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The consumption of meat from wild animals (or bushmeat) occurs throughout Africa and highlights the con-
flict between two distinct development goals: food security and biodiversity conservation. Growing human
populations throughout the greater Serengeti ecosystem rely heavily on bushmeat as a source of protein,
which places pressure on migratory wildlife populations. This paper uses unique data from protein consump-
tion surveys from 131 households over 34 months in a generalizable empirical framework to estimate price,
cross-price, and expenditure elasticities of protein sources, and analyze the potential economic effects of pol-
icies to mitigate bushmeat hunting and consumption. Results suggest that: (1) directly increasing the price of
bushmeat through enforcement or other policies to reduce supply will have the most direct and largest effect
of bushmeat consumption; (2) increasing income increases bushmeat consumption as well as consumption
of other meat sources; (3) if surrounding fisheries experience a negative shock, or collapse, this will lead
to a dramatic increase in bushmeat consumption. Overall, these results strongly indicate that policies to re-
duce bushmeat hunting while maintaining food security must be considered in a broad and comprehensive
framework.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

Increasing human population density in Sub-Saharan Africa has
resulted in more rural communities living in close proximity to
protected wildlife populations. These protected areas are meant to
ensure that wildlife is conserved for future generations. However,
surrounding communities, with access to large wildlife populations,
often rely on meat from wildlife hunting, or bushmeat, as an impor-
tant source of protein. Consumption of bushmeat creates a conflict
between the competing goals of wildlife conservation and household
food security, especially if wildlife is not harvested sustainably. In
West and Central Africa, bushmeat hunting has decimated many
once common species. To mitigate the threat of bushmeat hunting
to wildlife populations it is important to understand the dynamics
of the bushmeat market.

The conflict between sustainability and bushmeat hunting as a
means of maintaining food security has been documented in the liter-
ature (Barnett, 2000; Bennett, 2002; Fa et al., 2003; Loibooki et al.,
2002; Mainka and Trivedi, 2002; Milner-Gulland and Bennett, 2003;
Nasi et al., 2008; Robinson and Bennett, 2002; Robinson and Bennett,
2004). In Tanzania, where bushmeat hunting is illegal, rural poverty
and food insecurity remain a challenge, with 36% of rural households
), adamon@macalester.edu
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living below the basic needs poverty line (National Bureau of Statistics
Tanzania, 2002). The motivations for bushmeat hunting and consump-
tion are diverse, lack of abundant protein sources is a key reason
for bushmeat hunting (Barnett, 2000; Jambiya et al., 2007; Loibooki et
al., 2002), however bushmeat consumption tends to be concentrated
close to protected areas (Campbell et al., 2001; Knapp et al., 2010). Cul-
tural preferences for bushmeat are also an important factor (Bennett,
2002; Campbell et al., 2001; Fa et al., 2003; Loibooki et al., 2002;
Mainka and Trivedi, 2002; Ndibalema and Songorwa, 2008).

The threat of bushmeat hunting to conservation objectives has been
examined both using theoreticalmodels aswell as empirical economet-
ric models. Damania et al. (2005) and Barrett and Arcese (1998) both
employ theoretical models to examine the likely interactions between
economic incentives and bushmeat hunting. Damania et al. (2005)
find that increased bushmeat prices will likely lead to changes in tech-
nologies used for bushmeat hunting, and that policies that address
bushmeat sales rather than hunting are more likely to be effective.
Barrett and Arcese (1998) suggest that directly addressing fluctuations
in rural agricultural incomes will offer the most enduring solutions to
the conflict between household food security andwildlife conservation.
These theoretical findings provide important inputs into thinking about
the bushmeat market using an empirical approach.

The use of data and empirical analysis is a more common method-
ology for examining the bushmeat market. Previous empirical studies
have shown, for example, that an increase in bushmeat consumption is
correlated with the decreased availability of alternative protein sources
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including livestock and fisheries (Brashares et al., 2004; Kümpel et al.,
2010; Nasi et al., 2008; Nyahongo et al., 2009; Rowcliffe et al., 2005;
Wilkie et al., 2005; Loibooki et al., 2002). Several studies have previous-
ly examined income effects and price responses of bushmeat and other
available meat protein sources directly. Wilkie et al. (2005) find that
wealth and protein consumption are positively related in Gabon and
Brashares et al. (2011) also find a positive relationship between wealth
and protein consumption in a cross-country study in Ghana, Cameroon,
Tanzania, and Madagascar. East et al. (2005) substantiate this positive
relationship in urban Equatorial Guinea. Evidence of price and cross-
price effects between bushmeat and other protein sources is scarcer.
Wilkie et al. (2005) find suggestive evidence (though not statistically
significant) that fish is a substitute for bushmeat while Apaza et al.
(2002)find someevidence of this same substitution between bushmeat
and fish as well as domestic livestock from Bolivia's Amerindian com-
munities. Another study in Bolivia by Wilkie and Godoy (2001) finds
that decreases in the price of domestic livestock prices will reduce the
consumption of fish substantially but have little effect on the consump-
tion of bushmeat.

The few previous attempts to estimate price, cross-price, and ex-
penditure elasticities have generally employed a single equation ap-
proach, which is inconsistent with demand theory. In this study, we
use data from monthly household surveys for 131 households that
measure meat consumption, prices, and time-varying household
characteristics. These data were collected from households in eight
communities surrounding Serengeti National Park in Tanzania each
month for 34 months. We apply a generalizable methodology using
these data to rigorously evaluate the demand for bushmeat and
other protein sources and obtain estimates on price, cross-price, and
expenditure elasticities for bushmeat and other protein sources
using an Almost Ideal Demand System (AIDS).

