SYLWAN 168 (4): 287-295, April 2024
hetps://doi.org/10.26202/sylwan.2023115
Journal homepage: https://sylwan-journal.pl

ORIGINAL PAPER

Number, density and sex-age of the moose Alces alces
population in north-eastern Poland after 20 years
of hunting ban

Bogustaw Bobek™, Jakub Furtek®, Dorota Merta"), Marta Wojciuch-Ploskonka®

(D Institute of Biology and Earth Sciences, University of the National Education Commission,
Podchorgzych 2, 30-084 Krakéw, Poland

@ Polish Wildlife Foundation, Zotnierska 31, 30-735 Krak6w, Poland

ABSTRACT

The moose hunting ban in Poland resulted in a dramatic growth in population number which
is now the cause of major damage to forests and farmlands and numerous traffic accidents. The
lack of well-documented data pertaining to moose numbers constitutes the prime barrier to
reopening the hunting season. In February 2020, the population density and number of moose
were estimated in the Augustéw Forest, a large (1102.0 km?) forest complex in north-eastern
Poland. Observations made by a 30-person research team recorded moose numbers in 20 sampling
plots on 91.5 km? of the total area. The average population density amounted to 1.22 +0.19 moose/
km? (X +SE), indicating that 1344 animals were living in the study area. In autumn, among 609 adults,
the sex ratio was 1:1.17 in favour of females and the number of calves per 100 females was estimated
as 71.3 individuals. In the 2001-2020 period, the number of moose in the study area increased
from 211 to 1344 individuals. The annual finite population increase rate (A) estimated on this
basis for the subsequent time intervals (Nt, Nt+1) attained the value of 1.102 of the initial number,
i.e. 10.2% per year. Reasons of low annual increase in population numbers are discussed.
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Introduction

In Poland the hunting of moose was suspended in 2001 as the population size and harvest rate had
been overstated by hunters and this had led to a dramatic drop in moose numbers. Therefore
in order to stem the further depopulation of the species the Ministry of the Environment decided
to introduce an indefinite moratorium on moose harvesting which continues today (Raczyriski
and Ratkiewicz, 2011).

Introduction the moratorium on moose hunting resulted in a dramatic increase in the pop-
ulation numbers. According to Bobek ¢7 a/. (2021), the number of moose in Poland in 2020 was
estimated as 60.9 £11.9 thousand animals (i.e., 95% confidence intervals). The high densities
occurring locally have resulted in significant damage to forest stands and farmlands (Wawrzyniak,
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2016) and caused numerous road accidents (Jasiriska ez a/., 2019; Tajchman ez a/., 2019). The conflicts
have resulted in increasing calls to resume moose harvest, however data on population abundance
and demography are required to evaluate the advisability of this management decision.

In the years 1998-2001 in the Augustéw Forest number of moose was estimated using
snow tracking census on line transects and the results were applied to the harvest management
of the population. In this study area, the moose sex-ratio and autumn recruitment rate were
determined by direct observations (Bobek ¢z a/., 2005).

Therefore, the main objective of the present study was to estimate sex-age structure and
moose numbers observed in large sampling plots in the Augustéw Forest during 2018-2020 peri-
od and compare the results obtained with the corresponding data collected there in the years
1998-2001.

Material and methods

STUDY AREA. The study area was located in north-eastern Poland, adjacent to the state borders
with Lithuania and Belarus, and covered a forested area of 1102.0 km? called the Augustéw
Forest (Fig. 1). According to the local Polish State Forests Holding, the principal forest habitat
types in the Augustéw Forest are mesic coniferous and mesic mixed coniferous forest types
(Table 1), with Scots pine Pinus sylvestris L. predominating in the species composition of forest
stands. In the forested area, the percentage area of young forest plantations and thickets aged
20 years and below, as well as the oldest tree stands aged more than 100 years, amounted to 9.3
and 2.2%, respectively.
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Fig. 1.

Location of the study area. The figure presents the distribution of forested areas and sampling plots used
for estimating the moose population numbers in Augustéw Forest, northeastern Poland
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Table 1.

The area [km?] and the percentage of the forest types in the Augustéw Forest, north-eastern Poland and
in sampling plots

Forest Augustéw Forest Sampling plots
types [km?] (%] [km-] [%]

Mesic coniferous

. ) 716.3 65.0 62.6 68.4
and mixed coniferous
M.esm demlduous and 76.0 6.9 49 54
mixed deciduous
Hygric - wet coniferous 142.1 12.9 14.1 154
and mixed coniferous
Hygric - wet deciduous 167.5 15.2 9.9 108
and mixed deciduous
Total 1101.9 100.0 91.5 100.0

Apart from moose, the hunting of which was suspended in 2001, the hunting management
of wild ungulates in the area includes red deer Cervus elaphus L., roe deer Capreolus capreolus L.,
and wild boar Sus scrofa L. Also present are protected species of European bison Bison bonasus (L..)
and wolves Canis lupus L.

