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CHAPTER 20

DEVELOPING A FRAMEWORK FOR ASSESSING THE
SUSTAINABILITY OF BUSHMEAT HUNTING

E.J. Milner-Gulland

The hunting of animals in tropical forests for fo@dushmeat hunting”) has emerged
as a major conservation issue over the last fewsyeaith concerns about the
“bushmeat crisis” focusing on the forests of Westftal Africal Eating wildlife is
not new, and reasons for our current preoccupatiith this issue are compléx.
However it is undeniable that bushmeat speciedbaieg severely overexploited in
many areas, and that vulnerable species are theshteith extinctior’:” In other
places, however, the situation seems relativelylstavith vulnerable species already
extirpated, and the remaining resilient speciesaepply supplying markets on a
relatively sustainable basisin order to prioritise conservation action effeety, we
need to assess the relative sustainability of beslrunting in different areas. We
can also use sustainability assessments as theddtom for examining options for
intervention to conserve species endangered byexmoitation.

Bushmeat is a high-profile example of the issuesntaconservation more
widely. It involves balancing the imperatives of praving the livelihoods of
desperately poor people and conservation of endedgmpecie§. It also highlights
the issues of controlling profitable commerciabaand of battling against weak or
non-existent governande. Because bushmeat hunting is relatively non-sekect
vulnerable species are killed along with resiliemtes, and species-specific
conservation actions are less straightforward tplement. Finally, the widespread
and diffuse nature of the problem makes monitorang intervention difficult to
target. The closest analogue to bushmeat is aalis@ef-based fishing, but the
separation of the resource from human habitatiba, isibility of users and the
limitation in landing sites makes fishing easiemntonitor and control than bushmeat
hunting. Hence bushmeat is a useful, if extremajehfor examining approaches to
assessing sustainability, and more importantly, lementing effective and
scientifically sound management. If conservatiotioac for bushmeat species is
successful, a significant step forward will havesbéaken for the conservation of
natural resources more generally.

In this chapter, | will discuss the kinds of daltet are required for a full
assessment of the sustainability of bushmeat hgirdind compare these requirements
to the data that are usually available. | will tregfdress some of the issues that arise
out of the weaknesses in the available data, arictplarly the difficulty of inferring
lack of sustainability from market data alone. Enare already some methods in use
for assessing the sustainability of bushmeat hgnt8imple indices of the ratio of
extraction to production are the most widespreati@se. | will examine the potential



of these indices to provide a robust estimate stasmability under realistic field
conditions, and identify the key components thatra@eded in a valid sustainability
index. New frameworks for assessing sustainabiigjude Bayesian networks and
simulation modelling. Finally | consider the prosfse for conserving bushmeat
species and identify priority situations for corvggion intervention.

DATA REQUIREMENTS

Like most bio-economic systems, bushmeat huntirapisplex, multi-scale, dynamic
and heterogeneous (Fig. 1). At the smallest sealgainability ultimately depends on
the behaviour of individual hunters and their préiis in turn is affected by the
hunter's household economy, determining his investmin different activites.
Whether someone chooses to hunt or farm dependbeorelative profitability of
each activity, which is influenced by consumer dedhéor the goods produced and
costs of inputs. A consumer’s choice between fadgfisdepends on the interaction
between preferences, affordability and availahilithe incentives felt by individual
consumers and producers are products of the wmEroeny within which they are
embedded.

[Fig. 1 near here]

On the biological side, prey availability is detémed by the distribution and
abundance of individuals (which may be influencad avoidance of disturbance
caused by hunting). A key determinant of prey dhstion is habitat distribution,
which is determined both locally by the huntingffémg tradeoff (more farming often
means more habitat conversion) and regionally byegunent decisions on land
clearance and logging rights. Finally, the behavmiuindividuals and institutions is
influenced by the regulatory regime and the effertess with which it is
implemented and enforced on the local and regiscales.

Theindividual hunter

The idea of hunters as optimal foragers, maximismge fithess proxy such as profit
per hunt, was explored by AlvafdHunters in his study villages in Amazonia did not
act as “ecologically noble savages”, conservingueses, but as rational utility-
maximisers. This chimes with the predictions of bdtehavioural ecology and
economics. The interactions between individual hunters andirttprey can be
complex, and vary with the gear type used. Rovekdf al.’® extended standard
foraging theory to consider the difference betwseare hunting, when the gear is
assumed static and the animals mobile, and guningynwhen the gear is assumed
mobile and the prey static. The encounter rateref @mnd the approach distance
needed to trigger the gear vary substantially betvwbese two extremes.

A number of empirical studies have followed hustend obtained useful data
on their behaviour and movement pattéfblowever there has been virtually no
work done on the rules of thumb which hunters osgetermine when to change their
hunting behaviour. For example, how low must caddbe, and for how long, before



they decide to act, and what steps do they takectease catches: add more snhares,
move snares locally, or leave the area complefBh&e decision rules are critical to
prediction of the level of depletion reached in tedhareas, but are not well
understood.

