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Abstract: Models have shown that levels of law enforcement
in Luangwa Valley, Zambia, during the 1980s were not ad-
equate to prevent illegal exploitation of black rbinos and
African elepbants. Theory suggests that the deterrent effect of
an increase in detection rate will be larger than that of a
similar increase in penalty. The most effective penalty, in
economic terms, would be a variable fine related to the num-
ber of illegal tropbies barvested, but this may be bard to
legislate effectively. Wildlife managers conserving rbinos
and elepbants should focus on improving detection rates
rather than on requesting severe penalties with no improve-
ments in detection.
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Politicas para el cumplimiento de leyes sobre vida silvestre:
Balance entre deteccién y penalidades en el valle de
Luangwa, Zambia

Resumen: Los modelos han demostrado que los niveles de
cumplimiento de la ley en el valle de Luangwa, Zambia,
durante los afios 1980s no fueron adecuados para prevenir
la explotacion ilegal de rinocerontes negros y elefantes afri-

canos. La teoria sugiere que los efectos disuasivos de un

incremento en la tasa de deteccion podrian ser mayores que
aquellos de un similar incremento en penalidad. La penali-
dad mds efectiva, en términos econémicos, seria una multa
variable en relacion al niimero de trofeos ilegales recolec-
tados, pero esta medida resulta dificil de legislar efectiva-
mente. Aquellos que se dedican al manejo de la vida silvestre
para la conservacion de los rinocerontes y elefantes deberian
concentrarse en mejorar las tasas de deteccion en lugar de
solicitar severas penas sin mejoras en la deteccion.

Introduction

The loss of Africa’s and Asia’s rhinos and elephants to
supply world markets in ivory and rhino horn has re-
sulted in the institution of a longstanding ban (since
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612 Enforcement of Wildlife Laws

1977) on trade in rhino horn and a more recent ban
(1989) on ivory (ITRG 1989; Western 1989). There is
increasing recognition of the importance of investing in
protected areas to control illegal supply to these mar-
kets (Leader-Williams & Albon 1988, Parker & Graham
1989). This involves determining how best to invest
limited funds to deter illegal exploitation of wildlife re-
sources. In this paper, we evaluate the policy implica-
tions of various strategies to deter poaching. We con-
clude that more emphasis should be placed on
improving detection rates than on imposing heavy pen-
alties.

Economic Incentives to Crime and Wildlife Laws

Studies on theft and burglary in the US. suggest that
incentives to crime are reduced if there is (1) an in-
crease in the perceived probability or severity of pun-
ishment, (2) a decrease in profit from the crime, or (3)
an increase in the opportunity cost of the crime through
improved wages elsewhere (Cook 1977). The last de-
pends to a large extent on improvements in the national
economic climate, but law enforcement agencies can
affect incentives in the first two ways. The probability of

Leader-Williams & Milner-Gulland

being caught and convicted (strictly two separate fac-
tors, but usually combined) has been found to be a
strong deterrent to crime. Opinion is divided on wheth-
er the severity of a sentence has any deterrent effect, but
studies agree that the penalty level is less of a deterrent
than the detection rate (Ehrlich 1973; Avio & Clark
1978). This result contradicts the intuitively optimal
policy for the deterrence of crime, which is to maximize
the penalty, if this is costless to the state, and minimize
the money spent on law enforcement.

Prison and fines are commonly used to deter illegal
exploitation of wildlife in Africa (IUCN 1986; Table 1).
Fines are arguably a better form of penalty than prison
sentences, since they act as a “tax” on illegal activity and
as a direct transfer payment from offender to victim, in
this case the state, which has lost a valuable animal
(Becker 1968). Fines have the further advantage of be-
ing cheaper to administer than prison sentences. Prison
sentences incur large costs, both to the state and the
prisoner, whose future legitimate earning power may be
seriously compromised. An offender’s a priori percep-
tion of the severity of a prison sentence will depend on
his discount rate and time horizon—how much he val-
ues the present over the future and how far into the
future he looks. If someone is indifferent between the

