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Abstract: Anecdotal evidence suggests that socioeconomic shocks strongly affect wildlife populations, but
quantitative evidence is sparse. The collapse of socialism in Russia in 1991 caused a major socioeconomiic
shock, including a sharp increase in poverty. We analyzed population trends of 8 large mammals in Russia
Jrom 1981 to 2010 (i.e., before and after the collapse). We bypothesized that the collapse would first cause
population declines, primarily due to overexploitation, and then population increases due to adaptation of
wildlife to new environments following the collapse. The long-term Database of the Russian Federal Agency
of Game Mammal Monitoring, consisting of up to 50,000 transects that are monitored annually, provided
an exceptional data set for investigating these population trends. Three species showed strong declines in
population growth rates in the decade following the collapse, while grey wolf (Canis lupus) increased by more
than 150%. After 2000 some trends reversed. For example, roe deer (Capreolus spp.) abundance in 2010
was the bighest of any period in our study. Likely reasons for the population declines in the 1990s include
poaching and the erosion of wildlife protection enforcement. The rapid increase of the grey wolf populations is
likely due to the cessation of governmental population control. In general, the widespread declines in wildlife
populations after the collapse of the Soviet Union bighlight the magnitude of the effects that socioeconomic
shocks can bave on wildlife populations and the possible need for special conservation efforts during such
times.
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Declinacién Rapida de las Poblaciones de Mamiferos Mayores después del Colapso de la Union Soviética

Resumen: La evidencia anecdotica sugiere que los shocks socio-econémicos afectan fuertemente a las
poblaciones silvestres, pero la evidencia cuantitativa es escasa. El colapso del socialismo en Rusia en 1991
causé un gran shock socio-economico, incluido un incremento repentino en la pobreza. Analizamos las
tendencias poblacionales de ocho mamiferos mayores en Rusia a partir de 1981 y hasta 2010 (es decir, antes
ydespués del colapso). Propusimos la bipotesis de que el colapso primero causaria declinaciones poblacionales,
principalmente por causa de la sobreexplotacion, y después incrementos debido a la adaptacion de la vida
silvestre a nuevos ambientes. La Base de Datos a largo plazo de la Agencia Federal Rusa del Monitoreo de
Mamiferos de Caza, que consiste en bhasta 50, 000 transectos que se monitorean anualmente, proporciono
un conjunto excepcional de datos para investigar estas tendencias poblacionales. Tres especies mostraron
Sfuertes declinaciones en la tasa de crecimiento poblacional en la década después del colapso, mientras que
las poblaciones de lobo gris (Canis lupus) incrementaron por madas del 150%. Después del aiio 2000 algunas
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tendencias fueron revertidas. Por ejemplo, la abundancia del venado de corzo (Capreolus spp.) en 2010 fue
la mds alta de cualquier periodo de nuestro estudio. Las razones probables de la declinacion poblacional
en la década de 1990 incluyen a la caza furtiva y a la degradacion de la aplicacion de la proteccion de
vida silvestre. El incremento stibito en la poblacion de lobos grises probablemente se debe al cese del control
poblacional por parte del gobierno. En general, las amplias declinaciones de las poblaciones silvestres después
del colapso de la Union Soviética resaltan la magnitud de los efectos que los shocks socio-econémicos pueden
tener sobre las poblaciones silvestres y la posible necesidad de esfuerzos especiales de conservacion durante

estos tiempos.

