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Received: 28.05.2022 Abstract. Visually identifiable morphological features serve as
Revised: 11.07.2022 distinctive signs of individuals and may indicate the state and sex-
Accepted: 15.07.2022 age structure of populations of large mammals. The development
Published online: 29.10.2022 and change of morphological structures may occur under the
influence of various factors, including human economic activity. The
DOI: 10.23859/estr-220528 article proposes a classification of dewlap and antler morphotypes
UDC 599.6/.73: 59.018 of the population of the European elk (Alces alces alces (L., 1758)),
living on the territory of the Leningrad Province (North-West of Rus-
Translated by D.M. Martynova sia). Frequency of occurrence of observed morphotypes is ana-

lyzed and discussed considering the data of long-term observations
conducted in 2015-2020 at 20 artificial salt licks located on 11 ex-
perimental sites in three districts of the region. Based on the stud-
ied material, the following morphotypes of the dewlap are identified:
“icicle”, “drop”, and “fold” (halberd, triangular, rounded). In females,
the dewlaps of the “icicle” and “drop” type dominate, the “fold” is
noted very rarely. In males, on the contrary, the “fold” is most often
encountered. The antlers may be palmated, cervine, intermediate,
transitional, “spike”, “fork”, and abnormal. Palmate and cervine ant-
lers are found with almost the same frequency of occurrence (about
25%), a lower number of cases is noted for “spikes” and “forks”, as
well as for intermediate type of antlers; transitional and abnormal
antlers are recorded the least. The analysis of literary sources de-
voted to the classification and variability of the studied morphologi-
cal characters has been also carried out.
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Introduction

Currently, observations of animals with the help
of camera traps have become commonplace, which
no longer surprises both specialists and ordinary
people. The need to conduct remote observations of
various objects with no presence of a man is justified
by a reduction in labor costs and an increase in the
supply of free time. In addition, the objectivity of
observations and conclusions is increased, since
it becomes possible to verify independently the
obtained digital data.

For most large mammals and birds, only
phenotypic and behavioral features can be observed
with camera traps. Measuring the weight of animals
from photographs and video files is impossible without
the development of new methods based on the ratios
of body parts. At the same time, the length of the body
(or its parts) and the height of the animal can only be
fixed relatively (based on the distance between the
object of observation and the camera), which is also
quite laborious.

There are quite a lot of examples in the literature
of observing predatory species, included into Red List,
using camera traps, so it becomes possible to assess
their abundance and, accordingly, population density
in a certain area (Jackson et al., 2005; Kolchin and
Tkachenko, 2011; Lukarevsky and Lukarevsky, 2019).
While individuals of the Siberian tiger (Panthera tigris
altaica Temminck, 1844) or Amur leopard (Panthera
pardus orientalis Schlegel, 1857) may be distinguished
by unique spots on their pelage; numerous game ani-
mals lack such individual signs. Therefore, observa-
tion of such species is often low-value. However, the
distinguishing features of an economically significant
species of ungulates for Russia, such as the European
elk Alces alces alces (Linnaeus, 1758), also allow to
draw reliable conclusions about its sex, age, hierar-
chical status, and trophy qualities, as well as to count
different individuals in a limited period of time.

Both abiotic and biotic factors affecting animal
populations change the physiological processes in
the body, the animal behavior, and the population
size. The size and weight of elk antlers correlate
with age (Kolesnikov and Makarova, 2014), as well
as the animal weight (Andreozzi et al., 2015); in turn,
this depends on nutritional conditions and the stress
level (Glushkov and Kuznetsov, 2015). Predation,
anthropogenic and hunting pressure, the activity of
blood-sucking insects, endoparasites, and exposure
to harsh climatic conditions may be the stress factors
for elk, causing energy deficiency. Uncontrolled hunt-
ing for the largest individuals in the population may
lead to a change in the linear dimensions of the body
and morphological structures of the animals. At the
same time, the construction of highways, new resi-
dential areas and gardeners’ non-commercial part-
nerships, quarrying, and other nature-destroying eco-

nomic activities contribute to the reduction of habitats
of large mammals and the formation of limited areas
of terrain, which are most suitable for the existence of
micropopulations in unfavorable periods.