In the years following the suspension of moose hunting, the number of moose increased in
the Augustéw Forest and this caused more damage to both young forest plantations and thickets
that were less than 20 years old. To mitigate moose damage following the 2001 hunting memo-
randum, the State Forests service installed fence enclosures surrounding the youngest forest.
According to the local forest districts data, 67.1% of the area occupied by young forest planta-
tions and thickets is now fenced (Bobek ¢# a/., 2021). The annual cost of the forest fencing
amounts to 227 thousand Euro (Regional Directorate of State Forests in Biatystok, unpublished
data).

POPULATION CENSUS AND SEX-AGE STRUCTURE. Moose numbers in the Augustéw Forest were
studied by applying a method called the block count technique (Maruyama and Furubayashi,
1983; Bobek and Ptaksej, 2020; Bobek ez a/., 2021). The field work was performed in February
of 2020, using direct observations of animals on 20 uniformly arranged sampling plots, covering
a total area of 91.5 km? (Fig. 1). The areas of sampling plots ranged from 4.43 to 5.59 km?. Each
such plot contained 20 forest compartments identified by unique numbers used by the State
Forest Service during forest management practices. The area of forest compartments ranged
from 22.1-27.9 hectares. The forest compartments were separated from one another by cleared
strips that were several-metres wide and provided good visibility. This determined the limits of
forest compartments for those people conducting moose observations. As far as was feasible,
attempts were made for sampling plots to be more or less square or circular in shape. Snow cover
was not present during the moose population census.

The observations of moose were conducted by a team of 30 people which comprised of
employees of the State Forests service, private forest service companies (in Polish: ZUL),
hunters from local hunting clubs, and the authors of the presented study. Such a research team
was then divided into a group of 20 mobile observers and a group of 10 stationary observers.
The first stage involved distributing stationary observers along the perimeter of the sampling
plot and marking the site for making observations on the basis of the identification number of
the forest compartment. Then, the mobile observers entered the sampling plot and each of
them took a position in one forest compartment in line with the identification number of the
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given compartment. The task of each mobile observer was to penetrate 4 times the assigned
compartment for two hours following in ‘zig-zag’ line pattern and record the number and time
of the observed moose, which were divided into solitary individuals and groups of animals. The
age of the observed moose was distinguished (calves, adults) and, whenever possible, the sex of
adults was also determined.

The above information was also collected by stationary observers for those animals which
left the sampling plot during the first hour of observation. In the second hour of observation,
the stationary observers joined the mobile observers, penetrating the assigned compartments
located on the perimeter of the sampling plots. During the two hours, the observers thoroughly
penetrated all forest habitat types and tree stand age classes occurring in the forest compart-
ment.

All results pertaining to the observed animals were then plotted on to a single map which
contained the limits and identification numbers of 20 forest compartments. Time-space analysis
was used to learn about the number of moose that inhabited the sampling plot. If multiple obser-
vations of animals with identical demographic variables (sex, number and the equal composition
of the group) were available it was only one such observation that was included in the balance
of moose numbers.

In September and October of 2019 and 2020 the sex-age structures of the moose were studied.
In observations, adult bulls, cows and calves were distinguished. The autumn recruitment rate,
representing the number of calves per 100 cows, was calculated. Each observation concerning
the sex-age structure contained the number of forest compartment where it was made and a date.
If groups of animals showing the same sex-age structure were observed multiple times during
a one-week span in a given forest compartment, only one observation was included in the sum-up.
A similar rule was applied to single males and females.

POPULATION INCREASE RATE. In the Augustéw Forest, using the population numbers in 2001 (Bobek
et al., 2005) and in 2020 (this study), the finite rate of population increase (A) was calculated
(Caughley, 1977). The following formula was applied:

A=,/ N (1)
where:
N, N, - population numbers in 2001 and 2020 respectively,

‘Y — the number of years of increase (Van Ballenberghe and Ballard, 2007).

