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Abstract—Analysis of the effect of emissions from the Karabash Copper Smelter (Southern Urals) on the
small mammal community has shown that its abundance and structure change significantly under techno
genic impact. Structural transformations are accompanied by changes in the composition of dominant spe
cies. The “dose–effect” pattern of community response to this impact is nonlinear: for most species of
murine rodents and small insectivores, habitat quality becomes satisfactory at a distance of 9–11 km from the
emission plume.
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Small mammals (murine rodents and insectivores)
are traditionally used as model objects for studies on a
broad range of theoretical and applied ecological
problems. This group of animals is most informative
among mammals, sensitively responding to various
changes in terrestrial ecosystems (Talmage and Wal
ton, 1991; Stepanov et al., 1992).
Studies dealing with anthropogenic impact on eco
systems in general and on small mammals in particular
and abundant, and most of them concern the behavior
of xenobiotics in the natural environment (their accu
mulation, transformation, detoxification, excretion,
and drift) and their effects at tissue and organismal
levels. A few studies are devoted to the effects of toxi
cants on small mammals from natural populations
(Wlostowski et al., 1994; Leffler and Nyholm, 1996;
Moskvitina, 1999; Mukhacheva, 2001; Bezel’, 2006).
Small mammals are sometimes used as indicators
for estimating the degree of anthropogenic distur
bance in natural habitats. The impact of anthropo
genic factors is known to cause changes in the struc
ture (species composition and proportion of individ
ual species) and size of the small mammal population
(Bezel’ et al., 1986; Vol’pert and Sapozhnikov, 1998;
Shilova, 1999; etc.). The magnitude and direction of
changes of these parameters depend on the nature and
strength of impact, as well as on the plasticity of species
comprising the community. However, the responses of
animal communities to this impact have not been suf
ficiently studied to date. Factual data on changes in
the abundance of small mammals in zones affected by
point sources of pollution can be found in only a few

publications (Kataev et al., 1994; Mukhacheva, 1996,
2007; Luk’yanova and Luk’yanov, 1998b; Kozlov
et al., 2005; Davydova, 2007). Some studies have
shown that nonspecific mechanisms of transformation
and repair operate in communities affected by anthro
pogenic factors (Mukhacheva, 1996; Luk’yanova and
Luk’yanov, 1998a).
Studies on various components of terrestrial eco
systems affected by point sources of pollution are
important not only for solving practical tasks but also
for understanding general aspects of theoretical ecol
ogy. Analysis of responses of the small mammal com
munity (as one of the principal components of ecosys
tems) under particular conditions will help to make
conclusions on ecosystem tolerance to certain types of
pollution and on the efficiency of natural selfregula
tion mechanisms.
Thus, the purpose of this study was to analyze
changes in the structure of the small mammal commu
nity along the gradient of technogenic pollution in the
area affected by the Karabash Copper Smelter (KCP),
a large nonferrous metallurgical plant operated by
ZAO Karabashmed’ in the Southern Urals, 90 km
northwest of Chelyabinsk.
MATERIAL AND METHODS
Characteristics of the source of emissions. The Kara
bash Copper Smelter, which was put in operation in
1910 and produced up to 30% of blister copper in the
Soviet Union, for a long time had no modern equip
ment for treating dust–gas emissions and wastewaters.
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Fig. 1. Study area and plots where small mammals were
trapped: BG1, BG2, and BG3 are background plots
located 32, 27, and 26 km from the source of emissions; B
1, B2, B3, and B4 are buffer plots located 18, 11, 9, and
12 km from the source of emissions; and I1, I2, and I3
are impact plots located 5, 1.5, and 3.5 km from the source
of emissions.

In 1989, the town of Karabash was recognized by the
UN as “the most polluted spot on the planet.” The
smelter was shut down and resumed operation only in
1998. The upgrade of the production process over the
past few years resulted in considerable reduction of
emissions. For instance, the amount of pollutants
emitted into the atmosphere in 1970 exceeded 370000 t.
Most of these were sulfur dioxide (364500 t) and dust
(28800 t) containing absorbed heavy metals such as
Cu (1530 t), Pb (2570 t), and As (1920 t). In 2005, this
amount was no more than 41000 t, including 38100 t

