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ABSTRACT. Cash-constrained wildlife departments must increasingly look towards
revenue-generating activities such as sales of permits for hunting common species
combined with fines for those caught with rare species. Pertinent to west Africa, an optimal
enforcement model demonstrates the conditions under which a department with neither
external budget nor tourism revenue can fully protect a rare species, and the impact on
other species and local hunters’ livelihoods. The department’s effectiveness is shown to
depend critically on the extent to which hunters can discriminate among different species.
Improvements in hunting technology selectivity are therefore a substitute for increased
enforcement spending.

1. Introduction

This paper considers the conditions under which it is possible for a wildlife
department in west Africa without an external budget to protect fully a
rare species from illegal hunting. Typically, the major expense for a wildlife
department is enforcement and so the key theoretical contributions of the
paper are to the optimal enforcement literature. However, the paper is of
practical importance given that cost recovery is an increasing reality in
sub-Saharan Africa, where wildlife and forest departments must function
in an environment of insufficient or no government funding. In Tanzania,
east Africa, the parastatal TANAPA (Tanzania National Parks Authority)
receives no direct government funding but is able to obtain sufficient funds
from tourism gate revenues supplemented by external donors. In contrast,
in west Africa, the motivation for this paper, revenue from tourism is
currently very limited, in part because there are few charismatic species
to attract tourists or ‘trophy’ hunters in significant numbers. Further,
the benefits from protecting wildlife, such as protection of biodiversity
and existence values, do not naturally translate into income for the
department. Hunting is typically for meat, undertaken illegally by villagers
and professional hunters, thereby generating benefits for the community
but no revenue for the wildlife department (Bowen-Jones et al., 2002, 2003).!

! Alternative funding mechanisms to protect wildlife and other resources are
being developed, such as debt-for-nature swaps and payments for environmental
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Becker (1968) posed the fundamental issues for law enforcement, asking
how many offences should be permitted and how many offenders should
go unpunished so as to maximize social welfare. Typically, in this optimal
enforcement literature a game theoretic approach is adopted in which the
enforcement agency acts as the Stackelberg leader, choosing the equilibrium
level of enforcement that takes into account costs of enforcement and the
strategic interaction between his decision and that of the individual (the
follower) undertaking the illegal activity. Many such models are found in
the literature (including Demsetz, 1964; Stigler, 1970; Sutinen and Andersen,
1985; Milliman, 1986, Shavell, 1993; Skonhoft and Solstad, 1996). However,
for under-funded wildlife departments throughout sub-Saharan Africa the
concept of maximizing social welfare is rarely of practical relevance. Other
than the problem of accurately determining the social value of wildlife in
a particular park or forest, the current reality is that insufficient funds are
available to protect all endangered species, even if socially optimal. The
key pragmatic policy question, addressed in this paper, is to what extent
the department can generate sufficient revenue to protect the country’s
wildlife, particularly rare and endangered species.

This paper, in addressing cost recovery through hunting revenue, raises
several theoretical and policy issues. First, when cost recovery is an
objective, fines can no longer be considered as simply transfers from the
hunter to the wildlife manager — as would be the typical assumption in the
optimal enforcement literature. Rather, fines, possibly along with revenues
from the sale of hunting permits, become key revenue sources, implying that
the probability of detection is unlikely to be independent of the level of the
fine.? Second, the sale of permits implies the legalization of some hunting.
Butitalso implies that villagers who might have previously hunted ‘for free’
but at the risk of being caught, or freely within an open access environment,
will be required to purchase the hunting permits that pay for the protection
of the endangered species, suggesting, at least in the short run, reduced
welfare for traditional hunters. Finally, the ability of the wildlife department
to both recover its costs and protect rare species is shown to depend
critically on the extent to which hunters themselves can discriminate among
different species when hunting. Investments to improve the discriminatory
powers of hunting technologies could have significant benefits, in terms of
reducing the number of rare and endangered animals killed, and so could
be considered a substitute for increased enforcement budgets.

services (see, for example, Le Quesne and McNally, 2005; Conservation Finance
Alliance, 2006).