Table 1. Changes in laws of different countries as they relate to poaching of elephants and rhinos.
Previous laws Changed laws Shoot-
Country Species Year Fine' Real F Prison  Year Fine Real F Prison  to-kill
Kenya Elephants <20,000 <3790 <5
Rhinos 1976 40,000 <7581 <10 1989
Namibia Elephants
and rhinos 1980 6000 8624 6 1990 200,000 38,374 20
South
Africa®
NPB Elephants
and rhinos 1980 3000 4312 2 1991 3000-100,000 575-19,187 3-10
TNCD Elephants
and rhinos 1980 1500-2000 2156-2875 1Y>-2 1991 100,000 19,187 10
CDNEC Elephants
and rhinos 1980 3000-6000 4312-8624 1-2 1991 100,000 19,187 10
OFSDNC  Elephants
and rhinos 1980 800 1150 2 1991 100,000 19,817 10
NaPB Elephants
and rhinos 1980 2000 2875 Y2 1990 100,000 19,817 10
Tanzania Elephants e _ Y530 _ _ Y5~30
Rhinos 974 __ — 315 1989 — — 20-30
Zaire Elephants
and rhinos 1982 5000-50,000 299-2992 <5 1975
Zambia Elephants
and rhinos 1961 2500 38,500 <5 1982 —_ _— 5-15
Zimbabwe Elephants 750-1000 1312-1749 1-1Y2 1500-2000 499-666 1v2>-2
Rhinos 1982 1000 1749 1, 1990 — — 515 1987
Indonesia Elephants
and rhinos v3~10 1987 5 mill 2620 10
Malaysia Elephants <5916 <3000 <451 <2
Rhinos 1972 <3000 <z 1988 <15,000 <2255 <5

! Currencies. Actual fines are shown in the local currency: Kenya—shillings; Namibia and South Africa—rands; Zaire—Zaires; Zambia—
Kwacha; Zimbabwe—Zimbabwe dollars; Indonesia—rupiab; Malaysia—ringgit.
2 Boards in South Africa. NPB—National Parks Board; TNCD—Transvaal Nature Conservation Department; OFSDNC—Orange Free State De-
partment of Nature Conservation; NaPB—Natal Parks Board; CDNEC—Cape Directorate of Nature and Environmental Conservation.
Note: Actual fines are shown in local currencies, and their real values in the year of enactment (Real F) are calculated as $US in 1985 for
comparative purposes. Prison sentences are shown in years, and shoot to kill policies are shown as the year in which they were first declared.
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value of the present and the value of the future, an ex-
pected prison sentence of 0.2 years can be expressed
equally well as a 10% chance of two years in prison or
a 20% chance of one year in prison. However, if the
value of the future declines as it gets more distant, the
second year in prison is valued less than the first year, so
one year with a probability of 0.2 is the worse option
(Cook 1977). In Africa, the distant future is uncertain
and so is valued less highly than the present and imme-
diate future. This suggests that, in Africa, concentrating
on increasing detection rates is a better strategy than
increasing the length of prison sentences.

It is also appropriate to concentrate on detection
rates rather than penalties in Africa because the courts
are completely separate from the wildlife authority and
do not always set the same priority on protecting wild-
life. In Zambia, concern about the loss of elephants and
rhinos and about ivory and horn trafficking led the gov-
ernment to introduce mandatory 5—15 year prison sen-
tences for elephant and rhino poachers in 1982. But
although magistrates tended to deliver more prison sen-
tences to elephant and rhino offenders, not all received
prison sentences after 1982, and they were short, with a
maximum length of three years. The legislation to in-
crease penalties was slow and difficult to enact, and it
has been incompletely carried out (Leader-Williams et
al. 1990). Many range states in both Africa and Asia have
responded to the poaching crisis beginning in the 1980s
by enacting stiffer penalties, usually longer periods in
prison or larger fines, for the illegal exploitation of rhi-
nos and elephants (Table 1). In addition, in certain
countries, shoot-to-kill policies have been instituted
for killing rhinos (in Zimbabwe, see, Tatham 1988;
Tatham & Taylor 1989) or toward those simply
for entering a Protected Area (Zaire and Kenya).
Zambia, where our case study was carried out, does not
operate a shoot-to-kill policy for wildlife crimes (Chap-
ter 316 of the Laws of Zambia; Leader-Williams et al.
1990).

A Case Study: The Luangwa Valley, Zambia

During 1979-1985, anti-poaching patrols in Luangwa
Valley, Zambia, kept records of sightings and captures of
poachers and the sentences subsequently passed on
them (Leader-Williams et al. 1990). These data form the
basis of an economic model of incentives for illegal ex-
ploitation (Milner-Gulland & Leader-Williams 1992).
There are two clear types of poacher encountered. On
the one hand, local people undertake subsistence meat
hunting, which is a traditional and cultural necessity in
an area where domestic stock cannot be herded due to
tsetse fly infestation (Marks 1976, 1984). They hunt lo-
cally for short periods, using primitive firearms such as
muzzle-loading guns as well as spears, snares, and dogs.

