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Abstract:  Declines in economic activity and associated changes in buman livelibood strategies can increase
threats of species overexploitation. This is exemplified by the effects of economic crises, which often drive
intensification of subsistence poaching and greater reliance on natural resources. Whereas development
theory links natural resource use to social-economic conditions, few empirical studies of the effect of economic
downturns on wild animal species bave been conducted. I assessed the relations between African elephant
(Loxodonta africana) mortality and buman-caused wounds in Samburu, Kenya and (1) livestock and maize
prices (measures of local economic conditions), (2) change in national and regional gross domestic product
(GDP) (measures of macroeconomic conditions), and (3) the normalized difference vegetation index (NDVI)
(a correlate of primary productivity). In addition, I analyzed housebold survey data to determine the attitudes
of local people toward protected areas and wild animals in the area. When cattle prices in the pastoralist
study region were low, buman-caused wounds to and adult mortality of elepbants increased. The NDVI was
negatively correlated with juvenile mortality, but not correlated with adult mortality. Changes in Kenyan
and East Asian (primary market for ivory) GDP did not explain significant variation in mortality. Increased
buman wounding of elepbants and elepbant mortality during periods of low livestock prices (local economic
downturns) likely reflect an economically driven increase in ivory poaching. Local but not macroeconomic
indices explained significant variation in mortality, likely due to the dominance of the subsistence economy
in the study area and its political and economic isolation. My results suggest economic metrics can serve as
effective indicators of changes in buman use of and resulting effects on natural resources. Such information
can belp focus management approaches (e.g., antipoaching effort or proffering of alternative occupational
opportunities) that address variation in local activities that threaten plant and animal populations.

Keywords: Africa, development, economic incentives, illegal wildlife use, natural resource economics, poach-
ing, poverty, protected areas

Efectos de las Recesiones Economicas sobre la Mortalidad de Elefantes Africanos Silvestres

Resumen: Lasdeclinaciones de la actividad economicay los cambios asociados en las estrategias de sustento
bumano pueden incrementar las amenazas de cosecha no sostenible de especies. Esto esta ejemplificado por
los efectos de las crisis economicas, que a menudo conducen a la intensificacion de la caceria de subsistencia
Surtiva y a una mayor dependencia de los recursos naturales. Mientras que la teoria del desarrollo relaciona el
uso de recursos naturales con las condiciones sociales- economicas, existen pocos estudios empiricos del efecto
de las recesiones economicas sobre especies de animales silvestres. Evalué las relaciones entre la mortalidad de
elefante africano (Loxodonta africana) y bheridas provocadas por bumanos en Samburu, Kenya con (1) precios
de ganado y maiz (medidas de condiciones economicas locales), (2) cambio en el producto interno bruto (PIB)
nacional y regional (medidas de condiciones macroeconomicas), y (3) indice normalizado de diferencia de
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2 Economic Downturns and Elephant Mortality

vegetacion (INDV) (un correlato de la productividad primaria). Adicionalmente, analicé datos de encuestas
para determinar las actitudes de babitantes locales hacia las dreas protegidas y animales silvestres en el drea.
Cuando los precios del ganado en la region de estudio eran bajos, incrementaron las beridas provocadas
por bumanos en y la mortalidad de elefantes. EL INDV se correlacioné negativamente con la mortalidad
de juveniles, pero no se correlacioné con la mortalidad de adultos. Los cambios en el PIB en Kenia y Asia
Oriental (mercado primario de marfil) no explicaron variacion significativa en la mortalidad. El incremento
de beridas en elefantes provocadas por bumanos y la mortalidad de elefantes durante periodos de precios
de ganado bajos (recesiones economicas locales) probablemente refleja un incremento en la caceria furtiva
de marfil debido a causas econémicas. Los indices locales, no los macroeconomicos, explicaron variacion
significativa en la mortalidad, probablemente debido a la dominancia de la economia de mercado en el drea
de estudio y su aislamiento politico y economico. Mis resultados sugieren que las medidas economicas pueden
servir como indicadores efectivos de los cambios en el uso bumano de los recursos naturales y los efectos
resultantes sobre los mismos. Tal informacion puede ayudar a enfocar los métodos de manejo (e.g., esfuerzos
para evitar la caceria furtiva o el ofrecimiento de oportunidades ocupacionales alternativas) que atienden
la variacion en actividades locales que amenazan a poblaciones de plantas y animales.