In the present paper, the possibility to assess the
sex and age composition, quality and condition of elk
populations according to visually identifiable morpho-
logical features, and zoning of territories based on
the identified local characteristics of populations is
supported and discussed. First of all, it is necessary
to unify the research methodology, to develop a clas-
sification of the morphological forms of the studied
population, and to establish how elks adhere to the
territories of seasonal habitats.

This article presents the results of observations
of elks at artificial salt licks in the Leningrad Pro-
vince, North-west of Russia. The individual variability
according to two secondary morphological features,
antlers and dewlap (a leathery outgrowth on the ven-
tral side of the body, located in the zone of the lower
jaw and neck), is considered. The study aims to iden-
tify and to describe visually distinct morphotypes of
the studied traits and assess their representation in
the studied elk population.

Materials and methods

The materials were obtained using camera traps
in artificially created sites for mineral feeding (herein-
after referred to as artificial salt licks) in the Leningrad
Province, Russia. We used Bushnell Essential E2 and
E3, Bushnell Agressor, Scoutguard, Browning BTC-
8F, Wildgame Innovations camera traps. Observa-
tions were carried out at 20 artificial salt licks located
at 11 sites in three districts of the Leningrad Province
(Vsevolozhsk, Tosno, and Luga). Observations was
carried out at conditionally non-limited territory; the
sites were remote from each other by 10 km or more
and belonged to three different regional hunting farms.
One to four artificial salt licks were mounted within the
boundaries of the site, the distances between them
did not exceed 5 km. Most of the primary data was
obtained by the author and partially provided by the
employees of the hunting farms mentioned above.

When studying the attendance of artificial salt
licks by elks, the animal individuality was determined
by several main features: (1) the shape and direction
of antlers in males, (2) the shape and relative sizes
of dewlaps in both sexes, (3) the presence of external
damage to tissues and organs, and (4) relative size
(applicable to three age groups: calves, yearlings
(1.5-year-olds) and adults) (Sedikhin, 2021b). The
data on registered yearlings and adult individuals
were used to identify morphotypes of dewlaps and
antlers.

The shape and relative dimensions of the dewlap
were determined subjectively based on materials ob-
tained during the absence of most of the hair cover
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(May—July). The photos showing an elk side-on were
used as the examples of distinguished forms of the
dewlap. The identification of dewlap morphotypes of
individuals recorded in the rest of the year was based
on experimental data on hair growth of already defined
types.

Photos were used as well to determine the types of
antlers; the photos were obtained during the final peri-
od of antler formation (July—August) and after the ant-
lers were cleaned from skin integuments (September—
November). The photos showing an elk “from above”
and showing clearly antler’s shape, direction and tines,
served as examples of the antler shapes.

The occurrence of registered forms of dewlaps
and antlers was calculated for each site and each ob-
servation period, lasting for 4—12 months during the
year. The obtained results were compared with the
previously published materials on this topic.

Photoshop CS 2.0 and CorelDraw X 7 version
17.6.0.10.21 programs were applied to outline the
examples of the types of antlers and dewlaps. The
image was outlined by the body structures; then an
outline was traced with the “high quality image” effect.