Enforcement of Wildlife Laws 613

Although local people hunt mainly for meat, they will
occasionally kill an elephant or rhino both for meat and
for a trophy to be sold later to a dealer. On the other
hand, organized poaching gangs from outside the
Luangwa Valley usually contain two professional ele-
phant and rhino hunters with automatic weapons and/or
good rifles and about six carriers. The gang penetrates
deep into the national park, stays out for many days, and
may be caught with as many as 48 tusks and six rhino
horns (Leader-Williams et al. 1990).

Local and organized poachers have very different pat-
terns of incentives. The decision-maker in the local gang
is the poacher himself, but in the organized gang the
decision-maker is a dealer in contraband. The relatively
low hunting costs for the local poacher are offset by (1)
inefficient weapons and low elephant and rhino popu-
lations in the areas where he hunts; (2) the relatively
low value of his trophies because, rather than being
employed by a dealer, he has to sell to him directly; and
(3) a potential penalty that is high compared to the
hunter’s low costs and profits. In an organized gang, by
contrast, the dealer hires skilled hunters with sophisti-
cated weapons and faces higher costs than the local
hunter does. These costs are offset (1) by superior
weapons, longer expeditions, and higher densities of
prey in national parks, resulting in large numbers of
trophies, which can be sold abroad at high prices, and
(2) by the fact that the decision-maker himself is rarely
caught. The penalties for poaching therefore have less
potential effect on the dealer’s decision making,

The model showed that elephants and rhinos were
scarce enough that the cost of the hunt itself was
enough to deter the local poacher from hunting. Even if
the price of ivory or horn doubled, it would still not be
worth his while to hunt specifically for elephants and
rhinos. Thus, law enforcement was relevant only to local
hunters inasmuch as it prevented opportunistic killings
of elephants and rhinos found when hunting for meat,
and as it related to entering national parks in the first
place. The opposite situation held for the organized
gangs hunting elephants. Only if both hunting costs dou-
bled and the price obtained per kill was reduced five-
fold would it be unprofitable for organized gangs to
hunt elephants. Law enforcement had virtually no effect
on the decision to hunt because the profits from hunting
were so much higher than the expected penalties. How-
ever, the rhino population was so low in 1985 that it
was not profitable to hunt rhinos alone, although if the
gang chanced upon one it would have been worth kill-
ing it. Thus the model predicts that the rhino population
declined due to opportunistic killings by gangs hunting
for elephants.

These predictions fit the data well in that organized
gangs in Luangwa Valley were caught either with ele-
phant tusks or with tusks and a few horns, while local
hunters were usually caught with meat and sometimes
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614 Enforcement of Wildlife Laws

with a few tusks or horns (Milner-Gulland & Leader-
Williams 1992). In 1985, there was a larger population
of rhinos in the Zambezi Valley, Zimbabwe, and orga-
nized gangs did hunt exclusively for rhinos there
(Tatham 1988).

Implications for Deterring Local Gangs

Because they are poor, local poachers are likely to be
deterred by fines for hunting elephants and rhinos. A
prison sentence is a severe penalty because it has a se-
rious effect on the welfare of local hunters’ families,
most of whom are self-employed hunters and farmers.
Local hunters are marginal offenders, for whom the in-
centives to poach are not great, and so are likely to be
easily turned from crime by the threat of a higher pen-
alty (see Thurow 1980). Equally, too severe a penalty
could turn a local hunter into a serious elephant and
rhino poacher (Stigler 1970).

There is usually a social barrier to illegal activity,
which is breached at present because meat hunting is a
traditional and cultural necessity in an area infested with
tsetse fly where domestic stock cannot be herded
(Marks 1976, 1984). If access to wildlife resources were
better regulated so that most local meat hunters were
not acting illegally, the opportunistic killing of elephants
and rhinos would have to be more profitable for the
transition to illegal activity to occur. A wildlife authority
has the power to increase the opportunity cost of
poaching by increasing legitimate earning potential
within protected areas. Projects that give some respon-
sibility for management decisions, provide local jobs,
and channel some of the proceeds from safari hunting
and tourism to local people have been very successful.
The ADMADE project in Luangwa Valley has caused a
reported drop in illegal activity because poachers are no
longer helped or tolerated by locals (Lewis et al. 1990).

