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Rhino populations are at a critical level due to the demand for rhino horn and the subsequent poaching. Wildlife
managers attempt to secure rhinos with approaches to devalue the horn, the most common of which is de-
horning. Game theory has been used to examine the interaction of poachers and wildlife managers where a
manager can either ‘dehorn’ their rhinos or leave the horn attached and poachers may behave ‘selectively’ or
‘indiscriminately’. The approach described in this paper builds on this previous work and investigates the in-
teractions between the poachers. We build an evolutionary game theoretic model and determine which strategy
is preferred by a poacher in various different populations of poachers. The purpose of this work is to discover
whether conditions which encourage the poachers to behave selectively exist, that is, they only kill those rhinos
with full horns.

The analytical results show that full devaluation of all rhinos will likely lead to indiscriminate poaching. In
turn it shows that devaluing of rhinos can only be effective when implemented along with a strong disincentive
framework. This paper aims to contribute to the necessary research required for informed discussion about the

lively debate on legalising rhino horn trade.

1. Introduction

Rhino populations now persist largely in protected areas or on
private land, and require intensive protection (Ferreira et al., 2014)
because the demand for rhino horn continues to pose a serious threat
(Amin et al., 2006). The illegal trade in rhino horn supports aggressive
poaching syndicates and a black market (Nowell et al., 1992; Warchol
et al., 2003). This lucrative market entices people to invest their time
and energy to gain a ‘windfall’ in the form of a rhino horn, through the
poaching of rhinos.

Standard economic theory predicts extinction through poaching
alone is unlikely due to escalating costs as the number of remaining
species approaches zero (Courchamp et al., 2006). However, the rarity
of rhino horn makes it a luxury good, or financial investment for the
wealthy (Gao et al., 2016), and thus the increased cost and risk to poach
does not increase as rapidly as the increased gain - the anthropogenic
Allee effect (Branch et al., 2013; Courchamp et al., 2006). However, the
anthropogenic Allee effect was recently revisited (Holden and
McDonald-Madden, 2017) to highlight that the relationship is even
more complex and pessimistic. The value of rhino horn can inflate, even
with a large population size, due to an increase in the cost (i.e. risk) to
poach. Therefore measures to protect rhino horn may actually be in-
creasing the gain to poachers. It is not clear whether this relationship
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has contributed to the escalation in rhino poaching over recent years.
Nonetheless, it is clear that the future existence of rhinos is endangered
because of poaching (Biggs et al., 2013; Smith et al., 2013). This ra-
tionale leads to debate about legalising rhino horn trade, which in turn
may reduce demand. In Biggs et al. (2013) the authors suggest meeting
the demand for rhino horn through a legal market by farming the rhino
horn from live rhinos. In fact recently the actual quantity of horn that
could be farmed was estimated by Taylor et al. (2017). However,
Crookes (2016) argues that because the demand for horn is so high,
legalising trade may lead to practices that maximise profit, but are not
suitable for sustainable rhino populations, and thus rhinos may be
‘traded on extinction’. Preventing poaching covers in-country and
global issues, and thus legalising rhino horn trade is a controversial and
active conversation, which is not limited to rhinos — Harvey et al.
(2017) considered ivory and stated that by enforcing a domestic ivory
trade ban we can reduce the market's demand.

