
individual households are adopting land-use practice in response (Lewis and Phiri,
1998). In their study, Lewis and Phiri (1998) studied the use of wire snares for
catching wildlife, and analysed their use as a potential indicator to evaluate
community support and understanding for a community conservation programme. The
use of snares was found to be so high that they could actually undermine the
programme meant to return revenues to the people. Results suggested that residents
have adopted snaring as a solution to economic hardship and food shortages, and
without increased food and improved finances, residents were unlikely to stop. The
problem may even be exacerbated by high visibility donor money - far in excess of

money available within the programme which may act to undermine the perceived
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value of wildlife. Lewis and Phiri (1998) state that primary objectives of supporting
local residents need to remain the focus of community conservation projects, and
support needs to be legally protected, if such projects are to provide a realistic

approach for rural development and conservation in Africa.

Noss (1997) discusses challenges to nature conservation including community
conservation programmes, based on field research in the Central African Republic. A
number of factors were identified which caused a community structure breakdown, or
caused successful programmes to undermine their own objectives. Community
conservation or development programmes may cause immigration of people into the
area, and the people in the area may be of varied ethnicity, causing potential problems
with loyalty across ethnic lines. Programmes may also have to deal with resource
tenure problems, causing such issues as open access to resources to outsiders.
Economic diversification can also be a factor, where people seize opportunities when
they exist as they will not last. Finally, a lack of conservation ethic among local
residents can be a major issue, where there is no concern if exploitation is sustainable
as they will switch to other resources which may become valuable at a later date. Noss

(1997) states that to address such challenges fundamental socio-economic change will

be required.

The economic factor in conservation is indeed a critical one, with most if not all
endangered species and habitats reliant upon funding or an economic reason for them
not to be lost. Conservation programmes have to be cost efficient to be viable, and it
may be that schemes focused on mixed species or and/ or habitats are most effective
and financially robust. As human populations increase, particularly in developing
regions, pressure for resources rises and conflicts undoubtedly occur. Community
conservation programmes seem to be fragile, with positive work easily undone, and a
sense that local people will always want more, a problem exacerbated by potential
immigration into communities with such schemes in place. Schemes which
compensate people for losses due to wildlife have also been problematic, and seem
largely to be failing. Rather than re-enforcing that the presence of wildlife is not good
by paying compensation, schemes which make reward payments could be more
positive. By rewarding people for supporting wildlife, with incentive payments for

leaving land available, or rewarding people for living with wildlife and 1ts impacts,
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not only are payments guaranteed and are potentially easier to manage, but people

may more readily accept their wildlife as a commodity rather than a liability.

1.5 Conservation strategies

Awareness of the benefits of conserving biological diversity is growing rapidly in
many countries, but it remains to be seen whether conservation efforts will increase
fast enough, in relation to the rate of destruction, to preserve much of the natural
diversity that existed in the last century (Lande, 1988). As well as an ethical
dimension to conservation, there may be practical reasons, as areas may hold species
of potential medical, agricultural, recreational and industrial value, with a failure to
protect them having disastrous consequences (Lande, 1988). Our responses to the
impending extinction crises can be categorised under three headings: conserving

hotspots, habitat conservation and species conservation.

1.51 Conserving hot spots

Few topics in conservation biology have received as much attention as hotspots of
species diversity (Ceballos and Ehrlich, 2006). Myers et al (2000) focused on
mammals, birds, reptiles and amphibians, and identified 25 terrestrial hotspots
designated for priority conservation based on species endemism and degree of threat.
These 25 hotspots were located in a range of habitat types, predominantly tropical
forests, nine hotspots were island areas and 16 were located in the tropics, largely in
developing countries where threats are greatest and conservation resources scarcest. In
total, the 25 hotspots had lost 88% of their primary vegetation, and the hottest hot
spots were identified as Madagascar, the Philippines and Sundaland (Myers et al,
2000). It is suggested that through protecting these hotspot areas, more could be
achieved towards stemming the current mass extinction, than through any other
measure (Myers, 2003, Myers et al, 2000).

