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Abstract—Forty-five-year-long observations of variations in the musk deer abundance in the Ussurisky
Nature Reserve are summarized. An analysis of winter route censuses (WRC) has made it possible to assume
that these variations are related to the emergence of a new predator, the sable. The decrease in the musk deer
abundance in the reserve occurred simultaneously with an increase in the sable abundance and a decrease in
abundance of alternative food supplies for medium-sized and small predators. From the early 2000s to the
present, the musk deer abundance in the reserve has remained at a level of only “presence” of the species in
the fauna.
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INTRODUCTION

Uncontrolled snare hunting of musk deer Moschus
moschiferus Linnaeus, 1758 over most of its range has
caused a widespread decline in its abundance, which
began in the 1990s and continues (Prikhodko, 2003).
V.A. Zaitsev (2006) points out that, since 1990, the
decline in the abundance of musk deer is due not only
to overhunting, but also to the enormous transforma-
tion of habitats as a result of poorly controlled logging.
The situation is aggravated by poaching with nooses
during felling. In addition to habitat damage, logging
involves the construction of roads that increase the
accessibility of forest habitats for poachers.

The Ussuriysky State Nature Reserve of the Far
Eastern Branch, Russian Academy of Sciences, is
located in the southwestern region of the Sikhote-Alin
Ridge on the southern slopes of the Przhevalsky Ridge
(43°33'—43°47" N, 132°16"—132°47" E). Until 1972,
the area of the reserve was 16679 ha of forests, almost
unchanged by human activity: the “old territory.” In
1973, it was increased by almost 2.5 times and
amounted to 40432 ha. Currently, the territory of the

reserve is part of the Federal State Budgetary Institu-
tion Land of the Leopard.

The dominant species in most forest types is korean
pine (Pinus coraiensis Siebold et Zucc.) (41.6%), fol-
lowed by ayan spruce (Picea ajanensis (Lindl. et
Gord.) Fisch. ex Carr.) (23.2%), bud-scale fir (Abies
nephrolepis (Trautv.) (6%), whole-leaved fir (4. holo-
phylla Maxim.) (4.9%), mongolian oak (Quercus mon-
golica Fisch. ex Ledeb.) (4.9%), amur linden (7ilia
amurensis Rupr.) (4.7%), manchurian ash (Fraxinus
mandshurica Rupr.) (3.1%), flat-leaved birch (Betula
platyphylla Sukacz.) (2.1%), japanese elm (valley)
(Ulmus japonica (Rehd.) Sarg.) (2%), and trembling
poplar (Populus tremula L.) (1.5%); other species
make up 6% (Zhabyko, 2006).

Until 2022, there was no buffer zone around the
Ussuriysky Nature Reserve, so logging of varying
intensity was carried out constantly. In particular,
intensive logging close to the border of the reserve was
carried out from 1990 to 2008 in areas of watersheds
and in cedar—fir plantations for about 40 km in length.
The negative impact of these loggings on the distribu-
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tion and abundance of all ungulate species is indicated
in the work of M.V. Maslov (2008, 2012).

Hunting (commercial and sports) in the reserve is
prohibited by law, and poaching is a criminal offense.
The few cases of poaching registered in a protected
area cannot have a significant impact on the abun-
dance of ungulates. Despite the above, the downward
trend in the abundance of musk deer noted in many
publications (Prikhodko, 2003; Maslov and Litvinov,
2005; Zaitsev, 2006; Litvinov, 2008; Danilkin, 2009;
etc.) is also observed on the territory of the reserve.

The purpose of this study is to analyze the change
in the abundance of musk deer in the Ussuriysky
Nature Reserve for the period from 1975 to 2020.

MATERIALS AND METHODS

The registration of ungulates in the reserve was car-
ried out in the specified time period according to gen-
erally accepted methods (Formozov, 1932; Malyshey,
1936; Pereleshin, 1950; etc.) on permanent routes
along the “white trail” (winter route census (WRC)),
70 km in length, i.e., suitable for comparison, and in
some cases they were supplemented by the use of
materials from counts on ranger paths. Due to the fact
that animal track counts provide not the abundance
value, but track-making activity, in the future it is
track-making activity that is meant when we talk about
the abundance.