2 Typically, revenue from fines is deposited in a government’s general revenue
fund. However, where control over enforcement has been decentralized, such as
in Ghana where efforts are being undertaken to decentralize control over natural
resources to the district or even community level, there is scope for fine revenue to
remain within the local authority. There are similar examples in richer countries.
For example, in Scotland, partnerships are being formed to manage road ‘safety
cameras’. These partnerships are funded on a cost recovery basis and are allowed
to recover the costs of safety camera activity from fine revenue (Scottish Safety
Camera Programme, n.d.).
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2. Model

A regulatory agency is responsible for the wildlife in a forest. To keep the
model analytically tractable, there are only two species, which are, from
the hunters’ perspective, to some extent valuable when sold as bushmeat,
the price being driven by consumer preferences. From the regulatory
agency’s perspective, the species are either rare and socially valuable, or
common, in which case they have no value over and above their value as
bushmeat. The most interesting scenario, and the focus of this paper, is
that in which the rare animal is also the more valuable as bushmeat and
so valued highest by both the government (when the animal is alive) and
the hunter (when the animal is dead). One of many such examples is the
drill (Mandrillus leucophaeus) in Cameroon, which is both endangered and
a preferred bushmeat species.’

The agency has no external budget, but it does have two strategies
that can be used separately or in combination: the imposition of fines
and the introduction of hunting permits. To avoid lengthy less interesting
reformulations of the model, permits are sold only for hunting the common
species, and fines are imposed on hunters caught with a rare animal or with
a common animal without a permit.

A large number of risk-neutral potential hunters, N, identical in all
respects except for their opportunity costs of labour, w;, which vary
uniformly between wmin and wnay, live in and around the forest.* Each
hunter is permitted a single hunting expedition, using a gun, from which
he takes home only one animal.> A Poisson arrival models the opportunity a
hunter gets to shoot an animal. More-palatable (and rare) animals, denoted
by the subscript M, arrive at a rate Ay and less-palatable (common)
animals, denoted by the subscript L, arrive at a rate A;. The probability,
o, that a more-palatable animal arrives first is Ap/(Am + Ar). Similarly,
the probability, 1-«, that a less-palatable arrives first is Ar/(Ayr + Ar).
The market price of the less-palatable common animal is chosen to be
the numeraire; the market price of the more-palatable rare animal is y
(y > 1). Hunters are accurate — if they shoot, they do not miss. Hunters
who are able to discriminate can identify an animal that turns up and
therefore choose whether or not to shoot. Non-discriminating hunters
will always shoot an animal that turns up, but choose whether to take

3 In cases where animals and birds are sold live, almost always the most privately
valuable species will also be the most endangered species.

% The assumption of such heterogeneity among hunters is reasonable in a rural
setting where land and labour markets do not function efficiently and where
hunters are also farmers.

5 The hunting period is considerably less than the reproductive cycle of either
species. Further, the emphasis of the paper is on cost recovery and not detailed
modelling of population dynamics and so the paper focuses on a single hunting
expedition. The assumptions of the model in this paper enable analytical
tractability whilst not compromising the key contribution of the model. They
are also in keeping with empirical findings. For example, Tutu et al. (1993) found
the average catch per hunt in Ghana to be 1.29 animals and the average length of
a hunting trip 4.42 hours.
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home the animal that they have shot or discard it and wait for a different
species.®

2.1. Zero enforcement

For comparison, hunting without enforcement is briefly analysed. The
hunter’s objective is to maximize his expected net revenues V from
hunting. The hunter’s choice is essentially the same whether or not he
can discriminate before he shoots (in practice, bullets are costly). When
an animal turns up the discriminating hunter chooses whether to shoot
or wait for an animal of a different species. The non-discriminating
hunter always shoots but then chooses whether to keep this animal, or
to discard it and wait. A Poisson arrival process is assumed: if the hunter
initially waits/discards he will continue to do so until a different species
arrives. Using simple backwards induction the optimisation can therefore
be considered as follows: once an animal of one species turns up the hunter
must choose whether to keep that animal and get certain returns of 1
(if common), y (if rare), or to “gamble” and wait with expected returns
y — w;/Am (if waiting for the rare species) or 1 — w; /A1 (common species).
The hunter therefore chooses from the following discrete set: S, hunt
and shoot and keep the first animal that turns up; Sy, hunt and shoot (if
discriminating)/keep (if non-discriminating) only rare and more palatable
species; Sy, hunt and shoot/keep only common and less palatable species,
and; Sy, do not hunt.

max E{V} = _ max SO{E{V(ST)}, E{V(Sm)}, EXV(SL)}, E{V(S0)}}

where E{V(S7)} = « (y— %) +(1—-a) (1 — z)—;)
E{V(SM)}Zot(y—%)4_(1_0[)(}/_%_%) M
E{V(S.)} =a(1—%_%>+(1_a)(1_%>

E{V(Sy)} = 0.