Palabras Clave: mamiferos de caza, punto de cambio, Rusia, shock socio-econémico, tendencia poblacional

Introduction

Rapid changes in governmental and social institutions can
greatly affect conservation efforts because they are often
accompanied by overexploitation of natural resources
(Wittemyer 2011). Overexploitation is a particular threat
when poverty forces people to rely on wildlife for their
income (Brashares et al. 2004; Sinclair 2005; Ehrlich &
Pringle 2008) or when institutional regulations govern-
ing exploitation are lacking (e.g., Sinclair 2005; Barrett
etal. 2006; Wittemyer 2011). Conversely, times of change
also entail opportunities for conservation. Land-use in-
tensity often declines, allowing vegetation to recover
(Kuemmerle et al. 2011), and the designation of major
protected areas often coincides with institutional and so-
cial upheaval (Radeloff et al. 2013). Thus, socioeconomic
shocks may hinder or help conservation. However, there
have been too few comprehensive broad-scale studies to
predict possible consequences of future socioeconomic
changes.

A prime example of a socioeconomic shock is the
collapse of the Soviet Union in 1991. Per-capita GDP in
the Russian Federation plummeted after 1991 and stayed
below 1990s levels until 2004 (United Nations Statistics
Division 2013). Countries gained independence, land was
privatized (Lerman & Shagaida 2007), previously state-
controlled economies folded (Kolesnikov 2003), and gov-
ernmental funding for wildlife management vanished
(Williams 1996). Concomitantly, there were major land-
use changes, most notably widespread farmland aban-
donment (Ioffe & Nefedova 2004) and steep declines in
livestock numbers (Kolesnikov 2003) and forest harvest-
ing (Filiptchouk et al. 2001). The collapse of the Soviet
Union thus represents a perfect opportunity to examine
how socioeconomic shocks affect wildlife populations
both immediately (e.g., from poaching) and in the long
term (e.g., from habitat change and human migration).

Prior studies of wildlife populations after the collapse
of the Soviet Union reported varying trends. The dramatic
decline of saiga antelope (Saiga tatarica) population be-
gan even before the collapse (Milner-Gulland et al. 2001).
Also declining were red deer (Cervus elaphus), roe deer
(Capreolus capreolus and Capreolus pygargus), moose
(Alces alces) (Petrosyan et al. 2012), reindeer (Rangifer
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tarandus) (Danilkin 1999), and wild boar (Sus scrofa)
(Danilkin 2002; Petrosyan et al. 2012). A negative trend
in wildlife populations was also reported for countries
adjacent to Russia, including Mongolia (Pratt et al. 2004),
Estonia (Valdmann 2001), the Czech Republic (Hladikova
et al. 2008), and Romania (Micu et al. 2005). However,
sika deer (Cervus nippon) (Stephens et al. 2006), ar-
gali (Ovis ammon) (Fedosenko & Weinberg 2001), and
steppe raptors (Sanchez-Zapata et al. 2003) increased
at least locally in post-Soviet area. This variation among
species was likely caused by case-by-case differences in
drivers and by differences in species’ capacity to respond.
For example, species with high reproductive rates are
better equipped to recover rapidly from low popula-
tion levels (Polishchuk 2002). The collapse of the Soviet
Union appears to have been associated with both positive
and negative outcomes for wildlife, highlighting the need
for a systematic and comprehensive analysis.

We analyzed population trends of 8 large mammal
species: European and Siberian roe deer (grouped to-
gether), red deer, reindeer, moose, wild boar, brown
bear (Ursus arctos), Eurasian lynx (Lynx lynx), and grey
wolf (Canis lupus) from 1981 to 2010 in Russia, which
encompasses periods before and after the collapse of
the Soviet Union in 1991. We asked whether changes in
population trends occurred coincidently with the Soviet
Union collapse. We expected that all large mammals ex-
cept wolves would show declines immediately after the
1991 collapse but increase after 2000 as socioeconomic
conditions began to improve (United Nations Statistics
Division 2013). Among the ungulate species, wild boar
and roe deer possess greater fecundity than moose and
red deer and thus have high population growth rates
(Danilkin 1999; Geisser & Reyer 2005). We thus expected
that wild boar and roe deer populations would rebound
after an initial decline.

Methods

Data Set

Our source of data was the database of Russian Fed-
eral Agency of Game Mammal Monitoring. About 20
mammal species are counted annually. The monitoring
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Table 1. Number of Russian regions studied and total population size for each species.”