Results

From 2015 to 2020, from 8 to 186 different indi-
viduals were recorded annually in total, depending on
the number of observed artificial salt licks. Almost at
all observations sites, a certain number of individuals
were noted visiting the artificial salt lick every year for
several years (Sedikhin, 2021a). According to preli-
minary estimates, their share was 17-25% of the total

Table 1. Distribution of registered European elks by sex and age.

number of individuals recorded at observations sites
annually, and, most often, they were represented by
mature individuals. However, assuming that there
may be more elks, in particular yearlings, visiting the
same salt licks, the average frequencies of occur-
rence of dewlap types and antler shapes were cal-
culated separately for each observation period based
on the total number of elks recorded for all sites. Ac-
cording to the author’s observations, the shapes of
the dewlap and antlers in older elk (approximately
older than 5 years) did not undergo serious changes
for several years. In addition, elks that were observed
for several years in a row, as a rule, had characte-
ristic features: (1) males had scars, cuts in the auri-
cles, and injuries; (2) females, the presence of calves
and yearlings in the initial period of observation of
the next year (April), ulcers from the activity of gnat.
These features, together with the shape of the antlers
and dewlap, may serve for reliable elk identification.
The number of registered elk by sites, sex, and age
groups is presented in Table 1.

Dewilap
The following types of dewlaps were subjectively
distinguished:
» “Drop” is very short, rounded or slightly elongated
(Fig. 1).
* “[cicle” is long, thin, with a leathery “base” (slight
expansion at the site of attachment to the neck)
or without it (Fig. 2).
* “Fold” is a wide, large, complex-shaped dewlap,
usually starting in the area between the lower

Number of individuals

. Number of
Ob;g;}/:(’?on Area observed salt Adults 1.5-year-olds Total
licks Male Female Male Female
2015 Vsevolozhsk 1 3 3 1 1
Vsevolozhsk 1 3 2 0 0
2016
Tosno 2 14 8 2 1 25
Vsevolozhsk 2 7 8 3 6 24
2017-2018 Luga 2 13 7 2 0 22
Tosno 2 17 7 2 3 29
Vsevolozhsk 3 12 3 7 3 25
2018-2019 Luga 5 34 18 7 5 64
Tosno 2 10 9 4 2 25
Vsevolozhsk 7 22 21 9 6 58
2019-2020
Luga 8 73 31 13 1 128
Vsevolozhsk 3 11 10 4 4 29
2020-2021
Luga 4 49 15 12 81
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jaws and ending at the neck. Divided into three

subtypes: “halberd” (Fig. 3 A—C), “rounded” (Fig.

3 D, E), and “triangular” (Fig. 3 F—H).

On average, an icicle-type dewlap was presented
in 37 + 5.3% (hereinafter, mean (m) + standard error
(SE), n = 6) of annually recorded elks, “drop”, in 23
6.3%, “fold”, in 25 £ 1.2% (Table 2). In approximately
10% of elks, dewlap shape was difficult to identify due
to their short registration during the period when the
elk has a winter coat (October—March). Moreover, the
reduction of daylight hours during this period (and the
corresponding predominance of night photographs
and video recordings in the arrays of received infor-
mation), as well as a decrease in the activity of vising
the salt lick by the elk, reduced the reliability of as-
signing newly recorded elks to one or another group
according to the dewlap shape.

In females, the “icicle” dewlap was most often
noted (48 £ 4.7% of all registered females). A “drop”
was noted in 37 £ 8.5% of females; the “fold” was
very rare (1 £ 0.9%). On the contrary, in males, the
“fold” was the most common (41 + 2.0%). “Icicle” was
noted in 30 £ 5.9%, “drop”, in 14 + 5.0% of recorded
males. It was difficult to determine the dewlap shape
in 13 £ 6.9% of females and in 15 + 3.0% of males.

The subtypes of the “fold” dewlap were analyzed
only for males, since for entire 5-year observation pe-
riod only two females were noted with a folded dew-
lap of the triangular subtype. At the same time, they
were recorded two years in a row at the same sites,
more than 70 km apart from each other. The “round-
ed” shape was found in 28 + 5.3% of males with a
folded dewlap shape, “triangular”, in 31 £ 6.9%, and
“halberd”, in 42 + 5.9%.

Antlers
When processing observations data, the author
identified the following types of antlers:

1. “Spike” — the antler is represented by one tine
(typical for yearlings).

2. “Fork” — the main trunk of the antler is like a
“spike”, but ends with two short tines (typical for
yearlings).