The individual hunter is embedded in a householth warious productive
activities. Barrett & Arcesg used an economic model to suggest that agricliltura
productivity is a critical determinant of poachimgtes in the Serengeti, while
Damaniaet al."* looked at the decision to invest in bushmeat ImgntDamaniaet
al.’s model showed that improved agricultural produigt does not necessarily
reduce hunting rates, because the consequent iempent in income leads to greater
demand for meat by the household and also giveteraithe ability to replace less
efficient, cheaper technology, such as snares, giths. Given that guns target
vulnerable species such as primates as well as ntbee resilient species,
improvements in agricultural incomes can exacerbatservation problems.

In order to model the offtake of meat by indivilbanters, a range of data on
the livelihoods available to actual and potentiahtmg households is required, as
well as specific information about behaviour wiolet hunting. Needless to say, very
little of this kind of information is collected, dnvirtually never as part of an
integrated project that also collects informatiom prey densities and consumer
behaviour.

The market

Once an animal is caught by the hunter, therdasg@way to go before it reaches the
market, where most data are collected. Along thg walividual animals drop out of
the commodity chain (Fig. 2). The animals reachting end-market are a highly
biassed selection of those killed, chiefly becdasevalue individuals killed by non-
professional hunters are generally eaten or barterehe local villages, and only
higher-valued animals are worth transporting to kagr If law enforcement is
effective, protected species are also likely n@gpear in the end market.

[Fig. 2, near here]

The main determinant of whether it is worth sellmghmeat in the market is
the price it fetches compared to the costs of Saiansport costs are often a large
proportion of total hunter costSand these depend on factors in the wider economy
such as the price of petrol. Bushmeat prices aterméed by consumer demand.
Often bushmeat is sold in open markets, where ttoispeting with many other
foodstuffs; hence the price and availability ofertineats is an important determinant
of bushmeat demand. Brashaetsl. > have shown that poaching rates in Ghanaian
National Parks increase in years with poor fishinglds, and that the effect is
stronger the nearer the Park is to the coast. @oaisghoice is a complex process,
and the few published studies of bushmeat consompguggest that consumer
preferences, consumption and availability are abbrgly inter-related. Often the
person’s nationality or tribal origin and wealttas$ also play a rof8. Eastet al.*”’
show that urban consumers in Equatorial Guinea laas&gong preference for fresh
fish and bushmeat, but that they mostly consumehnegs preferred frozen fish and



livestock (Fig. 3). This is because frozen prodiscenuch cheaper; preferences are
followed more closely by wealthier consumers. Thgs particularly significant
because Equatorial Guinea is currently experienamgil boom that is increasing
both the urban population and the average inconaétie such as Bata,; this is likely
to enable people to satisfy their preferences nrealy. Hence it seems likely that
demand for bushmeat in Bata will rise in the nadurke, increasing pressure on
wildlife populations.

[Fig. 3, near here]

The effects of income, substitute goods and pricel@mand are captured in
elasticities. Elasticities measure the percentagevbich the quantity of a good
demanded changes with a 1% change in the explantoigble. As yet there is only
one published study of elasticities of demand fashmeat, by Wilkie & Godoy’
and this is for Amerindian households in South Ag®erather than for an African
site. The lack of understanding of the effects rafome and prices on consumer
demand is a major impediment to policy-making, lbeeathe commercial bushmeat
trade is founded on consumer demand. Many poligieposed for controlling the
commercial bushmeat trade rely on altering pricéaames, and the effects of these
changes on demand and offtake rates are not neibessaious™

Biological data

Good data on the abundance of forest mammals ayedificult to obtain, often
relying on indirect methods such as dung countsglwhre notoriously unreliabf€.
However, much effort has been put into obtainirtgrestes of population densities of
hunted species, often comparing protected and iegl@aread’ There is usually
signficant variation between sites, partly expldifg differences in factors such as
vegetation and soil type, but also linked to humtiAs populations get lower and
hence less observable due to hunting, either mitwet enust be put into surveys or
the variation around estimates of population sidkbe higher. For example, Pefés
estimated the biomass of large-bodied species afodst sites in Amazonia as
663+50 kg/km in unhunted areas, and 232+85 kgfkmheavily hunted sites.

The biology of many hunted forest species is yeoprly known; without
long-term studies, data on reproductive rates aodatity schedules can be difficult
to obtain. Hence the assumptions used in sustéitysdmalyses for many commonly
traded species are based on allometric relatioasbgiween measurable variables
such as mean body mass and the variables of ihtemesh as intrinsic rate of
increase, group size or carrying capatity.These relationships are adequate for
crude estimation in the absence of other data,ofieh have substantial variation
around them. This also contributes to the uncestaarrounding any estimates of the
productivity of exploited populations.