of sulfur dioxide and 1300 t of dust containing 340 t of
Cu, 20 t of Pb, and 7 t of As (Stepanov et al., 1992;
Kozlov et al., 2009). However, the pool of pollutants
accumulated to date may still have a strong impact on
the biota.
Various components of ecosystems in the zone
affected by the KCP have already been studied,
including the algal flora, soil microbiota and macro
fauna, epiphytic lichens, higher plants, and terrestrial
invertebrates (Stepanov et al., 1992; Chernen’kova,
2002; Kozlov et al., 2009; etc.). Publications on small
mammals are sporadic (Chernousova, 1990; Stepanov
et al., 1992), and data on their composition and abun
dance are lacking.
Test plots. Ten test plots were established north and
south of the KCP, at different distances from the
source of emissions (Fig. 1), in secondary birch forests
formed in place of pine forests. These biocenoses are
most common in the study region. On the basis of geo
botanical releves and published data (Stepanov et al.,
1992), zones qualitatively differing in the degree of
ecosystem transformation were delimited: techno
genic wasteland (up to 2 km from the KCP), impact
zone (2–5 km), buffer zone (9–18 km), and back
ground zone (25–32 km).
In the background zone, test plots were located in
bracken–herb and herb birch forests (80–100 years
old) with welldeveloped herbaceous layer (100% cov
erage in most cases) and almost without moss layer.
In the buffer zone, the plots were in herb birch forests
(80–100 years old) with developed herbaceous layer
(60–70% coverage) and weakly developed moss layer.
In the impact zone, the plots were in deadcover birch
forests (60–80 years old); mosses, represented by a
single species (Pholia nutans), covered up to 10–15%
of the area; herbaceous plants were scant, and most of
the soil surface was covered with nondecomposed lit
ter. The technogenic wasteland was a zone with the
topsoil washed away, almost devoid of vegetation. Sin
gle herbaceous plants, trees, and shrubs occurred only
in ditches and gullies.
Animal trapping. Small mammals were trapped in
September 2008 and 2009, in all test plots simulta
neously. In each plot, three lines of crush traps (25
traps at 5 to 7m intervals) were set at a distance of at
least 100 m from each other. The lines were positioned
randomly, without connection to any element of bio
cenosis. The traps were baited with unrefined vegeta
ble oil and exposed for three days, being checked daily
in the morning. On the whole, 128 small mammals of
10 species were trapped over 2250 trap–days. To char
acterize the small mammal community, the following
parameters were determined: (1) species composition;
(2) proportion of each species; and (3) relative abun
dance of each species and of the community as a
whole. The index of abundance was estimated as the
number of individuals caught per 100 trapdays.
The results were processed statistically by standard
methods using the Statistica program package (Stat
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Structure of small mammal community in the study region
Zone of technogenic load
Species

background

Number of plots
Number of trap–days
Number of animals trapped
Number of species recorded

buffer

impact

2008

2009

2008

2009

2008

2009

3
675
43
6

3
675
49
7

4
900
81
6

4
900
74
7

3
675
4
2

3
675
5
2

6.4 ± 1.7 7.3 ± 1.8 9.0 ± 2.0 8.2 ± 0.4 0.6 ± 0.3 0.7 ± 0.4
     
0/14.7 1.3/17.3 0/25.3
0/24.0
0/2.7
0/5.3

Total abundance*, ind./100 trapdays
Including:
Common shrew (Sorex araneus L., 1758)
Laxmann’s shrew (Sorex caecutiens Laxmann, 1788)
Taiga shrew (Sorex isodon Turov, 1924)
Eurasian pygmy shrew (Sorex minutus L., 1766)
Pygmy wood mouse (Sylvaemus uralensis L., 1771)
Striped field mouse (Apodemus agrarius Pall., 1771)
Common vole** (Microtus arvalis Pall., 1779)
Field vole (Microtus agrestis Pall., 1761)
Northern redbacked vole (Myodes rutilus Pall., 1779)
Bank vole (Myodes glareolus Schreb., 1780)

1.9
1.6
0
0
0.5
0
0.5
0
0
1.9

1.6
1.5
0.2
0.6
1.0
0
0.2
0
0
2.2

0.5
0.3
0
0
2.0
0
0
0.3
0.1
5.8

0.3
0.9
0
0
3.2
0.2
0
0.2
0.6
2.8

0
0
0
0
0
0
0.2
0
0.4
0

0
0
0
0
0
0
0.2
0
0.5
0

Notes: * Figures above and below the line show mean value ± error of mean and variation range (minimum/maximum), respectively; census
unit, one line of 25 traps.
** Cytogenetic studies were not performed.