The white trail of the reserve from 1974 to 2012
consisted of two segments: the southern circle (36 km)
and the northern circle (34 km), which passed through
the old territory. Forest management maps were used
when laying the routes. The content of land types
along the trail was as close as possible to the area of
these types throughout the reserve, taking into
account the steepness and exposure of the slopes.
Accounting data were entered into tables, and the
number of intersections of tracks of one type or
another was noted for each kilometer of the route.
Thus, when processing survey data, it is possible to
identify suitable and unsuitable sections of routes for
each of the types.

The main material for this work was collected on
the old territory, along which the stationary route of
the WRC was laid (Fig. 1).

When identifying types of habitats suitable for
musk deer, based on literature data (Matyushkin,
1974; Zaitsev, 1982; Bromley and Kucherenko, 1983;
Prikhodko, 2003) and our own observations, it was
found that areas with a predominance of dark conifer-
ous species on steep slopes and watersheds in the
upper reaches of watercourses flowing into the Koma-
rovka River can be considered optimal for the species
to inhabit. Floodplains occupied by broad-leaved for-
ests sections of the routes were not taken into account
when calculating the abundance of musk deer. In
accordance with this approach, we considered 20 km
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Dominant tree species:

W Pinus koraiensis

[ Picea ajanensis, Abies nephrolepis
W Abies holophylla
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Winter route census

Fig. 1. Map of the old territory of the Ussuriysky Nature
Reserve, indicating the dominant species and the white
trail (WRC).

on the northern circle and 20 km on the southern one
suitable for habitation. Ranger paths in the reserve
are laid mainly along the valleys of rivers and other
watercourses and cover the habitats of musk deer
M. moschiferus only in their upper reaches.

Since the white hare Lepus timidus Linnaeus, 1758
and manchurian hare Lepus mandshuricus Radde,
1861 are the main victims of predators capable of prey-
ing on musk deer, we also provide data on the abun-
dance of hares.

Tracks of the sable Martes zibellina Linnaeus, 1758
and hares were noted along the entire routes, because
animals of these species fairly evenly inhabit all types
of land presented in the reserve.

RESULTS

Data on the abundance of musk deer, hares, and
sable on the survey routes are shown in Table 1. For
the convenience of analysis, we have divided the study
period into separate segments.

In 1975—1986, there were 3 to 12 crossings of musk
deer tracks per 10 km of the white trail. In optimal hab-
itats, their number reached 17—20, with the maximum
figures occurring in 1975—1976. By the end of the
selected period, the abundance decreased to 4—5 cross-
ings per 10 km of the route in optimal habitats.

Sables were observed in the reserve in the period
1981—1986. Solitary sable tracks were recorded during
censuses along the white trail in 1981 and 1986, and
later sable tracks were recorded constantly (see Table 1).
In 1989—1990, from 16 to 18 sable tracks per 10 km of
the route were recorded on the same routes.

In the period 1987—1991, an increase in the abun-
dance of both species of hares (manchurian and white
hare) was noted. According to the winter route census
data, the total abundance of these species reached
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Fig. 2. Abundance dynamics of the musk deer, sable, and hare according to WRCs in the Ussuriysky Nature Reserve for 1975 to
2020: N is the number of tracks per 10 km, Md is the musk deer, Sbl is the sable, and H is the hare (the total abundance of two

species).

peak levels (15—20 tracks of both species per 10 km of
the route) in 1988. The availability of food supply for
medium-sized and small predators made it possible to
reduce their impact on the musk deer. If, in 1986,
7 tracks of musk deer were recorded per 10 km of the
white trail (up to 12 in optimal biotopes), then in 1989—
1990 there were 18—20 (up to 40 in optimal biotopes).