Bio-economic interactions

The interactions between biological and economargsses occur at all scales. At
the small scale, changes in habitat type from faie$arm-bush as villagers expand
agriculture (and back as agriculture declines) I¢adchanges in local species
composition. At the larger scale, bushmeat hundgind logging are often linked and
devastating in their synergistic effects on wikllifnd habitats8’> One key side-effect
of logging is improvements in roads and infrastuwet which can promote
overexploitation by opening up access to marKetdthough there are also examples
where access to markets reduces hunting by alloweaple to purchase domestic
meat and encouraging them to concentrate on farfiing

In Sulawesi, road improvements in the early 19@@stdb a dramatic increase
in wild pig hunting as traders could drive furtheto the forest and still return to
market with saleable produ€&. This led to increased travel times for a caseystu
dealer as nearby forests were depleted of pigs4)igowever, habitat conversion
was also occurring along the road, reducing theusrnof primary forest available to
the endemic babirusa wild pi@dbyrousa babyrussa, Fig. 5). The babirusa is one of
two species of endemic wild pigs traded togetheNarth Sulawesi; the other, the
Sulawesi Wild Pig$us celebensis) is able to persist in secondary forest, and h&nce
probably less affected by habitat loss. The Sulawddd Pig is also more
substantially more resilient to hunting than thbihaa, such that the combination of
hunting and habitat loss impacts far more seveelgne species than the other. This
example illustrates the complexity of bioeconommt¢eractions affecting hunting
sustainability.

[Figs. 4 & 5, near here]

Although there is a general realisation that thare wider influences on
hunting sustainability and that they have syneigisffects, these dynamic
interactions are difficult to take into accountsmstainability assessments, and so are
often ignored.

THE EFFECT OF DATA DEFICIENCIES

Because population estimates are so uncertainjiéaen with unquantifiable biases,
it is extremely difficult to estimate the sustaiteakevel of production from a given
area. The detailed surveys that would allow usuangjfy sustainable offtakes to an
adequate degree of accuracy are few and far betiwetapical forests worldwide.
Examples such as Pefdsn which multiple sites are examined, such thateffects
of hunting can be separated from other factorsyvarg rare. Abundance data alone
cannot be used for sustainability assessments &ecabundance is only one
component of productivity; data on species life¢dngs, population growth rates and
catchabilities are also needed. This is not totkaya crude estimate of productivity
cannot be obtained based on abundance, allometatonships and inferences from
offtake data, but this cannot form a robust bawisrfanaged hunting.

Market data are easier to obtain than biologicahdand in theory could
provide signals of lack of sustainability. For exde) a decline in the number of



animals on sale or an increase in their price migtiicate depletion of the wildlife

stock. In a multi-species system, it would be eigedhat larger, slower-growing
species would disappear from the market first, @npmenon observed in fisherfés.

Finally, as observed in North Sulawesi, an increastae distance animals travel to
the market might be a strong signal of depleffoidowever, a more thorough
examination of market data shows how misleading $rends can be.

An example of problemswith market data
To illustrate these points, Crooketsal.”® examined trends in a dataset, collected by
the Ghanaian Wildlife Department in Atwemonom markeumasi, Ghana. The
dataset comprised 36,099 animals, observed on 2@d&et days from 1987 to
2002. This is a mature market, in which 7 relagivebmmon and resilient species
make up 95% of the open season trade; vulnerakldespare hunted, and do appear
occasionally in the markélbut are not in this dataset at levels that pestaitistical
examination of trends.

The data show no evidence for a decline in thebmrmor biomass of traded
species, nor in the proportion of slower-growinga@ps. However, there was a sharp
increase in price from 1999 to 2002 (Fig. 6a), thgewith a significant increase in
the proportion of the trade that came from moreadissources. This increase was
almost entirely fuelled by an increase in the prapo of grasscuttersTtryonomys
swinderianus) on sale (Fig 6b). Most market datasets do nolude data on the
location where animals were killed or the method kifing. However, this
information is extremely useful, and is includedtire Atwemonom dataset. The
proportion of individuals killed by cutlass ratitean gun increased for all species at
the time of the price increase (Fig. 7). Cutlased#ianimals are often trapped first,
and this gear combination represents cheap tecgydltat might be used by new
entrants and non-professional hunters, comparéuetprofessionals who tend to use
expensive but more efficient gear such as guns.

[Figs. 6 & 7 near here]

The trends in this dataset can be interpreted my ddferent ways. They are
compatible with an explanation based on unsust&naise, or with hunting
becoming more profitable due to extraneous circantss:

Explanation 1. Unsustainable use. Consumer demand for bushme&tdsta
grow rapidly in the late 1990s, due to some exiirfactor such as urban
population increase, taste changes or scarcititeriative foodstuffs. Bushmeat
hunters are struggling to keep up with demand, &gmices are rising but
guantities supplied are relatively constant. Ineot maintain supply, traders are
having to recruit hunters from further and furthéeld. Wildlife depletion in the
forests makes gun hunting less viable economicsdiyhunters are using cheaper
technology, trapping near their fields. Grasscatse the most valuable animal
that is routinely trapped, and so are now sold rtioae other species.



Explanation 2. A profitable profession. Increasing consumer deaimaneading
to rising prices. The higher prices are temptingpte to sell in the market,
including hunters from distant locations who did peeviously sell to Kumasi
due to prohibitive transport costs. New entranthtating start cheaply with
trapping, expecting to invest in a gun if theirdieacontinues to be profitable.
Similarly, non-professional hunters who previouslyly trapped around their
fields for subsistence are tempted now to selrgduce (particularly the more
valuable grasscutters).