Palabras Clave: Africa, areas protegidas, caceria furtiva, desarrollo, economia de los recursos naturales, incen-

tivos econdmicos, pobreza, utilizacion ilegal de vida silvestre

Introduction

Whereas affluent sectors of society tend to have greater
ecological effects than lower-income sectors (Dietz et al.
2007), the rural poor often rely directly on natural re-
sources for food, shelter, and fuel to a greater extent than
other sectors of societies (Mainka & Trivedi 2002; Barbier
2005). Major economic downturns (e.g., multiple quar-
ter declines in gross domestic product [GDP]) increase
the number of poor (Jalan & Ravallion 2000; Suryahadi &
Sumarto 2003), and extreme downturns elicit urban-to-
rural migration and increasing dependence on natural re-
sources (Pallot & Moran 2000; Chan 2010). Among some
rural, poor communities, increasing use of natural re-
sources during economic downturns is a recognized eco-
nomic diversification strategy (Barrett et al. 2001; Fisher
2004; Barbier 2005).

The disintegration of the Soviet Union and associated
reductions in abundance of saiga antelope (Saiga tatar-
ica) across extensive areas provides an empirical exam-
ple of how major political and economic transitions can
drive changes in human use of natural resources and
thus strongly affect an animal species (Kuhl et al. 2009).
The hypothesis that economic fluctuations are correlated
with human hunting of wild animals is supported by
the association between the price and consumption of
bushmeat and the corresponding effects of this consump-
tion on abundance and distribution of animals (Brashares
et al. 2004; de Merode et al. 2004). Although typically fo-
cused on deterrents to poaching and the elasticity of the
price of harvested species, theoretical investigations of
illegal harvesting of wild animals have considered the re-
lation between harvesting effort and social and economic
conditions (Leader-Williams et al. 1990; Milner-Gulland
& Leader-Williams 1992; Bulte & van Kooten 1999). Re-
sults of a recent work project increases in poaching
of rhinoceros (Rhinocerus unicornis) on the basis of
macroeconomic indices (national and regional GDP), al-
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though the authors acknowledge the need to explore
local economic metrics (Poudyal et al. 2009).

Assessments of the relation between economic trends
and human hunting or collection of wild species is most
rigorous when salient economic metrics or income and
unemployment records for the people interacting with a
natural system can be monitored accurately. The pastoral-
ist communities in East Africa (Kenya, Uganda, and Tanza-
nia) in and around rural protected areas offer such a study
opportunity. In these largely noncash, nonhorticultural
societies, economic wealth is invested in livestock hold-
ings because livestock are the means to maximize milk
production (the primary product of such systems) for
household use, maintaining livestock is a cultural norm,
and financial institutions for the safe keeping or accrual
of cash resources are few, inaccessible, and often expen-
sive (Quam 1978; Livingstone 1986; McPeak 2005). The
pastoralism of these communities principally contributes
to subsistence rather than the market economy (Davies
2008), and livestock sales are the common manner in
which these communities interact with formal markets
(Livingstone 1986; McPeak & Barrett 2001). Low mar-
ket prices for livestock are concomitantly a function of
decreased physical condition of the livestock (usually in
response to dry seasons or drought) (ALRMP 2009) and
increased proportion of nonlactating females that are sold
to augment household incomes in response to seasonal
or drought-related cessation of milk production (Davies
& Bennett 2007). Thus, prices of livestock, particularly
cattle, offer a robust metric of general household eco-
nomic conditions that can be linked to local declines in
abundance or increased offtake of wild species.

