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Abstract. There is growing interest in assessing how income influences the consumption
of wildlife in poor rural areas of developing nations. The interest stems from the
possibility of using income to contribute to the conservation of wildlife. Though

promising, efforts have been hampered by the difficulty of obtaining accurate measures
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of income. We propose using human body-mass index (BMI: weight in
kilograms/physical stature in meters®), an indicator of short-term nutritional status, as a
proxy variable for monetary income to estimate income elasticities of wildlife
consumption (income elasticity: percent change in wildlife consumption/one-percent
change income). The advantages of BMI over monetary income include a positive
association with monetary income, ease of measurement, and absence of zero values.

The assessment procedure was tested among Tsimane’ Amerindians, a society of foragers
and farmers in the Bolivian Amazon. The population over 15 years of age (350 men and
322 women) in 13 villages was surveyed for five consecutive quarters (August 2002-
November 2003). Income elasticities of wildlife consumption using BMI as a proxy for
income ranged from —0.84 to —1.20. The estimates suggest that wildlife is a food item
whose consumption declines with increasing income. Estimates of income elasticity of
wildlife consumption using conventional indices of monetary income are negative, but
lower and indistinguishable from zero owing to classical measurement errors of monetary
income. The use of BMI to estimate income elasticities of wildlife consumption is

promising, but requires further validation in different settings.

Introduction

There is growing interest in assessing how income influences the consumption of wildlife
in developing nations (Apaza et al. 2002, 2003; Wilkie et al. 2005; Wilkie and Godoy,
2001; Godoy 2001). The interest stems from the possibility of using income to contribute

to the conservation of wildlife. Case studies suggest that income growth can induce



people to switch from consuming bush meat to consuming meat from domesticated
animals (Apaza et al. 2002; Wilkie and Godoy 2001).

The idea that income growth might reduce pressure on wildlife requires empirical
scrutiny, and may depend on whether wildlife is a normal or an inferior food (Wilkie et
al. 2005). Normal goods are goods whose consumption increases as income rises (e.g.,
cars); inferior good are goods whose consumption declines as income rises (e.g.,
kerosene). Studies measuring the association between income and wildlife consumption
have produced mixed results. In a study with 1,208 households in rural and urban Gabon,
researchers found that a one-percent increase in lifetime or permanent income (wealth)
was associated with a 0.16% increase in the consumption of bush meat and with a 0.26%
increase in the consumption of fish, suggesting that wildlife is a normal food item
(Wilkie et al. 2005). In Bolivia, researchers surveyed 461 households in four lowland
Amerindian societies and found that a one-percent increase in yearly earnings from the
sale of goods and wage labor was associated with a 0.20% decrease in wildlife
consumption, suggesting that wildlife is an inferior food item (Wilkie and Godoy 2001;
Godoy 2001). In yet another study in the Bolivian lowlands of 510 households of
Tsimane’ Amerindians in 59 villages, researchers found that earnings during the two
weeks before the day of the interview bore no association with wildlife consumption
(Apaza et al. 2002). These results suggest variability in the relation between income and
wildlife consumption.

Obtaining a reliable estimate of the relation between income and wildlife
consumption in poor rural societies of developing nations requires an accurate measure of

income. Researchers have found it hard to obtain such estimates primarily because



people in such societies rarely work for wages or sell goods. Also, these societies exhibit
much economic self-sufficiency; only a small share of goods produced enter the market
and many of the goods produced lack a market price (Deaton 1997). In addition, poor
people spend most of their time and resources obtaining food, rather than earning income
from the formal labor market. Last, conventional measures of income are subject to well-
known random measurement errors from faulty recall (Angrist and Krueger 1999).

Economists have shown that over time, anthropometric indicators of nutritional
status such as physical stature correlate reliably with income (Steckel 1995, 2003; Strauss
and Thomas 1998; Fogel 1994; Alderman et al. 2003). Given this, we propose a new
approach to the measure of income in poor rural settings of developing nations that may
give more accurate estimates of the association between income and wildlife
consumption. We use body-mass index as a proxy for monetary income and as a way of
estimating the income elasticity of wildlife consumption. An income elasticity of
consumption refers to the percentage change in consumption of wildlife from a one-
percent change in income.

Body-mass index provides a reasonable proxy for income in poor rural societies
of developing nations. First, in our sample body-mass index is positively associated with
monetary income. We regressed the logarithm of cash earnings from the last two weeks
(dependent variable) against the logarithm of body-mass index (explanatory variable)
controlling for age and sex, and found a positive coefficient or elasticity of +0.76
(p<0.08; n=1,272). Second, body-mass index requires measuring only physical stature
and weight so it does not produce the large random measurement errors that surface when

trying to obtain conventional estimates of monetary income. Last, body-mass index does



not contain zeros, so it does not produce missing values that may reduce the sample size

when using log transformed values in the analysis.