Results

POPULATION NUMBERS AND DENSITIES. The percent of forest types in the area of the Augustéw
Forest and those in the sampling plots (Table 1) were not significantly different (3°=2.662, df=3,
$=0.448). The number of moose observed in 20 sampling plots amounted to 133 individuals.
Applying spatio-temporal analysis of moose distribution limited that number to 112. Moose
were present in all sampling plots. Their numbers ranged from one to 14 individuals (0.21-3.40
animals/km?). The average population densities so obtained 1.22 +0.19 moose/km? (x +SE) dis-
play the features of normal distribution (Kolmogorov-Smirnov test d=0.164, p>0.20; Lilliefors
1<0.20). The 95% confidence interval for the mean density ranged within £0.50 (£36.6% of the
mean). The total population number estimated this way amounted to 1344 animals.

SEX AND AGE STRUCTURE. During fieldwork carried out in September and October of 2019 and
2020, 609 moose were observed in total, with males constituting 33.3% while the percentage
share of females and calves was 38.9% and 27.8%, correspondingly. Among the observed adults,
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the sex ratio was 1:1.17 in favour of females and the autumn recruitment rate, i.e. the number
of calves per 100 cows, was estimated at 71.3 individuals (Table 2). In 2020 the total number of
moose in autumn observations represented about 22% of the population size.

ANNUAL POPULATION INCREASE RATE. The suspension of moose hunting resulted in the increase
of moose population numbers within the study area from 211 to 1344 individuals during the
2001-2020 period. The finite rate of population increase ‘A’ (Caughley, 1977) amounted to
1.102. Therefore, the annual population increase estimated on this basis for the subsequent
time intervals (V; N,,,)attained the value 10.2% of the initial number. This result is three times
lower than average annual population rate of increase (30.6%) calculated for Augustéw Forest

during 1998-2001 period (Bobek ez a/., 2005).

Discussion

In many regions of Poland and in Sweden and Norway, the annual rate of population increase
was also higher than in Augustéw Forest and varied from 22.9 to 31.0% of the moose number
before beginning of hunting season (Sather ez 4/., 2007; Ueno ez al., 2014; Bobek ez al., 2021). It
does seem that the above differences are caused by different reproduction and mortality pat-
terns, because the population sex-age structure estimated in the study area in 1999-2000 and in
2019-2020 period (Table 2) was not significantly different (y%=0.2658; df=2; p=0.875). Predation
by wolves does not seem to be a significant factor for the dynamic of moose population num-
bers as the high for the calf cow ratio (71.3 calves per 100 cows) suggest natural predators are
not taking a lot of calves. Illegal moose harvesting (especially of calves) by poachers living in
the study area cannot be excluded, however, given the strong presence of State Forests service
staff in the woods, the influence of this factor on moose numbers seems marginal. Therefore,
differences in the annual population increase between the 1999-2001 and 2001-2020 periods are
likely to have been caused mainly by moose competition for food leading to the migration of
these animals out of the study area or/and moose mortality in traffic collisions.

Regrettably, there is no summary data on the number of moose that die in traffic collisions
annually in the Augustéw Forest. There are only abundant media reports on traffic accidents that
included human casualties and were caused by moose in the study area. In Podlaskie Voivodeship,
where the Augustéw Forest lies, traffic volume increased between 2000 and 2020 from 4.2 thou-
sand to 8.1 thousand vehicles per day (Opoczyniski, 2001; Zieliriski ez /., 2021). It is thus highly
probable that it resulted in a moose mortality growth, particularly because the study area is tra-
versed by busy roads carrying transit traffic towards Polish-Lithuanian border crossings.

In the Augustéw Forest, a potential forage base for moose depends on the season and the age
class of tree stands. Published data from 12 lowland Polish forest types showed that the potential

Table 2.

"The sex and age structure of moose observed in the Augustéw Forest, north-eastern Poland in September
and October. Data represents 1999-2000 period (Bobek ¢# /., 2005) and in the 2019-2020 period (this
study)

Years 2019-2020 Bulls Cows Calves Total
N 203 237 169 609
[%] 33.3 38.9 27.8 100.0
Years 1999-2000 Bulls Cows Calves Total
N 72 94 61 227

[%] 31.7 414 26.9 100.0
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moose forage in young forest plantations and thickets amounts to an average 261.4 g of dry
mass/m? in the growing season, while shrinking to 93.3 g of dry mass/m? in winter. Due to forest
fencing, the last value is the three times lower and amounts to 31.9 g of dry mass/m? In the timber
stand, the potential moose forage base is considerably lower and limited to 47.9 g of dry mass/m?
in summer and 22.8 g of dry mass/m? in winter (Dzicciotowski, 1969, 1970; Aulak, 1975; Tomek
et al., 1976; Perzanowski e al., 1982; Bobek ef al., 1994; Siuta, 2006).