Under explanation 1, the expectation is that priwékcontinue to rise unless
extrinsic factors change, and that local offtakédkdecline as produce is transported
increasingly far to the market. Under explanatigntie impact on sustainability
depends on whether effort is increasing due to emtrants, or whether people are
simply choosing to sell more of their catch. Howewgth time, hunting is likely to
become less sustainable as profits encourage péopievest in more efficient
technologies.

This example illustrates how difficult it is to n&lknferences about trends in
market data without supporting information on chesh species’ abundance or on
hunter behaviour. In particular, the dynamics afiten effort, including movement of
individuals into and out of the profession, is impaat but rarely considered in the
literature. Market data represents an amalgamatianfluences, including wildlife
stock depletion and external factors, and hencaldhme treated with caution unless
accompanied by supporting data.

APPROACHESTO THE PROBLEM

Given that high-quality data for sustainability @ssments of bushmeat hunting will
never be available from more than a handful ofssit®w best can we approach the
problem, using data that are realistically obtal@@bOne response to the poor
coverage of bushmeat data is the Bushmeat Crissk Teorce’s Information
Management and Analysis Projéttwhich aims to collect spatially referenced
information on the intensity and location of buslamleunting and markets. If widely
used, this could go a long way towards building arenintegrated view of the
dynamics of the bushmeat trade. On the more laa&dl| superficially the most
attractive way forward is to try to find a robustlex of sustainability, based on the
limited data that can feasibly be obtained.

Sustainability indices

Detailed analyses of the sustainability of bushnheiating are virtually non-existent.
Generally, sustainability assessments for locahsiavolve obtaining estimates of
animal abundance and comparing them to offtake fiata hunters? There is a lot

of effort and scientific rigour involved in gettinbese data. By contrast, and despite
being the point of the exercise, the sustainabditglysis is usually extremely crude.
The almost universal method for calculating susiaiiity in bushmeat studies is
Robinson & Redford¥ index:



where P = production (animals/kiyear), K = carrying capacity (animals/RmRmax
= arithmetic intrinsic rate of population incregaaimals/year), F = natural mortality
correction factor.

Milner-Gulland & Akcakay&' showed that if this index were used as a basis
for management, it would rapidly send the poputatm extinction. This is because it
does not take uncertainty and bias or current admelinto account. However it has
been widely applied in bushmeat research becausesimple and does not require
large quantities of data. One similarly simple ausdbility index that does perform
well is the National Marine Fisheries Service’sardf the sustainability of cetacean
bycatch®

where the notation is as above with the exceptfofr & correction factor for bias &
uncertainty between 0 and 1, N = a minimum estiroaundance (animals/gn

This takes uncertainty and bias into account patipugh F and partly
because N is a minimum estimate, while the use of place of K ensures current
abundance is included in the analysis. Given thestess of this index, and the fact
that in general, simple harvesting strategies areerrobust than complex on&ghis
suggests that the use of sustainability indices mayworth exploring further.
However it is also clear that simple indices bazsedlawed models can be extremely
misleading.

Another type of index that has been proposed fishineat is prey profile$.
This builds on the idea that in a multi-speciesdeys the prey composition should
change as species are depleted. Reductions inrdpertions of vulnerable species in
the offtake could act as a warning signal of demtetPrey profiles are as yet untested
in the field, but could potentially be useful if@ed at the village scale to situations
in which effort and technology remained constargrotme and market dynamics
were not relevant. This is likely to be a relatwiiited subset of bushmeat hunting
situations.

Bayesian networ k approaches

One way of including a realistic representatiorunfertainty into a simple model is
use Bayesian Belief Networks (BBNs). BBNs provide mtuitive analytical
framework for combining various types of informatief differing degrees of
certainty, so that all the available informatiom ¢e used. The system is represented
in an “influence diagram”, which is a network ofluences between variables (such
as the population of a bushmeat species, the nutaken by hunters, the number
sold on in a market, and so on), each of whichehpsobability distribution attached
to it. This probability distribution can be derivécbm actual survey data, expert
opinion or from the literature. Several user-frignpackages exist allowing a model
to be constructed rapidly and straightforwardly.



Figure 8 is a simple example of an influence diagrfor assessing the
sustainability of bushmeat hunting. It shows thdicators of the sustainability of use
can be obtained, but more importantly that they areompanied by a realistic
visualisation of their uncertainty. As new informost is obtained for a particular
variable, its probability distribution can be upetht This updating affects all the other
variables in the network, both in the directiorcatisality and against it. For example,
if several individuals of a particular species appm a market, this observation
updates probability distributions throughout thewwek, ultimately affecting the
probability distribution for the population size tife species prior to the offtake.
Policy interventions can easily be modelled witthirs framework. For example, one
could predict the effects of a ban on market sales particularly vulnerable species
on all other species in the market, because changkes marketability of the banned
species would propagate through the network toctffiee dynamics of all other
species.

[Fig. 8, near here]

One powerful use of BBNSs is in identifying data aeeBy examining the
sensitivity of results to improvements in knowledg®ut each variable, the model
shows where reducing uncertainty is most critiEal. example, the model may show
that the proportion of offtake which goes to comoredr markets as compared to
subsistence use and wastage is a variable witghadgegree of uncertainty which is
also critical to the sustainability of offtake. hfacility allows researchers and
managers to target resources most effectively.