The above equations can be interpreted in the following way:
a(y — w; /Am) is the probability of a rare animal turning up first, multiplied
by the expected returns to hunting the rare animal. For the common species,
we have (1 —a)(y —w;/Ar). Similarly, (1 —a)(y —w;/Ar —w;/Am) is the
expected returns from waiting for the rare animal given that a common
animal turned up first, multiplied by the probability of this event occurring,.
For the common species, we have «(1 — w; /A, — w; /Apm).

Strategy S; (shooting the common animal only) is clearly dominated
by St (shooting the first animal that arrives). The hunter will choose Sy
(shooting the rare animal only) over St if the expected returns from waiting

6 Some villagers have reported that they cannot tell what they are shooting when
hunting with guns at night (Ghanaian hunter, personal communication, 2001).
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for a rare (more palatable) animal to arrive after a common (less palatable)
animal has turned up are less than the certain returns of taking the common
animal, that is if y — w; /Ap>1, and vice versa. The hunter will choose Sy if
the expected returns to the best hunting strategy are negative. A hunter will
therefore shoot the first animal that turns up if

wi wi w;
y—)\—<1 and oc(y—w)+(1—a)(l—)\—>>0, 2)

M L
whichimplies Ap(y — 1) < w; < % (Amy +AL). 3)

Hunters whose individual cost of labour, w;, is below the lower bound
(w; < Am(y — 1)) will wait for the more palatable animal to turn up and
those for whom w; is above the upper bound (w; > 1/2 (Apmy + A1) will not
hunt at all. A simple comparative statics exercise shows that the higher a
hunter’s opportunity cost of labour, the more likely he will shoot and take
home the first animal that turns up rather than wait or shoot and discard,
but also the less likely he will hunt.

2.2. Enforcement and cost recovery

Let D be the number of rare animals shot. The regulatory agency’s ultimate
objective is to ensure that D = 0.7 If this is not possible, it aims to minimize
D, subject to its endogenously determined enforcement budget B, which
is a function of fine and permit revenue. The agency chooses the price
of the permit for hunting the common species, R, and the fine if caught
without a permit, G. The fine for hunting the rare species, F, is exogenously
determined.® The probability of catching a hunter is p, where p = p(B) and
p’(B)>0and p”(B) <0.

This section assumes a discriminating hunter. If hunters cannot
discriminate, the only way to ensure that no rare animals are shot is to
prevent all hunting. But, in such a case, the regulatory agency would have
no income and so preventing all rare animals from being shot is not feasible
with non-discriminating hunters and no external budget.

7 Many conservationists argue that certain species cannot support any level of
offtake by hunters (Bowen-Jones et al., 2003).

8 F is constant for all hunters. Only recently are there examples of fines contingent
on an individual’s wealth (Bar-Niv and Safra, 2002). If the fine were an unbounded
choice variable, enforcement costs could be reduced to zero by setting an infinite
fine. Further, excessive fines encourage increased avoidance activities and may not
be politically viable (Lear and Maxwell, 1998; Rodriguez-Ibeas, 2002). Following
Becker’s (1968) framework for optimal enforcement, fines are costless to impose.

° The probability that a hunter is caught does not depend on which species he
is hunting. Further, a hunter can only be punished if he is in possession of an
illegal species and so the time spent before an animal turns up does not affect the
probability of being caught, nor does the discarding of an animal after it has been
shot. That is, being in the forest with a gun is not in itself an illegal activity. If the
hunter could choose how many animals to hunt before returning home, then the
time spent hunting could affect the probability of being caught in possession of a
dead animal.
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D, the number of rare animals shot, is equal to the number of hunters
choosing a strategy of hunting only the rare more palatable species, Ny, plus
the proportion of those choosing the strategy of shooting the first animal
that turns up for whom the first animal is a rare species Nr. The regulatory
agency’s optimization can therefore be written

min {D} = I}{u(? {Nm+ Nr} s.t. B < Bmax. (4)