We add to this literature by estimating a demand system for ani-
mal based proteins to establish the price and income effects of various
protein sources, including bushmeat, simultaneously. We employ the
AIDSmodel to estimate these elasticities, which has numerous advan-
tages over estimating elasticities using a single equation. Firstly, the
AIDS model satisfies the axioms of choice, and can be used to test
and impose the homogeneity and symmetry restrictions on parame-
ters. Second, by estimating demand for multiple proteins in a system,
we can account for cross-equation correlations that cannot be cap-
tured using a single equation approach. We assume that demand for
multiple meat protein sources are likely to be influenced by similar
factors and thus are assumed to be contemporaneously correlated.
Lastly, determining which meat sources are substitutes for bushmeat
in this system has important policy implications for developing conser-
vation interventions in Serengeti and elsewhere. We use our estimates
to quantitatively analyze bushmeat hunting policy in Tanzania. For
example, understanding the relationship between bushmeat quantity
consumed and fish price helps us understand the potential effects of
the depletion of the Lake Victoria fishery on wildlife populations in
the Serengeti. Understanding relationships between protein sources,
like these, can help target policies more effectively to manage wildlife
populations without compromising food security in poor households
(Ling et al., 2002).

1.1. The Serengeti Context

The Serengeti ecosystem includes one of the largest mammal mi-
grations on earth, with more than 1.2 million wildebeest and more
than 200,000 zebra that transverse the ecosystem annually. As the
annual migration passes through various land-use types, wildlife
herds are at risk from humans, particularly via bushmeat hunting.
Bushmeat hunting is illegal in Tanzania without a permit but remains
an important and prevalent economic activity for communities in the
greater Serengeti ecosystem (Galvin et al., 2008; Holmern et al., 2004;
Kaltenborn et al., 2005; Knapp, 2007, 2012; Loibooki et al., 2002). Illegal
hunting, however, negatively affects wildlife populations (Sinclair et al.,
2008; Thirgood et al., 2004) and is considered among the most serious
threats towildlife in the Serengeti ecosystem (Sinclair, 1995). Although
selective hunting targeted towards rare and high-valued species bound
for high-end external markets is also common, the majority of hunting
in Serengeti appears to bemore oriented toward local consumption and
sale of bushmeat (Barnett, 2000; Campbell et al., 2001; Kaltenborn et al.,
2005; Nyahongo et al., 2009). A large proportion of the illegally hunted
meat is sold locallywithin communities, though someproportion is also
exported outside of the ecosystem (Barnett, 2000; Campbell et al.,
2001). Bushmeat hunting thus serves as both a source of food and
income (Barnett, 2000; Bennett et al., 2002; Kaltenborn et al., 2005;
Knapp, 2012; Knapp et al., 2010). The local consumption of bushmeat
is responsible for the estimated 70,000–129,000 wildebeest deaths
per year (Rentsch and Packer, 2012). Previous efforts to understand
themotivation for hunting focus on the behavior of producers (hunters)
who typically face limited livelihood options in rural agro-pastoral
economies (Barrett and Arcese, 1998; Johannesen, 2005; Knapp, 2007,
2012; Loibooki et al., 2002), however this paper approaches this prob-
lem by understanding the behavior of the bushmeat consumer and
examines the role of alternative protein sources in the decision to con-
sume bushmeat.

The seasonal variation in bushmeat availability influences both
prices and consumption of bushmeat and alternative protein sources.
We use this seasonal variation in wildlife abundance at the communi-
ty level to predict protein consumption in our empirical approach.
This abundant wildlife access, high human population density in
communities surrounding Lake Victoria, and favorable climate for
livestock productivity provide a unique opportunity to examine the
trade-offs in household consumption of bushmeat, fish, and domestic
meat.

Several policy approaches have been used to mitigate illegal hunt-
ing in Serengeti. Primarily, bushmeat hunting is combated through
enforcement, with extensive anti-poaching units operating through-
out the national park and surrounding reserves. The national park
has also engaged in community outreach in an effort to meet eco-
nomic development needs in surrounding communities (Serengeti
National Park, 2006), though these programs often suffer from limit-
ed funding. Another effort to reduce bushmeat consumption was a
game cropping scheme that provided bushmeat legally within vil-
lages bordering protected areas (Holmern et al., 2002; Mbano et al.,
1995). Despite on-going efforts and an overall increase in spending
on law enforcement, all of these strategies to reduce illegal hunting
within the ecosystem have had limited results. Understanding the im-
portance of bushmeat in local households' food security strategies
and their willingness to substitute away from bushmeat, may help
more effectively target efforts to mitigate illegal hunting.

In the remaining sections we first discuss the data used in our
analysis, we then present our empirical strategy, report results from
the analysis and use the estimated elasticities in a policy simulation
exercise, and conclude with a discussion of our results.

2. Data

Weuse household level dietary recall data collectedmonthly for 131
households over 34 months. Dietary recall surveys have been shown to
be an effective method for measuring the food consumption choices of
households (Baer et al., 2005; Bingham et al., 1994; Day et al., 2001;
Gersovitz et al., 1978; Hebert et al., 1997). This study uses a weekly re-
call of only meat-based protein sources to gain a more comprehensive
understanding of protein intake and to capture “rare” events, such as
the consumption of different bushmeat species (Knapp et al., 2010).
While 24-hour recallwas found to be themost accurate food recallmea-
sure, food-frequency questionnaireswhich ask respondents to recall di-
etary intake over longer periods of timewere found to bemore efficient
in that they provide a wider time horizon with which to assess varied



Table 1
Average village price per kilogram.

N Average
village price

Standard
deviation

Min. Max.