Number of Total population Published total Percent of

regions in in 2010 population in 2010 2010 total
Species analysis (thousands) (thousands) populution”
Roe deer 47 791.3 845.5 93.6
Red deer 16 173.8 187.2 92.8
Wild reindeer 11 783.1 939.5 83.4
Moose 61 645.0 656.7 98.2
Wild boar 59 387.5 404.4 95.8
Brown bear 40 180.2 183.0 98.5
Eurasian lynx 50 18.5 20.7 89.1
Wolf 69 48.9 49.7 98.5

“Includes only regions in which there were data for at least 27 of the 30 study years. For comparison, total population estimated from these

regions and published total population size in Russia are included.
b Percentage of the estimated total our data represents.

methods include winter track counts (WTC) (Mirutenko
et al. 2009), accompanied and verified by aerial surveys,
surveys on established plots, written surveys completed
by hunters, and fall surveys of upland game (Gubar 2007).

The WTC is conducted in regions with stable snow
cover. It measures the density of each species based
on the number of tracks which cross a transect and
the average daily movement distance of each species:
D =m % A/2L, where D is the average number of an-
imals per 10 ha, A is average track number which
cross a transect per 10 km, and L is the average daily
movement distance of an animal. This means WTC in-
cludes track counts and measurements of daily move-
ment distance, which are measured by following animal
tracks.

Statistical summaries at the regional level are available
from 1981 to the present in the form of one estimate
per year and per region for each species surveyed (Game
Mammals of Russia 1992-2011).

We examined brown bear, Eurasian lynx, wolf, Euro-
pean and Siberian roe deer, red deer, reindeer, moose,
and wild boar. Large carnivores and herbivores require
large areas (Garshelis 1992) that are difficult to con-
serve in human-dominated landscapes (Woodroffe 1998;
Gordon 2009). While other species are also counted in
the WTC, we excluded species from our analyses that
have narrow distributions (e.g., muskox [Ovibos moscha-
tus]) or are not highly prized game species (e.g., red
squirrel [Sciurus vuigaris)).

We analyzed the time series of WTC data for those
regions which had no more than 3 years of missing data
for the period 1981-2010. We analyzed the population
of brown bear, wolf, and lynx in 40, 70, and 49 regions,
respectively, and the population of moose, reindeer, roe
deer, red deer and wild boar in 61, 11, 47, 16, and 57
regions, respectively. This translated to 83.4-98.5% of
the total population for each species in Russia for 2010
(Table 1). Hereafter, we used the term fotal population
size to designate total number of animals of each species
summed for all these regions.

Change Point Selection

During the study period, the year 1991 was the key turn-
ing point in institutional and socioeconomic conditions,
so we set this as our initial change point. To separate
the potential immediate versus longer term effects of
the socioeconomic shock, we divided the period after
1991 in 2 at the point when Russian GDP changed direc-
tion from negative to positive (i.e., after the year 2000
[United Nations Statistics Division 2013]). Thus, we di-
vided each time series into 3 periods: before the Soviet
Union collapse (1981-1991), directly after the collapse
(1992-2000), and 10-20 years after the collapse (2001-
2010).

Data Analyses

To estimate absolute population trends for the 30-year
period, we calculated per-capita population growth rates
Ay as Npy1/N;, where N, and Ny, are population number
in year ¢ and in year ¢ + 1, respectively. In this case, A;*
A .. A = Ny11/Np and a geometrical average Auver =
A 2" 0 A" A/D = (N1 /N (/5. We computed
these values for the 3 periods of our study. A A < 1
implies population decline, and A > 1 implies population
growth.