As it stands, for wildlife managers law enforcement is often one of
the main methods to deter poachers. Rhino conservation has seen in-
creased militarisation with ‘boots on the ground’ and ‘eyes in the sky’
(Duffy et al., 2015). An alternative method is to devalue the horn itself,
one of the main methods being the removal so that only a stub is left.
The potential impact of various policies are nicely summarised in
Douglas and Blignaut (2016), where de-horning is noted to be
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promising for ‘in-country intervention’. The first attempt at large-scale
rhino dehorning as an anti-poaching measure was in Damaraland, Na-
mibia, in 1989 (Milner-Gulland and Leader-Williams, 1992). Other
methods of devaluing the horn that have been suggested include the
insertion of poisons, dyes or GPS trackers (Gill, 2010; Smith et al.,
2013). However, like dehorning, they cannot remove all the potential
gain from an intact horn (poison and dyes fade or GPS trackers can be
removed and have been found to affect only a small proportion of the
horn). In Milner-Gulland and Leader-Williams (1992); Milner-Gulland
(1999) they found the optimum proportion to dehorn using mean horn
length as a measure of the proportion of rhinos dehorned. They showed,
with realistic parameter values, that the optimal strategy is to dehorn as
many rhinos as possible. A manager does not need to choose between
law enforcement or devaluing, but perhaps adopt a combination of the
two; especially given that devaluing rhinos comes at a cost to the
manager, and the process comes with a risk to the rhinos.

A recent paper modelled the interaction between a rhino manager
and poachers using game theory (Lee and Roberts, 2016). The authors
consider a working year of a single rhino manager. A manager is as-
sumed to have standard yearly resources which can be allocated on
devaluing a proportion of their rhinos or spent on security. It is assumed
that all rhinos initially have intact horns. Poachers may either only kill
rhinos with full horns, ‘selective poachers’, or kill all rhinos they en-
counter, ‘indiscriminate poachers’. This strategy may be preferred to
avoid tracking a devalued rhino again, and/or to gain the value from
the partial horn. If all rhinos are left by the rhino manager with their
intact horns, it does not pay poachers to be selective so they will chose
to be indiscriminate since being selective incurs an additional cost to
discern the status of the rhino. Conversely, if all poachers are selective,
it pays rhino managers to invest in devaluing their rhinos. This dynamic
is represented in Fig. 1. Assuming poachers and managers will always
behave so as to maximise their payoff, there are two equilibriums: ei-
ther all rhinos are devalued and all poachers are selective; or all horns
are intact and all poachers are indiscriminate. Essentially, either the
managers win, the top left quadrant of Fig. 1, or the poachers win, the
bottom right quadrant of Fig. 1 . The paper (Lee and Roberts, 2016)
concludes that poachers will always choose to behave indiscriminately,
and thus the game settles to the top left quadrant, i.e., the poachers win.

At the extremes, we could consider the game as one of opportunistic
exploitation (Branch et al., 2013). That is, consider intact rhinos and
devalued rhinos as two species, where one is more valuable than the
other. Opportunistic exploitation advances upon the theory of anthro-
pogenic Allee effect to consider two species which are exploited to-
gether. Specifically, when a highly valued species becomes rarer, a
secondary, less valuable species is then targeted. As with opportunistic
exploitation on a larger scale, rhino managers need to account for the
multispecies system.

In this manuscript, we explore the population dynamic effects as-
sociated with the interactions described by Lee and Roberts (2016).
More specifically, the interaction between poachers. In a population full
of indiscriminate poachers is there a benefit to a single poacher
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Fig. 1. The game between rhino manager and rhino poachers. The system
settles to one of two equilibriums, either devaluing is effective or not.
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becoming selective or vice versa? This notion is explored here using
evolutionary game theory (Smith and Price, 1973). The game is not that
of two players anymore (manager and poacher) but now the players are
an infinite population of poachers. This allows for the interaction be-
tween poachers over multiple plays of the game to be explored with the
rhino manager being the one that creates the conditions of the popu-
lation.

Note that poachers are, in practice finite, and each has individual
factors that will affect a poacher's behaviour. An infinite population
model corresponds to either an asymptotic generalisation or overall
descriptive behaviour.

In evolutionary game theory, we assume infinite populations and in
our model this is represented by (x;, x2) with x; being the proportion of
the population using a strategy of the first type and x, of the second. We
assume there are utility functions u; and u, that map the population to a
fitness for each strategy, given by,

uy (1, %) and up (X1, X).

