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Abstract
The moose (id. European Elk) ( Alces alces Linnaeus, 1758) is an inherent component of the forest ecosystem in
Lithuania. It is an important game species harvested within its range. Without human intervention, wildlife including moose
can increase in numbers up to marked overpopulation followed by disease, starvation and damage caused to forestry. Although
nature has its own ways of controlling wildlife populations, these ways could be much less humane that modern hunting.
Population management decisions include appropriate harvest levels, timing of hunting seasons, habitat carrying capacity and
habitat management practices. We have queried publications and internet-based resources to determine the moose population
dynamics and changes predicted for different habitats and conditions. The existing population management models and
methodology were analysed.
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Introduction
The moose (idem European or Eurasian Elk) (Alces
alces Linnaeus 1758) is an inherent component of the
forest ecosystem in Lithuania. Its geographic distribution expanded in the late Pleistocene. Some animals have
dispersed from eastern Asia into North America via Bering
land 14,000-11,000 years ago (Hundertmark et al. 2002).
European subspecies Alces alces ssp. alces distributed
throughout Scandinavia, the Baltic States, European
Russia (up to the Yenissei River), Belarus, Poland and
northern Ukraine. Three isolated subpopulations are
found in the southern Czech Republic, and the species is
occasionally recorded in Germany, Croatia, Hungary and
Romania (IUNC 2016). Populations in Europe express fluctuations over a multi-year cycle (Bauer and Nygrén 1999).
By 2015 statistics, population estimates for European
countries is as the following: Czech Republic - maximum
of 50 animals, Lithuania - 12,853, Estonia - 12,000, Latvia
- 21,000 individuals, Finland - at least 120,000 individuals
(60-80,000 harvested annually), Poland - 2,800 individuals and Sweden - 350,000 individuals.
Moose is an important game species harvested within
its range in Europe as well as in the USA and Canada. Its
commercial use as the source of the high-quality meat provides an economically viable alternative to more ecologically destructive land uses, and could help accomplish
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the overall goals of biodiversity conservation (Freese
2012). Throughout long time, humans have considered
wildlife for consumptive, spiritual, economic, recreational
and ecological reasons. Since primeval times of the subsistence hunting, it was treated as purposeful human activity. Today, moose trophy hunting has increasingly replaced traditional meat hunting in the most range. Recreational value and meat of moose are inherent components
of recreational hunting that prevails in comparison with
subsistence hunting that comprises only near 3% in
Canada, the USA and Europe (Gill 1990). Recently, hunter
in considered as a qualified proficient and manager. Without human intervention and in the absence of sufficient
number of large predators, evidently, the abundance of
moose can exceed the carrying capacity of their ecological
niches followed by diseases, starvation, an increase in the
damage caused to forestry and, moreover, they may cause
serious moose-vehicle collisions (Putman 1997, Christie
and Nanson 2003, Gordon et al. 2004, Langley and
Mathison 2008, Apollonio et al. 2010). Although nature
has its own ways of controlling moose populations, these
ways could be much less humane that modern hunting.
Population management decisions include appropriate
harvest levels, timing of hunting seasons, habitat carrying capacity and habitat management practices. Hunters
are the ultimate benefactors of these decisions. Namely
hunters can help to maintain more stable and healthy wildISSN 2029-9230
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life populations. Hunter activity is highly regulated and
directly related to the status of moose and its habitat. The
population parameters, which are at the centre of attention, are population number and dynamics, changes in sex
ratio, age structure and the share of juveniles in the local
population, its spatial distribution, and external biotic influences. It is necessary to know moose spatial distribution including its range, local daily movements and seasonal migration. Moose habitat is characterized by food,
water, plant cover and space for thermoregulation, shelter,
breeding and calf rearing.
What are species composition, habitat structure and
succession stages, the amount and distribution of key
species (patchiness and interspersion), and the juxtaposition of habitat types most preferred by moose? What
are management strategy and tactics most acceptable to
sustainable use of moose population? Unravelling these
questions are the base for planning new research, modelling and sustainable use of moose population.
The recent unusual climatic anomalies induce corresponding changes and adaptations in management and
are the marked challenge for moose population that
caused its inadequate responses. However, until now,
the population is used unreasonably; an insufficient attention is paid to moose territorial and qualitative management. Due extensive control of moose population, it
increases in number and caused essential damage to forest. In the context of recent environmental changes, the
previous and existing models of population management
and use are odds with present situation and encourage
finding ways to reduce moose damage caused to forest
ecosystem and to restore and maintain the dynamic balance between moose and forest vegetation. The integrated territorial, qualitative and quantitative management of the local populations is needed. At once, it is
necessary to consider species vulnerability to climate
warming. Every country has its distinctive situation that
should be considered because this study would help to
understand the local population dynamics and find ways
to manage population sustainably.
Dynamics and sustainable use of moose (Alces alces
L.) population: review of the research methodology
The assessment of moose populations is the basic
fundamental in applied ecology and game management.
Changes in the animal population size considerably reflect changes in the environment state. To get data on
the dynamics of the moose populations, it is important to
assess their abundance and fluctuations over time. However, the wildlife resources would be used unreasonably
as the animal census is often perfunctory. The better
understanding of population dynamics requires assessing the density-dependent and density-independent factors. The population assessment is based on a) quantita2017, Vol. 23, No. 3 (46)

712

O. BELOVA AND K. ÐEÞIKAS

tive, b) qualitative and c) territorial assessment. These
data are essential to determine sustainable use of moose
population. For this purpose, a number of different direct
and indirect methods are used. In this study, we report
on the relative census of moose using indices of animal
abundance (e.g. track count, pellet group count and observation). These indices can be compared over time or
between areas. Absolute abundance involves actually
counting animals and estimating the number or density
of animals in the population. With repeated sampling over
time, both relative indices and absolute estimates can be
used to monitor population trends. The vital potential of
animals and their possibility implementing it, displays
through changes in the density of the local population.
There is the index of animal living conditions. As example, we present the method of pellet group count implemented at the Institute of Forestry LAMMC. Over decade, we have performed the animal census within the
monitoring network in the different natural regions. The
total length of the belt transects is 147 km and the total
study area is 55,654 ha. The comparative analysis of the
different census methods shows their evident diûerences.
Although data of the census by the hunting bag could
be used for population assessment; however, this information does not show changes in populations, all the
more as of the rare and sparse species and which use is
forbidden or limited.
Additionally, results of such census depend on the
hunting intensity and performance as the hunting
effciency is not standardized. It is diûerent in the most
hunting grounds, therefore, populations are incomparable by hunting bag per day. The real state of animals is
also unclear. It is necessary to consider that the count of
animals by secondary marks is more precise than the direct observation of animals. This is more subjective and
depends on the observer, whereas the real density of the
local population less relates to animal tracks. Moreover,
there is an interval between the time when an animal left
its track and the time when we have registered this track.
All methods discussed below supplements one to another and should be combined on the study area seeking
to assess also other species of wild animals, moreover,
the number of predators as well as the animal distribution character. The circuit method (i.e. track counting)
provides an information on the animal distribution including predators and rare non-hunted species. In this
case, belt transects are extended in parallel by all forest
compartment lines crossing the diûerent forest habitats.
Snow tracking depends on the snow cover that becomes
rather rare or short event in the last decades, moreover,
this method does express neither sex ratio nor the share
of young animals in the local population.
The main approved census method is the method of
pellet group counting in belt transects or belt sample plots.
ISSN 2029-9230
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This is the effective and economical method that has been
determined and used since third decade of the last century (Padaiga 1965, 1975, 1990, 1996, 1998, 2004, Padaiga,
Marma 1979, Belova 1997, 2008, 2010, 2013, Navasaitis,
Pëtelis 1998, McLaren et al. 2004; et al.). L.J. Bennett and
co-authors (Bennett et al. 1940, McCain 1948) were the
first who have described this method in the scientific press.
In Lithuania, it is called as the McCain method. Authors
have implemented this method for the white-tailed deer,
wapiti and moose. Subsequently, the method has been
headlined and validated in the international press
(Eberhardt and Van Etten 1956, Robinette et al. 1958, Neû
1968, Bowden et al. 1969, McConnell and Smith 1970,
Meehan 1973, Stormer et al. 1977, Fisher 1979, Rowland et
al. 1984, White and Eberhardt 1980, Connolly 1981, Wigley
and Johnson 1981, Härkönen. and Heikkilä 1999, Hill 1999,
McLaren et al. 2004, Brock 2005; et al.). In Lithuania, Prof.
V. Padaiga together with colleagues has adapted this
method for the local deer species. They have examined the
numbers of pellets produced by animals during the winter
period and the duration of winter foraging. Therefore, the
census technology of Lithuanian moose has been created,
and coeûcients and accuracy parameters have been determined. As example, we present here the long-term dynamics of moose and other deer species (red deer Cervus
elaphus L. and roe deer Capreolus capreolus L.)
populations at the model territory of the Institute of Forestry LAMMC on the ground of the census data obtained
by pellet-group count (Figure 1).