I examined whether local livestock prices, moni-
tored by the Arid Lands Resource Management Project
(ALRMP) (ALRMP 2009), national maize prices, and
national and East Asian GDP growth rates (indices
of macroeconomic conditions) were associated with
mortality and human-induced wounds in a population



Wittemyer

of African elephants (Loxodonta africana) inhabiting
Kenya’s Samburu and Buffalo Springs national reserves
(Wittemyer 2001; Wittemyer et al. 2005). In addition, I
used household survey data to quantify attitudes toward
wild animals and the nature reserves in the study area,
which provided insight into the mechanisms driving the
observed relation between economic conditions and ele-
phant mortality.

Methods

Demographic Data

Individuals in the elephant population inhabiting the
semiarid savanna of Samburu and Buffalo Springs national
reserves in northern Kenya have been monitored since
1997 (Wittemyer 2001). These elephants are not always
present in the national reserves (combined area 260 km?)
(Wittemyer et al. 2007a), which represent <10% of the
animals’ known range (Wittemyer et al. 2005). Outside
the protected areas, the elephants occur in largely unpa-
trolled, communally owned lands, where the probability
ofillegal killing is relatively high (Kahindi et al. 2010). The
presence of government rangers in these unprotected
areas during the study was constant and low, approxi-
mately 1 ranger/250 km? (i.e., a single security platoon
for 5,000 km?), relative to theoretically effective levels of
1 ranger/20 km? in savanna ecosystems (Leader-Williams
et al. 1990). My field team and I recorded the presence
or absence of known individual elephants (all elephants
that use the reserves are known) and observations of
human-induced wounds during weekly travel along five-
established transects (approximately 20 km long) in the
protected areas (as described in Wittemyer et al. 2005).

I examined data on known mortalities (7 = 126) regis-
tered by the team within the national reserves from 2000
through 2006. Mortalities were identified in 1 of 3 ways:
known individuals were found dead; repeated (>3) ob-
servations established individuals were missing from their
family group (i.e., mothers repeatedly observed without
their offspring or absent mothers despite repeated obser-
vation of their calves in their family groups); and no obser-
vations for >3 years of individuals that had been observed
by the monitoring team on a regular basis (i.e., at least
annually). None of the elephants recorded as dead had
been observed as of mid-2011. Because subadult males
(8-16 years old) regularly leave their family groups and
appear to wander widely, they were recorded as dead
only when their carcasses were observed.

I divided mortalities into 2 age classes: juveniles (<5
years) (n = 45) and subadults and adults (n = 81). I
used visual characteristics established from elephants of
known age to estimate the age of individuals (Moss 2001)
and validated these age estimates in the study population
by comparing visual estimates of age with ages of dead or
anesthetized individuals determined from dentition (Ras-

mussen et al. 2005). I excluded from analyses juveniles
that died at the same time as their mothers.

Carcasses of over half the registered mortalities were
never found; therefore, their dates of death were
unknown. Dates of death for these animals were esti-
mated by subtracting half the time since the last obser-
vation of the animal from the first date when death was
suspected, typically 1-2 months for females and calves
missing from their families. Date of death for adult males,
which generally use the protected areas seasonally, were
assigned after the animal had not been observed for
3 years as half the time between the last observation and
expected return date. To account for potential errors in
estimated dates of death, I analyzed mortalities seasonally
after assigning deaths to the 7-month wet to dry season
that occurs from April through October or to the 5-month
wet to dry season that occurs from November through
March (14 seasons in my 7-year study) (Fig. 1).

I also examined records of observations of wounds in-
flicted by humans (7 = 29) recorded in the study area be-
tween 2000 and 2006. Such wounds were primarily from
bullets, spears, and arrows and occasionally from snares.
The first observation of a fresh wound was recorded. I
excluded old wounds @.e., scars) from analyses. These
wounds are the principal metric of the direct effects
of humans on the study population given poaching did
not occur within the national reserves during the study
period.