There is a growing interest in the potential of NBBfor conservation.
Recently, a BBN model was developed for assesbmgnpacts of land use changes
on bull trout populations in the USKR.Another recent application of BBNs is to
modelling uncertainties in fish stock assessmedttha impact of seal culling on fish
stocks®® Marcot et al.”® have used BBNs for evaluating population viabilityder
different land management alternatives, while Wisdet al.** used BBNs in
conservation planning for the greater sage-gradsecever, these are isolated cases,
and BBNs are still not widely used in conservatmanning. They could make an
important impact, if only as a way of improving ttiansparency of conservationists’
assumptions about uncertainty and causal linkageseen variables in the system,
and improving the effectiveness with which datavafious types and qualities are
used. Although complex to develop, the final irded could be straightforward
enough for non-modellers to use, which is the nadtiraction of sustainability indices
such as Robinson & Redford’s.

BBNs do have drawbacks, and are not the only nfindetbol that could be
used to represent uncertainty. The attractive gcaphmepresentation soon becomes
unwieldy under more realistic conditions, particlylavhen a dynamic network is
required, as it would be for bushmeat. It is almpartant to realise that the BBN'’s
representation of uncertainty is built on pointiraates, rather than distributions. A
Bayesian model, in the normal sense of the womlviges a better representation of
uncertainty based on probability distributions,hntihe loss of some of the strengths
of BBNs, such as backwards updating. Bayesian msagle already widely used in
fisheries managemefft,but the relative lack of quantitative analysisbinashmeat



research and management, and the lack of capacifyoficy implementation mean
that they are not likely to be used for bushme#hinforeseeable future.

Using virtual worlds

As computing power becomes less of a limitatiomwusation modelling has become a
much more powerful tool in understanding the dyreanof complex systems. The
advantage of this is that policy interventions bartested by simulation rather than in
the real world. As the real world is effectively emealisation of a stochastic
simulation, predictive power should be improved toyning simulation models
repeatedly. A particularly powerful feature of imulation approach is the ability to
model the observation process itself. Thus thecefi€observation uncertainty can be
included as well as the process uncertainty inlieirerihe systerfi (e.g. climate-
driven population fluctuations). Model uncertaiign be addressed by running the
simulation under a range of possible assumptioostatystem structure, and using a
model selection procedure such as Akaike’s InfoionaEriterion®*

There is an increasing ecological literature ussigulation modelling to
address observation uncertaifity.One of the early applications to natural resource
management was the Revised Management Proceduedoped by the scientific
committee of the International Whaling Commiséfoffrig 9). This is an example of
the broader “operating model” approach to fisherieanagemeff in which
management plans are developed on the basis oédialservational data, but the
performance of the system can be monitored usinghlas based on actual values of
the system such as true population size. Fishenedels of this type tend not to
include individual human behaviour, but instead asrtirate on the options for a
single management authority; this is not realifsiicmost bushmeat hunting, in which
the management authority has little control oveirdual behaviour.

[Fig. 9, near here]

Within bushmeat research, the simulation modeldipgroach has yet to catch
on. Bousquett al.*® use a individual-based model of individual huntemsl duikers
(Cephalophus monticola) to show how individual agents act when hunting @mmn
property resource, but do not address observatiomakertainty. Some of the
drawbacks of the simulation approach include thednler computer programming
expertise, and the problem that complex modelslogsa heuristic power. Simple
models are far more enlightening than complex os®dong as the simplifying
assumptions are valid. Although limited in some syagimulation modelling is
potentially a very useful tool in bushmeat resegpenticularly in testing frameworks
for managing uncertainty.

PROSPECTSFOR BUSHMEAT

Bushmeat hunting is complex ecologically, sociallgnd economically.
Conservationists will not be able to obtain dataftdl sustainability assessments in
any but a handful of locations. Under these cirdamses, action still has to be taken
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to safeguard vulnerable species and to ensurevtltfife is not extirpated over wide
swathes of tropical forest. fehal.® estimate that bushmeat hunting is currently about
2.8 times the sustainable level in the Congo Basia whole; despite the broadbrush
nature of this estimate, it is clear that the vifddtesource in this area is not able to
sustain current offtake levels. However, there atefogeneity in offtake rates, and
some way to capture this is required, in orderriorpise interventions.

The key to moving forward in this situation is #xcknowledge that
sustainability assessments for bushmeat are plagitedincertainty, and ensure that
this uncertainty is realistically represented isemsments. We need to strengthen our
understanding of the socio-economic context of mesdt hunting, so that we can be
sure that our interventions are having the desiéfidct on people’s decision-
making® And crucially, effective protected areas are ieglin order to ensure the
persistence of unhunted ecological communities.

Bushmeat hunting in Africa can be crudely dividedo three scenarios:
mature markets, frontier bonanzas and decliningcsoesinks. In some areas it seems
that hunting has continued for decades to suppljurabushmeat markets. The
animals are coming from the farm-bush matrix ratin from forested areas, and
are all resilient, fast-growing species. The vulixe species are already extirpated.
Cowlishawet al.> describe such a scenario for Takoradi market iar@hThese areas
are likely to be of low priority for conservatiomtervention, but research is still
required on the potential of these areas to produsaestainable bushmeat supply, and
on the livelihood importance of bushmeat to pediiag there>® There is also no
clear understanding of the extent or importanceéhete areas as a component of
overall bushmeat supply.