Figure 1. Long-term change in moose density, n/1,000 ha in
the mixed coniferous forests of Northwestern Lithuania

This method was implemented in the different countries including Scandinavia, Germany, the Czech Republic, Poland and others. However, many still look at this
method with distrust or read it by them, while for the
successful use, it is necessary to perform the certain
2017, Vol. 23, No. 3 (46)
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actions that are the core of the method, and cause its
precision and reliability. In this paper, we will not repeat
well-known textbook knowledge after the aforesaid cited
references, although these knowledge is necessary for
the practical use including the time of counting (i.e.
namely before the vegetation; non-vegetative period is
the time that gives a lot of challenges and obstacles for
animals, especially as in the last times because of the
changeability of unusual weather that strongly acts conditions of animal foraging and distribution). Animals produce the di?erent number of faeces depending on the
duration of non-vegetative period, respectively. The
duration of the non-vegetative period reached 130-150
days (November - March). The number of faeces produced per day is typical for the certain animal species.
This number is determined by the balance methods measuring the amounts of food and nutrients consumed by
animals and number of excreted faeces. At the Institute
of Forestry LAMMC, the comprehensive physiological
and biochemical investigations were performed determining changes in the nutrient assimilation and number
of faeces during the non-vegetative period complementing with the data from ûeld works (Belova 2010). The
number of produced faeces directly related to the unit
weight, i.e. the weight increases while the number of
faeces decreases increasing the content of total ûbre.
These changes are typical for the non-vegetative period
because of the low moisture content in animal foods as
there are no green herbaceous plants in animal feeding.
The study conditions (nature, enclosure and all that),
species in the animal diet, animal age and sex should be
considered too (Belova 1997, 2010, 2013). In the different geographical locations, the same animal species produce the different number of pellet groups. In Western
Europe, for instance, moose produces 14-21 and roe deer
14-20 groups per day, red deer 19-25 (Mitchell and
McCowan 1984, Mitchell et al 1985, Dobià et al. 1996,
Truve 2007, Theuerkauf et al. 2008). Don J. Neff (1968)
has defined comprehensively defecation rates and their
fluctuations in the black-tailed deer Odocoileus h.
hemionus) (13-33/day) and white-tailed deer (Odocoileus
virginianus,) (8-23 pellet groups per day), and has compiled the digest of defecation parameters of the different
North America deer species and other ruminants. In
Lithuania, moose produced 2,800 or av. 22/day (while
red deer 2,085 or av. 16/day and roe deer 2,028 pellet
groups or on the average 15.6/day with variation from 8
to 19) pellet groups over the non-vegetative period
(Padaiga 1965, 1975, 1998, Padaiga and Marma 1979).
Therefore, the number of wintered animals in the certain
territory can be assessed learning of the duration of nonvegetative period, the number of pellet groups produced
per day by the certain animal species, the length and
area of the belt transects and the total surveyed area.
ISSN 2029-9230
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Unlike roe deer and red deer those in winter feed in the
fields adjacent to forests depending on the food availability, moose is typical forest species. The error can
arise because of this fact and especially in the locations
with scarce small-sized stands interposed between fields,
and as the non-vegetative period is changeable and unusually warm. For instance, the non-vegetative period of
2007/2008 continues 59 days, in 2013/2014 - 46 days,
2016/2017  66 days while one of 2008/2009 reached 151
days and 2012/2013 even 152 days. During the field works,
the belt transect is divided into the 100-m units. The
length is measured by foot considering that 120 steps
comprise 100 metres or using GPS. The surveyed area
should be not less than 0.3% of all territory (i.e. the
length of belt transect should be 1 km and width 3 m)
and the perfect area 1.2% (i.e. the length and width of
belt transect is 4 km and 3 m per 100 ha, respectively).
The number of moose that spend their winter in the certain sample location, is calculated by the widely known
formula: M = (S × N m/ s t )/2,800 (Padaiga 1996, Belova
2005, 2010, 2013), where M is the number of animals that
spend winter in the certain location; S is the total forest
area of the sample location, hectares; N m is the total
number of counted pellet groups, s t is the total area of
the line transect, hectares. The density of moose is calculated as the number of animals, which have spent winter in the certain location, per 1,000 ha. Using this method,
it is necessary to consider the ratio between areas of the
census transect belt and the total territory. On the ground
of the comparative analysis, the accuracies of the different census methods have been motivated and reasoned.
The error of the circuit method is ± 20-25%, while one of
the pellet group count method reached ±10%. Moreover, mentioned method allows us to assess the age and
sex structure of the local populations, to determine the
main winter habitats of moose. The identification of animal age and sex is based on the prevailed shape and size
of pellets in the pellet group.
Although the method does not show the time that
animal spends in the certain habitat but it indicates habitat preference. However, the method is nothing less than
panacea in the animal census. It is recommended to combine several census methods. The method should be combined with the sample plot method, radiotelemetry, as
well as it is implemented in the animal monitoring. For
practical use, we recommend to combine the circuit method
(at the end of hunting season and given the snow cover)
and the method of pellet group count supplementing this
data with data of widely used observations as well as the
thermal imaging cameras. Thermal imaging cameras are
widely used worldwide for hunting and research. These
devices are applied to determine the size of wildlife
populations, to localize animals and their habitats, to
analyse the influence of environmental factors on animal
2017, Vol. 23, No. 3 (46)
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behaviour and for other purposes (Garner et al. 1995,
Lavers et al. 2005, Cilulko et al. 2013). However, determining population number, the ratio of the number of identified individuals to the actual population of the examined
species in a given area remains unknown, as the extent of
measurement error cannot be reliably estimated in surveys (Garner et al. 1995). Thermal cameras allow seeing
through complete darkness detecting body heat around
what the camera lens sees. Cameras are also equally effective in bright sunlight. Many animal species can easily remain hidden during the daytime, so this technology
proves extremely effective when out in the field. These
devices are very helpful under different weather conditions as are able to be used to see through the area in
thick fog or in rain, snow, in extreme sunlight and other
weather conditions because they arent affected by visible light. Unfortunately, animal behaviour as their response to changing environmental factors cannot be predicted, and researchers cannot control the outcome of
thermographic measurements. The distance, at which
animal can be clearly discerned, is also limited. It can be
measured accurately only from a distance of several meters. In this case, the measurement error caused by limited atmospheric permeability and infrared radiation from
the observed object are minimal (Minkina 2004). Thick
vegetation and other objects between the observed animal and thermal imaging cameras also are the obstacle of
measurement results.
More available and widespread devices are triggered
trail cameras that are used for moose and other wildlife
research to study their activity and behaviour (Foster
and Humphrey 1995, Main and Richardson 2002) or to
estimate population size (Jacobson et al. 1997, Sweitzer
et al. 2000, Roberts et al. 2006) and for other wildlife studies. It is an advantage of camera traps to work independently of observers and storage data within battery
lifespan. Triggered trail cameras (often is entitled as camera traps) are more efûcient. Cameras incorporate the
digital technology, resulting in the prolonged battery life
and photo storage capabilities. Trail cameras automatically take images of animals passing in front of the camera. The weatherproof protective shell allows mounting
the device to a tree stem or other posts. There are many
models of camera traps. The most cameras are digital,
having storage media as compact ûash or secure digital
card, visible or invisible ûash, power supply, and a trigger mechanism. Digital camera traps record the photographs and video digitally onto a memory card. Camera
traps can be passive (heat in motion sensor) or active
(infrared beam established across a potential animal path).
In the passive system, the camera is equipped with a
heat in motion sensor. It triggers the camera, when e.g.
moose with a temperature different to the ambient temperature moves through the sensor field of detection.
ISSN 2029-9230
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Passive systems may not trigger if the animals body temperature and ambient temperature are similar. Direct sunlight, sunwarmed vegetation, and sometimes even high
ambient temperatures may cause false triggers with this
system. In an active system, an infrared beam is actively
established across the potential travel path of the animal
e.g. moose. When this infrared beam is broken, the camera is triggered. This system provides flexibility in setup
when the height of the beam can be adjusted for the certain species (Dreibelbis et al. 2009, Damm 2010, Ancrenaz
et al. 2012, Meek et al. 2014). However, it is triggered by
anything breaking the infrared beam, including vegetation, rain or large insects. Since the trigger comprises
separate units as emitter and receiver, the device is heavier
and more complicated to transport, and also requires two
supports, one extra to fix the trigger units. Sampling effort is expressed as the number of trap days accumulated
by a camera-trap. To determine moose spatial distribution, camera-traps are installed at the several spatial levels from landscape to local habitat. The information of
the certain habitats should be used, including habitat
characteristics, distances to settlements, roads, forest
infrastructure elements etc., to determine effect of these
factors on the target species distribution. Surely, use of
camera traps also meet with problems, e.g. large amounts
of data lead to problems with storage, backup, sharing
and image processing (Harris et al. 2010, Hamel et al. 2013,
Newey et al. 2015). Some occupancy models are used,
which account imperfect detection, e.g. false absence.
McKenzie et al. (2006) has discussed these models that
reduce count data of photographs to a binary (1/0) format describing the detection or non-detection of the target species at sampling sites during repeated visits
(Ancrenaz et al. 2012). These models help to detect species, which are likely to vary, depending on the species
and/or sample site. The most refined measure for wildlife