Soft, Inc., 2001). Population structure was analyzed
using contingency tables and nonlinear regression;
differences were assessed for significance with χ2 and
G2 tests.
RESULTS
According to published data (Stepanov et al., 1992;
Bol’shakov et al., 1996; Samoilova, 2003; Olenev and
Kolcheva, 2007; Krashaninina and Chibiryak, 2008),
the recent fauna of small mammals in the study region
is represented by 13 species of murine rodents and
seven species of insectivores. We have found six species
of rodents and four species of redtoothed shrews
(table), all of them described in the region previously.
The structure of the small rodent community
changes with distance from the pollution source and is
statistically uneven (χ2(10) = 107.9; p = 0.0001).
In the background and buffer zones, small mammals
are represented by six to seven species; in the impact
zone, their number decreases to only two. Transfor
mation of the community structure in disturbed areas
is accompanied by changes in the composition of
dominant species. In background areas, small insecti
vores (54%) and the bank vole (about 30%) are domi
nant. In buffer areas, the most abundant small mam
RUSSIAN JOURNAL OF ECOLOGY
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mals are the bank vole (50%), the pygmy wood mouse
(30%), and small insectivores (12%). The community
of the impact zone consists of the northern redbacked
vole (69%) and the common vole (31%); insectivores
are lacking in the catches. In the technogenic waste
land, no small mammals have been recorded.
Contingency tables were used to evaluate the spe
cies structure of the community. Differences between
zones in pairwise comparisons are statistically signifi
cant: buffer vs. background, χ2(1) = 3.86; impact vs.
buffer, χ2(1) = 52.18; and impact vs. background,
χ2(1) = 37.37. The most distinctive feature of the com
munity in the area affected by the smelter is that the
northern redbacked vole prevails in the impact zone,
while redtoothed shrews dominate in the background
zone.
Comparison of zones with different pollution level
shows significant differences in the index of total
abundance (G2(2) = 69.12). As the plume of emissions
is approached, this index changes nonlinearly, reach
ing its maximum in the buffer zone: on average,
8.6 ind./100 trap–days. The abundance of the commu
nity is extremely low in impact plots (0.6–0.7 ind./
100 trapdays) and intermediate in background plots
(6.9 ind./100 trapdays) (table).
2010

516

MUKHACHEVA et al.
Total abundance, ind./100 trapdays
20

15

north

south

2008

10

2009

5

0
−35 −30 −25 −20 −15 −10 −5 0 5 10 15 20 25 30 35
Distance from the source of emissions, km

Fig. 2. Total abundance of the small rodent community in the zone affected by the Karabash Copper Smelter (filled triangle).

A more detailed analysis of the distribution of small
mammals in individual plots has shown that in all areas,
irrespective of the distance from the KCS, the animals
were distributed unevenly. For instance, catches in the
impact zone were recorded in five out of 18 lines set dur
ing two rounds of trapping, and the index of animal
abundance varied from 0 to 0–5.3 ind./100 trapdays.
No catches were recorded in two out of 24 lines set in
the buffer zone, where animal abundance varied from
0 to 25.3 ind./100 trapdays. In the background zone,
no small mammals were trapped in only one out of
18 lines, and the index of abundance varied from 0 to
17.3 ind./100 trapdays.
Changes in the index of total abundance in plots
located at different distances from the pollution source
are shown in Fig. 2. The highest values of this index
were recorded in buffer areas, north of the KCS in
2008 and south of it in 2009. These peaks were
accounted for by a high abundance of the bank vole in
the former case and of the pygmy wood mouse in the
latter case. The total abundance remained at the same
level in the northern background zone but changed in
various directions in the southern background zone.
“Mirror” changes of the community were also
observed in impact areas (Fig. 3).
The dependence of the total abundance index on
distance from the source of emissions is well approxi
mated (R2 = 0.875) by the nonlinear function y =
0.1/[1 + exp(190.6 – 21.1x)]. The transition between
the impact and background states is abrupt, with the
step on the curve corresponding to the distance of
9 km (Fig. 3).