The frontier bonanza scenario is the one of mosservation concermn. Here,
primary forest is being opened up for logging diestcommercial or development
activities. Wildlife communities are rapidly extafed as immigrants move into the
area, and intervention is required to safeguartl hahted animals and often also the
livelihoods of vulnerable people already livingtire ared>** This is where pressure
on governments or multinationals and urgent adtigorotect habitat are crucial.

Perhaps the most widespread and difficult fornrbegshmeat hunting is the
declining source-sink system. In this scenario ildhup of hunting effort is reducing
wildlife populations over a wide area, but with sglavariation caused by differences
in habitat, travel costs or other factors. The eausr this build-up are complex and
interacting, as discussed above. Here the proldeat its most intractable, and
imaginative interventions such as no-take zonesingonity-based management and
alternative livelihoods are most often tried. Itaesthis scenario that the suggestions
for future management approaches made in this ehapg most likely to be relevant.
Sustainable bushmeat hunting in these areas isgmhg to be achieved, if at all,
when it is addressed in the context of the wideonemy, and with a full
understanding of the inherent uncertainties.

ACKNOWLEDGEMENTS

I am very grateful to Conservation International fisnding some of the work that is
presented in this chapter. | thank Bob Burn, Jinmr@a, Guy Cowlishaw, Doug
Crookes, Noelle Kiimpel, Stephen Ling, Marcus Radffec& David Wilkie for useful

11



discussions that helped form the ideas presenteqd &ed Tom Evans for permission
to use his data in Figure 5.

NOTESAND REFERENCES

! See Eves, Chapter 9, for more information on trehmeat crisis.

2Milner-Gulland, E.J., Bennett, E.L. and the SCB 2@hnual Conference Wild Meat Group (2003)
Wild meat - the bigger picture. Trends in Ecology &volution 18, 351-357.

®Fa, J.E., Currie, D., Meeuwig, J. (2003) Bushmeat food security in the Congo basin: linkages
between wildlife and people’s future. Environmer@ainservation 30, 71-78.

*Bowen-Jones, E. (1998) A review of the commercigHmeat trade with emphasis on Central/West
Africa and the Great Apes. Report to the Ape Abi@nobtainable fronhttp://www.4apes.com
/bushmeat /report/bushmeat.pdf

® Cowlishaw, G., Mendelson, S., Rowcliffe, J.M. (iregs) Evidence for post-depletion sustainability
in a mature bushmeat market. Journal of Applieddgpo

® Bennett, E.L. (2002) Is there a link between busiinand food security? Conservation Biology 16,
590-592.

" Smith, R.J., Muir, R.D.J., Walpole, M.J., Balmfp#l, Leader-Williams, N. (2003) Governance and
the loss of biodiversity. Nature 426, 67-70.

8 Alvard, M.S. (1993) Testing the "ecologically nelsavage" hypothesis: interspecific prey choice by
Piro hunters of Amazonian Peru. Human Ecology 35;3387.

° But see the work of E. Ostrom and others on homnanities can govern natural resource use for
community rather than solely individual benefig.eDietz, T., Ostrom, E., Stern, P.C. (2003) The
struggle to govern the commons. Science 302, 1902:1Pretty, J. (2003) Social capital and the
collective management of resources. Science 3022-1915; for more on human behaviour, see
Brooks, Chapter 16.

19 Rowcliffe, J.M., Cowlishaw, G.C. & Long, J. 2003Model of Human Hunting Impacts in Multi-
Prey Communities. Journal of Applied Ecology 402-8B.

' For example, see Muchaal, P. K. and Ngandjui,1999) Impact of village hunting on wildlife
populations in the western Dia Reserve, Cameroonsé&vation Biology 13, 385-396.

12 Barrett, C. B., & Arcese, P. (1998) Wildlife Hastimg in Integrated Conservation and Development
Projects: Linking Harvest to Household Demand, égtural Production and Environmental
Shocks in the Serengeti. Land Economics 74, 449-65.

13 Damania, R., Milner-Gulland, E.J., Crookes, D2005) A bioeconomic model of bushmeat
hunting. Proceedings of the Royal Society of LonBa272, 259-266.

* Mendelson S, Cowlishaw G, & Rowcliffe J.M. (200®)atomy of a bushmeat commodity chain in
Takoradi, Ghana. The Journal of Peasant Studies33100.

!5 Brashares, J.S., Arcese, P., Sam, M.K., CoppoRI®., Sinclair, A.R.E., Balmford, A. (2002)
Bushmeat hunting, wildlife declines, and fish sygplWest Africa. Science 306, 1180-1183.

® Fa, J.E., Juste, J., Burn, R.W., Broad, G. (2®&hmeat consumption and preferences of two
ethnic groups in Bioko Island, West Africa. Humarolegy 30, 397-416.