Implications for Deterring Organized Gangs

Deterring organized gangs from poaching presents more
serious problems. The Zambian economy has declined
over the past few decades, particularly in the 1980s,
leading to lower wages in real terms, while the price of
ivory and rhino horn increased dramatically until the
ivory ban of 1989 (Fig. 1). In 1985, a trophy dealer
could earn far more than a legitimate wage-earner (Fig.
2). A gang could get 30 kg of ivory per expedition and
one rhino in seven expeditions, and would only have
been deterred by a probability of detection of 0.9 or a
penalty of K20,000 per hunter, rather than the 1985
values of 0.05 and K500 respectively (Milner-Gulland &
Leader-Williams 1992). Another problem is that the de-
cision-maker, the dealer, is not himself convicted. Con-
fessions and the sentences delivered to poachers, how-
ever, suggest that dealers often bought the acquittal of
hunters with small fines, while the more disposable car-
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Figure 1. A comparison of real ivory price/kg and
real wages/day in Zambia over the period 1960—
1980, corrected with a base of 100% in 1980.

riers were sentenced to prison. Therefore, small fines
for hunters were just part of the economic equation of
ivory and horn trading, suggesting that much higher
fines for hunters could have deterred dealers. But fine
sizes require careful adjustment because they will be
effective only as long as the dealer pays. If fines are too
high, they become ineffective because the dealer will
allow the hunter to go to prison by default. Equally,
giving a prison sentence to an employed hunter proba-
bly would not have deterred the dealer from funding
poaching until he ran out of skilled hunters. The risk
premium needed to attract hunters into organized
poaching may, however, increase if the sentences are
perceived as severe, particularly if prison is involved.
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Figure 2. The 1985 wage/day in different sectors of
the economy, and the expected wage/day that could
be earned by a dealer and a local bunter from ivory.
The expectation of a penalty is included in the
wages of dealers and bunters (based on data in Mil-
ner-Gulland & Leader-Williams 1992).
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The ideal solution would be to deliver appropriate
sentences to dealers in ivory and rhino horn. This would
require more emphasis on intelligence gathering aimed
at arresting dealers. Maintaining or increasing the differ-
ential between penalties for elephant/rhino hunting and
other offences, especially for traffickers and middlemen,
is crucial. It may also be desirable to make penalties
more severe for possession of rhino horn than of tusks
because rhinos are more endangered than elephants. A
larger fine for rhinos could also discourage opportunis-
tic rhino killing, although in the Luangwa Valley reduc-
ing incentives to hunt elephants should also reduce
rhino hunting.

Another option that would dramatically reduce incen-
tives to poach would be to make fines for elephant and
rhino offences dependent upon the total number of tro-
phies captured. At present, court records indicate that
poachers are penalized only for illegal hunting, not for
the number of animals killed. If the fine were propor-
tional to the total number of animals killed, however,
then the optimal proportion of the population for the
organized hunter to kill could have been reduced from
90% to 2% (Milner-Gulland & Leader-Williams 1992).
This also penalizes the poachers who kill the most ani-
mals and so do most harm to elephant and rhino popu-
lations. But achieving legislation for a variable fine could
be difficult, partly due to the time needed for its passage
through bureaucratic structures when a swift response
to changing price structures and population sizes is nec-
essary, and partly because of the inherent difficulties of
administering a flexible system. The final problem with
deterring organized gangs is that large increases in real
wage rates or decreases in trophy prices abroad may not
be within the control of a wildlife authority. Improve-
ment in legitimate earning potential would raise the
cost of the hunter to the dealer, but this is hard to
achieve because organized gangs are recruited outside
the Luangwa Valley, and the national economy is declin-
ing (Leader-Williams et al. 1990; Fig. 1). The only
chance of increasing the cost of hunting would be to
increase the perceived risks, imposing a large risk pre-
mium on the dealer. This might be achieved by the
wildlife authority in Zambia in two ways: first by impos-
ing the ultimate penalty of a shoot-to-kill policy, with all
its implications for justice and human rights, and second
by improving the detection rate by an order of magni-
tude.

Wider Implications: Balancing Penalties and
Detection Rates

A questionnaire survey of legislation on offences involv-
ing the illegal exploitation of rhinos and elephants pro-
duced responses from nine range states, seven in Africa
and two in Asia (Table 1). Of these, eight states have
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enacted stiffer penalties for poaching rhinos and/or ele-
phants since the poaching crisis first came to world at-
tention in 1980 (Zimbabwe changed its laws in 1985
and 1990, but only the recent change is shown in Table
1). Three states (Kenya, Tanzania, and Zimbabwe) dif-
ferentiated between the severity of sentences for poach-
ing rhinos rather than elephants before recent law
changes, and another state (Malaysia) since its law
change. Before the law changes, the real value of pen-
alties, whether fines or prison sentences, was fairly uni-
form in the seven states where data are available, with
the exception of the long prison sentences in Tanzania
(Table 1). But the law changes have led to much wider
variation in the real value of penalties for poaching rhi-
nos and elephants. Of possible concern are the generally
lower penalties in the two Asian countries, which have
responsibility for the two most endangered species with
the most valuable trophies, Javan and Sumatran rhinos.