To estimate relative population trend, we fitted first-
order autoregressive models of the form (72,,,41 — ;) =
or(n; — 1) + €, to the time series of each population
in each region across Russia (Table 1), where 7, is the
log-transformed population density in region r in year ¢
that is standardized to have variance 1, u, is the mean
regional population density, p, is the autoregression co-
efficient, and ¢,,, represents the region-specific residuals.
Because densities were log-transformed, differences be-
tween consecutive years provided the annual per-capita
population growth rates. By standardizing #,, to have
variance 1, all regions were weighted equally in the analy-
ses, even though they contained different mean densities;
the overall conclusions were the same when 7,, was not

Conservation Biology
Volume 00, No. 0, 2015



14 {(a) 14’(b)
12 121
10 =10 1
= +
o 8 zé' 8 1
6 6 -
41 4+
1980 1990 2000 2010 4 6 8 10 14
Year n(t)

Figure 1. An example of autoregressive model (1,41
— 1) = pr(Nyy — W) + &y fil, where n,; is the
log-transformed population density in region r in year
t (blue, 1981-1991; yellow, 1992-2000; green,
2001-2010): (a) time series data for wild boar in
Pskov region and (b) fit of the model to the data for
wild boar in Pskov region (points above the line, i.e.,
most of blue and green points from the first and third
periods, respectively, indicate a growing population;
Dpoints below the line, i.e., most of yellow points from
2nd period indicate a declining population).

standardized. We analyzed mean residuals of the model in
each of the 3 periods (1981-1991, 1992-2000, and 2001 -
2010), that is, the mean of the values of ¢,,. We consid-
ered the per-capita population growth rate in a given pe-
riod to be low if the mean residual for this period was neg-
ative and high if it was positive because the mean value
of all residuals was zero. The basic idea is shown in Fig. 1,
where some points have 7n,,; > n,. These points corre-
spond to years when the number of animals was higher
in a given year than in the previous year. Similarly, when
n:41 < 1z, the number of animals was lower in a given year
than in the previous year. Our method thus measures the
relative per-capita population growth rates among peri-
ods because total residuals equaled zero whether popula-
tion trend was positive or negative overall. Therefore, the
mean residual for a given period shows only the sign and
magnitude of a population size change relative to other
periods.

For statistical inference, we conducted a parametric
bootstrap procedure. First, we fitted the autoregressive
model (12,.,11 — ) = (P — 1) + & tO €Very region
separately and collected residuals. Second, we computed
the covariance matrix of residuals among regions to ac-
count for spatial correlation. Third, using this covariance
matrix, we generated spatially covarying random residu-
als with the package mvtnorm for R statistical software
(Genz & Bretz 2009; Genz et al. 2012) and simulated
data using the autoregressive model with parameters es-
timated from the original data. Thus, these simulated data
sets included both spatial correlations through the covari-
ance matrix of &; and temporal autocorrelation through
the coefficient p,. Fourth, we applied the autoregressive
model again to the simulated data and computed mean
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residuals from 3 periods, as we did for the original data.
We repeated the third and fourth steps 20,000 times so
that the resulting values approximated the distribution of
mean residuals under the null hypothesis that there is no
difference in per-capita population growth rates in the
3 periods (although there was both spatial and temporal
autocorrelation). We calculated p values from this distri-
bution. For example, if the mean residual calculated from
the original data was >97.5% of values in the bootstrap
distribution of 20,000 residuals, we concluded that p was
<0.05 (2-tailed).

Lambda and mean residuals together provide a com-
prehensive description of population trend in cases of
populations with A > 1 but negative mean residuals
(population increase but more slowly than in other time
periods).

To investigate the possibility that broad-scale climate
fluctuations explain these population trends, we ob-
tained temperature and precipitation data for 1981-2005
from the website thermograph.ru. We performed simi-
lar analyses with untransformed annual precipitation and
annual average mean, minimum, and maximum temper-
atures from 45 meteorological stations in 45 regions of
Russia (1 station/region). We divided data into 3 periods
(1981-1991, 1992-2000, and 2001-2005). As we did for
the population data, we fitted first-order autoregressive
models to the time series of each climate variable in each
region and analyzed mean residuals of the model in each
of the 3 periods.