Eight possible strategies, Si, are available to the hunter: j denotes whether
or not the hunter purchases a permit to hunt the less-palatable common
species (j = 1 or O respectively); and k denotes whether the hunter chooses to
shoot and keep only the less-palatable common, L, only the more-palatable
rare, M, the first animal that turns up, T, or not to go hunting at all, k =
0. The hunter chooses the strategy that maximizes his expected returns, V.
Taking account of the option the hunter has once an animal turns up, either
to take the first animal or wait, his optimization can be written

max E{V}
[—R, S10 7
wi w; wi
o(1-3-5n)ra-o(-3)-r o
(1—a)(1—%)Jra((l—p)y—ﬂ—f) R, Sir
a((lfP)yprf;L’)Hlfa)((lfp)yprfw—’?ﬂ> R, Sim
M AL AM
= max
k10, Soo
wi wi w;
a(@-p-po-T-Yra-w(a-p-pe-2), s
w; wi
(-a)(@=p)-po= ) va(@-py-pr-12), Sor
L M
w; w; w;
a<(l—P)y—PF—T>+(1—a)<(l—p)y—pF—A——A—) Som
L M L M .

©)

The regulatory authority can ensure that D = 0 if the following conditions
hold: if a rare animal turns up first, the hunter waits, whether (C1) or not
(C2) he has purchased a permit (expected returns 1 — w; /Ay if he purchased
a permit, 1 — p — pG — w; /Ap if not) rather than shoots (expected returns
(1 — p)y — pF);and when a common animal turns up first the hunter shoots,
whether (C3) or not (C4) he has purchased a permit (expected returns 1 if he
purchased a permit, 1 — p — pG if not) rather than waits (expected returns
(1—-p)y— pF —w;/Apm). An additional condition (C5), that it is better to
shoot only the common species with a permit than risk incurring a fine,
ensures that conflict is reduced (and in practice eliminates the costs of
implementing punishments). In addition, for the hunter to hunt rather than
not, the returns to purchasing a permit and hunting the common species
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must be positive (C6). Algebraically, the conditions are written as follows

Cl:1—w;/AL > (1 — p)y— pF = w; <AL
C2:(1-p)=pG—wity > A =ply—pF = wi <t (f—p(1+0))
C3:1>(0 - p)yy—pF —wi/Aum = w; > —AmpB

C4:(1—-p)—pG>A—-py—pF-wi/iy =w; > —imB-p1+G))
C5:1—wij/ar —R>1—-p)—pG—-wi/pr, =G> Rp—1
C6:1—w;i/Aar —R>0 = w; <A (1-R) (6)

where § =1— (1 - p)y + pF.

From the above, clearly if C2 holds, then C1 must also hold, similarly for
C4 and C3, and so C1 and C3 need not be considered further. To protect
fully the rare species, C2 and C4 must hold for all w;. Given that w; > 0¥
i, the problem is only of interest if 8 > p (1 + G) and 8 > 0, which in turn
implies C4 is non-binding and C2 is the binding constraint.

The maximum enforcement budget, Bmax, and therefore the maximum
probability that can be achieved, p(Bmax), is calculated from the number
of hunting permits purchased. If no hunter chooses to shoot a rare animal
given this p(Bmax), then protection of the rare species is indeed compatible
with cost recovery and D = 0.

Income from the sale of permits, Bimax, equals the number of potential
hunters for whom the net returns to hunting are positive multiplied by the
cost of a permit R. From C6, only individuals for whom w; < A1, (1 — R) will
hunt

@)

Equation (7) shows that Bmax is quadratic in R (B”(R) < 0). If the price of
a permit is increased, there are two key effects. First, although the revenue
generated per hunter increases, villagers with higher opportunity costs
of labour will stop hunting as the expected returns to hunting become
negative. Second, for those with lower opportunity costs of labour, hunting
the rare species without a permit becomes more attractive relative to
hunting the common species with a permit. If the permit price is raised,
the probability of being caught required to stop low-cost villagers from
hunting the rare species must be higher (marginal deterrence condition).