" East, T., Kumpel, N., Milner-Gulland, E.J., RoVfej J.M. (in press) Determinants of urban
bushmeat consumption in Rio Muni, Equatorial Guirigialogical Conservation.

18 Wilkie, D. & Godoy, R.A. (2001) Income and prictasticities of bushmeat demand in lowland
Amerindian societies. Conservation Biology 15, 7&B-

19 Smart, J.R.C., Ward, A.l., White, P.C.L. (2004) itoring woodland deer populations in the UK:
an imprecise science. Mammal Review 34, 99-114.

“ For example, studies such as Peres, Hart andiftitnget al., all in: Robinson, J.G. & Bennett, E.L.
(2000)Hunting for sustainability in tropical forests. New York: Columbia University Press.

%l Peres, C.A. (2000) Evaluating the impact and @ity of subsistence hunting at multiple
Amazonian forest sites. Pages 31-56 of: Robinsd®, & Bennett, E.L. (2000Hunting for
sustainability in tropical forests. New York: Columbia University Press.

% see endnote 10 for an example.

% Robinson, J.G., Redford, K.H., Bennett, E.L. (199%ildlife harvest in logged tropical forests.
Science 284, 595-596.

12



 For example Wilkie, D.S., Sidle, J.G., Boundzan@aC. (1992) Mechanised logging, market
hunting & a bank loan in Congo. Conservation Biglég570-580.

% Ayres, J.M., de Magadles Lima, D., de Souza Martins, E., Barreiros. J.I(1091) On the track of
the road: changes in subsistence hunting in a lBrazAmazonian village. Pages 82-92 in Robinson,
J.G. & Redford, K.HNeotropical Wildlife Use and Conservation. Chicago: University of Chicago
Press.

% Clayton, L., Keeling, M., Milner-Gulland, E.J. @B) Bringing home the bacon: A spatial model of
wild pig harvesting in Sulawesi, Indonesia. EcotadjiApplications 7, 642-652.

*" Roberts, C.M. (1997) Ecological advice for the bgib fisheries crisis, Trends in Ecology &
Evolution 12, 35-38.

% Milner-Gulland, E.J., Clayton, L.M. (2002) Thedein wild pigs in North Sulawesi, Indonesia.
Ecological Economics 42, 165-183.

# Crookes, D.J., Milner-Gulland, E.J. & Ankudey, (Submitted) What can long-term market data tell
us? A case study of Atwemonom market, Ghana.

% Ntiamoa-Baidu, Y. 1998\ldlife devdlopment plan. Volume 6- Sustainable harvesting, production
and use of bushmeat. Accra, Ghana: Wildlife Department.

3 Seenttp://www.bushmeat.org/imap/index.html

32 For example reference 11 and Fitzgibbon, C.D., &kag H., Fanshawe, J.H. (2000) Threatened
mammals, subsistence harvesting and high humanigiimpudensities: a recipe for disaster? Pages
154-167 in Robinson, J.G. & Bennett, E.L. (20Bldinting for sustainability in tropical forests. New
York: Columbia University Press.

¥ Robinson, J.G. and Redford, K.H. (1991) Sustamblarvest of neo-tropical mammals. Pages 415-
429 in Robinson, J.G. & Redford, K.H. (1991o-tropical Wildlife Use and Conservation.
Chicago: University of Chicago Press.

% Milner-Gulland, E.J., Akcakaya, H.R. (2001) Susaiility indices for exploited populations.
Trends in Ecology and Evolution 16, 686-692.

% Wade, P.R. (1998) Calculating limits to the alltweahuman-caused mortality of cetaceans and
pinnipeds. Marine Mammal Science 14, 1-37.

% Ludwig, D. & Walters, C.J. (1985) Are age-strueirmodels appropriate for catch-effort data?
Canadian journal of fisheries & aquatic scienceld¥56-1072.

3" For example Neticayww.norsys.comor Hugin,www.hugin.com

% Lee D.C. (2000) Assessing land-use impacts onttmult using Bayesian belief networks, in Ferson,
F., Burgman MQuantitative Methods in Conservation Biology. New York: Springer.

¥ Hammond T.R. and C.M. O’Brien. (2001) An applioatiof the Bayesian approach to stock
assessment model uncertainty, ICES J. Marine Seig8c648-656.

0 Marcot, B. G., R. S. Holthausen, M. G. Raphael, Réwland, and M. Wisdom. (2001) Using
Bayesian belief networks to evaluate fish and ddbopulation viability under land management
alternatives from an environmental impact statenfemtest Ecology and Management 153, 29-42.

“1 Wisdom, M.J., Wales, B.C., Rowland, M.M., RaphaélG., Holthausen, R.S., Rich, T.D., Saab,
V.A. (2002) Performance of Greater Sage-Grouse faddeconservation assessment in the Interior
Columbia Basin, USA. Conservation Biology 16, 12222.

“2 For example McAllister, M.K., Starr, P.J., Restgp/.R., Kirkwood, G.P. (1999) Formulating
quantitative methods to evaluate fishery manageragstems: what fishery processes should we
model and what trade-offs do we make. ICES Jowfislarine Science, 56, 900-916.

*3 Shea, K. & the NCEAS Working Group (1998) Managetnef populations in conservation,
harvesting & control. Trends in Ecology and Evaatil 3, 371-374.