By 1995—1996, the abundance of sable reached
23—25 per 10 km of the route. These data revealed sta-
tistically significant differences in the average abun-
dance of sables on the survey routes between 1981—
1986 and 1992—1997 (¢, = 3.16; p < 0.05). The abun-
dance of musk deer in the reserve began to decline
after 1991 (Fig. 2.), which is consistent with the situa-
tion throughout the entire range of the species. By
1995—1996, the number of musk deer tracks decreased
to 3—5 per 10 km of the route in habitats suitable for
the species. Analysis revealed a significant decrease in
the average abundance of musk deer on the survey

Table 1. Average abundance (number of tracks per 10 km)
of musk deer, sables, and hares according to WRCs in the
Ussuriysky Nature Reserve from 1975 to 2020

Years Md Sbl Wh Mh
1975—1980 6.0 (10.2) 0 3.4 2.9
1981—-1986 6.2 (9.5) 0.3 1.7 1.2
1987—1991 12.0 (22.2) 7.2 3.0 5.6
1992—1997 1.7 (5.3) 14.2 1.2 2.9
1998—2003 0.8 (2.5) 12.5 0.1 0
2004—-2009 0.03 (0.3) 16.3 0 0
20102015 0.2(0.2) 14.8 0.3 1
2016—2020 0.1 (0.1) 17.2 0.3 0.3

Md, musk deer (in brackets, per 10 km of habitable territory); Sbl,
sable; Wh, white hare; and Mh, manchurian hare.
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routes in the period 1992—1997 when compared to
1975—1980 (#, = 3.17; p < 0.01). In the same period,
the number of tracks of both species of hares decreased
to 2—3 per 10 km of the route. The situation was aggra-
vated by large-scale logging along the boundaries of
the reserve, which led to the destruction of the habitats
of the species and an increase in poaching in the adja-
cent territory.

Until 1999, tracks of musk deer were recorded
annually on counting routes (from 1 to 4 per 10 km in
typical habitats). Since 2000, the musk deer, in single
specimens, has been encountered no more than once
every 2—3 years; that is, it was present as a species. The
low abundance of musk deer during this period is evi-
denced by objective data obtained with the help of dig-
ital camera traps.

As part of the Amur Tiger Programme (Panthera
tigris altaica) in the Russian Far East, from May 2009
to May 2010, a matrix of 40 Leaf River digital camera
traps (Vibrashine Leaf River Outdoor Products,
United States) was installed, with 4 rows of digital
camera traps parallel to one another. The area of the
territory occupied by digital camera traps was 4.1 km?
(Rozhnov et al., 2012). During the year of continuous
observations, 654 photographs of potential victims of
the Amur tiger were noted, of which only one was a
photograph of a musk deer. This situation has contin-
ued until 2020. The abundance of sable in the same
time interval was at the level of 15—20 tracks per 10 km;
it reached 25—30 tracks per 10 km in 2006—2007.

DISCUSSION

The main enemies of the musk deer in the Russian
Far East are the lynx Lynx lynx Linnaeus, 1758 and
marten Martes flavigula (Boddaert, 1785). The num-
ber of lynxes (number of tracks per 10 km of the route)
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in the specified period of time varied from 0.3 to 1.3;
i.e., it was practically on the same level. According to
long-term data—according to all types of records and
expert assessment—from 5 to 8 lynxes constantly live on
the territory of the reserve; i.e., the abundance of ani-
mals of this species was at a constant level throughout
the study period. The marten is a common small species
in the reserve. During the indicated period, its abun-
dance remained at a relatively constant level, from 0.2 to
0.7 tracks per 10 km of the route. The maximum abun-
dance of lynx and marten relate to the period of almost
complete absence of musk deer in 2000—2010.

Some authors consider the fox Vulpes vulpes Lin-
naeus, 1758, sables, and raptors secondary enemies of
the musk deer (Silakov et al., 2006; Zaitsev, 2016;
etc.). Foxes are rare in the reserve and inhabit sparse
stands in the floodplains of large watercourses, mainly
in the peripheral parts of the territory. Of the large rap-
tors capable of hunting musk deer, the hawk-eagle Spi-
zaetus nipalensis (Hodgson, 1836) is found in the
reserve. During the period of long-term observations,
no more than 2—3 pairs of annually nesting eagles
were found (Kharchenko and Maslov, 2013).