If no rare animals are to be shot, that is if cost recovery is possible,
the following condition for p must hold (setting G = R/p — 1 from (C5),
substituting into C2 for w; = wmax, and expanding B)!°

y_1+R+wmax/)‘L
y+F

Whether there is indeed some price of the permit for which the
government can cover its costs and ensure that no rare animals are shot
can conceptually be determined by comparing equations (7) and (8),

Wmax — Wmin

B, — max (0, (AL = R) = Wmin) R)

p(Bmax) = (8)

10 A second constraint is imposed on p from the condition that 8 > p(1+ G),
implying that p > (y — 1)/(y — 1 4+ F — G). However, setting G = R/p — 1implies
that p > (y — 1+ R)(y + F). By comparing this expression and equation (8), it
follows that the condition in (8) is the relevant one.
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Figure 1a. Cost recovery consistent with protecting all rare species.

Minimum p required

Probability 0 prevent all hunting of rare species

of being caught

®) / E, Additiorial budget required to prevent all
W

R** Cost of permit

Figure 1b. Cost recovery not consistent with protecting all rare species.

demonstrated graphically in figure 1. Figure 1a illustrates a situation in
which cost recovery is consistent with protecting all rare animals. Cost
recovery is achievable and compatible with protecting all rare animals and
relying only on the sale of permits so long as there is more than one species,
hunting is discriminatory, and R* <R <R, (see figure 1a). The agency gains
surplus revenue if R* <R < R;. For a regulatory agency interested in both
protecting endangered species and maximizing hunter welfare, the optimal
permit price is R*. For revenue maximization, the optimal permit price is R,.

In effect, the introduction of a hunting permit is equivalent to the agency
privatizing a species that was previously an open access resource. If the
agency were to set the price of the permit at R,, it would be exercising an
element of market power over wildlife extraction, maximizing its surplus
and ignoring the effect that its policy had on the welfare of hunters.!! If

11 Niskanen (1971) attributes the growth of the administrative state to such budget-
maximizing behaviour by rational bureaucrats.
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the hunters are wealthy foreigners, this might not be of great concern, but
the issue is particularly pertinent if the hunters are local villagers whose
cooperation and goodwill towards protecting the endangered species is
valuable in itself.!?

If the agency cannot cover all its costs from the sale of permits, the
minimum external source of funds required to supplement the sale of
permits whilst protecting fully the rare species is E (figure 1b). The agency
sets the permit at R** such that

d
y+F

If no external budget is available, the agency must accept that some rare
animals will be shot, in which case the fine revenue collected from those
caught can supplement revenue from the sale of permits increasing the
probability of detection.

In many countries in west Africa currently fines do little if anything to
deter hunting let alone bring in revenue for the authorities. In Ghana fines
for hunting protected species such as the civet cat (Civettictis civetta) or mona
monkey (Cercopithecus mona) are 10,000 cedis, approximately US$1.14, yet
the market price for these species is about US$11 and US$13 respectively,
and the social value likely to be much higher still (Ntiamoa-Baidu, 1997;
Damania et al., 2005). Given that average returns to hunting for farmers
were approximately equal to the government daily wage in 1976 and 40%
greater than average wages in 1993 (Ntiamoa-Baidu, 1997) and that the
probability of being caught is low, there are few incentives for farmers to
stop hunting or to discriminate over which species they hunt.

Relatively high prices even for the more common species such as cane
rats (Thryonomys swinderianus) do suggest that there is scope for introducing
a revenue-generating permit system. Fines for hunting rare species would
have to be increased substantially to well above the market price, as is
occurring in Cameroon where the fines for hunting endangered species
are being introduced that vary from CFA50,000 to 200,000 (approximately
US$100 to 400) in conjunction with the sale of permits for common species
(Agnagna and Koutou, 2001). Given that in Cameroon the total annual
enforcement budget for the Ministry of Environment and Forests in the
1990s was just US$11,000 supporting 100 staff monitoring a region the size
of New York State (Bailey, 2000) such measures should increase considerably
the capacity of the country to protect its rare animals.

3. Consequences of non-discriminating hunting

Although the model assumes hunting with guns, in practice a spectrum of
technologies is available with different degrees of selectivity. Wire snares
are cheap and accessible to most hunters, but are particularly non-selective
taking a wide range of animals; traditional traps are more selective — for

12 Generating revenue over and above that required to protect rare species in a
particular protected area might be justified if the additional revenue were used to
protect wildlife in other protected areas with less potential for revenue generation.
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example, neck traps catch small animals such as cane rats — and other nets
more selective still; guns used in daylight are the most selective (Infield,
1998; Bennett and Robinson, 2000).