In their study of over 4000 non marine mammal species, Ceballos and Ehrlich (2006)
assessed and uncovered general patterns in global species distribution. They found
that threatened species were concentrated in regions with high species richness but

also high human activity. Higher concentrations of threatened species were found to
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occur in tropical regions of the Western hemisphere, Africa and Asia. Mammalian
hotspots of species richness were found in Central America and Northern South
America and in equatorial Africa, especially in the East. Most biodiversity was found

to lie within developing countries (Ceballos and Ehrlich, 2006).

Although hotspots may indicate areas of high diversity and where species are likely to
be threatened there are dangers inherent in the approach. One issue is that species
ranges may change as a result of climate change, and a second is that conservation
biologists and managers must also carefully consider conservation priorities outside
the physical scope of species diversity hotspots (Ceballos and Ehrlich, 2006): many of
the species outside of tropical moist forest and Mediterranean shrub lands would fall
into this category (Ginsberg, 1999). Myers (2003) does state however, that in using
the hotspot approach and conserving the 1.4% of the Earth where the most endangered
species occur, this allows for the setting of conservation priorities, but importantly

does not mean other areas are of no importance.

Cardillo et al (2006) recognise that global conservation prioritisation can emphasise
areas with the highest species richness or areas with many species at risk of extinction,
but that these strategies may overlook areas with species which have certain traits
which make them more vulnerable to potential human impact, even if that impact is
currently low. An extension to the hotspot approach is suggested, which can
incorporate patterns of latent extinction risk into conservation planning, thus
anticipating and predicting species declines before they begin. Latent risk can be
thought of as a measure of the potential for a species to decline rapidly toward
extinction, and is calculated by subtracting the current extinction risk of a species
from the extinction risk predicted by its biology (Cardillo et al, 2006). A strong
negative latent risk indicates species where extinction risk is in excess of that expected
from their biology, and high positive latent risk values indicate species for which their
biology makes them sensitive to human impact (Cardillo et al, 2006). Their study
indicated the presence of ‘latent risk’ hotspots for mammals. These incorporate not
only high biodiversity areas, but also currently under - prioritised areas, where
biodiversity may be low at present but where the potential for future loss is severe.
They state that latent risk hotspots tend to be in less heavily disturbed regions with

comparatively high wilderness value, and it is suggested that by incorporating latent
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risk patterns into global conservation planning, it may prove one of the most cost-

effective means of protecting biodiversity in the long term (Cardillo et al, 2006)

1.52 Habitat conservation

Conservation has traditionally been associated with protection strategies such as the
creation of reserves, protected areas or parks (Turner et al, 2006, Brooks et al, 2004,
Burns et al, 2003). Protected areas are a major tool for habitat protection, however
they alone may not be enough for some species with specific threats: defending
individual habitat patches, particularly nature reserves, albeit essential, may only slow
the rate of species loss and not prevent it. (Baillie et al, 2004, Spellerberg, 1996).
Also, the opportunity for setting aside new reserves is now limited given human
population growth and migration into pristine areas (Caro et al, 2004). This pressure
can also cause existing reserves to be regarded as islands, with their areas being far
smaller than the geographical ranges originally occupied by the species they were
designed to protect (Vesarhelyi and Martin 1994). These islands can then act to
separate groups of the same species, affecting intrinsic survival factors such as
population size, spatial distribution, patches of suitable habitat, and dispersal rates
between them (Lande, 1988). There are also many species not yet covered by a

protected area (Baillie et al, 2004).

A recently highlighted problem of using protected areas to conserve species is that
some species are also already beginning to respond to climate warming trends with
recorded shifts in range distribution and phenology (Burns et al, 2003), thus affecting
the effectiveness of designated protected areas. Burns et al (2003) studied the effects
of rising CO; levels on North American national parks and suggested that the parks
were not expected to protect current mammalian species within park boundaries due to
predicted losses in species diversity (due to climate mediated shifts). There were also
predicted influxes due to vegetation changes. These resulted in a shift in mammalian
species composition and fundamental changes in community structure (Burns et al,
2003). Such impacts on vegetation due to climate change were also explored by
Thuiller et al (2005). They predicted the potential consequences of climate change on
1350 plant species in Europe. For the purpose of their study, they assumed there

would be no vegetation species migration out of their current range. Their study

17



predicted more than half the species considered would become vulnerable or
committed to extinction by 2080 (Thuiller et al, 2005). Such evidence suggests that
relying on existing protected areas to conserve future biodiversity is inadequate. For
conservation to succeed, the extent of habitat loss in currently unprotected areas must
be greatly reduced. Examination of the best way to extend parks into networks or the
implication of species range changes and the need to move protected boundaries is

required for protection to remain the best approach for future conservation.