The abundance of one of the “minor” enemies of
the musk deer, the sable, changed especially strongly
during the observation period. Sables were first noted in
the reserve in 1981, and they began to be regularly regis-
tered in the records in 1985. By 1990, up to 15 crossings
of tracks (3—4 specimens) were recorded per 10 km of
the route. Since 1990, the abundance of sables has
increased even more, reaching in some years 10—
12 specimens (more than 30 crossings of tracks) per
10 km of the route, and it continues to stay at this level.
It is noteworthy that, parallel with the increase in the
abundance of sable, the abundance of musk deer
began to decrease. If the beginning of the process
coincides with the situation in the entire range of the
musk deer, then subsequent events make us think
about the reasons that prevent the subsequent resto-
ration of the abundance of this species. We believe that
the increase in the abundance of sables is one of the
main things preventing the restoration of the abun-
dance of musk deer in the reserve.

Published data have shown incidences of sables
hunting for musk deer in winter (Zyryanov and
Kozhechkin, 1990; Oleinikov and Zaitsev, 2014;
Argunov and Tirsky, 2022); however, in our opinion,
the greatest harm is caused by the hunting of young
animals in the summer. Unfortunately, the absence of
tracks and the small size of the calves do not allow us
to reliably record such facts, especially since the
remains are quickly disposed of during the warm
period. An objective assessment of the complex impact
on small ungulates in the reserve is also difficult due to
the high degree of disposal. Bear tracks are regularly
observed near the dead ungulates in the spring. During
the study period, only 12 cases of death of musk deer
were recorded on the territory of the reserve: 4 proven
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deaths from marten predation, 1 from tiger predation,
1 from emaciation, and 1 from poaching (Maslov and
Kovalev, 2013).

One of the factors aggravating the situation may be
the decrease in the abundance of species of hare
(manchurian and white hare). As is known, the
abundance of white hares is subject to cyclical fluc-
tuations; in the Far Eastern Federal District, cycles
last up to 30 years along with an increase in ampli-
tude; “small” cycles with a smaller amplitude are
observed at intervals of 4—6 years (Erdakov and
Pereyaslovets, 2020). According to the WRC data, the
abundance of manchurian hare in the territory of the
reserve changed with approximately the same fre-
quency. The total abundance of these species peaked
in 1988 and 1993 (15—20 and 12 tracks per 10 km of
route). In the subsequent period until 2020, the
expected increase in numbers did not occur; at pres-
ent, hares are not registered during accounting work
every year. The analysis revealed a significant decrease
in the average abundance of hares on the counting
routes by the period of 2015—2020 when compared
with 1987—1991 (¢, = 3.17; p < 0.01). Thus, for
medium and small predators, the food base has been
significantly reduced.

It is noteworthy that, up to 1991, the abundance of
musk deer varied within certain limits, but did not fall
below five specimens per 10 km of routes, despite the
presence of common predators (lynx, marten, fox, and
hawk-eagle); that is, the predator—prey system was in
a degree of balance. However, after the appearance of
anew predator, sable, and a decrease in the abundance
of hares, the abundance of musk deer decreased criti-
cally and continues to be at the level of “presence” of
the species in the fauna, when the abundance can be
judged only due to the episodic presence of tracks on
the counting routes.

CONCLUSIONS

The reasons for such a long and deep decline in the
abundance of musk deer in the protected area, along
with the general trend in the species range, can only be
epizootics or the influence of predators. It can be
assumed that, in the absence of hares, the pressure of
all predators on musk deer increased significantly,
which could aggravate the situation.

We believe that, along with the decline in the abun-
dance of musk deer in the territory surrounding the
reserve, it was sable predation that was one of the rea-
sons for its decline in the Ussuriysky Nature Reserve.
Only more in-depth studies will make it possible to
confirm or refute this hypothesis.
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