monitoring is abundance or density (i.e. animal number
per unit area). There is a problem of imperfect detection
as during the count of individuals, it is difficult to distinguish one from another. Simultaneously, photo records
provide information on how many times that species was
recorded in the certain site. However, unless it is possible to assign records to distinct individuals, such information cannot be used to actually determine abundance.
Aerial surveys help to provide data for estimation of
population size, density, composition, habitat use and
for sustainable management (Nielson et al. 2006, Lenarz
2009, Wibke et al. 2010, Oehlers et al. 2012, Kantar and
Cumberland 2013, Andreozzi et al. 2016). Aerial survey is
considered as one of the most accurate and useful to
study moose population (Anderson and Lindzey 1996).
Snow conditions have a major influence on visibility of
moose during the aerial surveys: satisfactory snow conditions must exist throughout the survey area and
2017, Vol. 23, No. 3 (46)
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throughout the survey period. Other important requirement is a low cover of vegetation. Sighting conditions
could be good, fair, and poor based upon degree of overcast, precipitation, and lighting conditions. The visibility also depends on the type of aircraft and experience of
observers (Oehlers et al. 2012). As example, helicopters
can cause deviations from animal behaviour, which can
complicate detection and observation probability. Surely,
properly applied statistical methods can correct inherent
biases in aerial surveys (Lubow and Ransom 2016).
Moreover, aerial survey or capture-recapture methods
require additional labour and financial expenditures. The
observation method (visual) (the accuracy varies from
30 to ~150- 200%) is an important as it allows us to determine the locations of animal gathering, shelters and other
in the diûerent seasons. If possible, the modern remote
methods are used (e.g. radiotelemetry, passive animal
control etc.).
Radiotelemetry is widely used to obtain data on
moose distribution and habitat use. In Fennoscandia, the
first results of moose telemetry studies were published
in the 1980s (Sandegren et al. 1985, Cederlund et al. 1987,
Cederlund and Okarma 1988, Sweanor and Sandegren
1988, Nikula 2017). In this case, information from a transmitter is gone on the air to a receiver. Conventional transmitters consist of an antenna, a power source and a
transmitter unit. The two most common are whip antennas and loop antennas. Whip antennas produce more
uniform signal over a greater distance than do loop ones;
however, it should be masked between layers of a collar
for protection against breakage by animals, then the loop
ones are more suitable, although the signal spreads more
slowly than from the whip ones. The main power sources
are lithium and silver batteries and solar cells. Duration
of battery life is directly proportional to pulse period and
inversely proportional to pulse width and signal strength
(Lessard 1989, Anon. 1998). Despite solar batteries are
long-lived and powered by sunlight, these are unsuitable for species under vegetation cover or for nocturnal
ones. For wide-ranging species as moose, long-range,
short-life tags are most preferable. The range and life of a
transmitter is dependent on the size of the battery, which
in its turn depends on the size of study animal and the
method of transmitter attachment (Anon 1998). The twostage transmitters are most suitable (Kenward 1987) for
moose. Recently, the specialized transmitters are most
used, including ARGOS Platform Terminal Transmitters
that differ from the VHF transmitters in that they emit a
much more complex and larger transmission which is repeated at longer intervals and received by an ARGOS
satellite (Burger 1989). Transmitters are programmed to
collect and compile data and then transmit it at specified
times when the satellite orbit takes it overhead, but they
do not transmit the location of animals as this is done by
ISSN 2029-9230
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the satellite. Next widespread and preferable specialized
transmitter is GPS (Global Positioning System). It receives
and triangulates signals from at least 3 of 26 possible
satellites, then transmits the position of animal to the
user. The accuracy of GPS location systems may vary
with the density of the forest canopy (Rempel et al. 1995,
Ericsson et al. 2015). Receivers take in the signal picked
up by the antenna, to which they are connected by a
coaxial cable, amplify it, and make it audible to the user.
Receiver antennas are hand-held or mounted on a vehicle roof, or other means of locomotion. The most commonly used hand-held antennas are the Yagi and the H
antennas. A Yagis has 2 to 5 elements, and each additional director element increases the distance from which the
antenna can pick up a signal. The advantages of radiotracking are its relatively low cost, reasonable accuracy
for most purposes and long life. GPS tracking is based on
a radio receiver in an animals collar. The receiver picks
up signals from a special set of satellites and uses an
attached computer to calculate and store the animals
locations periodically on a given time. GPS tracking is
highly accurate and suited to studies where intensive
and frequent data are needed. GPS tracking may not require frequent field visits (Mech 2002, Hebblewhite and
Haydon 2010). GPS tracking collars rely on battery power
to function. The battery powers the GPS unit itself along
with related electronic components which store data. As
rule, a battery in a typical GPS collar could last about a
year. However, animals must be recaptured for replacement of battery for longer research. Despite GPS technology reduces human resources costs in comparison
with VHF when locations are manually obtained, GPS
collar costs are substantially greater than average costs
for VHF collars. GPS collar costs increase depending on
collar features, battery size, longevity, data access via
satellite communication and additional contract to transfer data. If the terrain is unfavourable to GPS signals, the
unit takes longer to establish a location, leading to shorter
battery life. Longer-lasting batteries would necessarily
weigh more, adding cost and weight to the unit. It affects
sample size required for research in comparison with VHF
unit number (Mech 2002, Lindberg and Walker 2007,
Hebblewhite and Haydon 2010). M. Hebblewhite and D.T.
Haydon (2010) underlined that the trade-off between cost
and sample size of GPS telemetry studies lead to inappropriate use of this technology by drawing ecologists into
accepting lower sample sizes than would be possible
using VHF units. Moreover, other disadvantage of this
technology is collar failure. Here is also a problem in the
inadequacy of the information on animal movements, their
behaviour and their environment. However, GPS telemetry allows obtaining precise spatial and temporal location
data on moose movements in short time intervals to a
degree larger than in case of VHF telemetry or camera
2017, Vol. 23, No. 3 (46)
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trapping. Reduction of the human resources required
collecting VHF-based location data on species and, simultaneously, human-induced collection bias should be
considered.
Separate use of the radiotelemetry does not reûect
the habitat preference. As it was emphasized above, to
collect more appropriate spatial and temporal scale information on the distribution, dynamics and behaviour of
moose, the combination of GPS advances, cameras, remote sensing (e.g. MODIS) and usual belt transect methods is needed.
Dynamics and sustainable use of moose (Alces alces
L.) population: modelling and management issues
The population dynamics of moose expresses the
population sizes and the factors that could cause its maintenance, decline, or increase through time and space including ecological and human-related processes e.g.
hunting. Models are an important tool to predict future
distribution and abundance of moose populations, and
to assess limiting density-dependent and density-independent factors that may affect habitat use, distribution
and abundance of animals. These models are concerned
with changes not only in the moose population size, but
also in its age and sex structure, Models help to reduce
bias in parameters of density relationships that appeared
due to errors in census counts (Gross 1969, Walters and
Gross 1972, Sylvén et al. 1979, Rolley and Keith 1980,
Ryman et al. Luoma et.al. 2001, Weisberg et al. 2002,
Dennis et al. 2006, Abadi et al. 2012, Zipkin et al. 2014,
Doak et al. 2016). Moose population models, including
conceptual ones, diagrams, or mathematical equations,
usually, contain ecological parameters of age, gender,
mortality rates, reproductive rates, and number of animals. Moreover, models reflect relationship between these
parameters and forestry (e.g. browsing of pine plantations and debarking of the main forest species caused by
moose) and moose harvest management. Recent advances in digital technology make possible spatial modelling of the moose location pattern related to the extent
and habitat parameters, using the tools of statistical modelling and geographical information systems (GIS) as it
was mentioned above.
Despite moose inhabits a wide range of coniferous
and deciduous forest habitats, from the northern forest
biomes as tundra and taiga, southwards through boreal to
temperate zones, it prefers dam habitats close to water
bodies and adapted to cold environments (Karns 2007)
while is intolerant to high temperatures. The current period is distinguished by an unavoidable and unprecedented
climate change (COM/2013/0216 final). Climate change
becomes one of the most pervasive threats to the Earth
today. Annual average temperature has increased by 0.4 0.8 ºC over the last century (IPCC 2001), and Europe has
ISSN 2029-9230
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warmed by 0.8 ºC (Beniston and Tol 1998). Through the
times, climate changes have occurred at a comparatively
slow rate, therefore, forest ecosystems and their components have been able to adapt with corresponding changes
in ecosystems themselves. The primary limiting factor for
moose is climatic factor as high temperatures (Kelsall and
Telfer 1974, Renecker and Hudson 1986) and thermal variability (Belova 2012). The upper critical temperatures of
moose are 5 °C in winter and 14-20 °C in summer
(Renecker and Hudson 1986, Schwab and Pitt 1991, Lowe
2009, Lowe et al. 2010, Belova 2012, Broders et al. 2012,
Rempel 2012, McCann et al. 2013). However, moose can
adapt to climate changes using their physiological and
behavioural mechanisms to reduce thermal stress (Belova
2012, 2013). During the vegetation period, from May to
October, moose prefer forest edges, wet deciduous stands,
marshes and bogs and even stay in the small groves and
shrubs. In winter animals select habitats with higher food
supply (e.g. forests with pine and aspen plantations, clearcuts and wetlands) (Prûsaitë, J. 1988, Miller and Litvaitis
1992, Heikkilä and Härkönen 1996, Belova 2013). Moose
daily movements within their habitats comprise up to 5
km, annual short-distance as seasonal migration from summer to winter habitats is about 20-30 km and up to 50 km
e.g. in Lithuania (Baleiðis et al. 2003, Belova 2013), up to
179 km in North America, 100 km in Norway (Andersen et
al. 2010) and 300 km in northeastern Europe (Hundertmark
1997, LeResche 1974, Pulliainen 1974). In Minnesota and