Beef 3156 3012.02 1354.39 833.33 10,000.00
Fish 3156 973.45 597.67 65.10 3000.00
Bushmeat 3156 1708.45 741.44 519.13 4697.37
Dagaa 3156 2020.43 1394.21 376.92 7131.31
Chicken 480 4434.96 2593.85 1000.00 12,162.16
Sheep 341 3144.43 1480.61 1000.00 70,00.00
Goat 1329 3265.08 2291.93 1000.00 18,300.00
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diets (Baer et al., 2005; Bingham et al., 1994; Day et al., 2001; Gersovitz
et al., 1978; Hebert et al., 1997). However, it is important to note that
there are potential biases in bothweekly and 24-hour recall dietary sur-
veys and as such there is likely some measurement error in our con-
sumption data.

The sample of households was chosen from eight villages within
Serengeti and Bunda districts in Mara region, Tanzania. These villages
were chosen randomly from a list of all villages immediately adjacent
to protected wildlife areas (Serengeti National Park and Ikorongo–
Grumeti Game Reserves) with the requirement that no two villages
included in the sample border one another spatially. Two enumerators
in each village, who were also village residents, were selected to assist
with monthly data collection.1 Four sub-villages were selected at ran-
dom from each village to ensure a spatially diverse sample (villages
were found to typically have between 6 and 10 sub-villages). Four to
five households were selected from each of the four sub-villages by
selecting one household at random, walking in a random compass
direction, and skipping four households before approaching the next
household to interview.

Each householdwas revisitedmonthly on the same day (+/−1 day),
and asked to recall the animal-based protein thatwas prepared at home
for each of the previous seven days. The enumerator was instructed to
prompt the respondent (usually a woman responsible for preparing
food each day) by the days of the week. For each of the protein types
(including various types of meat and fish), the respondent was asked
to specify the method of meat preparation (whether dried or fresh)
and the number of meals consumed, and to estimate the total weight
of the meat protein source consumed. A second, independent assess-
ment of weights of protein sources available at village level was also
conducted using hand-held weighing to provide more precise price-
per-unit data. Eight of the 16 enumerators collecting monthly data
for the protein survey also collected weight data. These independent
measurements were particularly important in reducing measurement
error in reported bushmeat and fish weights. Respondents were also
asked to recall how the household acquired the meat (e.g. purchased,
slaughtered at home, given as a gift, fished or hunted themselves),
and the price per unit, if purchased. Information on the primary occupa-
tion of the head of the household for the previous 30 days, number of
people living in the household that week, and the number of children
under five was also recorded as well as detailed questions about live-
stock ownership and livestock health, in particular the number of ani-
mals owned, slaughtered, sold and died in the previous month.

Collecting data that includes questions about bushmeat consump-
tion is sensitive since bushmeat hunting is illegal. Using local enu-
merators, who are known to the respondents, meant that bushmeat
consumption was less likely to be underreported in this study than
in previous attempts to measure bushmeat consumption. As a result,
these data directly measure consumption of bushmeat as well as mul-
tiple other protein sources.2

Prices for goat, sheep, and chicken were all higher per kilogram
than beef, but they all had relatively few observations and high stan-
dard deviations. Goat, sheep, and chickens were often obtained from
household stocks and slaughtered at home — typically for celebra-
tions or special events. For example, only 15% of chicken consumption
1 Enumerators were selected on the criteria that they were literate, had lived in the
village for more than 5 years, were known to many members of the village, and did not
spend more than 1 month a year away from home. Enumerators were typically village
primary school teachers, health workers or assistant livestock officers. Each enumera-
tor received 3–4 days of training in the use of the questionnaire and process of house-
hold selection.

2 While local enumerators reduce reporting bias, they likely do not eliminate it
completely. It is nearly impossible to know the exact size of this bias, but the direction
is likely to be an underreporting of bushmeat consumption rather than an over
reporting. This bias should not affect elasticity estimates unless the price responsive-
ness of bushmeat consumption is misreported. We do not have any evidence to sug-
gest if this is the case.
observations had associated purchase prices. Weight per meal of fish
was unknown by many respondents in the recall survey, and prices
varied significantly (Table 1). Unknown weights were calculated
using a “fish weight index” from consumers with known weights,
and weight data provided by the enumerators within the village.3

A measure of wildlife abundance in the village provides a proxy
for the presence of the wildlife migration in the area and was deter-
mined by asking respondents to mention the months in which “wild-
life was most common in their village”. Their responses were tallied,
creating a frequency count for each month, indicating relative abun-
dance. This abundance data was then included in the empirical anal-
ysis to control for the effect of seasonal abundance of wildlife and its
influence on the consumption of bushmeat. We expect that increased
wildlife abundance at the village level will increase the likelihood of
bushmeat consumption during that month.

3. Empirical Strategy

Bushmeat consumption is examined in a demand system with
other meat protein sources such as fish, beef, and dagaa (a small
dried sardine-like fish). An AIDS model (Deaton and Muellbauer,
1980) with a refinement proposed by Heien and Wessells (1990) is
used to estimate own-price, cross-price, and expenditure elasticities.
The AIDS model satisfies the axioms of choice, is relatively flexible,
easy to estimate and interpret, and can be used to test and impose
the homogeneity and symmetry restrictions on parameters. Second,
by estimating demand for multiple proteins in a system, we can ac-
count for cross-equation correlations that cannot be captured using
a single equation approach. We assume that demand for multiple
meat protein sources are likely to be influenced by similar factors
and thus are likely correlated. The AIDS model approach has been ef-
fectively used to test the effect of price and expenditure changes on
consumer demand for various protein sources in many other studies
(e.g. Coffey et al., 2011; Eales and Unnevehr, 1988; Marsh et al., 2004;
Piggott and Marsh, 2004). Further, given the large number of censored
observations for consumption in these data, we employ a two-step pro-
cess following Heien and Wessells (1990) to account for bias resulting
from a large portion of observations being censored at zero (Heien
and Wessells, 1990; Jabarin, 2005). The AIDS model can be defined as