In evolutionary game theory these utilities are used to dictate the
evolution of the population over time, according to the following re-
plicator equations,

d

% =x(u0q, %) — ¢),
d
% =% U (%, %) — ¢), 6))
where ¢ is the average fitness of the whole population (Nowak, 2006).
In some settings these utilities are referred to as fitness and/or are
mapped to a further measure of fitness. This is not the case considered
here (it is assumed all evolutionary dynamics are considered by the
utility measures).

Here, the overall population is assumed to remain stable thus,
Xx; + x5 =1 and

dXZ

dt

L]

m =0=>xwba, %) —¢) + %W(a, ) — ¢) =0.

(2)

Recalling that x; + x, = 1 the average fitness can be written as,

¢ = xu (X1, ) + XU (X, X%). 3
By substituting (3) and x, = 1 — x; in (1),

dx;

d_tl =x(1 - x)w G, %) — b, %)). 4

The equilibria of the differential equation (4) are given by, x; = 0,
x;=1,and 0 < x; < 1 for u;(x;, x5) = uy(x;, x2). These equilibria
correspond to stability of the population: the differential equation (4)
no longer changes.

The notion of evolutionary stability can be checked only for these
stable strategies. For a stable strategy to be an evolutionary stable
strategy (ESS) it must remain the best response even in a mutated po-
pulation (x;, %).. A mutated population is the post entry population
where a small proportion e > O starts deviating and adopts a different
strategy.

In Section 2, we determine expressions for u;, u, that correspond to
a population of wild rhino poachers and we explore the stability of the
equilibria identified in Lee and Roberts (2016). The results contained in
this paper are proven analytically, and more specifically it is shown
that:

o In the presence of sufficient risk: a population of selective poachers
is stable, meaning dehorning is a viable option.
e Full devaluation of all rhinos will lead to indiscriminate poachers.

2. The utility model

As discussed briefly in Section 1, a rhino poacher can adopt two
strategies, to either behave selectively or indiscriminately. To calculate
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the utility for each strategy, the gain and cost that poachers are exposed
to must be taken into account. The poacher incurs a loss from seeking a
rhino, and the risk involved. The gain depends upon the value of horn,
the proportion of horn remaining after the manager has devalued the
rhino horn and the number of rhinos (devalued and not).

Let us first consider the gain to the poacher, where 0 is the amount
of horn taken. We assume rhino horn value is determined by weight
only, a reasonable assumption as rhino horn is sold in a grounded form
Rhino Conservation (2017). Clearly if the horn is intact, the amount of
horn gained is 6 = 1 for both the selective and the indiscriminate
poacher. If the rhino horn has been devalued, and the poacher is se-
lective, the amount of horn gained is 8 = 0 as the poacher does not kill.
However, if the poacher is behaving indiscriminately, the proportion of
value gained from the horn is 0 = 0, (for some 0 < 6, < 1). Therefore,
the amount of horn gained in the general case is

6r,x)=xQ-rN+0-x)A—-r+716) 5)

where r is the proportion of rhinos that have been devalued, and x is the
proportion of selective poachers and 1 — x is the proportion of indis-
criminate poachers. Note that since 6,, r, x € [0, 1], then O(r, x) > O,
that is, some horn will be taken. Standard supply and demand argu-
ments imply that the value of rhino horn decreases as the quantity of
horn available increases (Mankiw, 2010). Thus at any given time the
expected gain is

HO(r, x)™@, (6)

where H is a scaling factor associated with the value of a full horn,
a = 0 is a constant that determines the precise relationship between the
quantity and value of the horn. Fig. 2, verifies that the gain curve
corresponds to a demand curve: we see that as r increases, so that the
supply of horn decreases, the value is higher and vice versa. We have
chosen a simple function to model the demand (and thus gain) of rhino
horn value, relative to the proportion of rhinos devalued. However,
demand for illegal wildlife generally involves more factors than simply
supply. Additional factors include, but are not limited to, social stigma,
tourism revenues, government corruption, and rich countries being
willing to pay to ensure species existence (Bulte and Van Kooten, 1999;
van and Kooten, 2008).