With enforcement, a non-discriminating hunter will behave in a way
similar to the discriminating hunter in terms of the choice of animal
carcass taken, but the impact on the number of rare animals killed differs
significantly because the non-discriminating hunter will discard any rare
animals he kills while waiting for a common animal.!® Suppose that the
enforcement agency is able to recover its costs and ensure that no hunter
kills and takes home a rare animal through the strategy described above. If
hunters cannot discriminate, the number of discarded rare animals equals
the number of hunters multiplied by the proportion who go hunting
multiplied by the average number of discarded carcasses per hunter

N)»L(1 — R*) = Wmin Am
Wmax — Wmin )\L

Discarded rare carcasses =

(10)

The enforcement agency will not intercept hunters with rare animals and
data on the number of hunters intercepted during patrols will not give any
clue as to whether or not the enforcement strategy is actually working.!*
Differential enforcement without differential hunting technologies will
result in rare animals being killed and discarded and not necessarily
showing up in official records. The greater the relative scarcity of the
rare animal the less frequently carcasses will be discarded, but the more
costly each occurrence will be from a conservation perspective. Similarly,
if enforcement is concentrated around traders (where bushmeat is concen-
trated so enforcement costs might be lower) rather than the hunters, then
differential enforcement could simply lead to hunters consuming illegally
caught animals and selling those that are legally killed (Damania et al., 2005).

Conceptually, one approach to creating incentives for hunters to adopt
more selective yet often more costly hunting technology would be for the
cost of the permit to be a function of hunting technology selectivity: the less
selective the technology, the more costly the permit. However, this approach
in itself raises additional enforcement issues and cannot be considered in
isolation from the hunters’ opportunity costs of labour.

4. Welfare implications for hunters
Relative to the zero enforcement case, cost recovery in this single-period
model reduces hunters” welfare unambiguously because the enforcement
agency creates an incentive structure such that only common animals are
taken and hunters must pay for permits. In addition, some individuals who
would hunt in the zero enforcement scenario no longer find it cost effective.
Because the permit fee results in the economic exclusion of some hunters,
Ar could in fact be treated as an endogenous variable, which is a function
of the number of villagers who continue to hunt after a permit scheme

13 Under the zero enforcement scenario, the non-discriminating hunter will only
discard the low value carcass, never the high value carcass and so the number of
rare animals killed will be the same whether or not the hunter can discriminate.

14 In practice, the agency will find some identifiable discarded carcasses.
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is introduced, implying also that the implicit value of the permit would
also increase. Further, within a multi-period framework an interesting
additional benefit from the use of permits to regulate hunting the common
species would be revealed. If a permit system was to be introduced in an area
where hunting common animals was de facto open access, the permit could
act akin to a Pigouvian tax, set to manipulate the common species numbers
in the long run (increasing 1), thereby improving hunter welfare relative to
the open access situation by reducing the average time spent hunting. This
paper’s model could be extended to explore the long-run equilibrium by
adding growth functions for the two species and considering how different
permit prices affect the long-run number of hunters, their welfare, the long-
run equilibrium population of each species, and revenue for the wildlife
department (see for example Sutinen and Anderson, 1985; Milliman, 1986;
Skonhoft and Solstad, 1996).

5. Concluding thoughts

Enforcement has to be paid for. The strategies available to a government
wildlife department depend on the specific country situation, and in most
cases are influenced by both the need to protect endangered animals and
the impact on the welfare of people who depend on wildlife for their
livelihoods. The department will almost inevitably face trade-offs. An
optimal permit scheme may neither lead to a social optimum nor result
in optimal ecological management. However, in many economically poor
countries, the reality is limited budgets and departments must do the best
they can.

This paper suggests that protection of endangered species may require
the legalization of some hunting, thereby providing the wildlife department
with a revenue base for protecting endangered species. Enforcement
becomes more complex in such a situation. Firstly, in many countries in
westand central Africa most hunting isillegal. A move that permits selective
hunting might require greater efforts to explain why some species can be
hunted, whereas others cannot. Secondly, exclusion from areas where both
the common and rare species are found may no longer be appropriate,
making protection of endangered species more difficult.!® Thirdly, whether
or not fine revenue is returned to the specific government agency is critical.
If there are problems of corruption, permits may not be purchased if paying
a bribe is cheaper and fine revenue will be lower than anticipated.