wit ¼ αi þ∑n
j γij lnpjt þ βi ln

Xt

Pt

� �
þ uit i ¼ 1;…;n ð1Þ

wherewit is the expenditure share of the ith good in time period t; pjt is
the nominal price of the jth good, X is the total expenditure on all
3 To standardize fish quantities into kilograms, since many households reported
their consumption in number of fish rather than kilograms, we determined an index
for the kilograms of fish consumed per household member per week using those 157
incidences where the respondent reported fish consumption in kilograms. Using the
average for this index, we calculated the average weight per fish consumed by multi-
plying the fish index value by the total fish consumed, and the number of people in
the household. This gave us an estimate of the average kilograms per fish consumed.
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protein sources in time period t, and ln Pt is the translog price index
defined as:

lnPt ¼ α0 þ∑αj lnpj þ
1
2
∑n

i ∑
n
j γit lnpit lnpjt t ¼ 1; ::::; T: ð2Þ

The problem with using this specification of the price index is that
the system in non-linear makes estimation difficult. Deaton and
Muellbauer (1980) suggest a linearized version of this price index, re-
ferred to as Stone's geometric price index. When the linearized version
of the price index is employed the AIDS model is referred to as the
Linearized Approximation of the AIDS or LA-AIDS. Therefore, following
Deaton and Muellbauer and Green and Alston (1990) we use Stone's
geometric price index, P*, instead of Pt to estimate the LA-AIDS which
is equal to:

lnP� ¼
Xn
i¼1

wit lnPit : ð3Þ

The linearization of the price index, as shown in the LA-AIDS model
has been demonstrated by Asche and Wessells (1997) to yield results
that are comparable to the AIDS model, which, in its original specifica-
tion, uses a price index specification that makes the system non-
linear. Eq. (1) is then reduced to:

wit ¼ αi þ
Xn
j

γij lnpjt þ βi lnX−∑
n

i¼1
wi;t lnpit

� �
þ uit: ð4Þ

There are several empirical considerationswhen estimating demand
elasticities for the four protein sources in our study. First is the large
number of consumption observations censored at zero since house-
holds in our sample do not consume all protein sources in all observed
time periods. In our sample, 75% of beef consumption, 36% for dagaa,
73% of fish, and 55% of bushmeat observations are censored at zero.

Second, households with zero consumption for a protein source in
a given month also have missing prices for that protein source in that
month. As Coffey et al. (2011) explain, this problem has been
approached several ways in the literature. We use the most straight-
forward approach, which is to assume that households face a com-
mon village price and use a village average to fill in missing price
data. For villages with only a single price point for a given protein in
a month, we use the average of the price of that month for the two
closest villages in our sample. While endogenous prices are still an
additional concern, the use of the village average mitigates this con-
cern to some degree. Further, we conducted this same analysis
using predicted prices to address the endogenous price problem and
results were qualitatively the same.

Implementing theAIDSmodelwith village prices, while failing to ac-
count for the zero quantities consumed, would lead to biased estimates
(Park et al., 1996). It is likely that households self-select into consuming
a protein source during a certain month and this non-random self-
selection bias must be accounted for. To address the potential selection
bias we use the Amemiya–Tobin approach which is to include a selec-
tion correction term to account for censored data employed by Heien
and Wessells (1990), and has since been used in a variety of similar
studies (Heien and Wessells, 1990; Jabarin, 2005; Liu et al., 2009;
Shonkwiler and Yen, 1999; Taljaard et al., 2004). We first estimate a
probit model to explain the household's (h) decision to consume pro-
tein source, i, in a given month, t, and then construct an inverse Mills
ratio which is used in the estimation of the LA-AIDS model. The probit
equation takes the form

diht ¼ γ0 þ γ1 pivt
þ∑

j
γ2jpjvt þ γ3Vilþ β4WildlifeAbundancevt þ β6hhsizeit þ eiht :

ð5Þ
The variable diht takes a value of 1 if the protein iwas consumed in
month t and 0 if protein i was not consumed in month t. Next, pivt is
the village, v, average price for protein i in month t, and j indexes al-
ternative proteins. A variable measuring the abundance of wildlife at
the village level is used as an identifying variable in this first stage
equation. From Eq. (5) an inverse Mills ratio (IMR) for each protein
is calculated and equal to:

IMRjh ¼
φ pjvt ;Xh;Wildlif evt
� �

Φ pjvt ;Xh;Wildlif evt
� � ð6Þ

where, φ is the probability density function and Φ is the cumulative
distribution function. For those households that did not consume
the protein in a given month the IMR is equal to:

IMRjh ¼
φ pjvt ;Xh;Wildlif evt
� �

1�Φ pjvt ;Xh;Wildlif evt
� � : ð7Þ

The IMR is then used in the estimation of the AIDS system such
that the system is now characterized as:

wit ¼ αi þ∑n
j γij lnpjt þ βi lnX �∑n

i¼1wi;t−1 lnpit
� �

þ∑iIMRit þ uit : ð8Þ

The system of equations in Eq. (8) is estimated using a three
staged least squares seemingly unrelated regression.

The advantage of the AIDS model is its consistency with demand
theory, namely the demand equations must adhere to the adding up
restriction:

∑iαi ¼ 1; ∑iγij ¼ 0; ∑iβi ¼ 0 ð9Þ

the homogeneity restriction:

∑jγij ¼ 0 ð10Þ

and the symmetry restriction:

γij ¼ γji; i≠j: ð11Þ

Another advantage of the AIDS model is that these restrictions are
easily tested (Wadud, 2006). Given this specification, expenditure
elasticities, uncompensated (Marshallian) price elasticities, and
Hicksian (compensated) price elasticities can be calculated by follow-
ing Green and Alston (1990). The expenditure elasticities are of the
form:

eix ¼ 1þ βi

wi
: ð12Þ

Expenditure elasticities are a proxy for income elasticities in this
context since it is reasonably assumed that since poor households
save very little, expenditure is highly correlated with income. The
Marshallian (uncompensated) price elasticities are defined as:

ηij ¼ −δij þ
γij

wi
−βi

wj

wi
ð13Þ

where δij is the Kronecker delta such that δij = 1 when i = j, and
δij = 0 for i ≠ j. Marshallian price and cross-price elasticities are



Table 2
Mean number of kilograms of each protein consumed per household per week.