The measure of wildlife consumption and income in poor rural societies

Human ecologists and conservation biologists have drawn on two methods to measure
wildlife consumption in poor rural households of developing nations: threshold surveys
(also known as weigh days) and interviewee recall (also known as recall surveys). In
threshold surveys, researchers select a day at random and then record all goods brought
into the household from dawn until dusk. As people bring wildlife into the household,
researchers identify and weigh animals, note the sex of the animals, and assign a price or
value to the animals or to the parts of the animals (Godoy et al. 2000, 2002; Demmer et
al. 2001, 2002). The method yields accurate information on the amount and types of
wildlife brought into the household, but requires considerable time because researchers
must stay in the household of the participant for most of the day. When households lie
close to each other, researchers can monitor wildlife brought into many households
during a day at the same time, but when households are scattered, threshold surveys are
exceedingly time consuming. Using this method, researchers gain accuracy at the
expense of sample size. The second method, recall surveys of consumption, solve the
problems with threshold survey and allow researchers to increase the sample size at low
cost, but they introduce measurement errors from faulty recall (Fowler 2001).

When studying how income affects consumption, economists have found it useful

to distinguish between current and permanent income (Friedman 1957). The former is
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was associated with 0.84-1.20% lower consumption of wildlife in the next quarter.
INSERT TABLE 2 ABOUT HERE

Table 2 suggests that the use of different econometric models produced similar
results. The exemption was the individual fixed-effect model (column [E]). Although
the elasticity estimate of —1.27 (p<0.15) with the individual fixed-effect model fell
toward the upper range of the other estimates (range -0.84 to —1.20), it was statistically
insignificant at the 90% confidence level or higher. We found small differences in
elasticity estimates when using OLS and random-effect models, but elasticities became
smaller (less negative) after controlling for village fixed effects or after adding a full set
of village dummy variables. For instance, the elasticity estimate using OLS without
dummy variables for village was —1.20 (p<0.001) (column [A]), but changed to —0.84
(p<0.002) after including a full set of dummy variables for villages (column [B]).

We next compared the elasticity estimates using body-mass index as a proxy for
current income (row 1, Table 2) with the elasticity estimates using conventional measures
of monetary income (rows 2-3, Table 2). In the second row, we used earnings from 7-14
days ago, and in the third row, we used wages earned during the last two months
(excluding wage earnings from the last two weeks). Most of the coefficients in rows 2-3
are negative, but only one is statistically significant at the 90% confidence level. The use
of recent cash earnings produced small elasticity estimates that range from —0.02 to
slightly above zero (row 2, Table 2). Using wage earnings during the last two months
(row 3) produced more negative elasticities. The elasticities range from —0.01 to —0.07,
but in only one case were results statistically significant at the 90% confidence level or

above.
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In Table 3 we re-estimated the main regressions of Table 2 excluding pregnant
and lactating women since pregnancy and lactation change body-mass index and might
influence wildlife consumption. Excluding pregnant and lactating women changed the
coefficients slightly, but in no case did the new estimates differ much from the estimates
of the main regressions. Removal of pregnant and lactating women made the income
elasticity of wildlife consumption using body-mass index more negative than in the
baseline scenario (row 1, Table 2), but results remained statistically significant at the
90% confidence level or above (row 3, Table 3). For instance, in the OLS model with a
full set of village dummy variables (column [B]), the elasticity was —0.84 in the baseline
scenario (row 1, Table 2) and changed to —0.94 after excluding pregnant and lactating
women (row 3, Table 3).

INSERT TABLE 3 ABOUT HERE

In Table 4 we added another explanatory variable to the main regression that is
the consumption of domesticated animals (pork, ducks, fresh and sun-dried beef, and
chicken) per AME for the week before the day of the interview. We wanted to assess
whether the association between BMI and wildlife consumption remained after
controlling for the consumption of other sources of animal protein. The results of Table 4
agree with the results of the main regression.

INSERT TABLE 4 ABOUT HERE

We tested for a non-linear relation between wildlife consumption and body-mass
index by adding a quadratic term for BMI or for monetary income. We found that the
coefficient for the quadratic term was statistically insignificant, suggesting that the link

between wildlife consumption and current income (whether measured with money or
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with BMI) is linear and negative rather than parabolic.

One final point deserves brief mention. The use of monetary earnings to measure
income elasticities of wildlife consumption produced almost no significant effects;
however, the sign of the coefficients of elasticities with monetary earnings were generally

negative. This is expected since earnings and body-mass index correlated positively.