Results

Population Trends Across Russia

From 1981 to 2010 populations of all 8 species exhib-
ited strong population fluctuations (Fig. 2). Most notably,
population trends of roe deer, moose, wild boar, brown
bear, Eurasian lynx, and wolf all changed around 1991,
and all species except wolf declined immediately after
the collapse. Six of the 8 species (wild boar, moose, roe
deer, brown bear, lynx, and red deer) had the lowest A in
the period following collapse, and wolf had the highest
A (Fig. 2).

In the 2000s, 6 of our 8 mammal species populations
increased again. At the end of 2000s wild boar, brown
bear, and roe deer reached their highest population lev-
els during the study period, accompanied by increasing
population rates (A = 1.09, 1.04 and 1.02, respectively).
Populations of moose and red deer also increased (A =
1.01 for both species). Only Eurasian lynx (A = 0.98) and
wild reindeer (A = 0.99) continued to decline.

Population Trends for the Each Region

For most species, populations changed synchronously
across regions. Accordingly, there were statistically
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Figure 2. Changes in population size of 8 species from
1981 to 2010 (blue, 1981-1991; yellow, 1992-2000;
green, 2001-2010) (A, per capita population growth
rate).

significant declines in per-capita population growth rates
immediately following collapse for wild boar, moose, and
roe deer and a statistically significant increase for wolf
(Table 2). For example, in 38 of the 47 regions where roe
deer occurred (94% of the entire roe deer population),
populations declined from 1991-2000. However, popula-
tion trends for species varied among regions (see Fig. 3 for
moose and Supporting Information for the other species).
We applied a parametric bootstrap test and found signif-
icant differences in population trends among regions (p
= 0.001 for 7 species; p = 0.22 for wild reindeer).

From 2001-2010, regional trends exhibited patterns
similar to national trends. The overall per-capita popu-
lation growth rates for roe deer, wild boars, and brown
bears were higher than the averages for 1981-2010 in,
respectively, 39 of 47 regions, 53 of 59 regions, and 30 of
40 regions though only wild boar per-capita population
growth rate was significantly higher than average across
the country (p = 0.009). Roe deer, wild boar, brown bear,
and wolf populations all peaked in either 2009 or 2010.

Climate Variable Trends

We found no significant trend in maximum, minimum,
and mean temperatures or annual precipitation for the
first 2 periods. In 2001-2005, there was no significant
trend for minimum temperature or annual precipitation,
but maximum and mean temperatures increased signifi-
cantly faster than average (p = 0.039 and 0.045, respec-
tively).

Discussion

Our results indicate that major changes in the population
trends of 4 species of large mammals occurred during
the first decade after the collapse of the Soviet Union in
1991 (Table 2). Wild boar, moose, and brown bear had
lower per-capita population growth rates, while wolves
increased in the 1990s. Increased poaching, low enforce-
ment of protection laws, loss of crops as forage, an in-
crease wolf abundance (Danilkin 2002), and other factors
associated with the collapse of the Soviet Union together
likely caused the rapid population changes. These re-
sults concur with other findings from the former Soviet
Union (Danilkin 1999, 2002; Trepet & Eskina 2012). The
magnitude of the socio-economic changes in countries
of the former Soviet Union was astounding. Post-Soviet
changes happened quickly, causing a “poverty shock”
(Dudwick et al. 2003) and a “suicide epidemic” (Brainerd
2001). Poverty increased many fold in a very short period
after 1991 (Grootaert & Braithwaite 1998). The death
rate among working age men increased by 74% (Brain-
erd 2001). While we did not analyze economic variables
and causal relationships between human behavior and
wildlife decline, it is clear that given the circumstances,
wildlife management institutions were challenged to pro-
vide adequate protection for wildlife (Wells & Williams
1998). Social turmoil can result in population declines of
vulnerable and endangered species (e.g., saiga antelope
[Milner-Gulland et al. 2001] and African elephant [Lox-
odonta africanal). However, the mammals we studied
are widespread and are not endangered or threatened
(IUCN 2014). Even species with otherwise healthy popu-
lations like wild boar (Geisser & Reyer 2005) decreased in
population size by half (from 1991 compared with 1995).
One of the main conservation messages stemming from
our study is that even abundant species may need care-
ful monitoring during times of turmoil. Similarly, wildlife
conservation and monitoring efforts may need interna-
tional assistance during times of turmoil.