Average weekly
household
consumption (in kg)

Standard
deviation

Minimum Maximum Dietary
share

Beef 0.90 2.18 0.00 28.00 10.44%
Fish 1.11 2.48 0.00 26.88 13.81%
Bushmeat 2.70 4.40 0.00 56.00 29.35%
Dagaa 2.11 2.85 0.00 55.00 34.59%
Chicken 0.68 1.62 0.00 17.76 7.58%
Sheep 0.17 1.46 0.00 28.00 1.01%
Goat 0.48 2.33 0.00 42.00 3.22%
Total protein 8.14 6.85 0.13 56.00 100%

Note: N = 3156.
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the most commonly reported elasticities and are a result of maximiz-
ing utility subject to a budget constraint. They include both the in-
come and substitution effect. The Hicksian price elasticities are:

η�ij ¼ ηij þwj 1þ βi

wi

� �
¼ ηij þwjeix: ð14Þ

Hicksian elasticities are “income-compensated” elasticities based
on the compensated demand function. We expect these two elastici-
ties for the same good to be similar if the share of income devoted to
the good is small and the income (expenditure) elasticity of the good
is small.

The elasticity estimates above are presented as a means to analyze
different policy approaches to bushmeat below. These represent our
best estimates of these elasticities, and given their robustness to dif-
ferent specifications they are effective tools to discuss policy options,
however several caveats should be considered. Firstly, the exclusion
of chicken consumption and prices means that we are excluding an
additional meat type in this system. This necessarily excludes chicken
from the following policy analysis, but it is possible that there are
more policy options around chicken production that cannot be
discussed effectively here. Second, prices used in the analysis are
self-reported and even though we use village averages to mitigate
an endogenous price problem, it is still possible that these prices
could suffer from endogeneity. Given that our predicted prices did
not offer significant improvements in our estimates, we opted to
keep our village price analysis, but this is a weakness of this analysis.

4. Results

Households within the sample consumed an average of 8.14 kg of
meat- or fish-based protein sources per week, of which the majority
consisted of dagaa (35%), followed by bushmeat (29%), fish4 (14%),
beef (10%) and chicken (8%), see Table 2. Sheep and goat were con-
sumed relatively rarely consisting of 1% and 3% of protein intake re-
spectively. Therefore goats, sheep and chicken were not included in
the AIDS model due to their relatively low contribution to the diet.

Tables 3 and 4 provide Marshallian and Hicksian (income compen-
sated) elasticity estimates, and their standard errors, for bushmeat,
beef, dagaa and fish. These estimates are based on estimates from a
seemingly unrelated regression (SUR). The complete joint estimation
SUR results are provided in Appendix Tables A and B. As expected in
Table 3, all protein sources have a negative own-price Marshallian
elasticity ranging from −0.696 for dagaa to −1.427 for fish. Dagaa
has the lowest own-price elasticity, which is consistent with dagaa
being a relative necessity among meat protein sources. Further, we
see that bushmeat is relatively own-price elastic at−1.122.Marshallian
cross-price elasticities can provide important insight about how people
substitute between protein sources in their household food security
strategy. A positive and significant cross-price elasticity between
bushmeat consumption and the price of fish and beef indicates that
they are substitutes for bushmeat and as the price of these proteins
rise households consume more bushmeat. Bushmeat and dagaa have
a significant cross-price relationship, however the signs between
bushmeat and dagaa and dagaa and bushmeat are contradictory. In
the income-compensated estimates in Table 4, we see that dagaa and
bushmeat are consistently net substitutes. This result indicates that
the contradictory results between bushmeat and dagaa are likely a re-
sult of an income effect, which is netted out in the Hicksian elasticities
in Table 4. These results differ from results obtained in West Africa,
where it was found that bushmeat consumption did not vary signifi-
cantly based on price of protein sources (Wilkie et al., 2005).

Expenditure elasticities in Table 3 are all positive, with bushmeat,
beef, and fish all having expenditure elasticities greater than 1, while
4 Defined here as larger lake fish and differentiated locally from “dagaa”.
dagaa has expenditure elasticity of 0.649. All four of the protein
sources are normal goods and as income (expenditure) increases,
consumption of these protein sources will also increase. Consistent
with anecdotal evidence, bushmeat and beef are the most expendi-
ture elastic while we see that dagaa is the least. This result is consis-
tent with dagaa being the most commonly consumed source of meat
protein in low-income households and has important implications for
both development practitioners in rural Tanzania as well as conserva-
tionists. As efforts are being made throughout the Serengeti ecosys-
tem to improve household welfare through increased household
incomes, these results suggest that we should anticipate a corre-
sponding rise in consumption of beef, bushmeat, fish, and dagaa. In
particular, these results suggest that rising incomes will result in rel-
atively large increases (increases in consumption that are greater
than increases in income in percentage terms) in beef, bushmeat,
and fish consumption. This will, in turn, place more pressure on the
wildlife populations hunted for meat throughout the ecosystem.

Hicksian (or income compensated) elasticities, presented in
Table 4, also have negative own-price elasticities as expected, but in
general the magnitudes are smaller than Marshallian estimates. This
result is not surprising since Hicksian elasticities are net of the income
effect. The Hicksian elasticities also provide information about which
protein sources are net substitutes or complements. Bushmeat is a net
substitute for all other protein sources. This result is highly significant
at the 1% level for all bushmeat relationships. There is evidence that
beef and fish are also net substitutes. Other protein relationships are
less consistent in terms of their sign and significance level.