North Dakota, the long-distance migrations of 1,511 and
367 km were observed (Hoffman et al. 2006). When heatstressed, animals search for habitats that provide cooling
and shade (Schwab and Pitt 1991, Belova 2012). Although
before decades a usual movement to the winter habitats
has ended until mid-November in Lithuania, changes in
winter duration caused later coming to winter habitats (from
mid-November to mid-December) (Belova 2013, 2015).
Home range size of males is larger than females. The individual territory of males (bulls) reaches 5,500 ha and one
of female group is 500-1,000 ha (Baleisis et al. 2003). They
do not defence such territories excluding moose cows with
calves that do not tolerate neighbours close to their territory. Home range size of female moose without calves is
larger than females with calves (Cederlund and Sand 1994,
van Beest et al. 2011, Balogh 2012). The size of female
home ranges is 500-740 ha (Cederlund et al. 1987; Cederlund and Okarma 1988; Cederlund and Sand 1994), while
one of males is 750-1,800 ha (Cederlund and Sand 1994;
Olsson et al. 2011). Seasonal home range size is largest
during winter for both reproductive categories (Balogh
2012). During the mating, female and bull keep the territory
ca. 100-200 ha. In North America, home range size of moose
varies between 360 and 9,200 ha (Hundertmark 1997). Therefore, winter moose habitats have increased substantially
not only due to changes in food supply but also in re2017, Vol. 23, No. 3 (46)
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sponse to warming (Tape et al. 2016). It indicates a significance of the thermal suitability for moose population models including HSI models (habitat suitability index). C.G.
Haase and H.B. Underwood (2013) have incorporated an
index of thermal suitability into a moose models for assessing their habitats. Authors have included the operative temperature (Te) as the thermal index that integrates
the combined effects of ambient temperature, total absorbed radiation, and wind velocity on the thermal environment. Moose habitat suitability is a function of food
supply and thermal cover (Ardea Biological Consulting
2004) (i.e. vegetative condition with greater than 70%
canopy closure and 12.19 metres in height that ameliorate
weather affects habitat requirements, according to Glossary of Energy Terms 2016). The parameter of the thermal
cover is a certain habitat variable that allows assessing a
current suitability of moose habitat and as good tool to
predict future suitability under climate-warming scenario
(Allen et al. 1987, Koitzsch 2002, Haase and Underwood
2013). Demarchi and Bunnell (1993, 1995) provided a range
of crown closure classes required for moose based on summer ambient temperatures. They suggest that moose will
select forests with crown closures greater than 66% when
temperatures are greater than 25 °C. In Lithuania, during
the changeable and atypical periods, the moose gathered
in the old-growth forests. The climate warming determines
less influence of moose on the main tree species in the
forest plantations in the littoral pine forests owing to the
sensibility of moose to the thermal factor. Only during the
colder time animals occur in the older >10-year-old pine
plantations. Animal distribution in the mixed spruce forest
varied from one in the littoral forests. Although animals
mostly occurred in the 61-70-year-old stands in the periods 2001-2005, further they far more preferred 8-10-yearold plantations (mostly females) and older >10-year-old
young stands (mostly males) (Belova 2012). The warming
effect of the sea in the littoral zone is stronger (up to 3 °C)
than in the more continental eastern and southern parts of
Lithuania. In the continental pure pine forests, animals
have distributed unevenly grouping mainly in the sites of
the optimal foraging as plantations of the earliest succession series. Being previously observed mainly in the oldgrowth stands, the moose had shifted to the forest plantations. Females and juveniles occur mainly in the pine plantations of the 1st succession stage while males gathered
in the middle-aged stands (foraging in the patches under
natural regeneration, stand stocking 0.5-0.6). Moose gathering causes stronger impact on the woody vegetation.
The positive relation is revealed between changes in the
weather temperatures and damaged area (r = 0.57). The
moose damage rate increases rapidly when the population
density exceeded 3 individuals /1,000 ha. Moose impact
on woody forest vegetation shows an increasing trend
under conditions of recent and further climate changes
ISSN 2029-9230
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(Belova, 2008, 2013). By feeding, moose belongs to the
browsers (Edenius 1991, Belova 2013) (concentrate selectors, after Hofmann 1989, i.e. animals that select diets
containing at least 75% tree and shrub stems, shoots and
foliage, dicot foliage and fruits). Moose demonstrate to be
keystone species, as the elimination of species, leading to
a lack of consumption of some phytomass, results in
unsustainability of ecosystems due to interrupted compensatory growth. It shows necessity of sustainable management of their populations territorially, quantitatively
(reducing or increasing their number) and qualitatively
(seeking for the optimal sex and age structure of populations). Research and conservation attention needs to be
focused not only on global warming and each of other
stressors by themselves but also on the synergism of several pressures (Belova 2010) that together are likely to prove
to be the greatest challenge to animal and plant conservation. Climate warming and anomalies are stressors for many
species while moose and roe deer show much sensitivity
that evidently reflect through their foraging and an increase in damage caused to forest. It is necessary to include habitat characteristics (e.g. forest category, stand
composition, age, forest site type, crown closure, canopy
value based on forest type and crown closure) and food
consumption parameters into the models.
Moose represent a primary resource for recreational
hunting. A negligible reduction of moose due to natural
predators (near 5%, Lithuania, and until 50% depending
on the food supply and availability of the certain prey
species), poaching and limited use (e.g. hunting licenses
and season duration), has a stimulatory effect on population increment, and moose population increase within
species range despite climate changes. The population
growth positively affected by food supply, suitable
changes in forest management implementing opportune
reforestation and mosaic effects in forest habitats, sufficient amount of shelter habitats and protection of wetlands. Management of moose population on the ground
of Malawi principles (CBD, Lilongwe, Malawi, 26-28 January 1998, Downes 1999, Maltby 2000) emphasized need
of implementation at the lowest appropriate level. It is
less suitable for moose due their seasonal movements.
Therefore, one forest owners/holders count damage
caused by moose and while other ones can manage wintering population as in the last decade, the seasonal migration is late because of longer vegetative warmer period (Belova, 2006, 2008, 2013, 2015). Appropriate changes
in hunting season terms and distribution of licenses for
moose between hunting units allow hunters to manage
local population on the ground of its density (permissible and ecological), qualitative structure (optimizing and
maintaining sex ratio and the share of juveniles in the
local population) and damage caused to forestry. Proper
management requires consideration of the moose ecol2017, Vol. 23, No. 3 (46)
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ogy. Moose population could be managed towards its
increase (a); decrease (b); harvesting it sustainably (c)
and leaving it to itself but supervise it (d). Population
dynamic theory shows that calves less affect future
growth of population than cows calving for the first time
(Stearns 1992). An increase in the share of young animals in the harvest will increase the proportion of adults
and productive animals in the winter population (Padaiga
1996). Namely age-selective harvest strategy results in a
significantly faster overall population growth rate, helps
to optimise hunting opportunities, meat or trophy animals. Hunting effects could be pronounced in license
harvesting and if the population size and structure are
regulated by hunting. Such strategy is used in Lithuania,
e.g. the higher share of young animals in the harvest and
the rate of population increase by changing the relation
between adult males (bulls) and adult females (cows) in
the harvest. Optimisation of trophy males implies their
age-selective harvesting. The increase in calf harvest
(meat production) and protection of adult (reproductive)
females results in the increase of age in the local population. In such cases, the decrease in calf carcass weight
shows that food supply is insufficient or there is an effect of density-dependent factors. It helps to manage
population. To assess hunting sustainability, in recent
decades the demographic models are developed. Population trends or its rate of changes are estimated from its
abundance over time using indices as e.g. the density as
animal number per unit area comparing demographic parameters of the different territories (Weinbaum et al. 2013).
There are numerous population and habitat characteristics and the potential interactions between abovementioned climate change impacts as increases or decreases in temperature, precipitation, and timing of
weather events, phenology, extreme weather events, and
spatial extent of these impacts. The complexity of potential impacts of climate change on populations and habitat demand additional monitoring, surveys, and research.
To detect climate change impacts, ongoing monitoring
and surveys must be conducted to ascertain the effect of
those impacts.
New models are needed to predict impacts of future
climate changes on the environment (Dale et al. 2000)
and moose population. These models should build upon
monitoring data collected regarding the relationship between climate and disturbances. It should include methods to observe effects of both climate and disturbances
on moose. Experiments that explore these relationships
must be conducted, and resulting data should be built
into models (Dale et al. 2000). Monitoring is the most
useful and needed today. The scale of monitoring is primary. Monitoring data should be gathered on the identified distributions and habitat characteristics (Lucier et
al. 2006). There is a need to implement adaptive manageISSN 2029-9230
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ment by conducting long-term monitoring of responses
of moose habitats to climatic change along altitudinal
and latitudinal gradients (Arvai et al. 2006, Shugart et al.
2003). These evaluations should be enhanced by using
computer models that include not only the changes in a
habitat type at a point in time but also changes in space
(Shugart et al. 2003). This process would also benefit by
mapping areas to account for habitat movement in response to climate change by developing better processbased models of environmental factors controlling species ranges (Lucier et al. 2006).
There is a need to recognize that global change will
be a factor in future wildlife conservation (Inkley et al.
2004) and to be prepared to adapt to diverse conditions
by employing rigorous and effective monitoring and adaptive management principles.