3. “Cervine” — antlers without palmate thickenings
between the main tines, they are characterized
by a limited number of elongated (usually up to 5)
anterior tines (a ) (Pocock, 1933, cited by
Severtsov, 1951), on which further branching into
short tines occurs (or does not occur), sometimes
forming thickenings among themselves in
different planes, with the predicted absence of
thickenings.

4. “Palmated” — antlers with a formed thickening
between the anterior tines (a_) and posterior tines
(p,), subdivided into two forms:

* “Full” — antlers have thickenings between all
the anterior tines;

* “Double” (“Separated”) — antlers with formed
branching and thickening on the anterior tine a,,
as well as with thickenings between the other
anterior tines; while without (or with minimal)
thickening between a, and a,, capturing the first
posterior tin p.. If the anterior tin a, does not
have branching, but the other listed properties
are present, then the antlers also belong to the
“double palmated” type.

5. “Intermediate” — antlers in which the lengths of the
anterior tines (a ) from the edge of the thickening
between them visually exceed the thickness of
the thickening formed with them by the posterior
tines (p,). This also includes cases when one of
the antlers has a kind of palmate thickening, not
represented on the second antler.

6. “Transitional” — developed antlers with two and (or)
three well-defined tines (most often one anterior
and one posterior), characterized by a transitional
state from simple antlers (“spike”, “fork”) to antlers
of an established form (typical for young males up
to 5 years).

7. “Abnormal” is one of the following forms:

« antlers, initially forming several tines from the
rosette, diverging in different directions;
 antlers, which are one (or two) very short tines;
» antlers with curved (or sinuous) thin tines;;

« antlers of the “tulip” type, which are several
multidirectional tines (often oppositely directed),
diverging to the sides from each other from one
site of the antler rod.

The palmated antlers were noted annually in 23 +
4.7% of elks (Fig. 4), cervine, in 25 + 4.5% (Fig. 5);
on average, 15 £ 2.6% of males were recorded with
intermediate antlers (Fig. 5), with transitional antlers,
8 £ 2.1% (Fig. 6). Annually, 18 = 1.8% of “spike”
and “fork” antlers were registered, as well as 5 *
1.7% of elks with abnormal antlers (Fig. 6). In 7 &
1.6% of elks, it was difficult to determine the shape
of the antlers due to their short registration in the
initial period of antler growth (April-May). Palmated
antlers were more often noted in Luga and Tosno
Districts (31 + 3.9% and 27 £ 5.5%, respectively)
than in Vsevolozhsk (14 = 4.7%). On the contrary,
“spikes” and “forks” were more often recorded in the
Vsevolozhsk District (21 + 4.6%) (Fig. 7).

On the basis of a combination of elk features
(dewlap, antlers, scars, ear ruptures, permanent
presence), at least 14 males with stable antler shape
were identified, observed at 5 different sites for
several years annually. In this case, there were no
serious changes in the main directions of the antler;
however, a slight increase or decrease in the number
of anterior tines was possible. Sometimes, as a
result, the type of antlers changed to “intermediate”,
but a sharp transition from cervine to palmated and
vice versa was not observed.
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Fig. 1. Variations of the “drop” dewlap indicating the region and date of registration. A — Vsevolozhsk District, 12.07.2020; B — Tosno
District, 09.06.2017; C — Vsevolozhsk District, 13.07.2019; D — Vsevolozhsk District, 23.06.2018.

Fig. 2. Variations of the “icicle” dewlap, indicating the region and date of registration. A — Vsevolozhsk District, 18.06.2019; B — Luga
District, 01.06.2020; C — Tosno District, 01.06.2017; D — Luga District, 11.07.2020.
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Fig. 3. Variations of the dewlap “fold” indicating the region and date of registration: halberd (A—C), rounded (D and E), and triangular (F—H).
A — Luga District, 08.07.2019; B — Tosno District, 25.06.2018; C — Luga District, 13.06.2019; D — Tosno District, 30.07.2016; E — Luga
District, 14.07.2018; F — Luga District, 26.06.2020; G — Tosno District, 07.06.2017; H — Tosno District, 07.08.2016.
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Table 2. The number and frequency of occurrence of individuals with different dewlap morphotypes during the study period.