An individual interacts with the population which is uniquely de-
termined by x, the proportion of selective poachers. Therefore, the gain
for a poacher in the population x is either

6(r, 1)HO(r, x)™* selectivepoacher
6(r, 0)HO(r, x)™® indiscriminatepoacher

(7)

depending on the chosen strategy of the individual.

Secondly we consider the costs incurred by the poacher. It is as-
sumed that a given poacher will spend sufficient time in the park to
obtain the equivalent of at least a single rhinoceros's horn. For selective
poachers this implies searching the park for a fully valued horn and for
indiscriminate poachers this implies either finding a fully valued horn
or finding N, total rhinoceroses where N, = [eiy].

Fig. 3 shows a random walk that any given poacher will follow in

00 02 0.4 1.0

Fig. 2. HO(r, x)~“ for values H = 10, 6, = 0.3 and x = 0.2.
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the park. Both types of poacher will exit the park as soon as they en-
counter a fully valued rhino, which at every encounter is assumed to
happen with probability 1 — r. However, the indiscriminate poachers
may also exit the park if they encounter N, devalued rhinos in a row.
Each step on the random walk is assumed to last 1 time unit: during
which a rhino is found. To capture the fact that indiscriminate poachers
will spend a different amount of time to selective poachers with each
rhino the parameter 7 is introduced which corresponds to the amount of
time it takes to find and kill a rhino (thus z = 1).

Using this, the expected time spent in the park T;, T, by poachers of
both types can be obtained:

For selective poachers:

T =0 -rNt+rQ-rA+17)+r*1-r)Q2 + 1)+...
=1 -rYr,ri+1)
1 0 .o (i 00 i
=1- r)(; PPN LT 5 N r’)
=(1- r)(ﬁ + ﬁ) usingstandardformulaforgeometricseries
_r+t(-r)
- 1-r
(8
For indiscriminate poachers:
T, =1 -rt+r(1—-r)2t+r’(1 —r)3ct+.+r¥21 - r)(N, - Dt

+ NN T
Ne—1: i _
=Q -y il 4+ rNINT
=1 - r)r(ir(ril)z (NprrNe — NopNe — e r)) + rN-INT

_ 7(1—rNr)
Toa-n

)

Fig. 4 shows T; and T, for varying values of r and z highlighting that
7 has a greater effect on T, than T;. Also, as r increases the overall time
spent in the park by both poachers increases and the value of r at which
T; and T, are equal increases.

Additionally, the poachers are also exposed to a risk. The risk to the
poacher is directly related to the proportion of rhinos not devalued,
1 — r, since the rhino manager can spend more on security if the cost of
devaluing is low. In real life this is not always the case. The cost of
security can be extremely high thus it cannot be guaranteed that much
security will be added from the saved money. However, our model
assumes that there is a proportional and negative relationship between
the measures.

1 =rp, (10)

where 8 = 0 is a constant that determines the precise relationship be-
tween the proportion of rhinos not devalued and the security on the
grounds. Therefore, at any given time the expected cost (due to the
trade off between security and devaluing) for a poacher is,

FT,(1 — r)ffori € {1, 2} an

where F is a constants that determines the precise relationship. Fig. 5
verifies the decreasing relationship between r and the cost. Notice that
the cost to indiscriminate poachers remains fairly consistent, irrespec-
tive of the proportion of devalued rhinos, until this proportion gets
high. Whereas the cost to selective poachers is more sensitive to the
proportion of rhinos devalued, especially when the time to kill a rhino
is large.

One final consideration given to the utility model is the incorpora-
tion of a disincentive to indiscriminate poachers. Numerous inter-
pretations can be incorporated with this:

e more severe punishment for indiscriminate killing of rhinos;
e educational interventions that highlight the negative aspects of in-
discriminate killing;
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sel.