In the second decade after the collapse (2001-2010),
wild boar populations increased significantly, whereas
there was an increasing but not significant trend for
brown bear, moose, roe deer, and red deer. For example,
wild boar abundance increased by 150% from 1995 to
2010; brown bear abundance increased by 70% between
1995 and 2010, and roe deer increased by 37% from the
lowest number in 1997-2010. Conversely, Eurasian lynx
continued to decline. Russia’s rural population started
to decline in 1995 (Ioffe et al. 2004), and Russia’s GDP
started to rebound in the late 1990s (United Nations
Statistics Division 2013). About 40% of farmland in
European Russia was abandoned after the collapse and
had become early successional forest by the 2000s (Bau-
mann et al. 2012; Potapov et al. 2012; Prishchepov
et al. 2012). Succession provided cover and forage for
species like bear and moose (Martin et al. 2010; Baskin &
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Table 2. Relative and absolute population trends and mean residuals (rows 1 and 2) for real and simulated data, respectively, to show that it is
unlikely to achieve a given result with randomly simulated data (in case of p < 0.05).

Roe Red Wild Wild Brown Eurasian
Year deer deer reindeer Moose boar bear lynx wolf
1981-1991 Resid. from —0.087 0.169 —0.121 —0.1 —0.037 —0.064 0.22 —0.091
actual data
Resid. from —0.08 —0.08 0.03 0.17 —0.05 —0.04 0.17 —0.01
simulation x (0.03) (0.09) (0.03) (0.03) (0.049) (0.02) (0.03) (0.03)
(D)
p 0.71 0.43 0.56 0.01 0.77 0.45 0.01 0.68
NG (%)* 19 (40) 9 (56) 4 (36) 8 (13) 26 (44) 19 (48) 10 (20) 36 (61)
A =1’ 36 (77 13 (81) 6 (55) 39 (649 49 (83) 34 (85) 21 (42) 22 (32)
1992-2000 Resid. from —0.022 —0.17 0.334 —0.118 —0.283 —0.067 —0.184 0.075
actual data
Resid. from 0.03 0.09 0.04 0.00 —0.13 —0.07 —0.08 0.12
simulation x (0.049) (0.05) 0.09 (0.05) (0.05) (0.03) (0.09) (0.049)
SD)
p 0.43 1 0.59 0.03 0.01 0.008 0.32 0.01
NG () 38 (8D 7 (449 5(45) 54 (89) 52 (88) 34 (85) 36 (72) 913
A=1 23 (49 6(38) 81 (73) 910 13 (22) 20 (50) 18 (36) 43 (62)
2001-2010 Resid. from 0.105 —0.034 —0.147 0.194 0.263 0.117 —0.073 0.031
actual data
Resid. from 0.06 0.01 —0.06 —0.17 0.16 0.09 —0.11 —0.09
simulation X (0.03) (0.09) (0.03) (0.03) (0.09) (0.02) (0.03) (0.02)
(SD)
p 0.28 0.18 0.58 0.23 0.009 0.09 0.18 0.09
NG (%) 817 53D 6 (55) 36 (59) 6 (10) 10 (25) 35 (70) 49 (7D
A=1 38 (81) 9 (56) 6 (55 39 (649 52 (88) 34 (85) 22 (44 28 (41)
Pop. Size (NOzperioa)/Total 94 58.1 95.2 83.7 90.4 94.3 66.7 4