Metrics of Economic Conditions

I used market prices of cattle and goats and national mar-
ket prices of maize as metrics of local economic condi-
tions and annual changes in national GDP and East Asian
(China, Hong Kong, Japan, Macau, Mongolia, North Ko-
rea, South Korea, and Taiwan) GDP as macroeconomic
metrics. Average prices of cattle and goats were provided
for each month and district by the ALRMP, a joint ven-
ture of the government of Kenya and the World Bank
to monitor key livelihood indices to inform famine-relief
efforts (ALRMP 2009). Because Isiolo was the closest live-
stock market to the reserves (other markets were >100
km from the study area) and near an area where many
elephants have been killed illegally (Kahindi et al. 2010),
I focused on the correlation between elephant mortal-
ity and livestock prices from Isiolo district. I averaged
inflation-adjusted, monthly prices of livestock for April
through October and November through March from
2000 through 2006 (Fig. 1).

Maize is a staple among the communities in the study
area. Maize prices are monitored by the World Food
Program (ALRMP 2009), but information on local maize
prices for the duration of the study was not available.
Because the study region has little to no horticulture,
maize prices are assumed to be primarily a function of the
national market. Therefore, I incorporated the
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commodity price of maize (U.S. dollars per metric ton
adjusted for inflation) on the Nairobi exchange in analy-
ses. Monthly price data were averaged for April through
October and November through March for each year.

I incorporated the annual rate of change in Kenya’s
GDP (U.N. 2009) in models of annual elephant mortality.
I used annual rates of GDP change in East Asia (the pri-
mary ivory-purchasing region) (U.N. 2009) as a measure
of global demand for ivory (Poudyal et al. 2009). The U.N.
releases annual rates of GDP change for specified areas
by fiscal year, January-December (U.N. 2009). Because
elephant mortality data were collated by season (bian-
nually starting in April or November), data on mortal-
ity (November-October) and GDP were mismatched by
2 months.

Primary Productivity

T used the normalized difference vegetation index (NDVI)
as a measure of primary productivity in the study system.
The NDVI is derived from remotely sensed spectral im-
ages and is the ratio of visual (VIS) to near infrared (NIR)
reflection NDVI= SR8 The NDVI is correlated with
green biomass and, therefore, provides an estimate of
the abundance of vegetation (Pettorelli et al. 2005). 1
used the mean 10-day composite NDVI value, recorded
by the SPOT (Satellite Probatoire d’Observation de la
Terre) system at 1-km resolution, for an approximately
1200-km? area defined from radio-tracking data on 12
female elephants (Wittemyer et al. 2007b) to represent
time-specific vegetation productivity. Because productiv-
ity during the wet season affects biomass of vegetation for
the following dry season, I used the seasonal maximum
NDVI value (i.e., the highest, 10-day composite value av-
eraged for the 1200-km? area during a wet-dry seasonal
cycle) in my analyses, as recommended by Rasmussen
et al. (20006) (Fig. 1).
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Household Survey Data

As part of a Global Environment Facility (GEF) project
conducted in July 2002, household survey data were col-
lected from 100 randomly selected households living on
the boundary of Samburu and Buffalo Springs national
reserves. Open-ended questions were asked regarding
each household’s attitudes toward the nature reserves,
problems they encounter related to the location of the
reserves, the relative severity of these problems, and their
current number of cattle and goats (Supporting Informa-
tion). I used data from this survey to assess the relative
importance of human-wildlife conflict and general atti-
tudes toward wildlife and management bodies.

Statistical Analyses

Poisson regression is commonly used to analyze count
data, but the residual deviance of my models indicated
overdispersion by a factor of 2-3. Therefore, I used nega-
tive binomial generalized linear models, for which the re-
lation between residual deviance and degrees of freedom
(¢ ~ 1) indicated almost no overdispersion. Temporal
independence of the 3 response variables (adult mor-
tality, juvenile mortality, and human-caused wounds) at
seasonal and annual time lags was established with partial
autocorrelation functions; therefore, time was not incor-
porated in the model structure. Independent variables
were maximum current and previous wet-dry season
averaged composite NDVI value; average seasonal mar-
ket prices of cattle, goats, and maize; and annual change
in GDP for Kenya and East Asia. I conducted separate
analyses for each response variable. I conducted analyses
with data from 14 seasons, except for analyses that in-
corporated GDP growth, for which all data were collated
annually (7 years).