Acknowledgements
The paper presents outcomes obtained through the
long-term research programmes Harmful Organisms in
Agro and Forest Ecosystems (KOMAS) and Sustainable Forestry and Global Changes implemented by the
Lithuanian Research Centre for Agriculture and Forestry.

References
Abadi, F., Gimenez, O. Jakober, H., Stauber, W., Arlettaz, R. and Schaub, M. 2012. Estimating the strength
of density dependence in the presence of observation
errors using integrated population models. Ecological
Modelling 242: 1 9.
Aitken, D. A., Child, K. N., Rea, R.V. and Hjeljord, O.G.
2012. Age, sex, and seasonal differences of carcass weights
of moose from the Central Interior of British Columbia:
a comparative analysis. Alces 48: 105-122.
Allen, A.W., Jordan, P.A. and Terrell, J.W. 1987. Habitat
suitability index models: moose, Lake Superior region. U.S.
Fish Wildl. Servo Bio1 Rep. 82(10.155), 47 pp.
Ancrenaz, M., Hearn, A.J., Ross, J., Sollmann, R. and
Wilting, A. 2012. Handbook for wildlife monitoring using camera-traps. BBEC II Secretariat, Kota Kinabalu,
Sabah, Malaysia, 88 pp.
Andersen, R., Lund, E., Solberg, E.J., and Saether, B.-R.
2010. Ungulates and their management in Norway. In:
Apollonio, M., Andersen. R. and Putman, R. European
Ungulates and Their Management in the 21 st Century.
Cambridge University Press, p. 14-36.
Anderson, C.R. Jr. and Lindzey, F.G. 1996. Moose visibility model developed from helicopter surveys. Wildlife
Society Bulletin 24: 249-259.
Andreozzi, H. A., Pekins, P. J. and Kantar, L. E. 2016. Using
Aerial Survey Observations to Identify Winter Habitat Use
of Moose in Northern Maine. Alces 52: 4153.
Anon. 1998. Wildlife Radio-telemetry. Ministry of Environment, Lands and Parks Resources Inventory Branch for
the Terrestrial Ecosystems Task Force Resources Inventory Committee. Standards for Components of British
Columbias Biodiversity No. 5, 130 pp. Available online
at: www.ericlwalters.org/telemetry.pdf
2017, Vol. 23, No. 3 (46)

O. BELOVA AND K. ÐEÞIKAS

Apollonio, M., Andersen, R. and Putman, R. 2010. European Ungulates and Their Management in the 21 st Centur y. Cambridge University Press, 604 pp.
Ardea Biological Consulting. 2004. Moose Habitat Model.
Morice and Lakes Forest Districts IFPA, Smithers, BC,
33 pp.
Arvai, J., Bridge, G., Dolsak, N., Franzese, Koontz, T.,
Luginbuhl, A., Robbins, Richards, K., Korfmacher,
K.S., Sohngen, B., Tansey, J. and Thompson, A. 2006.
Adaptive management of the global climate problem:
bridging the gap between climate research and climate
policy. Climate Change: 78: 217225.
Baleiðis, R., Bluzma, P. and Balèiauskas, L. 2003. Ungulates of Lithuania. Akstis, Vilnius, 215 pp. (in Lithuanian
with English summary).
Balogh, G. 2012. Mobility and space use of moose in relation to spatial and temporal exposure to wolves. MSc
Thesis. SLU, Department of Ecology, Grimsö Wildlife
Research Station Sweden, 29 pp.
Bedilo, N.M., Krishtafovich, V.I., Krotenkov, V.P., Sviridova, J. and A. Burenkov, S. N. 2010. Nutritional value
and technological properties of moose meat. Mjasnaja
industrija 10: 6264. (in Russian with English summary)
Belova, O. 1997. Winter pellet registration method for the
studies of the European hare foraging loads and habitat
use. Miðkininkystë (Forest Science) 2 (40): 17-21.
Belova, O. 2005. Foraging Character of Deer Cervidae and
Brown Hare Lepus europaeus in the Pure Pine Forests in
Lithuania. Baltic Forestry 11 (2): 94-108.
Belova, O. 2008. Predicting the Influence of Herbivorous
Animals on Woody Plant Community under Climate
Change Scenarios. In: Climate change and forest ecosystems. Ozolinèius, R. et al. (Eds.). Proc./Abstr. Inter. Scientific Conf. (Vilnius, 22-23 Oct. 2008). Lutute, Kaunas,
p. 31-36.
Belova, O. 2010. Wildlife census methods: reliability and
application. In: Sc. Proc. Intern. Workshop Wildlife Census Methods: Reliability and Application, 4-5 November, 2010. Lututë, Kaunas, p. 16-25.
Belova, O. 2012. The Impact of Herbivorous Mammals on
Woody Vegetation in the Different Stages of Forest Succession. Baltic Forestry 18 (1): 100-110.
Belova, O. 2013. The Impact of Moose ( Alces alces L.) on
Woody Vegetation and Potential Role of Ecological Corridors in the Transboundary Forests. Baltic Forestry
19(1): 67  80. Available online at: http://www.baltic
f o r e s t r y. m i . l t / b f / P D F _ A r t i c l e s / 2 0 1 3 - 1 9 [ 1 ] / B e l o v a % 2 0
Olgirda.pdf.
Belova, O. 2015. Moose on the area of MMMPV. Available
online at: http://www.mi.lt/lmi/index.php?option=com_
content&view=article&id=470&Itemid=496&lang=en
Beniston, M. and Tol, R.S.J. 1998. The potential impacts
of climate change on Europe. Energy and Environment
9: 365 - 381
Bennett, L.J., English, P.F. and McCain, R. 1940. A study
of deer populations by use of pellet-group counts. Journal of Wildlife Management 4(4): 398-403
Bowden, D. C., Anderson, A. E. and Medin, D. E. 1969.
Frequency distributions of mule deer faecal group counts.
Journal of Wildlife Management 33:895-905.
Brock, S. 2005. Habitat Suitability Modelling from Empirical
Data: Application to Mule Deer in the Interior of British
Columbia. Thesis MSc, Univ. of British Columbia, 124 pp.
Broders, H.G., Coombs, A.B and McCarron, J.R. 2012.
Ecothermic responses of moose (Alces alces) to thermoregulatory stress on mainland Nova Scotia. Alces 48:
53-61
ISSN 2029-9230

719

BALTIC FORESTRY
DYNAMICS AND SUSTAINABLE USE OF MOOSE (ALCES ALCES L.) POPULATION
Burger, B. 1989. Satellite PTTs. Telonics Quarterly 2 (2): 4.
Campbell, D., Swanson, G.M. and Salet, J. 2004. Comparing the precision and cost-effectiveness of faecal pellet group count methods. Journal of Applied Ecology
41(6): 1185-1196
Caughley, G. and Sinclair, A.R.E. 1994. Wildlife Ecology
and Management. Blackwell Scientific Publications. Cambridge, 334 pp.
CBD. 1998. Conference of the parties to the Convention on
biological diversity, Lilongwe, Malawi, 26-28 January
1998. UNEP/CBD/COP/4/Inf.9 20 March 1998, 15 pp.
Cederlund, G. and Sand, H. 1994. Home-range size in relation to age and sex in moose. Journal of Mammalogy
75, 10051012.
Cederlund, G. and Okarma, H. 1988. Home range and habitat use of adult female moose. Journal of Wildlife Management 52: 336-343. https://doi.org/10.2307/380 1246
Cederlund, G., Sandegren, F. and Larsson, K. 1987. Summer movements of female moose and dispersal of their
of fspring. Journal of Wildlife Management 51: 342-352.
https://doi.org/10.2307/3801014
Cilulko, J., Janiszewski, P., Bogdaszewski, M. and
Szczygielska, E . 2013. Infrared thermal imaging in studies of wild animals. European Journal of Wildlife Research 59: 1723.
Christie, J.S and Nason, S. 2003. Analysis of Vehicle Collisions with Moose and Deer on New Brunswick Arterial
Highways. In: 31st Annual Conference of the Canadian
Society for Civil Engineering, Moncton, New Brunswick,
4-7 June 2003: 1-11.
COM/2013/0216 final. 2013. Communication from the Commission to the European Parliament, the Council, the
European Economic and Social Committee and the Committee of the Regions. An EU Strategy on adaptation to
climate change. Brussels, 16.4.2013.
Connolly, G. E. 1981. Assessing populations. In: Wallmo,
O.C. (Ed.): Mule and black-tailed deer of North America.
Lincoln: University of Nebraska Press: 287-345.
Dale, V H., Joyce, L.A., McNulty, S., Neilson, R.P., Ayres, M.P., Flannigan, M.D., P.J. Hanson, Irland, L.
C., Lugo, A.E., Peterson, Ch.J., Simberloff, D.,
Swanson, F.J., Stocks, B.J. and Wotton, B. M. 2001.
Climate Change and Forest Disturbances. BioScience
51(9):723-734.
DOI:
10.1641/0006-3568(2001)051
[0723:CCAFD]2.0.CO;2.
Damm, P.E., Grand, J.B. and Barnett, S.W. 2010. Variation in Detection among Passive Infrared Triggered-cameras Used in Wildlife Research. The Proceedings of the
Annual Conference of the Southeast Association of Fish
and Wildlife Agencies 64:125130.
Darwin, Ch. 1964. On the Origin of Species: A Facsimile of
the First Edition. Harvard Univ. Press, Cambridge, Massachusetts, 502 pp.
De Bord, D. 2009. Eurasian Elk (also Eurasian moose). University of Alaska Fairbanks. Available online at: http://
animaldiversity.org/accounts/Alces_alces/
Demarchi, M.W. and Bunnell, F.L. 1995. Forest cover selection and activity of cow moose in summer. Acta Theriologica 40(1): 23-36.
Demarchi, M.W. and Bunnell, B.F. 1993. Estimating forest canopy effects on summer thermal cover for Cervidae (deer family). Canadian Journal of Forest Research
23: 2419-2426.
Dennis, B., Ponciano, J.M., Lele, S.R., Taper, M.L. and
Staples, D.F. 2006. Estimating density dependence, process noise, and observation error. Ecological Monographs
76: 323341.
2017, Vol. 23, No. 3 (46)

