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The modern concept for regulation of the abun-
dance of mammals is based on the combined influence
of two radically different processes: accidental and
regular changes in the environmental conditions; reg-
ulatory mechanisms employing the feedback principle
and striving to level these fluctuations. Accordingly,
there are modifying (beyond the control of the popu-
lation density) and regulatory (determined by the pop-
ulation density) ecological factors. The first group of
factors can influence living organisms either directly
or through changes in the biocenotic components.
They only cause changes in the abundance level, while
the regulatory factors maintain it at a particular level
corresponding to abiotic environmental conditions.
The regulatory density-dependent mechanisms are
likely to transform the effect caused by external factors
through changes in the spatiotemporal structure,
thereby “balancing” the population and the environ-
ment (Zhigalskii, 2014). Population density can be con-
trolled by direct changes in reproductive activity and
mortality of animals or migration flows (Naumov, 1965;
Zhigalskii and Bernstein, 1986; Zhigalskii, 2002;
Rogovin and Moshkin, 2007; Elton, 1924; Wynne-
Edwards, 1962; Ims and Andreassen, 2005).

The reproductive function of most mammalian
species depends on their population density. The sup-
pression of sexual maturation in young individuals and
the decreased reproductive activity of adults takes
place when the population density reaches its maxi-
mum level under the given conditions and can termi-
nate the reproduction process. The reproductive abili-
ties of males in regulating the population density are
beyond the scope of researchers. At the same time,
males contribute significantly to the fertilization pro-
cess and embryonic losses (Mamina and Zhigalskii,
2009).

Previously, we demonstrated (Zhigalskii, 2011)
that, depending on the stage in the seasonal reproduc-
tion cycle and population density, the proportion and

number of young immature males in populations of
C. glareolus living in the central and peripheral parts of
the habitat differed in a statistically significant man-
ner. In the population, which settled in the central part
of the habitat (Udmurtia), the abundance of young
immature males in June—July at different phases was
as follows: low, 9.1; growth, 42.3; and peak, 68.7 indi-
viduals per 100 traps/day. A similar situation is
observed in the population on the periphery of the
habitat (Karelia). In July, the abundance of immature
males during various phases of the population dynam-
ics was 8.6, 20.2, and 36.7 inviduals per 100 traps/day,
respectively. In August, these differences were even
more significant: 18.9, 49.15, and 91.7 individuals per
100 traps/day. The decrease in the proportion of young
individuals in the reproduction process accompanied
by a high population density is mainly caused by the
suppression of sexual maturation (Wynne-Edwards,
1962; Zhigalskii and Berstein, 1986). The sexual mat-
uration of young males is determined by the duration of
spermatogenesis (31.0 £ 0.7 days in C. glareolus) (Gro-
cock and Clarke, 1976). Spermatogenesis includes four
periods: (1) the multiplication period (mitotic division
of spermatogonia); (2) the growth period (DNA repli-
cation); (3) the ripening period (meiosis); (4) the shap-
ing period (early and late stages of spermatogenesis).
Each spermatogenesis period corresponds to a partic-
ular level of sexual maturation. In recent studies, there
are almost no data on density-dependent changes in
the system of “spermatogenesis—sexual maturation”
of animals in nature. This work presents the results of
an analysis of separate spermatogenesis periods in
immature underyearlings, which determine the degree
of their sexual maturation at different levels of popula-
tion abundance.

We studied immature males of C. glareolus trapped
in the Middle Urals (Sverdlovsk oblast, Revda district)
during April—September 1990—1995 (Karaseva et al.,
2008). Based on the comprehensive demographic
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DENSITY-DEPENDENT REGULATORY MECHANISMS

Changes in weight of body, testicles, and diameter of testic-
ular tubules in C. glareolus at different phases of abundance
in the population

Phase Body Weight Diameter
. . of tubules,
of abundance| weight,g | oftesticles, g
mm
Low 14.8 £ 1.50* | 12.8 £ 0.80* | 41.7 £ 6.5%
Growth 172 £2.30 |35.0+£4.80 | 49.3+£6.01
Peak 16.4+1.80 |13.7+£0.90* | 42.7 + 5.8*

* Significant differences with phase of population growth (p < 0.05).

characteristics, 1990 and 1993 is the low abundance
phase (2.45 ind. per 100 traps/day); 1991, 1994, and
1995 is the growth phase (4.34 ind. per 100 traps/day);
and 1992 is the peak phase (9.31 ind. per 100 traps/day).