Conclusions

The use of body-mass index as a proxy for current income suggests that wildlife was an
inferior food item; consumption declined with increasing current income. A one-percent
increase in body-mass index during the previous quarter was associated with a 0.84% to
1.20% reduction in wildlife consumption during the next quarter. Previous studies using
conventional measures of monetary income have produced smaller elasticities as
discussed in the introduction. For example, in an earlier study with 461 participants from
four lowland Amerindian populations, we found that a one-percent increase in yearly
income from the sale of goods and from wage labor was associated with only a 0.20%
reduction in wildlife consumption, considerably lower than the estimate using BMI as a
proxy for current income (Wilkie and Godoy 2001; Godoy 2001). Previous studies may
have produced smaller income elasticities of consumption owing to random measurement
errors that surface when trying to obtain direct estimates of monetary income. We found
that estimates of income elasticities of consumption using monetary earnings produced
negative values but weak results; results were statistically insignificant as we might

expect with random measurement errors. Using either body-mass index or monetary
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income as proxies for current income suggests that wildlife consumption declines as
current income rises, but results were stronger when using body-mass index rather than
money to proxy for current income. The use of BMI to estimate income elasticities of

wildlife consumption is promising, but requires further validation in different settings.
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Name | Definition N | Mean | Std Dev
Dependent variable:

Wildlife Kilograms of game, fish, and wild birds 3110 | 2.665 | 3.585
INYinvi=o consumed in last week by household divided by

adult equivalents; in regression estimate entered

in logarithms. i h, v, and t refer to person,

household, village, and time

Explanatory variables:

BMI Body-mass index; kilograms/meters”; in 2603 | 23.156 | 2.554
It regression estimate entered in logarithms and

lagged by a quarter.
Earnings Cash earnings from wage labor and from sale of | 2943 | 29.173 | 101.167
Inltihvt-l goods two weeks ago; in bolivianos (1

US$=7.45 bolivianos). In regression estimate

entered in logarithms. I': current income
Wages Cash earnings from wage labor in last two 2943 | 55.554 | 275.04
Nttt months (excluding last two weeks); in

bolivianos (1 US$=7.45 bolivianos). In

regression estimate entered in logarithms. I':

current income
Stature Stature of participant in centimeters; in 2605 | 156.66 | 7.642
IN1Pinvi=o regression estimated entered in logarithms. I°:

permanent income
Age Age of participant in years during first quarter. 672 | 33.352 | 15.732
Citwvi=o C: control variable
Male Sex of participant; 1=male; O=female. First 672 |52
Cinvi=o quarter. C: control variable. The figure under

mean refers to the same of participants who

were men.
Size Household size measured with male-adult 672 | 4.674 |2.134
Cinvt=0 equivalents. First quarter. C: control variable

Name in italics under the first column correspond to the variables in equation [1]. For

meaning of subscripts see definition of variable “wildlife”.
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Proxy for OLS Random effect Fixed Effect
current
income: [A] [B] [C] [D] [E]
1. Lagged -1.205%** -84 x** -1.182%%** -84 k% -1.277
BMI; n=1601 | (.257) (.269) (.269) (.266) (.886)
2. Earnings -.001 -.029 .014 -.006 .044
n=713 (.040) (.039) (.036) (.036) (.052)
3. Wages -.030 -.072%* -.018 -.054 -.033
n=397 (.046) (.043) (.047) (.046) (.099)
Village | No Yes No Yes Yes
dummies

Notes for Tables 2-4: Standard errors are in parenthesis. *, **, and *** significant at
90%, 95%, and 99% confidence level. Controls variables not shown include: (a)
logarithm of stature, (b) age, (c) sex, (d) household size, and (e) full set of dummy
variables for quarters. All regressions run with clustering by participant and constant (not

shown). FE is person-fixed effect model.
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Proxy for OLS Random effect Fixed Effect
current
income: [A] [B] [C] [D] [E]
1. Lagged -1.405%** =941 x** -1.364%%* -.928%** -.960
BMI; n=1099 | (.307) (.344) (312) (.316) (1.351)
2. Earnings -.019 -.042 -.004 -.021 .033
n=598 (.042) (.041) (.039) (.039) (.056)
3.Wages -.011 -.064 -.002 -.046 -.034
n=376 (.046) (.044) (.048) (.047) (.099)
Village | No Yes No Yes Yes
dummies
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Proxy for OLS Random effect Fixed Effect
current
income: [A] [B] [C] [D] [E]
1. Lagged -1.202%%** -.832%** -1.173%%* -.828%** -1.043
BMI; n=1601 | (.258) (.270) (.269) (.266) (.881)
2. Earnings -.002 -.030 .015 -.006 .048
n=713 (.040) (.039) (.036) (.036) (.052)
3.Wages -.029 -.072 -.018 -.054 -.034
n=397 (.046) (.043) (.047) (.046) (.098)
Village | No Yes No Yes Yes
dummies
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Table 1. Definition and summary statistic of variables used in regression analysis

Table 2. Estimates of income elasticity of consumption of wildlife among Tsimane’
Amerindian adults (15 years of age and older): Main regressions

Table 3. Estimates of income elasticity of consumption of wildlife among Tsimane’
Amerindian adults (15 years of age and older): Excluding pregnant and lactating women
Table 4. Estimates of income elasticity of consumption of wildlife among Tsimane’
Amerindian adults (15 years of age and older): Controlling for consumption of meat from

domesticated animals