A similar secondary analysis was used to estimate the Marshallian
and Hicksian elasticities for the meat demand system but this time
results for bushmeat were separated into two categories: migratory
(wildebeest and zebra) species and non-migratory species.5 As expected
all own-price elasticities are negative and significant. Migratory
bushmeat is found to bemore price-elastic than non-migratory bushmeat
suggesting that non-migratory bushmeat is likened more to other, more
constantly available, protein sources. Marshallian estimates also suggest
that fish and migratory species are substitutes and further dagaa and
non-migratory bushmeat are complements. We see some evidence that
migratorywildlife species and beef and fish are substitutes but these esti-
mates are not highly significant. Expenditure elasticities formigratory and
non-migratory bushmeat are comparable at 1.201 and1.155, respectively,
suggesting that migratory species are slightly more expenditure elastic,
but not by much. The expenditure elasticity results for both bushmeat
types are still the highest of the protein sources presentedwhich is con-
sistent with those presented in Table 3. The income-compensated elas-
ticity estimates tell a slightly stronger story. Hicksian results suggest that
beef and fish are substitutes for all types of bushmeat. We also see that
migratory and non-migratory bushmeat are substitutes for each other
(see appendix D and E).
5 Results are available upon request.



Table 5
Policy analysis results.

Policy Fish Beef Dagaa Bushmeat

(1) Increase in the price of bushmeat by 10%
Percent change in quantity demanded 2.87 1.26 1.09 −11.22
Change in quantity demanded (in kg) 0.03 0.01 0.02 −0.30

Table 3
Marshallian elasticities.

Expenditure shares Marshallian (uncompensated) elasticities Expenditure elasticity

Beef Fish Bushmeat Dagaa

Beef 0.162 −0.965*** −0.032 0.126*** −0.158*** 1.184***
(0.287) (0.068) (0.049) (0.026) (0.018) (0.034)

Fish 0.119 −0.002 −1.427*** 0.287*** −0.132*** 1.006***
(0.256) (0.036) (0.054) (0.019) (0.014) (0.040)

Bushmeat 0.322 0.206*** 0.680*** −1.122*** −0.128*** 1.322***
(0.374) (0.055) (0.055) (0.041) (0.020) (0.020)

Dagaa 0.397 −0.175*** −0.300*** 0.109*** −0.696*** 0.649***
(0.377) (0.047) (0.050) (0.025) (0.024) (0.016)

Note: Standard errors are in parenthesis, except for budget shares which are standard deviations. *** means significant at the 1% level. N = 3156 Marshallian (or uncompensated)
elasticities are based on demand functions that are a function of both prices and income.
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The elasticity and seemingly unrelated regression results are ro-
bust to a number of different specifications. Firstly, elasticity esti-
mates are qualitatively the same with both the inclusion and
exclusion of the inverse Mills ratio selection correction term in the
seemingly unrelated regression estimation. We also have a version
of this model that uses predicted prices to address the issue of endog-
enous prices instead of village level prices, and the results were quite
similar. Lastly, we have also included chicken quantities and prices in
previous iterations of this model, but even though the elasticity esti-
mates were similar in magnitude we lost many observations and we
opted to exclude chicken to improve the precision of our estimates
with a larger sample.

5. Sensitivity Analysis: Analysis of Anti-Poaching Strategies

The elasticity estimates reported in the previous sections allow us
to better understand the effects of several policy approaches that gov-
ernmental and non-governmental organizations have used or pro-
posed to reduce bushmeat consumption around Serengeti National
Park. By conducting a sensitivity analysis of the results of own,
cross-price, and expenditure elasticities in Table 3, we can estimate
the effects of price changes on the average household diet and specu-
late about the broader effects of various policies aimed at reducing
illegal hunting of wildlife and decreasing consumption of wildlife.
We examine three common policies: increased enforcement against
illegal hunting, increasing household income through income gener-
ation programs, and increasing the production of alternative protein
sources. We lastly examine the effect of a negative shock to fisheries
(e.g. a fishery collapse in Lake Victoria) on bushmeat demand. A sum-
mary of the sensitivity and quantitative policy analysis can be found
in Table 5. It is important to note that while we only include scenarios
for a 10% change and 100% change in fish or bushmeat prices, any
level of change can be easily derived since changes in prices and
quantities are proportionally related.
Table 4
Hicksian (compensated) elasticities.

Hicksian (compensated) elasticities

Beef Fish Bushmeat Dagaa

Beef −0.773*** 0.108** 0.508*** 0.311***
(0.067) (0.049) (0.029) (0.023)

Fish 0.161*** −1.308*** 0.611*** 0.267***
(0.036) (0.053) (0.022) (0.021)

Bushmeat 0.421*** 0.836*** −0.696*** 0.396***
(0.055) (0.055) (0.041) (0.021)

Dagaa −0.069+ −0.223*** 0.318*** −0.438***
(0.046)* (0.050) (0.025) (0.023)

Note: Standard errors are in parenthesis. ** and *** means significant at the 15%, 5%
and 1% level respectively. Hicksian (compensated) elasticities are based on demand
functions that are a function of prices and a given level of utility, or are net of the
income effect.
5.1. Increased Enforcement

The Tanzanian government invests heavily in enforcement activi-
ties within Serengeti National Park. Increased enforcement efforts by
the government increase the cost of hunting to hunters. If enforce-
ment decreases the quantity of bushmeat in the market, the price
faced by consumers will increase. Predicting the response in hunting
behavior to different levels of enforcement spending will depend
largely on the effectiveness of the expenditure, and is beyond the
scope of this paper, but it is reasonable to assume that an increase
in enforcement expenditures will increase the price of bushmeat.
The effect of an increase in the price of bushmeat by 10 and 100% is
found in Table 5. The 100% change is to examine what would happen
to the protein demand system if the bushmeat supply experienced a
dramatic negative shock. If there was a total wildebeest population
collapse, for example, we would expect the bushmeat price to in-
crease more than 100% but without knowing this percent change ex-
actly we examine the case of a 100% increase as an example. Further,
we do not know the bushmeat elasticity of supply so we cannot say
how much reduction in the production of bushmeat would increase
bushmeat price.