* Hilborn, R. and Mangel, M. (1997Jhe Ecological Detective: Confronting Models with Data.
Princeton: Princeton University Press.

> For example Berger, U., Wagner, G., Wolff, W.F94Q) Virtual biologists observe virtual
grasshoppers: an assessment of different mobditsirpeters for the analysis of movement patterns.
Ecological Modelling 115, 119-127.

6 Cooke, J.G. (1995) The International Whaling Cossioin’s Revised Management Procedure as an
example of a new approach to fishery managemegesP@47-657 In Blix A.Set al. Whales, seals,
fish and man. Amsterdam: Elsevier Science.

*"Hilborn, R. and Walters, C. (199@uantitative Fisheries Sock Assessment: Choice, Dynamics and
Uncertainty. London: Chapman & Hall.

13



8 Bousquet, F., LePage, Ch., Bakam, |., Takforyan2@01. A spatially-explicit individual-based
model of blue duikers population dynamics: multeag simulations of bushmeat hunting in an
eastern Cameroonian village. Ecological Modelli3§,131-346.

*9¢.f. endnote 12.

* For an excellent example of the kind of resealnet is required, see de Merode, E., Homewood, K.,
Cowlishaw, G. 2004 The value of bushmeat and ottt foods to rural households living in
extreme poverty in Democratic Republic of Congal&jical Conservation 118, 573-581.

*LEvans, T.E. (1998) Forest mapping in North SulawdSc thesis, University of Warwick, UK.

*2 Milner-Gulland, E.J. & Mace, R. (199&onservation of Biological Resources. Oxford: Blackwell
Science.

14



Figure 1. A schematic representation of bushmeat as a bioseic system, Ecological
sustainability depends on the balance betweenkeftiad productivity. The
increasingly large-scale economic and biologictibences are shown, together with
arrows representing possible interactions betweeiiblogical and economic
components. These interactions are fundamentab&bnomic systems, and include
the effects of macroeconomic policy on habitat labdlity for hunted species.
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Figure 2. A stylised commodity chain, showing the journéwaaarcass from being
trapped in the forest to being observed in thereatket. The actual structure of the
commodity chain will vary from place to place, bhis gives an idea of some of the
main ways in which meat is disposed of. Differgreaes will be more or less likely
to reach the end of the chain, depending on tladirevand protected status.
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Figure 3. Consumption and preference scores for urban cossuim Bata,
Equatorial Guined’ Data are taken from a survey of 100 randomly setect
households, in which individual meats were rankedii order of frequency of
consumption and preference. Scores are the nogdaisms, for all meats in a
category, of the number of people ranking an ité¥84, multiplied by 3 for ¥
place, 2 for ¥ place or 1 for 8 place.
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Figure 4. Travel times for a case study wild pig dealer ortN Sulawesi, 1988-1997.
The travel times are for single journeys, weightgdhe number of pigs purchased in
each location along the way.
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Figure5. Vegetation of Gorontalo region, North Sulawesil1998. Classifications
are taken from a ground-truthed AVHRR image, amitled into primary and
secondary forest or mixed agriculture. The majadralong which pig dealers travel
is shown. This is the region from which the majoat the wild pigs for sale were
being hunted at the time. The image shows subatdotest conversion emanating

from roads and riverg.
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Proportion of trade

Figure 6. a) Normalised real price of the seven most comgntwatled bushmeat
species at Atwemonom market, Kumasi, Ghana, bas@ddataset collected by the
Ghanaian Wildlife Department. b) Changes in theoprtion of the Wildlife
Department dataset represented by the 7 speciesheveame time period, using data
from the open season when all these species wgatyi¢raded®
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Figure 7. The proportion of animals in the Atwemonom datdisat were killed by
guns, cutlasses or directly in traps over the geti@87-2002?

0.9 -

S o o o
LD O 3 o0
I A

S o
w
| |

Proportion of trade

=
\O)
\

m

e
—_—
|

0%%% v X

I I I I /N T /N ZO

1987 1989 1991 1993 1995 1997 1999 2001

—e&— Shotgun —o— Cutlass —¢— Trap

21



Figure8. An example of a simple Bayesian Belief NetworkeTinfluence diagram
shows how variables relate to each other, anddoh ariable a probability
distribution of values is given. Note that this ewde is simplified for demonstration
purposes, showing one location, one point in tiame, one species. Two measures of
sustainability are included in this example: i}He population size below a threshold
level of 10% of carrying capacity? The probabibfybeing below the threshold
(dashed line) is shown by the white column. ii) Thange in catch per unit effort
(from previous time periods). A declining Catch pkmit Effort (CPUE) is an
unreliable indicator of unsustainable use, whicluldanot be used in practice, but is
shown here for demonstration purposes. The prababfla declining CPUE is the
sum of the white columns in the probability distrtion.
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Figure 9. The conceptual basis of the International Whadognmission’s revised
management procedure, showing the relationshipdeivhe true system dynamics
and the management plan operating through datap&itiermance of management
rules can be assessed in the simulation usingatiermance indicators, which
represent the true status of stocks and cafhés.
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