DISCUSSION
According to Stepanov et al. (1992), who per
formed their studies in the environs of the KCS in 1983
to 1985, the zone affected by the smelter was poor in
small mammals. These authors noted that “…animals
visit the polluted territory only temporarily rather than
live there. Redtoothed shrews were trapped at a dis
tance of 3–4 km from the smelter, while the first voles
appeared in catches made at a distance of 7–8 km.”
Our study has shown that such a situation is typical
only of plots classified as technogenic wasteland,
which are not habitable for small mammals. A similar
picture was also observed in the environs of the Middle
Ural Copper Smelter (Mukhacheva, 1996). At the
same time, it appears that temporary local “colonies”
of small mammals do exist in the impact zone, occu
pying microsites where conditions are still suitable for
their life. These are usually small depressions or water
logged sites with clumps of herbaceous plants. The
abundance of animals in such microsites is sometimes
comparable to that in the background zone.
Similar results were obtained in the study of the
bank vole population in the area affected by the Mid
dle Ural Copper Smelter (Mukhacheva, 2007). They
show that the ecological capacity of fir–spruce forest
fragments preserved in impact plots is 20% lower,
compared to unpolluted areas, and the local density of
the vole population in these forest fragments under
favorable conditions approaches that in the back
ground zone. The proportion of such microsites in
impact zones is rather small, no more than 5% of the
total area, whereas in background areas voles populate
up to 60% of this area (Luk’yanova and Luk’yanov,
1998b; Mukhacheva, 2007).
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Fig. 3. Changes in the index of total abundance (ind./100 trapdays) of the small mammal community as a function of distance
from the source of emissions (Karabash Copper Smelter). Open circles and thin line, 2008; filled dots and dashed line, 2009; bold
line, year not taken into account; northern and southern directions were combined.

In our opinion, the total abundance reflects the
integrated response of populations to a complex of
external influences as well as the type of interspecific
interactions within communities; the responses of dif
ferent species to the same environmental gradients may
be unequal. Technogenic factors are known to have a
negative effect on the total abundance of animals,
which markedly deceases as the source of the influence
is approached (Kataev et al., 1994; Luk’yanova and
Luk’yanov, 1998a; Mukhacheva, 1996, 2007; Davy
dova, 2007; etc.). The expected shift in abundance
should reflect the degree of wellbeing of individual
species and the community as a whole under particular
conditions. The observed changes in this parameter
indicate whether the environmental conditions in a
particular area are favorable or unfavorable.
In our opinion, the distinctly nonlinear pattern of
the response of small mammals to the gradient of
anthropogenic pollution of the environment is espe
cially noteworthy (Fig. 3). The shape of the curve
matches the classic threshold dose–effect depen
dence. Moreover, the gradient of load is relatively
strong (the abundance of animals changes by more
than an order of magnitude), and the part of the gradi
ent where the shift between levels takes place is
extremely small. Habitat quality becomes satisfactory
for most murine rodents and insectivores at a distance
of 9–11 km from the plume of emissions. Similar
responses to pollution of the environment were previ
ously described for other components of forest ecosys
tems (Vorobeichik et al., 1994; Vorobeichik, 2004).
Not only the abundance of small mammal commu
nity but also its species composition changes as the
source of emissions in approached, and the replace
ment of dominants also takes place. The community
of the buffer areas is especially diverse. This is probably
due to higher heterogeneity of habitats, which allows
the existence of both typical forest animals and inhab
itants of sparse woodland. Background areas are char
RUSSIAN JOURNAL OF ECOLOGY
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acterized by a high proportion of insectivores in the
community. This fact is explained primarily by an
abundant food supply and usually indicates that the
habitat is “unpolluted” (Vorobeichik et al., 1994). No
insectivores have been recorded in catches from
impact plots. However, censuses of small mammals by
different methods have shown that at least four insec
tivore species occur in impact zones.
Thus, the influence of technogenic factors leads to
changes in the abundance and structure of the small
mammal community. The index of total abundance
changes in the gradient of pollution nonlinearly, reach
ing the highest values in buffer areas. The quality of hab
itats becomes satisfactory at a distance of 9–11 km from
the plume of emissions. Transformation of population
structure is accompanied by changes in the composi
tion of dominants. The responses of different species
are unequal and depend on their ecological features.
In background areas, small insectivores prevail in the
small mammal community, indicating the favorable
state of these areas. Near the source of emission, the
community is characterized by extremely low abun
dance and impoverished species composition. How
ever, the data obtained suggest that local “colonies” of
small mammals probably exist in impact areas.
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