Table 5 shows the percent change in the quantity of protein
sources demanded and the increase or decrease in the amount
demanded based on the average consumption per household. For ex-
ample, if the price of bushmeat increased by 10% (policy 1) we would
see a 2.87% increase in the consumption of fish or an increase of
(2) Increase income by 10%
Percent change in quantity demanded 10.06 11.84 6.49 13.22
Change in quantity demanded (in kg) 0.11 0.11 0.14 0.36

(3) Decrease in price of protein alternative by 10%
Percent change in bushmeat consumption −6.8 −2.06 1.28 –

Change in quantity demanded of bushmeat −0.08 −0.02 0.03 –

(4) Increase in the fish price by 100%
Percent change in quantity demanded −142.7 −3.2 −30 68
Change in quantity demanded (in kg) −1.58 −0.03 −0.86 1.84

(5) Increase in the bushmeat price by 100%
Percent change in quantity demanded 28.7 12.6 10.9 −112.2
Change in quantity demanded (in kg) 0.32 0.11 0.23 −3.03

Note: Policy 1 is the effect of an increase in the price of bushmeat on protein alternatives,
policy 2 is the effect of an increase in income on protein alternatives, policy 3 is the effect
of an increase in price protein alternatives on bushmeat quantity demanded, and policy 4
is the effect of shock to fisheries on meat consumption.



7D. Rentsch, A. Damon / Ecological Economics 91 (2013) 1–9
0.03 kg of fish consumed per week per household, or an increase of
0.02 kg of dagaa. At the same time, this 10% increase in bushmeat
price would lead to a reduction of 0.30 (+/−0.01) kg of bushmeat
consumed per week per household.

If the bushmeat population experienced a shock, increasing its
price by 100% (policy 5), we see the dramatic increase in the price
of bushmeat would have a secondary effect on other protein sources.
In particular, this analysis suggests that a large increase in the price of
bushmeat would put significant pressure on surrounding fisheries, in
this case predominately Lake Victoria. The quantity demanded of fish
would increase by 28.7%, or 0.32 kg per household per week. Further,
we would see an 11 and 13% increase in the quantity demanded of
dagaa and beef respectively.

5.2. Increasing Income by Providing Alternative IncomeGenerating Activities

Our analysis suggests that increasing household expenditure (a proxy
for income) will significantly increase the consumption of all protein
sources, especially bushmeat. This result is consistent with findings
from elsewhere in Africa, which show a robust and positive relationship
between wealth and wildlife consumption (Brashares et al., 2011; East
et al., 2005;Wilkie et al., 2005). Table 5 reports the effects of an increase
in expenditure by 10% on the quantity demanded of all four meat
protein sources. Bushmeat, interestingly, is the most responsive to in-
creases in income. For example, if household expenditure increases by
10% the quantity of bushmeat demanded would increase by 13.22%, or
an increase of nearly 0.36 kg of bushmeat per household per week on
average. Further, consumption of other protein sources would also
increase. If expenditure were to increase by 10%, beef consumption
would increase by 0.11 (+/−0.01) kg per week per household, fish
consumption would increase by 0.11 (+/−0.005) kg per household,
and dagaa would increase by 0.14 (+/−0.01) kg per week.

Increasing income has been cited as an effective means of reduc-
ing illegal hunting (Barrett and Arcese, 1998; Kaltenborn et al.,
2005; Loibooki et al., 2002), however our results suggest that, at
least in the short-run, increasing income would also increase protein
consumption across all protein types and place more pressure on
wildlife populations, fisheries, and likely increase demand for grazing
land for beef. It could, however, result in a significant increase in
bushmeat prices if hunting (quantity supplied) is reduced and con-
sumption (quantity demanded) is increased concurrently. Further,
the potential second round effect of this kind of policy could be in-
creased enforcement costs as the incentive to hunt from increased
prices is increased. While this analysis only examines bushmeat con-
sumption, it is clear that policies must address both consumption and
production sides of the bushmeat market.

5.3. Increase the Production of Alternative Protein Sources (Decrease the
Price of Alternatives)

Table 5 shows that decreasing the price of fish and beef are viable
policy options to reduce the quantity demanded of bushmeat. Beyond
increasing the price of bushmeat directly, decreasing the price of pro-
tein alternatives has the largest negative effect on total bushmeat
consumption. If, for example, a subsidy or other policy could artificial-
ly decrease the price of fish by 10% this would lead to about a 6.8%
(+/− .55) reduction in the quantity demanded of bushmeat, or 0.08
kg (+/− .01) of bushmeat per week. A decrease of 10% in beef prices
however would only decreases bushmeat consumption by 2.06%.

One important caveat to this approach is that a decrease in the
price of an alternative protein will affect the quantity demanded of
that protein as well as other proteins in the system. For example,
the own-price elasticity of fish suggests that a 10% decrease in the
price of fish, induced by improved fishing practices, or fish farming,
would increase the quantity demanded of fish by over 14.3%.
5.4. Changes in Fish Prices

Results suggest that there is significant interdependence between
fish and bushmeat consumption. If we consider again a shock scenar-
io, such as a fishery collapse, this would cause a significant increase in
the price of fish. We analyze the case of a dramatic, 100%, increase in
the price of fish. Table 5 suggests that if fish prices were to increase
significantly we would see a dramatic decrease in fish consumption
(143% +/−5.5%), and a decrease in quantity demanded of dagaa
and beef. But, we would see an increase in the quantity demanded
of bushmeat by 68% (+/−5.6%), or an increase in the average con-
sumption of bushmeat per week by 1.84 kg (+/− .3), leading to an
average consumption of 4.53 kg per week per household. This result
intimately ties these two natural resources together and suggests a
somewhat different policy approach to bushmeat reduction, which
is to encourage sustainable fishing practices in surrounding fisheries.

