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ABSTRACT: We examined the use of a Leslie Matrix analysis for estimating moose (4lces alces)
population parameters and allowable harvests from a moose population near Leningrad, Russia,
during 1959 —-1975. Leslie Matrix analysis indicated that moose fecundity and mortality exhibited

cyclic fluctuations.
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Evaluation of population status is a tra-
ditional problem of modern ecology. Closely
associated with it are the practical problems
of determining management strategy. Many
population models have been used to mimic
populations, but the question remains if these
models are representative of nature. Many
quantitative methods have been used, but
solution of many mathematical and ecologi-
cal problems necessitates expansion of the
traditional methods of examining ecological
problems (Watt 1971, Jeffers 1981).

One method of expressing population
dynamics is through the use of a Leslie
Matrix model (Leslie 1945), which consid-
ers age—specific birth and survival rates.
Rusakov (1979) used a Leslie Matrix model
to examine a moose population in north-
western Russia. Also, Peterson (1977)
used a Leslie Matrix model to examine
moose populations on Isle Royale, Michi-
gan, USA. Based on these and similar
analyses (Aivazyan 1968, Pesaran and Slater
1984), we refined these methods for this
study as provided by Lopatin and Rosolovsky
(1988). These modifications result in rates
of fecundity and mortality of individuals
dependent on changes in density. For ex-
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ample, knowing the fecundity and death
rate, one can determine the relative change
in numbers over time and can estimate
death rate. The purpose of this paper is to
examine the dynamics of a moose popula-
tion near Leningrad, Russia for the period
1959 - 1975.

METHODS

We used a Leslie Matrix analysis to
examine moose population fluctuations
within the Leningrad Region, Russia, during
1959 — 1975 (Rusakov 1979). Under natu-
ral conditions, fecundity rate is often diffi-
cult to obtain under field conditions. Often,
field managers use the average number of
calves per cow as an estimate of fecundity
rate. These ratios can be represented as
number of calves per female (X axis) and
death rate (Fig. 1). This indicates that
population numbers are more sensitive to
changes in death rate than fecundity. Ifthe
numbers of calves per female and total
number in the moose population are deter-
mined accurately, equations derived from
Fig. 1 canbe helpful in managing the moose
population.
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Fig. 1. Changes in moose population numbers in
relation to fecundity and mortality rates.

RESULTS AND DISCUSSION

The moose population increased during
1959 — 1963. The average finite rate of
increase was 1.165. To maintain this rate of
increase, total mortality should have been
about 14.2% of the autumn population. A
harvest rate of 3.6% would have increased
the total mortality rate to 17.8%. During the
period of population reduction (1964-1966),
the average rate of change was 0.895. At
a fecundity rate of 0.45 calves per female,
the death rate reached greater values and
was estimated at 33%. Mean harvest over
that period was 9.3%, and natural death
rate was estimated at 23.7%. The calcu-
lated rate of increase for that death rate
was 0.945, a decline in the population. Thus,
even a complete cessation of harvest would
not have prevented reduction of the moose
population. The moose population was de-
clining naturally, and additional human har-
vests would have accelerated the decline.

During 1967 — 1970, average change in
the population was about 1%. Thus, an-
other 1% of the population could have been
removed without reducing total numbers.
By adding an additional 8.0% harvest, a
total mortality 0f 9.0% could have stabilized
moose population numbers. During 1971 —
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1975 the mean value of change was about
2%, which allowed a harvest of about 2% of
the population. By adding this value to the
mean size of harvest (8.6%), one obtains
the admissible harvest, which is now equal
to 10.6%.

Initial harvests were too small to halt
population growth. Thus, in managing the
initial population, harvests were too con-
servative. Conversely, when the population
was declining, harvests were too large which
increased the rate of population decline.
The two harvest strategies during periods
of population increase and population de-
cline, in theory, should have stabilized the
population. Subsequently, harvest can pro-
vide a balance in fecundity and mortality, if
all factors are equal. However, determina-
tion of optimum population size is difficult to
determine, much less manage.

We suggest that the fluctuations ob-
served during this study resemble long—
term cyclic fluctuations. According to the
theory of dynamic systems, the limitcycle is
a stationary trajectory of the real system,
which is in the oscillatory regime (Smith
1975, Andronov et al. 1981, Butenin et al.
1987). Rusakov (1979) has provided the
equations describing the cyclic nature of
moose populations as depicted in Fig. 2.
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Fig.2. Moose population trajectory as aresult of
cyclic changes in fecundity and mortality (A
=maximal productivity, B=maximal numbers,
C = minimal productivity, and D = minimal
numbers).
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We suggest cyclic changes in fecundity
and mortality explain moose population dy-
namics. The stationary trajectory of this
process is presented in a 3—dimensional
diagram asillustrated in Fig. 3. Increasesin
the D—A-B range result in increased fe-
cundity. However, death rates change dif-
ferently. During the first stage of the rise in
numbers (D-A), death rate declines, which
results in an increase in moose population
size. During the A — B phase, rate of
increase increases, and despite high fecun-
dity, the population rate of growth declines
and results in a stable population (B).

The phase of population decline (B—C—
D) is accompanied by a decrease in fecun-
dity. During the period B — C, death rates
increase, and despite high fecundity, leads
to a rapid population decline. During the
second period of the population decline phase
(C-D), death rate reaches a maximum (C),
and declines, which leads, despite the low-
ering of fecundity, to stabilization of the
population size at a minimal level (D).

Productivity also cycles at different
phases of population dynamics (Fig. 4). For
example, maximum productivity, similartoa
logistic model, is attained during the in-
crease phase at numbers roughly equal to
the mean between maximal and minimal
(A). Atthe same time, minimal productivity
is attained during the decline phase, when
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Fig. 3. Moose population numbers as a function
of cyclic changes in fecundity and mortality
(A-D asin Fig. 2).
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Fig. 4. Changes in moose productivity as a
function of cyclic changes in birth and death
rates (A-D as in Fig. 2).

numbers are roughly mean between the
maximal and the minimal (C).

We suggest, that based upon the above
examples, the demography of moose
populations can be expressed by simple
graphsresulting from a Leslie Matrix analy-
sis. These models allow evaluation of sta-
tus, simple population dynamics, and pro-
ductivity of individual moose populations
which could be useful for determining har-
vest strategies.
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