The introduction of a permit system means that, in practice, the local
hunter is paying for the protection of rare and endangered species in return
for which he gets the right to hunt the non-endangered species. If such
permits cannot raise sufficient income to protect the rare species fully,
where there are charismatic species the enforcement agency could introduce
trophy hunting. A small number of permits to hunt rare animals are sold
and the revenues are used to protect and enhance the number of remaining

15 In Kenya ‘sport hunting’ has been banned since 1977; the justification in part being
that hunting may be associated with increased poaching (Otieno, 2004). In 2004,
Kenya'’s President Kibaki rejected the Wildlife Conservation and Management Bill
that would have reintroduced wildlife ‘sport hunting’.
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animals and possibly to compensate local residents for loss of hunting
rights. The permit price will almost always be considerably more than the
maximum fine that can be imposed on local hunters. In Tanzania in 1990,
the government earned US$4.5m from hunting licenses (almost exclusively
‘trophy’ or ‘tourism” hunting) and only US$1.9m from the national parks
system (Makombe, 1994).1¢ However, such a strategy is unlikely to work in
west Africa as there are few charismatic species.

The use of hunting revenue to protect resources is not unique to less-
developed countries. Burnett (2001: 2) writes that ‘in 1908 New York
became the first state to require a hunting license. By 1928 every state
had instituted a hunting license requirement, with the funds dedicated to
wildlife management . . . [Currently in the US] the various licenses, fees and
taxes on hunting and hunting equipment fund more than 90 percent of the
budgets of state fish and wildlife agencies.’

The requirement of cost recovery is an increasing reality in both
poorer and richer countries, with government agencies being required to
function as revenue-seeking parastatals rather than relying on externally
determined and granted budgets (Nolan and Turbat, 1995). For example,
in Canada attention is being paid to cost recovery in natural resources
through charging user fees (Natural Resources Canada, 1997). Cost recovery
schemes for fisheries are being developed throughout the world, including
New Zealand and Australia (Shrank et al., 2003; Stokes et al., 2006). In poorer
countries, the requirement for cost recovery tends to be due both to budget
shortages and the desire for improved accountability and macroeconomic
stability. In Ghana, the IMF and World Bank have - controversially —
proposed privatization and full ‘cost recovery’ for urban water supplies.
Similarly, cost recovery through the introduction of ‘user fees” has been
introduced in Ghana’s health care and education sector, and has been
proposed for other sectors.

References

Agnagna, M. and D.K. Koutou (2001), ‘Bushmeat working groups around the
world’, update No. 3, July-September 2001, accessed 3 November 2006, http://
www.bushmeat.org/html/project_wg3.htm

Bailey, N. (2000), ‘Global and historical perspectives on market hunting: implications
for the African bushmeat crisis’, The Bushmeat Crisis Task Force.

Bar-Niv, M. and Z. Safra (2002), ‘On the social desirability of wealth-dependent fine
policies’, International Review of Law and Economics 22: 53-59.

Becker, G.S. (1968), ‘Crime and punishment: an economic approach’, Journal of
Political Economy 76: 169-217.

Bennett, E.L. and J.G. Robinson (2000), ‘Hunting of Wildlife in Tropical Forests:
Implications for Biodiversity and Forest Peoples’, Global Environment Division,
The World Bank, Washington DC.

16 The viability of such trophy hunting is also influenced by international
conventions such as CITES (the Convention on International Trade in Endangered
Species of Wild Fauna and Flora) and individual country laws, such as the US
Endangered Species Act that has recently been relaxed to permit the import of
endangered species (Mbaria and Kelley, 2005).

https://doi.org/10.1017/51355770X08004403 Published online by Cambridge University Press


https://doi.org/10.1017/S1355770X08004403

Environment and Development Economics 619

Bowen-Jones, E., D. Brown, and E.J.Z. Robinson (2002), ' Assessment of the solution-
orientated research needed to promote a more sustainable bushmeat trade in
Central and West Africa’, DEFRA.

Bowen-Jones, E., D. Brown, and E.J.Z. Robinson (2003), “‘Economic commodity or
environmental crisis? An interdisciplinary approach to analysing the bushmeat
trade in central and west Africa’, Area 35: 390-402.