6. Discussion and Conclusions

The results of this study have direct implications for conservation
and wildlife management interventions. Previous efforts to reduce
illegal poaching have relied heavily on enforcement techniques —

anti-poaching patrols carried out under the authority of protected
area managers (Hilborn et al., 2006; Holmern et al., 2007; Nyahongo
et al., 2009). A few community-based conservation programs have
attempted to provide benefits such as legal bushmeat at reduced
prices to local communities, as means to reduce participation in wild-
life hunting (Barrett and Arcese, 1998; Holmern et al., 2002). While
both enforcement and community conservation have merits, previ-
ous schemes often suffer from a lack of understanding of the dynam-
ics underlying bushmeat consumption. Enforcement addresses the
symptom of hunting without considering the underlying cause. For
example, the previous bushmeat provision program attempted to un-
dercut the market for bushmeat by making it readily available. This
programmay have inadvertently increased the demand for bushmeat
once the program ceased to operate as people adjusted preferences
toward this protein source. Also, this game-cropping scheme provid-
ed a modest 250–500 wildebeest per year (Barrett and Arcese, 1998;
Holmern et al., 2002), not nearly enough to change the price of illegal
bushmeat in any meaningful way. In order to direct more effective
mitigation efforts, it is essential to understand the role of bushmeat
and other protein sources in households' food security strategies.
This study provides estimates of own, cross, and expenditure elastic-
ities to inform policy makers and conservationists as to the potential
effects of implementing certain policies.

As cross-price elasticities in this study demonstrate, for example,
an increase in the price of bushmeat through increase law enforce-
ment, or by restricting access to wildlife by local communities,
would lead to corresponding increases in beef, dagaa, and fish con-
sumption. Beef, dagaa, and fish were all shown to be substitutes for
bushmeat. Among the protein sources examined, bushmeat displayed
large and significant coefficients for Marshallian cross-price elastici-
ties, suggesting that households would readily switch away from
bushmeat consumption given a sufficient price incentive to move to-
ward alternative protein sources. Our results suggest that a significant
increase in the supply of beef may lower the price sufficiently to re-
duce bushmeat consumption locally, however this would lead to
high negative externalities as cattle grazing competes with migratory
wildlife for scarce grassland and water access (Belsky, 1992; Prins,
1992; Prins, 2000).

Our analysis suggests that increasing the price of bushmeat is the
most effective way to decrease bushmeat consumption. For example,
with a 30% increase in bushmeat price, bushmeat consumption de-
creases by 34% and fish consumption increases by 8.61%, while a
30% reduction in fish price would decrease bushmeat consumption
by 20% and increase fish consumption by 43%. Improving access to
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alternative protein sourcesmay also serve to change the relative price and
increase consumption of these alternatives, but to a lesser extent than
increasing the price of bushmeat directly. Further, there are undoubtedly
ecological costs to increasing the supply of other proteins such as live-
stock and fish. For communities living next to the Serengeti ecosystem,
bushmeat is likely to remain a key source of meat-based protein.

Further, examination of various policy options suggests that sub-
stitution away from bushmeat means a significant increase in fish
consumption, likely exacerbating the problem of overharvesting of
fish from Lake Victoria. With a population growth rate of more than
3% per annum (Tanzania National Bureau of Statistics, 2002), the
commercial fisheries of Lake Victoria are unlikely to accommodate
the corresponding rise in local quantity demanded for fish (Bokea
and Ikiara, 2000; Bruton, 1990; Ntiba et al., 2001). We see that the
sustainability of fisheries and the wildlife populations in Serengeti
are inextricably linked. If fisheries were to collapse, for example, caus-
ing a spike in fish prices, there would be a large increase in the quan-
tity demanded of bushmeat, thus likely leading to an unsustainable
harvest of bushmeat.

There is no “magic bullet” to decrease bushmeat consumption
around Serengeti National Park. Our expenditure elasticity results in-
dicate that income generation is complicated from a conservation
perspective as it undoubtedly reduces poverty but also increases the
demand for all protein sources, thereby likely increasing harvesting of
bushmeat and fish, and increasing production of beef. While these
trends are positive from a food security perspective, if the production
of these meat protein sources are not managed effectively it could
lead to unsustainable harvesting or production around this sensitive
ecosystem. Strategies aimed at increasing income are more likely to
have an impact on reducing bushmeat hunting if income were linked
to direct conservation outcomes. Conservation performance payments,
for example, may be an effective way to reduce the incentive for hunt-
ing, while increasing household income (Ferraro, 2001; Ferraro and
Simpson, 2002), though concrete examples of such strategies and
their effectiveness are minimal in the Serengeti context.

Total consumption of meat (including bushmeat) is likely to increase
as households accumulate more wealth through increased agricultural
production and wage employment opportunities. This paints a dire pic-
ture for the sustainability of wildlife populations around Serengeti eco-
system. Development and conservation groups working throughout the
ecosystem to achieve the Millennium Development Goals of reducing
poverty and biodiversity conservation would be best served to strate-
gically target interventions aimed at the producers of bushmeat, illegal
hunters. Targeted alternative income-generating opportunities to pro-
ducers of bushmeat coupled with anti-poaching measures may curb
production of bushmeat and significantly increase the price of bushmeat
relative to alternatives, shifting consumption away from wildlife.
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