Fig. 3. Illustrative random walk showing the points at which an indiscriminate or a selective poacher will leave the park.

e the possibility of a better alternative being offered to selective
poachers.

This will be captured by a constant T.
Combining (7) and (11) gives the utility functions for selective
poachers, u;(x), and indiscriminate poachers, u,(x),

w(x)=6(r, DHO(r,x)* — (r+ (1 — r))F(A — r)F-1, (12)

u(x) = 6(r, O)HO(r, x) * —t(1 — r™FQ — r)f~1 - T (13)

Given a specific individual, let s denote the probability of them
behaving selectively. Thus the general utility function for an individual
poacher in the population with a proportion of 0 < x < 1 selective
poachers is

u(s, x) = sup(x) + (1 — s)up (x). a4)
Substituting (12) and (13) into (14) and using (5) gives,
u(s,x) =H(@O6,r(1 —5)—r+ 1)O0(r,x)™*
—FGr+stQ—-r+0-5)tQ—-r¥))Q -rF1-QQ-sT
(15)

Fig. 6 shows the evolution of the system over time for a variety of

initial populations and parameters. This is done using numerical in-
tegration implemented in Eric et al. (2001). All the source code used for
this work has been written in a sustainable manner: it is open source
(https://github.com/Nikoleta-v3/Evolutionary-game-theoretic-Model-
of-Rhino-poaching/) and tested which ensures the validity of the re-
sults. The source code has also been properly archived and can be found
at Glynatsi and Knight (2018).

A summary of all the parameters and their meanings is given by
Table 1.

In Fig. 6 the left column shows parameters sets for which a selective
population is stable (x = 1). The figures on the right correspond to a
decrease in 7z which decreases the risk associated with acting indis-
criminately: in these cases a population of selective poachers is un-
stable. In one case (H = 192) a mixed population is stable: some poa-
chers will continue to act selectively.

In Section 3, these observations will be confirmed theoretically.

3. Evolutionary stability

By definition, for a strategy to be an ESS it must first be a best
response to an environment where the entire population is playing the
same strategy. In our model there are three possible stable distributions

r=0.4 r=0.6

3.5
3.0

¥ ¥ ¥

3 g 3

£ £25 <

1} 1 [

£ £ £

= = =
2.0 /
1.5

0.6 0.8 1.0 1.2 1.4 0.6 0.8 1.0 1.2 1.4 0.6 0.8 1.0 1.2 1.4
T T T

— Indiscriminate time

—— Selective time

Fig. 4. Expected time spent in the park for selective T; and indiscriminate poachers T, for 6, = .15.
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Selective cost, B = 0.95

10

Indisriminate cost, B = 0.95

r

10.04

7.5

5.0

2.5

0.0

— 17=1.0

r

T=1.5 —= 1=1.75 T=2.0

Fig. 5. Costs associated to both poachers for F = 5 and varying values of r and 7.

based on the equilibria of equation (4):
o all poachers are selective;
e all poachers are indiscriminate;

e mixed population of selective and indiscriminate poachers.

An ESS corresponds to asymptotic behaviour near the equilibria of

1992).

For simplicity, denote the right hand side of (4) as f. In this setting,
when x is near to some equilibria x" so that f(x*) = 0 then the evolu-
tionary game can be linearized (using standard Taylor Series expansion)
as:

*
(4), this correspond to the concept of Lyapunov stability (Lyapunov, A& +¢) =J(x*)e 16)
dt
r=0.54r=1.5 r=0.54r=1.1
1.00{ = — 1.00
0.75 e e 0.75
/” /'/
% 0.50{ -~ s % 0.50
/'/
0.25 P 0.25
-
0.00 0.00
[) 20 40 60 80 100
time
r=067t=1.8
1.00] —————————— — 1.00
0.75 P e 0.75
- -
x0.501 -~ A7 % 0.50
e
0.25 P 0.25
/‘/
0.00 0.00
00 25 50 7.5 100 125 150 175 20.0
time
r=02t=2
1.00) —————————————— — 1.00
0.75 LT S 0.75
o4 s
% 0.50 -~ e % 0.50
/'/
0.25 e 0.25
0.00 0.00
00 25 50 7.5 100 125 150 17.5 20.0 [) 2500 5000 7500 10000 12500 15000 17500 20000
time time
— x(0)=1-10"3 - x(0)=1-102 --- x(0)=0.5 —— x(0)=0.1 x(0) =0.01