Burnett, H.S. (2001), “‘Hunters: Founders and Leaders of Wildlife Conservation’,
National Center for Policy Analysis, Brief Analysis No. 377, Monday, 12
November.

Conservation Finance Alliance (CFA) (2006), Conservation Finance Guide.

Damania, R., E.J. Milner-Gulland, and D.J. Crookes (2005), ‘A biometric analysis of
bushmeat hunting’, Proceedings of the Royal Society 272: 259-266.

Demsetz, H. (1964), ‘The exchange and enforcement of property rights’, Journal of
Law and Economics 7: 11-26.

Infield, M. (1988), ‘Hunting, trapping and fishing in villages within and on the
periphery of the Korup National Park’, WWEF report, Washington, DC.

Le Quesne, T. and R. McNally (2005), The Green Buck: Using Economic Tools to Deliver
Conservation Goals, a WWF Field Guide, World Wildlife Fund, UK, 66 pp.

Lear, KK. and ].W. Maxwell (1998), “The impact of industry structure and penalty
policies on incentives for compliance and regulatory enforcement’, Journal of
Regulatory Economics 14: 127-148.

Makombe, K. (ed.) (1994), ‘Sharing the land: wildlife, people and development in
Africa’, IUCN/ROSA Environmental Issues Series No. 1, IUCN/ROSA, Harare,
Zimbabwe and IUCN/SUWP, Washington, DC.

Mbearia, J. and K. Kelley (2005), ‘Wildlife bill Kibaki rejected had high-level US
support’, The East African, Nairobi (10 January).

Milliman, S.R. (1986), ‘Optimal fishery management in the presence of illegal
activity’, Journal of Environmental Economics and Management 13: 363-381.

Natural Resources Canada (1997), ‘Framework for revenue generation, external
funding, and collaborative efforts” (May).

Niskanen, W.A. (1971), Bureaucracy and Representative Government, Edward Elgar
Press.

Nolan, B.and V. Turbat (1995), ‘Cost recovery in public health services in sub-Saharan
Africa’, World Bank.

Ntiamoa-Baidu, Y (1997), ‘Wildlife and food security in Africa’, FAO Conservation
Guide 33, Food and Agriculture Organization of the United Nations, Italy.

Otieno, J. (2004), ‘Bill poised to make game hunting legal’, The Nation, Nairobi (24
December).

Rodriguez-Ibeas, R. (2002), ‘Regulatory enforcement with discretionary fining and
litigation’, Bulletin of Economic Research 54: 105-118.

Scottish Safety Camera Programme (n.d.), www.scottishsafetycameras.com/
Home.aspx, accessed 21 March 2007.

Shavell, S. (1993), ‘The optimal structure of law enforcement’, Journal of Law and
Economics 36: 255-287.

Shrank, W., R. Arnason, and R. Hannesson (eds) (2003), The Cost of Fisheries
Management, Ashgate Studies in Environmental and Natural Resource Economics,
Hants, England: Ashgate Publishing.

Skonhoft, A. and ]J.T. Solstad (1996), ‘Wildlife management, illegal hunting and
conflicts: a bioeconomic analysis’, Environment and Development Economics 1: 165—
181

Stigler, J. (1970) “The optimum enforcement of laws’, Journal of Political Economy 78:
526-536.

https://doi.org/10.1017/51355770X08004403 Published online by Cambridge University Press


https://doi.org/10.1017/S1355770X08004403

620  Elizabeth ]. Z. Robinson

Stokes, K., N. Gibbs, and D. Holland (2006), ‘New Zealand’s cost-recovery regime
for fisheries research services: an industry perspective’, Bulletin of Marine Science
78: 467-485.

Sutinen, J.G. and P. Andersen (1985), “The economics of fisheries law enforcement’,
Land Economics 61: 387-397.

Tutu, K.A., Y. Ntiamoa-Baidu, and S. Asuming-Brempong (1993), “The economics of
living with wildlife in Ghana’, Report prepared for the World Bank, Environment
Division.

https://doi.org/10.1017/51355770X08004403 Published online by Cambridge University Press


https://doi.org/10.1017/S1355770X08004403


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Cambridge University Press - Distiller version 6 job options for Press quality - 16-Feb-05)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