Pop. size (N[tot]) in 1991¢

9 Relative trends: number of regions for which autoregressive model output was a negative mean residual (N[-]). The percentage of total analyzed
regions in which the mean residual was negative is included in parentheses. For example, for roe deer, 19/47 analyzed regions (see Table 1)
results in 40% of regions with a negative mean residual.

b Absolute population trends show number and percentage of regions in which ). > 1 (i.e., population was growing in that period). If in a given
time period a population shows an absolute increase but increases more slowly than the average increase for 1981-2010, A is larger than 1 but
the mean residual from the autoregressive model is negative.

€A percentage of population number in the regions with negative mean residuals in 2nd period related to total population size in 1991. For
example, number of roe deer bad low per-capita population growth rate in 38 regions of Russia in 1992-2000, and these 38 regions amount
Jor 94% of total population size of roe deer in 1991.

Prishchepov 2011; Bjgrneraas et al. 2011). We cannot
exclude the possibility, however, that the increase of
brown bear abundance in 2001-2010 reflects changes in
monitoring procedures over time, not an actual increase
in individual animals (Y.P.G., unpublished data).

The rapid growth of wolf populations after 1991 was
likely due to the cessation of control measures. Accord-
ing to historical data, wolf populations increased after
each social turmoil. After the Civil War of 1917-1922
and during WWII in 1941-1945, Russian wolf popula-
tions increased rapidly (Bibikov 1985). In the following
stable periods, however, incentives were used to reduce
wolf population (Bibikov 1985). After 1991 wolf con-
trol efforts stopped (Game Mammals of Russia 2000;
Valdmann 2001), and our results show significant popula-
tion increase (by 80% between 1991 and 2010; Table 2).
We hypothesize that the increasing wolf population,
among other factors, contributed to ungulate decline.

In contrast to the significant patterns we found for
mammal species, we found no significant trends in cli-
mate time series for 1991-2000. Thus, it is unlikely
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that climate played an important role in driving the
observed population changes. Of course, we cannot
exclude other possible unknown drivers of population
changes. Nonetheless, the magnitude and spatial extent
of the patterns we documented argues in favor of the
high-magnitude changes in human impacts that were
brought about by socioeconomic forces.

We reviewed the literature to informally assess the
degree to which other countries’ wildlife populations
changed during times of socioeconomic shocks and hu-
man conflict. We searched for all studies on wildlife
trends in post-Soviet countries and African and Asian
countries which underwent societal turmoil. We also
examined case studies from multiple western countries
that did not experience social turmoil. On one hand,
other postsocialist countries exhibited similar patterns of
mammal declines. On the other hand, western countries
which did not go through social turmoil did not expe-
rience mammal population trends similar to those that
had. In African and Asian countries that experienced so-
cietal turmoil, wildlife populations usually declined. We
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Figure 3. Map of moose population trends after the collapse of the Soviet Union. Magnitude of mean residuals
reflects population growth rate in 1990s. Per capita population growth rate (A) shows absolute population trend
in 1990s. For similar maps for the other species, see Supporting Information.

also found several examples of when social downturn
benefitted wildlife. In most cases it was because people
were restricted from visiting wildlife areas (Draulans &
Van Krunkelsven 2002) (e.g., increase of elephants in the
Hangwe National Park, Zimbabwe, when it was danger-
ous to poach them [Hallagan 2009]).

With regard to post-Soviet countries, wild boar in the
Czech Republic declined from 1991-1995 (Hladikova
et al. 2008), as did roe deer in Estonia, Eurasian lynx in
both Estonia and Lithuania (Valdmann 2001; Matyushkin
& Vaisfeld 2003), and brown bear in Romania (Micu
et al. 2005) and Estonia (Valdmann 2001). In some post-
Soviet countries large mammals rebounded after initial
postcollapse declines. For example, wild boar popula-
tions in the Czech Republic increased rapidly after 1996
(Hladikova et al. 2008), as did brown bear populations
in Romania after 1997 (Micu et al. 2005). An increase
in wolf populations following the collapse of social-
ism also occurred in other post-communist countries.