Analysis of the morphophysiological and morpho-
metric characteristics of the testicles demonstrated a
statistically significant (p < 0.05) decrease in weight
and diameter of testicular tubules in the peak abun-
dance phase compared to the growth phase. The low
abundance phase is marked by a decrease in body
weight, testicular weight, and diameter of testicular
tubules (see table). In males with the diameter of tes-
ticular tubules up to 37 um, spermatogenesis should be
included in the multiplication period; up to 42 um,
growth; up to 50 um, ripening; up to 60 um, shaping
of spermatozoids (early stage); up to 70 um, matura-
tion (late stage).

Each stage of abundance is characterized by a par-
ticular distribution of separate periods of spermatoge-
nesis, all characterizing the degree of sexual matura-
tion in animals (see figure). In the of low and peak
abundance phases, up to 95% of immature voles are at
the beginning of spermatogenesis. In the phase of
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Occurrence of animals with different levels of sexual mat-
uration (periods of spermatogenesis) in various phases of
abundance of population. (/—4) Periods of spermatogene-
sis: (/) multiplication; (2) growth; (3) ripening; (4) shap-
ing (early and late stages of spermatogenesis).
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peak, spermatogenesis of only 5% of immature males
reaches the stage of formation of spermatozoids,
which are hardly able to take part in the process of
reproduction. In the low abundance phase, spermato-
genesis of 5% of immature males are at the ripening
stage (see figure), i.e., in the earlier period of sper-
matogenesis compared to the peak phase; thus, males
in the population exhibit suppressed sexual matura-
tion. It is only in the growth phase that the majority of
males reach a higher level of sexual maturation (the
development of germ cells is at later stages of develop-
ment), which allows them to become actively involved
in the population growth process in the year of birth
(see figure).

Changes in the distribution of spermatogenesis
periods or degree of sexual maturation in different
phases of abundance may be associated with physio-
logical stress (intrapopulation pressing), leading to the
suppression of sexual maturation in individuals. It is
assumed that reduction in the rates of sexual matura-
tion and suppression of reproduction result from the
inhibition of gonadotropin secretion by the anterior
lobe of the hypophysis during the period of active
ACTH formation. In addition, the endocrine status of
an animal and its reproductive potential are influenced
by the demographic structure of the population,
including the abundance in previous periods. Neu-
roendocrine mechanisms that decelerate population
growth begin to develop at the growth stage, which is
manifested in early differentiation of the hypothala-
mus—hypophysis—adrenal system. This, in turn, leads
to hyperfunctioning of this system in the peak phase,
as well as to a decrease in reproductive activity
(Tkacheyv, 1980; Chernyavskii and Lazutkin, 2004). It
is known that males develop some neuroendocrine
complex, which further determines their reproductive
potential, in the embryonic and early postnatal periods
(Tkacheyv, 1980).

Therefore, the results indicate that the group of
immature males is heterogeneous according to the
degree of sexual maturation. The degree of polymor-
phism is associated with the phase of the population
size. A similar pattern is observed in females (Zhigal-
skii and Berstein, 1986; Zhigalskii, 2011). For this rea-
son, it can be said with a high probability that fluctua-
tions in abundance taking place in different years are
more associated with changes in the rates of sexual
maturation in young voles than with an increase in the
mortality rate of individuals in different sex and age
groups. The results of the study also demonstrated that
testicular weight cannot itself indicate the degree of
sexual maturation in males and the phase of the abun-
dance cycle of the population.
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