720

O. BELOVA AND K. ÐEÞIKAS

Dobiá ð, K., Paustian, K.H. and Tottewitz, F. 1996. Untersuchungen zur Bestandeshöhe und Dynamik der Schalenwildpopulationen in der Schorfheide. Beiträge zur Jagd 
und Wildforschung 21: 5762 (in German).
Doak, P. Carroll, C. J. and Kielland. K. 2016. Harvest of
female moose at high density: modelling the impacts of
harvest on population size and biomass yield. Wildlife
Biology 22: 153159.
Downes, D.R. 1999. Integrating Implementation of the Convention on Biological Diversity and the Rules of the World
Trade Organization. IUCN Gland, Switzerland and Cambridge, UK. xvi + 89 pp.
Dreibelbis, J. Z., Shawn L. L., Cathey, J. C. and Collier,
B. 2009. Potential Uses for Trail Cameras in Wildlife
Management. AgriLife Extension Service, Texas A&M
System, 16 pp.
Eberhardt, L.L. and VanEtten, V.C. 1956. Evaluation of
pellet-group count as a deer census method. Journal of
Wildlife Management 20(1): 70-74.
Edenius, L. 1991. The Effect of Resource Depletion on the
Feeding Behaviour of a Browser: Winter Foraging by
Moose on Scots Pine. Journal of Applied Ecology 28(1):
318-328. Available online at: https://www.jstor.org/stable/
2404132?seq=1#page_scan_tab_contents
Ericsson, G., Dettki, H., Neumann, W., Arnemo, J.M. and
Singh, N.J. 2015. Offset between GPS collar-recorded
temperature in moose and ambient weather station data.
European Journal of Wildlife Research 61:919922.
Foster, M. L. and Humphrey, S. R . 1995. Use of highway
underpasses by Florida panthers and other wildlife. Wildlife Society Bulletin 23: 95100.
Fisher, A. R. 1979. Ambiguities in distance method for censuring deer by pellet groups. Journal of Wildlife Management 43: 969-970.
Garner, D.L., Underwood, H.B. and Por ter, W.F. 1995. Use
of modern infrared thermography for wildlife population
surveys. Environmental Management 19 (2):233238.
Gill, R.M.A. 1990. Monitoring the Status of European and
North American Cervids. Information Series 8. Global
Environment Monitoring System, United Nations Environment Programme, Nairobi, Kenya, 277 pp.
Glossary of Energy Terms, 2016. https://definedterm.com/a/
document/11626
Gordon, I.J., Hester, A.J., Festa - BIanchet, M. 2004. The
management of wild large herbivores to meet economic,
conservation and environmental objectives. Journal of
Applied Ecology 41: 1021-1031.
Gross, J.E. 1969. Optimum yield in deer and elk populations.
In: Transactions of the North American Wildlife Natural
Resources Conference 34:372-387.
Groves, C. P. and Grubb, P. 2011. Ungulate Taxonomy. The
John Hopkins University Press, 317 pp. Available online
at:
https://books.google.lt/books?id=v3uZtA1ZpTAC&
printsec=frontcover&hl=lt#v=onepage&q&f=false
Grubb, P. 2005. Artiodactyla: Cervidae: Capreolinae. In: D.
Wilson and D. Reeder (Eds.) Mammal species of the
world: a taxonomic and geographic reference. Baltimore,
MD: The Johns Hopkins University Press, p. 652-653.
Hamel, S., Killengreen, S.T., Henden, J.-A., Eide, N.E.,
Roed-Eriksen, L., Ims, R. and Yoccoz, N.G. 2013.
Towards good practice guidance in using camera-traps in
ecology: Inûuence of sampling design on validity of ecological inferences. Methods in Ecology and Evolution 4:
105113
Hansson, I. and Malmfors, G. 1978. Meat production from
moose, Alces alces (L). Swedish Journal of Agricultural
Research 9: 155-159.
ISSN 2029-9230

BALTIC FORESTRY
DYNAMICS AND SUSTAINABLE USE OF MOOSE (ALCES ALCES L.) POPULATION
Härkönen, S. and Heikkilä, R . 1999: Use of pellet group
counts in determining density and habitat use of moose
Alces alces in Finland. Wildlife Biology 5: 233-239.
Harris, G., Thompson, R., Childs, J.L. and Sanderson,
J.G. 2010. Automatic storage and analysis of camera trap
data. Bulletin of the Ecological Society of America 91:
352360.
Hawley, A.W.L., Sylvén, S. and Wilhelmson, M. 1983.
Commercial moose meat production in Sweden. Livestock
Production Science 10: 507-516.
Heikkilä, R. and Härkönen, S. 1996. Moose Browsing in
Young Scots Pine Stands in Relation to Forest Management. Forest Ecology and Management, 88(1-2): 179-186.
Hill, H.R. 1999. The 1999 Deer Pellet Group Surveys. Michigan Department of Natural Resources. Wildlife Bureau
Report No. 3292, 15 pp.
Hofmann, R.R . 1989. Evolutionary steps of ecophysiological adaptation and diversification of ruminants: A comparative view of their digestive system. Oecologia 78:
443-457. Available online at: https://www.uky.edu/Ag/
AnimalSciences/instruction/asc684/PDF/oecologia78_
443.pdf.
Hoffman, J.D., Genoways, H.H., and Choate, J.R . 2006.
Long-distance Dispersal and Population Trends of Moose
in the Central United States. Museum, University of
Nebraska State. Mammalogy Papers: University of Nebraska, p. 115-131.
Hundertmark, K. J . 1997. Home range, dispersal, and migration. In: Franzmann, A.W. and Schwartz, C.C. (Eds.):
Ecology and Management of the North American Moose.
Smithsonian Institution Press, Washington, D.C, USA, p.
303-336.
Hunder tmark, K., Shields, G., Udina, I., Bowyer, R.,
Danilkin, A. and Schwar tz, C. 2002. Mitochondrial
phylogeography of moose (Alces alces): late Pleistocene
divergence and population expansion. Molecular Phylogenetics and Evolution 22: 375-387.
Inkley, D. B., Anderson, M. G., Blaustein, A. R., Burkett,
V. R., Felzer, B., Grif fith, B., Price, J. and Root, T.
L. 2004. Global climate change and wildlife in North
America. Technical review 042. The Wildlife Society,
Bethesda, Maryland. Intersecretarial Commission on Climate, 26 pp.
Ishaq, S.L. and Wright, A.-D.G. 2012. Insight into the bacterial gut microbiome of the North American moose (Alces alces) . Microbiology 12: 2-12. Available online at:
http://www.biomedcentral.com/1471-2180/12/212
IPCC 2001. Climate Change: Synthesis Report. An Assessment
of the Intergovernmental Panel on Climate Change, 34
pp. Available online at: https://www.ipcc.ch/pdf/climatechanges-2001/synthesis-syr/english/front.pdf
IUNC Red List of Threatened Species. 2016. Alces alces ssp.
alces. Available online at: http://www.iucnredlist.org/details/41782/1.
Jacobson, H. A., Kroll, J. C., Browning, R. W., Koer th,
B. H. and Conway, M. H. 1997. Infrared-triggered cameras for censusing white-tailed deer. Wildlife Society Bulletin 25:547556.
Kantar, L.E. and Cumberland, R.E. 2013. Using a doublecount aerial survey to estimate moose abundance in Maine.
Alces 49: 2937.
Karns, P. D. 2007. Population distribution, density and trends.
In: Franzmannand, A.W. and Schwartz, C.C. (Eds.): Ecology and Management of the North American Moose.
Second edition. Smithsonian Institution, Washington D.C.,
USA, p. 125-139.