I used information theoretic approaches to compare
the performance of models on the basis of bias-adjusted
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Table 1. Bias-adjusted Akaike’s information criterion (AIC.) values,
weights (;), and associated independent variables for the top
negative binomial generalized linear models of seasonal and annual
elephant mortality (juvenile and adult) and seasonal human-caused
elephant wounds.

Relative model performance” AIC. A w;

Adult elephant mortality
(—)cattle price** 75.19 0 0.68
(—)cattle price™* 4 (4)goat price 7731 213 0.23
(—)cattle price* + (-NDVImax,” 79.22  4.03 0.09

Juvenile elephant mortality
(—)NDVImax,*** 4796 0 0.60
(—)NDVImax,*** 4 (4)goat price 4890 095 0.37
(—)NDVImax,** + (4)goat price + 53.82 5.86 0.03

(+NDVImax,_ ¢
Human-induced elephant wounds

(—)cattle price*** 4+ (4)goat price*™ 57.02 0 0.37
(—)NDVImax,* 57.03 0.15 0.36
(—)cattle price* 5852 1.64 0.17
(+)NDVImax,_p, 59.66 2.64 0.10
Annual adult elephant mortality
(—)cattle price*** + (+)goat price** 42.56 0 0.70
(—)cattle price*+ (+) GDP,g,* 45.47 291 0.16
(—)cattle price* 4573 3.17 0.14

“Signs in parentheses indicate the direction of coefficients. Units of
cattle and goat prices are inflation-adjusted Kenya shillings; *p =
0.05; **p = 0.01; ***p = 0.001.

bCurrent-season maximum normalized difference vegetation index
(NDVD).

¢ Previous-season maximum normalized difference vegetation index
(NDVD).

9 Annual change in East Asian gross domestic product (GDP).

Akaike’s information criterion (AIC.) (the use of which
is suggested when the ratio of the sample size to the
number of model parameters is <40) and AIC weights
(the contribution of a candidate model to the sum of
the relative weights of all models compared). Models
with weights <10% of the best-fit model are considered
weakly supported; therefore, I do not present them in
the results (Burnham & Andersen 1998). For analyses of
seasonal data, I compared AICc among all possible mod-
els; full models contained all 5 independent variables and
interactions between prices of cattle, goats, and maize
plus all constitutive terms (i.e., interaction components)
and current- and previous-season NDVI. The full model
for annual data, analyzed following the same procedure,
did not incorporate NDVI, but included interactions be-
tween prices of cattle, goats, and maize. I used R (version
2.9.1) R Development Core Team 2008) for all statistical
analyses.

Results

Inflation-adjusted cattle prices explained over 40% of
the deviance in mortality of adult elephants and demon-
strated the greatest weight of evidence among the as-
sessed independent variables (Table 1). On the basis of

5
Table 2. Negative binomial generalized linear model results for the
model with the best fit (see Table 1) of adult or juvenile seasonal
mortality, human-caused wounds, and annual adult mortality of
elephants.
Best-fit model
parameters Estimate SE Z P
Adult mortality
intercept 3.08 0.47 6.54 <0.01
cattle price —0.03 0.01 -2.80 <0.01
Juvenile mortality
intercept 3.17 0.69 4.62 <0.01
NDVI* —-5.93 1.69 -350 <0.01
Human wounds
intercept 1.82 0.63 290 <0.01
cattle price —0.07 0.02 —-336 <0.01
goat price 0.25 0.09 278 <0.01
Annual adult mortality
intercept 3.08 0.57 539 <0.01
cattle price —0.05 0.02 —-2.50 0.01
goat price 0.19 0.07 2.81 <0.01

*Normalized difference vegetation index (NDVI).