Wolf abundance after 1991 increased in Estonia (Vald-
mann 2001), Latvia (Ozolins et al. 2008), and Lithuania
(Balciauskas 2008). Conversely, we could find only 2 doc-
umented cases of wildlife trend patterns in post-Soviet
countries that differed from the patterns in Russia. Roe
deer and Eurasian lynx populations in the Vitebsk region
of Belarus increased from 1985-2004, and especially after
1995 (Sidorovich 2006), and wolf populations in Kyrgyzs-
tan decreased by half from 1988 to 1999 (Hazell 2001).
In general though, wildlife trends in other post-Soviet
countries were similar to the trends we documented for
Russia.

The rapid changes in large mammal populations that
we found are even more striking when compared with
concomitant population trends of the same species in
countries without socioeconomic shocks. Populations of
large mammals in North America increased or were stable
(e.g., moose [Timmermann 2003; Wattles & Destefano
2011], grizzly bear [U. arctos] [e.g., Brodie & Gibeau
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2007]; American black bear [Ursus americanus) [Garshe-
lis & Hristienko 2006)). Similarly, brown bear and Euro-
pean lynx populations in Scandinavia did not decline in
the 1990s (e.g., Nyholm et al. 1998; von Arx et al. 2004),
and wild boar populations in many European countries in-
creased in recent decades (Goulding et al. 2003; Massolo
& Della Stella 2006). In Norway, the total moose harvest (a
proxy for population size) increased slightly in the 1990s.
Only Finland and Sweden had declining moose harvests
in the 1990s (Lavsund et al. 2003). The wolf population
in Canada has been stable during recent decades (Mech
& Boitani 2003). The wolf population in France, Italy,
Sweden, Poland, Czech Republic, and Romania increased
following legal protection (Boitani 2000).

Our findings for Russian mammals concur with pop-
ulation trends in other countries during times of so-
cioeconomic shocks. For example, the breakup of the
East African Community in 1977 was followed by sharp
declines of African buffalo, African elephant, and black
rhinoceros (Diceros bicornis) population (Sinclair 2005).
Elephant wounding and juvenile mortality in Kenya in-
creased during periods of low livestock prices, suggest-
ing that the local economy drives poaching (Wittemyer
2011). In Ghana, years of increased hunting and sharp
declines in many wildlife species coincide with years
of poor fish supply (Brashares et al. 2004). During the
Rwandan civil war, poaching posed a major threat to
the mountain gorilla (Gorilla gorilla beringei), sitatunga
(Tragelapbus spekii), and other species (Plumptre et al.
1997; Kanyamibwa 1998). Similarly, the civil war in the
Democratic Republic of Congo led to increased poaching
of bonobos (Pan paniscus) and gorillas (Vogel 2000).
In Cambodia, war, conflict, and turmoil were associated
with a shift in villagers wildlife-trading behavior in mar-
kets outside the country; this trading included endan-
gered species like tiger (Pantbera tigris) (Loucks et al.
2009). In Mongolia, poaching pressure for brown bear,
saiga antelope, red deer, argali, musk deer (Moschus
moschiferus), Siberian marmot (Marmota sibirica), and
Mongolian Gazelle (Procapra gutturosa) increased dra-
matically at the time of the 1990 Democratic Revolution
in Mongolia (Zahler et al. 2004).

Our results on population declines of large mam-
mal populations in Russia after the collapse of the So-
viet Union, especially when compared with population
trends in other countries, provide compelling evidence
for the magnitude of the effect of socioeconomic shocks
on large mammals. Times of socioeconomic shocks can
be critical periods for wildlife and may warrant special
attention by conservationists.
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