2017, Vol. 23, No. 3 (46)

O. BELOVA AND K. ÐEÞIKAS

Kelsall, J. P. and Telfer, E. S . 1974. Biogeography of moose
with particular reference to western North America. Naturaliste Canadien 101: 117-130.
Kenward, R. 1987. Wildlife Radio Tagging: Equipment, Field
Techniques and Data Analysis. Academic Press, New York,
38 pp.
Kie, J.G. 1988. Performance in Wild Ungulates: Measuring
Population Density and Condition of Individuals. USDA
Pacific Southwest Forest and Range Experiment Station,
Forest Service. General Technical Report PSW-106, 17 pp.
Koitzsch, K.B. 2002. Application of a moose habitat suitability index model to Vermont wildlife. Alces 38: 89107.
Krebs, C.J. 1989. Ecological Methodology. Harper Collins
Publishers, 654 pp.
Langley, R. L. and Mathison, J. 2008. Worldwide Characteristics and Mitigation Strategies for Motor Vehicle-animal Collisions. In: Bartley, G.P. (Ed.): Traffic Accidents:
Causes and Outcomes. Chapter 2; Nova Publishers, New
York, p. 75-96.
Lavers, C., Franks, K., Floyd, M, Plowman, A. 2005. Application of remote thermal imaging and night vision
technology to improve endangered wildlife resource management with minimal animal distress and hazard to humans. Journal of Physics: Conference Series 15 15:2007
2012.
Lenarz, M.S. 2009. 2009 Aerial Moose Survey. Division of
Enforcement, the Division of Fish and Wildlife, USA,
6 pp.
LeResche, R. 1974. Moose migrations in North America.
Naturaliste Canadien 101: 393-415.
Lessard, J. 1989. VHF transmitters. Telonics Quarterly
2(2): 5.
Lindberg, M. S. and Walker, J. 2007. Satellite telemetry in
avian research and management: sample size considerations. Journal of Wildlife Management 71: 10021009
(doi:10.2193/2005-696).
Lowe, S.J. 2009. Behavioural responses of moose ( Alces alces) to ambient temperature: is there evidence for behavioural thermoregulation? Environmental and Life Sciences
Graduate Program M.Sc. Thesis. Trent University Peterborough, Ontario, Canada, 58 pp.
Lowe, S.J., Patterson, B.R. and Schaefer, J. A. 2010. Lack
of behavioral responses of moose ( Alces alces) to high
ambient temperatures near the southern periphery of their
range. Canadian Journal of Zoology 88(10): 1032-1041.
Available online at: https://doi.org/10.1139/Z10-071
Lubow, B.C. and Ransom, J.I. 2016. Practical Bias Correction in Aerial Surveys of Large Mammals: Validation of
Hybrid Double-Observer with Sightability Method against
Known Abundance of Feral Horse (Equus caballus) Populations. PLoS ONE 11(5): 1-15. Available online at: https://doi.org/10.1371/journal.pone.0154902
Lucier, A., Palmer, M., Mooney, H., Nadelhoffer, K., Ojima, D. and Chavez, F. 2006. Ecosystems and Climate
Change: Research Priorities for the U.S. Climate Change
Science Program. Recommendations from the Scientific
Community. Report on an Ecosystems Workshop, prepared for the Ecosystems Interagency Working Group.
Special Series No. SS-92-06, University of Maryland Center for Environmental Science, Chesapeake Biological
Laboratory, Solomons, MD, USA. 50 pp.
Luoma, A., Ranta, E. and Kaitala, V. 2001. Moose Alces
alces hunting in Finland: an ecological risk analysis. Wildlife Biology 7: 181-187.
Main, M. B. and Richardson, L. W. 2002. Response of wildlife to prescribed ûre in the southwest Florida pine ûatwoods. Wildlife Society Bulletin 30:213221.
ISSN 2029-9230

721

BALTIC FORESTRY
DYNAMICS AND SUSTAINABLE USE OF MOOSE (ALCES ALCES L.) POPULATION
Maltby, E. 2000. Ecosystem approach: from principle to practice. In: Ecosystem Service and Sustainable Watershed
Management in North China, International Conference,
Beijing, P.R. China, August 23 - 25, 2000, 20 pp.
McCain, R. 1948. A method for measuring deer range use.
Transactions of the Nor th American Wildlife Conference
13: 431-441.
McConnell, B. R. and Smith, J. G. 1970. Frequency distributions of deer and elk pellet groups. Journal of Wildlife
Management 34:29-36.
McLaren B.E., Roberts, B.A., Djan-Chékar, N. and Lewis,
K.P. 2004. Effects of Overabundant Moose on the Newfoundland Landscape. Alces 40: 45-59.
MacKenzie, D.I., Nichols, J.D., Royle, J. A., Pollock, K.H.,
Bailey, L.L. and Hines, J.E. 2006. Occupancy estimation and modelling: Inferring patterns and dynamics of
species occurrence. Elsevier Academic Press, New YorkAmsterdam-Boston-Heidelberg-London-Oxford-Paris-San
Diego-San Francisco-Singapore-Sydney-Tokyo, 343 pp.
McCann, N.P., Moen, R.A. and Harris, T.R. 2013. Warmseason heat stress in moose (Alces alces). Canadian Journal of Zoology 91: 893898. Available online at: dx.doi.
org/10.1139/cjz-2013-0175.
Meehan, M.J. 1973. Pellet Counts as a Census and RangeUse Technique for Columbia Black-Tailed Deer. Thesis
MSc, Oregon State University, 24 pp.
Meek, P. D., Ballard, G., Claridge, A., Kays, R., Moseby,
K., OBrien, T., OConnell, A., Sanderson, J.,
Swann, D., Tobler, M. and Townsend, S . 2014. Recommended guiding principles for reporting on camera
trapping research. Biodiversity Conservation 23: 2321
2343 DOI 10.1007/s10531-014-0712-8.
Miller, B.K. and Litvaitis, J. 1992. Habitat segregation by
moose in a boreal forest ecotone. Acta Theriologica 37
(1-2): 41-50.
Minkina, W. 2004. Pomiary termowizyjne  przyrzàdy i
metody. Wydawnictwa Politechniki Czæstochowskiej,
Czæstochowa, 243 pp.
Mitchell, B. and McCowan, D. 1984. The defecation frequencies of red deer in different habitats. Annual Reports
of Institute of Terrestrial Ecology 1983: 15-17.
Mitchell, B., Rove, J.J., Ratcliffe, P.R. and Hinge, M.D.C.
1985. Defecation frequency in roe deer ( Capreolus capreolus) in relation to the accumulation rates of faecal deposits. Journal of Zoology 207: 1-7.
Navasaitis, A. and Pëtelis, K. 1998. Medþioklë [Hunting].
Kaunas, Lututë , 300 pp. (In Lithuanian).
Neff, D.J. 1968. The pellet-group count technique for big game
trend, census, and distribution: a review. Journal of Wildlife Management 47: 1230-1233.
Newey, S., Davidson, P., Nazir, S., Fairhurst, G., Verdicchio, F., Irvine, R.J and van der Wal, R. 2015. Limitations of recreational camera traps for wildlife management and conservation research: A practitioner s perspective. Ambio 44(Suppl. 4): S624S635.
Nielson, R. M., McDonald, L. L. and Kovach, S.D. 2006.
Aerial line transect survey protocols and data analysis
methods to monitor moose ( Alces alces ) abundance as
applied on the Innoko National Wildlife Refuge, Alaska.
Technical report prepared for US Fish and Wildlife Service, McGrath, Alaska, USA, 109 pp.
Nygrén, T., Pusenius, J., Tiilikainen, R. and Korpelainen,
J. 2007. Moose antler type polymorphism: age and weight
dependent phenotypes and phenotype frequencies in space
and time. Annales Zoologici Fennici 44: 445461.
Oehlers, S.A., Bowyer, R. T., Huettmann, F., Person, D.K.
and Kessler, W.B. 2012. Visibility of Moose in a
Temperate Rainforest. Alces 48: 89-104.
2017, Vol. 23, No. 3 (46)