model fit, the negative correlation predicted the num-
ber of deaths of adult elephants in a season decreased
from 13 to 1 across the observed range of cattle prices
(Table 2 & Fig. 2). The NDVI was not significantly corre-
lated with adult mortality (Table 1). This covariate ap-
peared in the third best-supported model, which had
nearly 8 times less support than the model with cattle
prices alone (Table 1). Consistent with these results, the
best-fit model of human-inflicted wounds contained both
cattle (z = —3.36, p < 0.01) and goat prices (z = 2.78, p
< 0.01; Table 2). In this model the negative correlation
predicted the number of adult elephants wounded in a
season decreased from nearly 5 to 1 across the observed
range of cattle prices. The model containing current-
season NDVI was approximately equivalent to the model
with livestock prices (AAIC = 0.01), but the negative
association between human-inflicted wounds and cattle
prices was 1.48 times more plausible than that between
human-inflicted wounds and NDVI (Table 1).

In contrast to adult mortality, the variable most strongly
associated with juvenile mortality was current NDVI
(Table 1 & Fig. 3). The best-fit model contained only a neg-
ative association with current season NDVI (z = —3.50,
P < 0.01; Table 2), for which the negative correlation
predicted the number of deaths of juvenile elephants
in a season decreased from 6 to 1 across the observed
range of NDVI. The second best model contained both
current-season NDVI and goat prices (Table 1), but as
an explanation of juvenile mortality current-season NDVI
was 3 times more plausible than goat prices.

The best model of annual adult mortality contained
both cattle (z = —2.50, p < 0.05) and goat prices (z
= 2.81, p < 0.01; Table 2) and explained over 95% of
the deviance in annual adult mortality. Cattle price was
the covariate most strongly associated with annual adult
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Figure 2. Negative binomial generalized linear model
[fit (line) between recorded deatbs of adult elepbants
Jor each wet-dry season and local, averaged caitle
prices (inflation-adjusted Kenya shillings [KSH]) over
the same period.

elephant mortality, and the negative correlation pre-
dicted that the number of adult elephant deaths in a
year decreased from nearly 14 to 11 across the observed
range of cattle prices. Although East Asia’s GDP growth
was positively associated with adult mortality, the rela-
tion was not significant and the weight of evidence for
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Figure 3. Negative binomial generalized linear model
[fit (line) between recorded deaths of juvenile elephan-
ts for each wet-dry season and the maximum norma-
lized difference vegetation index (NDVI) for the study
area over the same period.
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the model incorporating East Asia’s GDP was over 4 times
less than that of the best-fit model (Table 1).

Although direct information on poaching was not avail-
able, household survey data indicated that conflict with
wild animals in general (i.e., not specific to elephants)
was not a primary concern among communities border-
ing the national reserves. Only 12% of households iden-
tified general wild animal conflict as a problem, and all
households indicated the magnitude of other problems
related to their location was greater. A greater percent-
age of poorer households (17%) (i.e., those with livestock
holdings below the average) than wealthier households
(9%) identified conflicts with wild animal as a problem,;
however, livestock holdings did not differ significantly
between households that identified conflict with wild an-
imals as a problem and those that did not (Z = 0.37, p =
0.71). Those households indicating that they derived ben-
efits from the national reserves (n = 71), however, tended
to have more livestock than those that did not indicate
the reserves provided benefit (Z = 2.47, p < 0.05).

Discussion

Although studies and models of illegal harvesting of ani-
mals often focus on the relation between deterrents (e.g.,
patrolling and fines) and harvest levels (Hilborn et al.
20006), there have been few direct assessments of so-
cial and economic factors related to illegal offtake (Gavin
et al. 2010). I found that adult elephant mortality and
human-induced wounding of elephants were closely cor-
related with indices of economic conditions in local pas-
toral communities (Table 1 & Fig. 2). Human hunting of
elephants, the only source of predation on adults in the
study system (Wittemyer et al. 2005), generally targets
adult animals as a function of the size of their tusks and
their weight (meat) (Milner-Gulland & Mace 1991). In
pastoral systems, changing forms of income generation is
a common response to environmental stochasticity (Mc-
Peak 2005; McPeak et al. 2006; Davies & Bennett 2007).
Thus, my results may reflect a change to high risk but po-
tentially lucrative poaching for ivory or meat in response
to the downturn in traditional revenue sources. Compa-
rable increases in the use of natural resources (plant and
animal) triggered by economic shocks (Pallot & Moran
2000; Fisher & Shively 2005) and elevated food prices
(Brashares et al. 2004; Wilkie et al. 2005) has been ob-
served in other ecosystems.