Fig. 6. The change of the population over time with different starting populations. For F =5, H=50,a =2, = .99, 7= 1.5,60,=0.01,T = 0.
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Table 1
A summary of the parameters used.
Parameter Interpretation
o, The proportion of value gained from a devalued horn
r The proportion of rhinos that have been devalued
H A scaling factor associated with the value of a full horn
a The relationship between the quantity and value of a horn
F The cost of retrieving a horn
B The relationship between the proportion of devalued rhinos and
security
T The time it takes to find and kill a rhino
r A disincentive only applied to indiscriminate poachers
where:
df
J(a) = —
dx |eq a7

This gives a standard approach for evaluating equilibria of the un-
derlying game. For a given equilibria x*, J(x") < 0 if and only if x is an
ESS.

Using Eqgs. (12) and (13):

1

J(a) =
(r—1(-arb, + r6, — r + 1)*+1

where:
h=F(-r+ 1)f(-arb, + 16, —r + 1)"’+1(2a rt—2ar — 2(1}'[9%]1’ —-rr
1
+r+ r[?r]r)

J,=Haar?0?(—a + 1)(r — 1) + H16,(2a — 1)(r — 1)(arb, — 16, + r
-1

Theorem 1. Using the utility model described in Section 2, a population of
selective poachers is stable if and only if:

T

—p)-a-p
F+ HE,(1—r) B

F

1
T>

19)

1-— r%'*l

Proof. Direct substitution gives:
N
(=r+1)**1@Fr-1)
—H16,(r—1%)-T'=FA - r)fir—-t@ - /el
+H6,1-r)%-T

JQ) = (F (=r + DP(=r + ™07 — r — rIV/ok)

FA-rfr+Hr6,1-r)*—T<FQ1-rflc@— ol
r

F+HE(Q—r)lPa— — —
r( r) r(l—r)l_ﬁ

e F <t
which gives the required result. []
Note that the limit of the right hand side of Eq. (19) tends to infinity
asr—1". This means that devaluing all rhinos is not a valid approach.
Furthermore, we see that the equilibria with poachers acting se-
lectively, predicted in Lee and Roberts (2016) can in fact be obtained in
specific settings.

Note that similar theoretic results have been obtained about the
evolutionary stability of indiscriminate poachers but these have been
omitted for the sake of clarity.

In this section we have analytically studied the stability of all the
possible equilibria. We have proven that all potential equilibria are
possible. All of these theoretic results have been verified empirically,
and the data for this has been archived at Glynasti et al. (2018). Fig. 7
shows a number of scenarios where F =5, = 0.99, 6, = 0.05 and,
unless varied as stated on the x-axis:
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® Scenario 1:
® Scenario 2:
® Scenario 3:
e Scenario 4:
® Scenario 5:
® Scenario 6:

H=50r=045a=2,7=2,T=0
H=50r=04a=25,7=18,I'=0
H=25r=045a=2,7=2,T=0
H=25r=04a=25,7=18T=0
H=25r=099a=2,7=2,T=4
H=25r=099a=25,7r=18,T=4.