Food intake by moose increases with growing quantities of available forage resources (Morow,
1976; Vivds and Sather, 1987; Vivés ef al., 1991; Shipley ez al., 1998). For this reason the most
attractive moose foraging areas in Augustéw Forest are young plantations and thickets, though
their access is strongly limited by forest fencing. In winter, since a high selectivity of moose towards
the youngest age classes of forest stands was demonstrated in the study area. No such relation
was found for 21-100 years old timber stands (Bobek ¢7 /., 2005). In winter, timber stands are
not attractive sites for foraging moose because low food resources may generate high energy
costs of foraging that are not covered by their daily food intake (Hjeljord ez a/., 1982; Renecker
and Hudson, 1986; Schwartz ez al., 1988a, b). In Augustéw Forest 93.1% of moose diet in winter
constitute annual twigs of Scots pine (Morow, 1976). Probably drastic decrease in availability of
pine browse in young forest plantations and thickets resulted in food competition and early winter
emigration of animals from the Augustéw Forest to adjacent areas where population densities
are perhaps lower. Therefore, the balance of population numbers as determined in February/March
during 2001-2020 period did not reflect the real annual population increase.

Movement of moose are caused by spatio-temporal variation in resource availability such
as food, thermal-hiding cover, habitat suitable for colonization, level of habitat patchiness and
energetic cost of foraging (Cederlund ez 4/.,1992; Borowik ez al., 2020; Ball ez al., 2001). Such
a phenomenon occurred in Poland during 1965-1981, when the population expanded its range
of occurrence as since the harvest of moose was lower than the net annual population increase
(Tomek, 1977; Szukiel and Nasiadka, 1993).

Conclusions

"The principal objective of moose management in Augustéw Forest should be to stem the increase
in population number as well as to limit the cost of forest fencing and the number of car accidents
caused by these animals. In order to achieve this, it is necessary to reliably estimate moose popu-
lation numbers using the block count method and learn the net annual population increase (NAP).
[t is impossible to determine the NAP value without conducting an autumn cull of moose as there
is likelihood of their outward migration from the study area in late autumn and early winter.
Therefore culling a known number of animals from a population whose size is estimated by
inventory will allow not only to assess the increase in the population but, above all, to assess the
accuracy of the inventory method itself. The estimation of the population size using the block
count method and the knowledge of net annual population increase in moose will enable the
population of this species in the Augustéw Forest to be regulated. A reduction of moose densi-
ty will decrease the cost of fencing in young forest plantations and thickets as well as lower the
number car accidents caused by moose.
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STRESZCZENIE

Liczebnos¢, zageszczenie i struktura plciowo-wiekowa
populacji tosia Alces alces w objetej 20-letnim zakazem
polowan péinocno-wschodniej Polsce

Gléwnym celem badari wykonanych na terenie Puszczy Augustowskiej w latach 2019-2020 byto
poznanie liczebnosci i struktury plciowo-wiekowej populaciji tosi, ktéra od 2001 r. nie znajdowata
si¢ pod presjg odstrzaléw, oraz por6wnanie uzyskanych wynikéw z analogicznymi danymi, ktére
opublikowano dla lat 1999-2000, kiedy gatunek na tym terenie byl pozyskiwany w drodze
polowan. Poprzez poréwnanie liczebnosci tosi w latach 2021 i 2020 obliczono wskaznik ograni-
czonego tempa wzrostu populacji (A) oraz przedyskutowano, czy otrzymany wynik moze stuzy¢
do oceny rocznego przyrostu zrealizowanego badanego gatunku w Puszczy Augustowskiej.

Puszcza Augustowska obejmuje obszar 1102 km? zarzadzany przez 6 nadlesnictw: Augustow,
Gle¢boki Bréd, Plaska, Pomorze, Szczebra i Suwatki. Gtéwnymi typami siedliskowymi lasu sg
bory $wieze i bory mieszane §wieze, w ktérych dominujgcym gatunkiem lasotwdrezym jest sosna
Pinus sylvestris. Zesp6t dzikich kopytnych reprezentujg ltosie, jelenie, sarny, zubry oraz dziki.
Bytuje tam réwniez populacja wilkéw. Udziat powierzchni upraw lesnych i mtodnikéw oraz drzewo-
stanéw starszych niz 100 lat wynosi odpowiednio 9,3 oraz 2,5%. Objecie tosia catorocznym okresem
ochronnym spowodowato wzrost liczebnosci populacji oraz szkéd, jakie ten gatunek wyrzadza
w odnowieniach lesnych. Obecnie 67,1% powierzchni upraw lesnych i mtodnikéw jest grodzone
w celu obnizenia poziomu szkéd powodowanych przez jeleniowate.
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W lutym 2020 r. liczebnosé tosi oceniono metodg bezposrednich obserwacji zwierzat w 20 blo-
kach taksacyjnych o tacznej powierzchni 91,5 km? (ryc. 1). Powierzchnia poszczegélnych blokéw
wahata sie w zakresie 4,43-5,59 km?. Byly to grupy 20 sasiadujacych ze soba oddziatéw lesnych.
Rejestracje liczby tosi w blokach taksacyjnych prowadzilo 6 zespotéw obserwacyjnych, z ktérych
kazdy liczyt 30 os6b.