Amplified conflict between humans and wild animals
during economic recessions could also drive the corre-
lations I found. Livelihoods may be more sensitive to
conflict with wild animals or tolerance of wild animals
may decrease as a function of stress on local communi-
ties caused by economic hardship. In the study system,
conflict between humans and wild animals was not iden-
tified in surveys as a primary concern by local people;
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therefore, it is unlikely the observed increase in adult ele-
phant mortality during economic downturns was caused
by conflict. There are stiff penalties associated with ille-
gal killing of elephants, which makes direct information
on illegal killing difficult to attain. Because this study is
correlative, my results only offer insight into possible
causal links. Determining causes of illegal activities is of-
ten challenging, but the focused sociological study of
illegal activity through indirect interview methods can
provide useful information (Gavin et al. 2010). Little is
known about the relations among economic cycles, con-
flict between humans and animals, and illegal harvesting,
but identifying such connections may help optimize de-
terrent efforts (Gavin & Anderson 2007).

Differentiation in age-class-specific mortalities of ele-
phants provides additional insight to the mechanisms
driving mortality. The influence of economic factors on
elephant mortality may be complicated by variation in
environmental factors that affect elephant demography
(Wittemyer et al. 2007b) and livestock-based economies
(McPeak 2005) (e.g., poor recruitment in elephants and
livestock is correlated with low primary productivity).
Ungulate survival is strongly mediated by environmental
stochasticity or population density (Gaillard et al. 2000),
and younger age classes are more susceptible to resource
limitations than adults (Gaillard et al. 1998). In my study,
NDVI was the only statistically significant correlate of ju-
venile elephant mortality, and it was not associated with
adult elephant mortality. Although 2 severe droughts dur-
ing the study period likely caused the deaths of adult ele-
phants, the dominant cause of known adult deaths in the
study system was human killing (Wittemyer et al. 2005).
The different patterns of elephant mortality between ju-
veniles and adults likely stem from the strong influence
of human selection for high-value adults.

Macroeconomic conditions also may be important in-
dicators of elephant mortality where such conditions in-
fluence rates of illegal elephant harvesting. Changes in
Kenya and East Asia’s GDP, a potential indicator of ivory
demand (Poudyal et al. 2009), however, had little ex-
planatory power in my models. The lack of correlation
between the latter macroeconomic metrics and elephant
mortality in contrast to the correlation of mortality with
local commodity prices may reflect the economic isola-
tion of pastoral communities (McPeak & Barrett 2001) or
the disparity between different sectors of Kenya’s econ-
omy. Although not comparable to the subsistence-based
economy in my study system, the utility of macroeco-
nomic indicators for explaining observed patterns and
predicting illegal harvest of wild animals has been shown
in other studies (Poudyal et al. 2009) and may be effective
for predicting larger scale mortality patterns.

Although my results are from a single species in
a single system, the correlation between threats to a
species affected by trade and local economic recessions
may be of broad relevance to species conservation and

management bodies. In particular, such connections
may influence conservation initiatives in communities in
which local economics can influence harvest quotas of
animal species (Barrett & Arcese 1995). Information on
economic fluctuations can serve to focus management
activities on, for example, enhancing employment op-
portunities during economic downturns or adjustment
of antipoaching efforts in response to or anticipation of
economically driven changes in natural resource reliance.
Informative metrics may be system specific or general
(with the latter being relevant where harvest of wild an-
imals driven by economics is synchronized over large
areas and multiple species), but such data may be easily
and cheaply obtained through market surveys or pub-
licly available economic data. Management responses to
such economic indices, however, may be limited by the
fact that conservation goals and associated resource allo-
cations are often low priorities during economic crises
(Pergams et al. 2004).
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