722

O. BELOVA AND K. ÐEÞIKAS

Olsson, M., Cox, J.J., Larkin, J.L., Widén, P. and Olovsson, A. 2011. Space and habitat use of moose in southwestern Sweden. European Journal of Wildlife Research
57: 241-249. Available online at: https://doi.org/10.1007/
s10344-010-0418. 2011.
Padaiga, V. 1965. Ïàäàéãà, Â. Çíà÷åíèå êî ñóëè â ëå ñíîì
õîçÿéñòâå è ñèñòåìà ìåðîïðèÿòèé ïî çàùèòå îò íå¸
ëåñîâîç îáíîâëåíèÿ â Ëèòîâñêîé ÑÑÐ. Àâòîðå ô. äèññ.
êàíä. áèîë. íàóê, Òàëëèí. [Importance of the European
Roe Deer in Forestry and the System of Measures to
Protect Forest Regeneration Against It in Lithuania.
Extended abstract of Cand. Sci. dissertation]. Tallinn, 25
pp. (in Russian.)
Padaiga, V. 1975. Okologie und Prinzipien der wirtschaftlichen
Nutzung des Rehwildes in den Waldern des sudlichen Teils
der Baltischen Sowjetrepubliken. Beitrage zur Jagd und Wildforschung IX, Berlin, 1975, p. 276287 (in German).
Padaiga, V. 1990. Medþioklës ûkio pagrindai (paskaitø konspektas) [Game Management Outlines (Lecture Syllabus].
Kaunas, 56 pp. (in Lithuanian)
Padaiga, V. 1996. Medþioklës ûkio biologiniai pagrindai [Biological Basics of Game Management]. Vilnius, 212 pp.
(in Lithuanian).
Padaiga, V. 1998. The counting of winter pellet groups of
cervines as the method of assessment of their browsing
pressure and population structure. Baltic Forestry 4(1):
3641.
Padaiga, V. 2004. Kanopiniø þvëriø tankis [Density of Ungulates]. Mûsø girios 1: 1415 (in Lithuanian).
Padaiga, V. and Marma, B. 1979. Î ìåòîäèêå îöåíêè
÷èñëåííîñòè åâðîïåéñêîé êîñóëè ïî êîëè÷åñòâó äåôåêàöèé. [On the methodology for estimating the number of
European roe deer according to the number of defecations].
Ýêîëîãèÿ (Russian Journal of Ecology) 4: 101103 (in
Russian with English abstract)
Padaiga, V. and Petruþis, G. 1986. Kanopiniø þvëriø apskaita [Deer Census]. In: Medþioklëtvarkininko þinynas.
Kaunas, p. 1024 (in Lithuanian).
Pielou, E. C. 1979. Biogeography. John Wiley and Sons, Inc.
New York, NY, USA, 351 pp.
Prûsaitë, J. (ed.) 1988. Lietuvos fauna, 1: Þinduoliai. [Fauna
of Lithuania. 1: Mammalia]. Mokslas, Vilnius, 294 pp. (in
Lithuanian with English summary).
Pulliainen, E. 1974. Seasonal movements of moose in Europe. Naturaliste Canadien 101: 379-392.
Putman, R.J. 1997. Deer and Road Traffic Accidents: Options for Management. Journal of Environmental Management, 51: 43-57.
Rea, R. V. and Child, K. N. 2007. Wildlife Data Centre
Featured Species  Moose. Wildlife Afield 4(2): 285-317.
Available online at: http://reav.unbc.ca/pdfs/rea_2007_
wildlife_data_center_moose.pdf
Rempel, R.S. 2012. Effects of Climate Change on Moose
Populations: A Vulnerability Analysis for the Clay Belt
Ecodistrict (3E-1) in Northeastern Ontario. Ontario Ministry of Natural Resources, Centre, Canada, 26 pp.
Rempel, R.S., Rodgers, A.R. and Abraham, K.F. 1995.
Performance of a GPS animal location system under boreal forest canopy. Journal of Wildlife Management
59(3):543-55
Renecker, L. A., and Hudson, R. J. 1986. Seasonal energy
expenditures and thermoregulatory responses of moose.
Canadian Journal of Zoology 64: 322-327.
Robinette, W. L., Ferguson, R. B. and Gashwiler, J. S.
1958. Problems involved in the use of deer pellet group
counts. Transactions of the North American Wildlife Conference 23: 411-425.
ISSN 2029-9230

BALTIC FORESTRY
DYNAMICS AND SUSTAINABLE USE OF MOOSE (ALCES ALCES L.) POPULATION
Rober ts, C. W., Pierce, B. L., Braden, A. W., Lopez, R.
R., Silvy, N. J., Frank, P. A. and Ransom Jr., D. 2006.
Comparison of camera and road survey estimates for
white-tailed deer. Journal of Wildlife Management 70: 263
267.
Rolley, R.E. and Keith, L.B. 1980. Moose Population Dynamics and Winter Habitat Use at Rochester, Alberta,
1965-1979. Canadian Field-Naturalist 94(1): 9- 18.
Rowland, M.M., White, G.C. and Karlen, E.M. 1984. Use
of pellet-group plots to measure trends in deer and elk
populations. Wildlife Society Bulletin 12: 147
Ryman, N., Baccus, R., Reuterwall, C. and Smith, M.H.
1981. Effective population size, generation interval, and
potential loss of genetic variability in game species under different harvest regimes. Oikos 36: 257-266.
Schwab, F.E. and Pitt, M. D. 1991. Moose selection of canopy cover types related to operative temperature, forage, and snow depth. Canadian Journal of Zoology 69:
3071-3077.
Shugart, H., Sedjo, R. and Sohngen, B . 2003. Forests and
global climate change: Potential impacts on U.S. forest
resources. Prepared for the Pew Center on Global Climate
Change. Pew Center on Global Climate Change, Arlington, VA, USA. 64 pp. Available online at: https://
www.c2es.org/site/assets/uploads/2003/03/forests-globalclimate-change.pdf
Stearns, S.C. 1992. The Evolution of Life Histories. Oxford
University Press, 262 pp.
Stormer, F. A., Hoekstra, T. W., White, Ch. M. and Kirkpatrick, Ch. M. 1977. Frequency distribution of deer
pellet groups in southern Indiana. Journal of Wildlife
Management 41: 779-782.
Sylvén, S., Aspers, M., Eriksson, J.-Å. and Wilhelmson,
M. 1979. Regulated harvesting of the moose population:
a simulation study . Swedish University of Agricultural
Sciences, Department of Animal Breeding and Genetics.
Report 33, 51 pp.
Sylvén, S. 2003. Management and regulated harvest of moose
(Alces alces) in Sweden. Doctoral thesis. Swedish University of Agricultural Sciences Uppsala 2003. Acta Universitatis Agriculturae Sueciae, Series Agraria 371; Uppsala.
36 pp. ISSN 1401-6249, ISBN 91-576-6402-1. Available
online at: https://pub.epsilon.slu.se/131/1/91-576-64021.fulltext.pdf
Sweitzer, R. A., Gardner, I. A., Boyce, W. M., Waithman,
J. D. and Vuren, D. V. 2000. Estimating sizes of wild
pig populations in the north and central coast regions of
California. Journal of Wildlife Management 64:531543.
Theuerkauf, J., Rouys, S. and Jædr zejewski, W. 2008.
Detectability and disappearance of ungulate and hare faeces in European temperate forests. Annales Zoologica
Fennica 45: 73-80.

2017, Vol. 23, No. 3 (46)

O. BELOVA AND K. ÐEÞIKAS

Timmerman, H.R. and Buss, M.E. 1998. Population and
Harvest Management. In: Franzmann, A.W. and Schwartz,
C.C. (Eds.). Ecology and Management of the North
American Moose. Smithsonian Institution Press, Washington, p. 559-615.
Truvé, J. 2007. Surveys of mammal populations in the areas
adjacent to Forsmark and Oskarshamn. Results from 2007,
compared with results from 2002/2003. Svensk Kärnbränslehantering AB SKB, 33 pp.
van Beest, F.M., Rivrud, I.M., Loe, L.E., Milner, J.M. and
Mysterud, A. 2011. What determines variation in home
range size across spatiotemporal scales in a large browsing herbivore? Journal of Animal Ecology 80: 771785.
Walters, C.J. and Gross, J.E. 1972. Development of big game
management plans through simulation modelling. Journal of Wildlife Management 36: 119-128.
Walters, C.J. and Green, R. 1997. Valuation of experimental management options for ecological systems. Journal
of Wildlife Management 61: 987-1006.
Weinbaum, K. Z., J. S. Brashares, C. D. Golden, and W.
M. Getz . 2013. Searching for sustainability: are assessments of wildlife harvests behind the times? Ecology
Letters 16(1):99-111. Available online at: http:// dx.doi.
org/10.1111/ele.12008
Weisberg, P.J., Hobbs, N. Th., Ellis, J. E. and Coughenour, M. B. 2002. An ecosystem approach to population
management of ungulates. Journal of Environmental
Management 65: 181-197, doi:10.1006/jema.2002.0543.
Available online at: http://www.nrel.colostate.edu/assets/
nrel_files/labs/coughenour-lab/pubs/Publications/weisberg
_owlmtn_envmgmt_02.pdf
Wibke, P., Hebblewhite, M. and Thiessen, C. 2010. Aerial Survey for Moose in the Range of the Narraway Caribou Herd Using Distance Sampling, March 15th March
22nd 2010. The University of Montana, Missoula, USA
and the Ministry of Environment, Fort St. John, British
Columbia, Canada; 18 pp. Available online at: http://
www.env.gov.bc.ca/wildlife/wsi/reports/4818_WSI_4818
_RPT_2010.PDF
Wigley, T. B. and Johnson, M.K. 1981. Disappearance rates
for deer pellets in the southeast. Journal of Wildlife Management 45: 251-253.
White, G.C. and Eberhardt, L.E. 1980. Statistical analysis
of deer and elk pellet-group data. Journal of Wildlife
Management 44: 121-131.
Zipkin, E.F., Sillett, T. S., Grant, C. E.H., Chandler, R.B.
and Royle, J.A. 2014. Inferences about population dynamics from count data using multistate models: a comparison to capturerecapture approaches. Ecology and
Evolution 4(4): 417426.
Received 07 August 2016
Accepted 02 October 2017

ISSN 2029-9230

723