W blokach taksacyjnych wykazano obecnosé 112 tosi. Losie byty obecne we wszystkich
blokach, a ich liczebnos¢ wahata si¢ od 1 do 14 osobnikéw (0,21-3,40 zwierzat/km?). Przecictne
zageszezenie populacji oceniono na 1,22 £0,19 tosi/km? (¥ +SE). Obliczony 95-procentowy prze-
dziat ufnosci dla sredniego zaggszczenia wahat si¢ w zakresie 0,50 (36,6% sredniej). Liczebnosé
populacji tosia na terenie Puszezy Augustowskiej (1120 km?) wynosita w 2020 r. 1344 osobniki.

Moratorium na odstrzat fosia spowodowato, ze w latach 2001-2020 na terenie Puszczy Augu-
stowskiej nastgpit wzrost liczebnosci populacji: z 211 do 1344 osobnikéw. Roczne tempo wzrostu
liczebnosci reprezentujgce roczny przyrost zrealizowany populacji wyniosto 10,2% i byto trzy-
krotnie nizsze niz roczny przyrost zrealizowany oceniany na terenie Puszczy Augustowskiej
w latach 1998-2001 (30,6%). W innych regionach Polski, jak réwniez na terenie Szwecji i Nor-
wegii omawiany wskaznik byl réwniez znacznie wyzszy i wahat si¢ od 22,9 do 31,0% liczebnosci
populacji ocenionej na przetomie zimy i wiosny. Nie wydaje si¢, aby wzrost zaggszczenia popu-
lacji powodowat spadek reprodukcji lub zwigkszong smiertelnosé zwierzgt, gdyz brak jest istot-
nych réznic pomig¢dzy strukturg ptciowo-wiekowg losi oceniang w latach 1999-2000 i 2019-2020
(chi-kwadrat = 0,2658, df=2, p=0,875) (tab. 2).

Wykazane na badanym terenie réznice dotyczace wysokosci rocznego przyrostu zrealizowa-
nego populacji mogty byé spowodowane konkurencjg pokarmows pomig¢dzy tosiami w stosunku
do zimowej bazy pokarmowej ograniczonej przez grodzenia odnowien lesnych. Jest mozliwe, ze
spowodowato to emigracje czgsci fosi z terenu badan na przelomie jesieni i zimy, co wptyneto
na zanizenie liczebnosci wykazanej na poczgtku kolejnego sezonu towieckiego. Gdyby przyrost
zrealizowany w latach 2001-2020 byt podobny do przyrostu, jaki na terenie badaid wykazano
w latach 1999-2000 (~30%), to emigracjg moglo by¢ objete ok. 20% liczebnosci populacji ocenio-
nej na poczgtku sezonu towieckiego. Innym czynnikiem wplywajacym na niski roczny przyrost
zrealizowany mogla by¢é wysoka $miertelnos¢ tosi spowodowana duzym natgzeniem ruchu
samochodowego. Wykonanie jesienig odstrzatu populacji wynoszacego 20% liczebnosci inwenta-
ryzowanej na poczatku sezonu polowan pozwolitoby ocenié wartos¢ rocznego przyrostu zrealizo-
wanego populaciji tosia w Puszczy Augustowskiej.

Gléwnym celem gospodarki towieckiej tosiem w Puszczy Augustowskiej jest regulacja
zageszezenia populaciji do poziomu, ktéry istotnie ograniczy grodzenia odnowien lesnych oraz spo-
woduje spadek liczby wypadkéw samochodowych powodowanych przez ten gatunek. Wykonanie
tego zadania jest mozliwe, jesli planowanie pozyskania tosi bedzie oparte na wiarygodnej liczeb-
nosci i wysokosci rocznego przyrostu zrealizowanego populacji.