In addition to changes in fines and prison sentences,
three countries—Zaire, Zimbabwe, and Kenya—have at-
tempted to deter poaching by using a shoot-to-kill pol-
icy (Table 1). In these countries, nationals of other
countries have been the chief illegal exploiters of rhinos
and elephants: Sudanese in Zaire, Zambians in Zimba-
bwe, and Somalis in Kenya. Crossing frontiers with au-
tomatic weapons represents a threat to national security
that, together with poaching, is deemed to merit such a
punishment (Tatham 1988).

The question, then, is whether the policy of stiffer
sentences will work. As discussed earlier, studies sug-
gest that long prison sentences do not work when dis-
count rates are positive, as they are in Africa. Very high
fines are unlikely to be paid. A disadvantage of a very
high penalty is that although it may lower the overall
level of crime, the level of serious crime may increase
(Stigler 1970). Local poachers may move to serious
crime if punishment is unselective. Therefore, a shoot-
to-kill policy should not be applied to all poachers en-
tering a Protected Area, for then there is no incentive to
kill just a warthog rather than an elephant or rhino, and
not to kill approaching scouts. But are the organized
gangs deterred by the death penalty? No data are avail-
able from Kenya. In Zimbabwe, small gangs without car-
riers hunt for rhino horn, so the policy stands the best
chance of success here because a high proportion of
hunters are killed. Around 164 Zambian poachers were
shot between 1984 and 1992, however, and a minimum
of 1105 rhinos were killed (Milliken et al. 1993).

The implication of the failure to control poaching
with the death penalty is that the stiffest possible pen-
alty is not in itself an effective deterrent to poaching in
Africa. We suggest that wildlife authorities should not
simply press for more severe penalties (Table 1), but
instead put their primary emphasis on improving their
detection rates to levels that deter poachers, with sec-
ondary emphasis on achieving more severe penalties for
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those involved in serious crimes. Efficient detection is
clearly the responsibility of the wildlife authority. Se-
vere penalties in law may be unhelpful if detection rates
remain low and/or if the judiciary does not pass the
mandatory sentence, as occurred in Luangwa Valley
(Leader-Williams et al. 1990). A shoot-to-kill policy is
advantageous to a wildlife authority in that, once polit-
ical approval has been granted, its administration is
solely within the wildlife authority’s control.

Community schemes have been shown to be effective
in deterring local poaching both in Zambia (Lewis et al.
1990) and elsewhere. For example, local people acting
as auxilliary game guards have reduced rhino poaching
in Namibia (Loutit & Owen-Smith 1989). However,
poaching by organized gangs may not be as successfully
tackled through community schemes as poaching by lo-
cals, especially when gangs come from outside project
areas or are non-nationals. An aware local population
may well provide information on poaching incursions,
but the killing of rhinos by Zambians (Milliken et
al. 1993) within areas included in the well-known
CAMPFIRE project in Zimbabwe (Martin 1986) attests
to the inadvisability of relying on community schemes
to stem the tide of organized poaching.

Trade bans are a possible solution to protecting pop-
ulations of endangered animals, but they have certainly
not worked for rhinos (Western 1989; Leader-Williams
1992). and it is too soon to evaluate them for elephants
(Dublin & Jachmann 1992). If bans continue to be in-
effective, our analysis gives a gloomy prognosis for the
protection of large populations of rhinos and elephants
from organized poaching gangs. The problem is espe-
cially acute in countries (or in their neighboring coun-
tries) with imperfect law enforcement and declining
economies and where dealers enjoy an almost zero rate
of detection (Cumming 1986). Given that a high prob-
ability of detection is a better deterrent than a severe
penalty, wildlife authorities need to direct manpower
into law enforcement patrols and, if resources are short,
effort should be concentrated on the protection of small
areas rather than spread thinly (Leader-Williams & Al-
bon 1988) or, where possible, devoted to considerably
more effective intelligence work outside the protected
areas (Bell 1986; Leader-Williams et al. 1990).
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