The first plot in Fig. 7 shows that when the value of a full horn is
low, and there is no disincentive factor (Scenarios 3 and 4), the poacher
strategy can be influenced by the time taken to kill a rhino such that a
long time can push the poacher to behave selectively (as there is in-
creased risk associated with acting indiscriminately). The second plot,
shows that the disincentive factor has most influence when the value of
a full horn is high (Scenarios 1 and 2). Otherwise, poachers will gen-
erally be indiscriminate if r is large (Scenarios 5 and 6) or selective
otherwise (Scenarios 1, 2, 3 and 4). Most importantly, the third plot
confirms Theorem 1. A high value of r forces the population to become
indiscriminate even with a high disincentive. Moreover, for all sce-
narios a value of r does exist for which a selective population will
subsist.

This confirms that devaluing alone is not a solution and in fact can
potentially have averse consequences: combinations of devaluing and
education (creating a disincentive) is needed.

4. Discussion and conclusions

In this work the dynamics of a selective population were explored. It
was shown that given sufficient risk associated with killing a rhino, it
would be possible for a selective population of poachers to subsist.

We have developed a game theoretic model which examines the
specific question for rhino managers: how to deter poachers by deva-
luing horns? One of the main conclusions of the work presented here is
that if there is sufficient risk associated with indiscriminate behaviour
then a population of selective poachers can be stable. The model also
incorporates wider factors in a general manner such as a disincentive
factor. The disincentive factor may be an increase in the monetary fine
for poachers. In fact Di Minin et al. (2015), who identify the most im-
portant contributors to the number of rhinos illegally killed in South
Africa (between 1900 and 2013), found that increasing the monetary
fine has a more significant effect than increasing the years in prison.
However, the disincentive factor may also include wider influences,
such as engaging the rural communities that neighbour wildlife (Biggs
et al., 2013), or decreasing the cost of living with wildlife, and sup-
porting a livelihood that is not related to poaching. Zooming out fur-
ther, it could include global issues such as an increase in ecotourism,
which would provide a sustainable income for the community.

Another opportunity for wider factors, such as global issues, to be
included in the model is via the supply and demand function. For ex-
ample, Di Minin et al. (2015) show that one of the three most important
contributors to the number of rhinos illegally killed was the GDP in Far
East Asia, where the demand for rhino horn is at its greatest. This
finding supports (Lawson and Vines, 2014) call for improved law en-
forcement and demand reduction in the Far East.

Note that the proportion of devalued rhinos r is continuous over [0,
1] in the model. However, standard practice of a given park manager in
almost all cases is to either devalue all the animals in a defined enclosed
area, or none at all. This is thought to be because partial devaluing
tends to disturb rhino social structures. Our results indicate that de-
valuing all rhinos will only decrease rhino poaching if potential poa-
chers have a viable alternative (even in the case of a large disincentive).

The debate about the effectiveness of devaluation for preventing
poachers and, is extensive and ongoing. This model answers one aspect
of the topic, but larger questions remain. There are many drivers to
account for, many of which are included in a systems dynamics model
presented in Crookes (2016) which captures the five most important
factors: rhino abundance, rhino demand, a price model, an income
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Fig. 7. Evolutionary stable populations for varying values of 7, r, T for six different scenarios.

model and a supply model. Using the optimal dehorning model of
Milner-Gulland and Leader-Williams (1992), the model (Crookes, 2016)
finds that poachers behaving indiscriminately will always prevail,
which indicates that the risk associated with indiscriminate behaviour
might not have been captured fully.

Following discussions with environmental specialists it is clear that
devaluing is empirically thought to be one of the best responses to
poaching. This indicates that whilst of theoretic and potential macro-
economic interest, the modelling approach investigated in this work has
potential for further work. For example, a detailed study of two
neighbouring parks with differing policies could be studied using a
game theoretic model, this would require an understanding of the travel
times which can be very large and have a non negligible effect. Another
interesting study would be to introduce a third strategy available to
poachers: this would represent the possibility of not poaching (perhaps
finding another source of income) and/or leaving the current en-
vironment to poach elsewhere. Finally, the specific rhino population
could also be modelled using similar techniques and incorporated in the
supply and demand model.
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