The protection and restoration of natural habitats is still considered the best and
cheapest method of preserving the biological diversity and stability of the global
ecosystem, and therefore this should be the first priority for conservation (Fahrig,
2001, Lande, 1988). Bruner et al (2001) examined a number of factors impacting on
existing designated parks in tropical environments. The claim that the majority of
parks were ‘paper parks’ (parks in name only), was found to be unsubstantiated, and
the designated parks were found to be effective in preventing land clearing, but were
in need of support to protect against other threats, such as hunting. Their findings

suggested that parks should remain a central component of conservation strategies

(Bruner et al, 2001).

1.53 Species Conservation

Retaining viable populations in their native habitats is an essential conservation
response for ensuring long term persistence of a species (Baillie et al, 2004). As
discussed earlier, environmental managers are faced with significant challenges in
protecting species, such as limited funds, human population growth, a plethora of
specific threats and all in the face of changing climate (Burns et al, 2003, Myers,
2003). The priorities for the allocation of resources to species conservation, such as

time and money, are often based primarily on an assessment of threat (Master, 1991).

The Red Data Book is a concept which was pioneered by Sir Peter Scott during the
1960s, and with contributions from zoos, aquaria, other animal collections and the
media, it is largely responsible for the growth in public awareness of the problem of
depletion and possible species extinction (Magin et al 1994). Today, the IUCN red

list of threatened species attempts to be a comprehensive and scientifically rigorous
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resource. It is based on information provided by scientists, naturalists and
conservationists, much of it collated by IUCN/SSC specialist groups, detailing the
global conservation status of plants and animals (Rodrigues et al, 2006, Magin et al
1994). The Red List is data driven, receiving primary data and inputs from global
networks of experts and using objective criteria for estimating extinction risk and to
allocate each species to a specific threat category (Rodrigues 2006). There are nine
categories, extinct, extinct in the wild, critically endangered, endangered, vulnerable,
near threatened, least concern, data deficient and not evaluated (IUCN, 2004, Baillie
et al 2004). Repeated red lists can provide valuable warning and monitoring of
emerging conservation issues (Rodrigues 2006), and it is this assessment of threat

from which much spectes conservation action is based.

Unfortunately, financial support from government and private sources is quite limited
and usually materialises only for species with substantial public appeal (Snyder et al
1996). These species, however may have a much wider influence — their existence
may directly support others (keystone), arouse public sympathy and can be used to
raise awareness and funds through conservation campaigns (flagship), and which if
given sufficient habitat area will bring many other species under protection (umbrella)
(Caro, 2003, Caro and O’Doherty, 1999, Simberloff, 1998). Flagship species have
been used to raise funds and public awareness globally, for example the giant panda
used as the World Wildlife Fund (WWF) logo, and locally with the use of birds or
mammals as emblems (Caro et al 2004, Caro and O’Doherty, 1999). A crucial role of
a flagship species is to provide the local public with direct experience to which they
can relate the need for conservation of habitat (Dietz et al 1994). Large, charismatic
taxa such as cats, elephants, and primates are important in drawing visitors into zoos
(Balmford et al 1996). The umbrella species concept, however, originated as a
practical solution to protect species in the wild. (Caro, 2003). Berger (1997) describes
how the umbrella approach may be important where human power, funding and

expertise are limited.

In Berger’s study (1997) in the use of Namibian black rhinos as an umbrella species, a

critical attribute for such a species to possess was identified as a high probability of

persistence - an attribute that was actually lacking. However, it was stated that desert

rhinos possess huge home ranges, and the area required to sustain a viable population
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would contain sufficiently large populations of other species. Therefore although long

term viability was questioned, this does not mean these rhinos couldn’t be considered

as meaningful umbrella species (Berger, 1997).

These ‘surrogate’ or ‘focal’ species concepts have been advocated for the
management and conservation of natural environments (Zacharias and Roff, 2001,
Caro and O’Doherty, 1999), however, the effectiveness of the strategy has been
questioned (Caro et al, 2004, Roberge and Angelstam, 2004, Caro, 2003, Caro and
O’Doherty, 1999, Simberloff, 1998, Andelman and Fagan, 2000, Berger, 1997,
Lambeck, 1997). Simberloff (1998) discusses the applicability of using species as
indicators and flagships. Vertebrate species are often chosen as indicators due to their
charisma, with managers feeling obliged to monitor them in the hope that such
flagships will reflect the health of the entire system. Simberloff (1998) also states that
in order to determine the relative merits and number of potential umbrella species
required, an analysis of costs and the likelihood of survival of each species within the
umbrella would be needed, but difficult to do. Other problems with this type of
management are described as the potential impact of total loss of the focus population,
conflicts between management of the focus species versus the management of another
species, and the overall costly and inefficient process of single species management
(Simberloft, 1998). Andelman and Fagan (2000) go so far as to urge caution against
using umbrella or flagship surrogates in planning reserve systems. Roberge and
Angelstam (2004) evaluated studies into the umbrella species concept. They stated
that conclusions so far have been based on hypothetical reserves, with no study
providing a direct evaluation of the basic assumption of the concept, to show that the
conservation measures directed at the umbrella species actually protect many other
species. This is supported by Caro and O’Doherty (1999) who state that there is no
strong empirically based argument that can be made to support the efficacy of an

umbrella species in protecting others.

A suggested solution is holistic, ecosystem management, but then, individual species
within that ecosystem may then have little perceived importance, with their absence
not substantially affecting the whole ecosystem function (Simberloff, 1998).
Simberloff (1998) suggests the concept of keystone species as being more effective

than the alternatives, where certain species have impacts on many others, far beyond
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what may be expected from their biomass or abundance. A keystone approach would
focus on understanding mechanisms within an ecosystem, may combine some
attractive features of single species management, and supporting such a species may
support the species it interacts with. It could be found that keystone species
management is not efficient, but in researching the possibility, there would be an
increase in knowledge about the functioning of the target ecosystem (Simberloff,
1998). This would aid management with an increased understanding of the species
and their ecosystems (Simberloff, 1998). It has also been suggested that migratory
species may make good umbrella species, and if an umbrella also functions as a
keystone, then the integrity of its population partially guarantees the integrity of other
species (Caro and O’Doherty, 1999)

The single species management approach, and the investigation of landscape pattern
and process are apparently divergent processes, but they cannot be considered alone
(Lambeck, 1997). Lambeck (1997) suggests that the attractiveness of the umbrella
approach is obvious, with managers able to focus on the needs of one or a few species
in order to manage whole communities or ecosystems. The described approach is
consistent with the umbrella concept, but instead focuses on a suite of species, each
used to define landscape characteristics which must be present within that landscape.
The selection of focal species takes place after a decision making process to identify
vulnerable species which can be split in to four categories: area limited, resource
limited, dispersal limited or process limited. The outcome would be a list of species
which could be used to define different attributes which must be present for a

landscape to support its constituent flora and fauna (Lambeck, 1997).

The usefulness of these concepts or titles is to assign a species a role in a conservation
programme. It must remain clear that these concepts are one conservation tool among
many and should be used synergistically with other management techniques. If a pilot
study does reveal the ‘surrogate’ to be useful as a tool for monitoring, delineating an
area or for raising awareness and funds, the main conservation project should proceed
(Caro and O’Doherty, 1999). It cannot be denied that the use of flagship species has
been successful to a large extent when the aim is to raise public awareness, sympathy

and finance for specific conservation programmes, particularly when those
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programmes also involve other species management techniques, such as captive

breeding.

1.6 Species Management

Once a species has been identified as requiring conservation action, they have to be
monitored and sometimes actively managed. Such active management may involve
the establishment and maintenance of an ex situ or in situ captive population and the
implementation of a captive breeding programme with the aim of increasing global
population numbers. This may then be followed by the possibility of a re-introduction

programme involving members of that particular species.

1.61 The Role of Zoos

Zoos and animal collections have increased public awareness of the plight of many
species around the world. The first public zoos were created 200 years ago, and since
then have evolved from menageries to professionally managed zoological parks and
conservation centres (IUDZG/CBSG, 1993). They are established in all parts of the
world and receive at least 600 million visitors globally each year, making them prime
venues for people to connect with nature and to promote an increase in public and
political awareness of the necessity for<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>