The number of

Total number

Year Dewlap morphotype individuals with a of individuals Share, %
certain morphotype registered
Drop 0 0.0%
Icicle 3 37.5%
2015 8
Fold 2 25.0%
Undefined 3 37.5%
Drop 14 46.7%
Icicle 4 13.3%
2016 30
Fold 23.3%
Undefined 16.7%
Drop 27 36.0%
Icicle 23 30.7%
2017-2018 75
Fold 16 21.3%
Undefined 9 12.0%
Drop 28 24.6%
Icicle 44 38.6%
2018-2019 114
Fold 27 23.7%
Undefined 15 13.1%
Drop 29 15.6%
Icicle 93 50.0%
2019-2020 186
Fold 53 28.5%
Undefined 11 5.9%
Drop 14 12.7%
Icicle 58 52.7%
2020-2021 110
Fold 33 30.0%
Undefined 5 4.6%
Discussion also be a rudimentary organ with a high variability in
its shapes and sizes (Bubenik, 1973).
Dewlap A significant contribution to the description of

Little has been published about the dewlap in
Russian scientific literature. It is mentioned that the
length of a dewlap of the European elk may reach
40 cm (Knorre, 1959; Makridin et al., 1978). The
largest size is observed in three- and four-year-old
animals (Rudenko and Semashko, 2003). However,
this data is given without any information about
measurements. It is also noted that the functional and
physiological significance of the dewlap is not known
still for certain, but there are several assumptions
about its functions. The sexual olfactory-optical and
thermoregulatory functions are most often mentioned
(Filonov, 1983; Timmermann, 1979). The dewlap may

the growth characteristics of dewlap has been made
by the North American zoologist H.R. Timmermann
when studying the subspecies of the American
moose (A. americanus gigas Miller, 1899; A. a. an-
dersoni Peterson, 1950; A. a. shirasi Nelson, 1914;
and A. a. americanus Clinton, 1822) in central Onta-
rio, Canada (Timmermann, 1979; Timmermann et. al.,
1985). According to his conclusions, males are distin-
guished by a larger dewlap, while its shape changes
with age; in general, the variety of dewlap shapes in
males is higher than in females. Along thin dewlap can
fall off, which was also noted by E.P. Knorre (1959),
and the skin outgrowth at its base may increase and
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Fig. 4. Palmated branches in antlers at different stages of development, indicating the area and date of registration. A, B — “double
palm”, C—F — “full palm”. A — Luga District, 13.07.2019; B — Luga District, 04.07.2019; C — Luga District, 14.07.2019; D — Luga District,
05.07.2020; E — Luga District, 24.06.2019; F — Tosno District, 04.08.2016.
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Fig. 5. Developed cervine antlers (A, B) and intermediate antlers (C, D) at different stages of development, indicating the area and date
of registration. A — Luga District, 02.07.2019; B — Luga District, 16.06.2020; C — Vsevolozhsk District, 19.10.2017; D — Luga District,
22.07.2019.

Fig. 6. Antlers of transitional form (A-C, E), “spike” type antlers (D) and abnormal “tulip” type antlers (F) showing area and date of
registration. A — Luga District, 22.10.2020; B — Luga District, 16.09.2020; C — Luga District, 22.09.2020; D — Luga District, 27.08.2018;
E — Luga District, 13.09.2019; F — Luga District, 27.09.2019.
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Fig. 7. The average frequency of occurrence of different types of elk antlers in the Leningrad Oblast (Vsevolozhsk, Luga, and Tosno
Districts) based on long-term observations at the sites of artificial salt licks. The “whiskers” in the histogram denote the standard error of

the mean (SE).

become wider and saccular. Most often, the loss of
part of the dewlap is associated with frostbite. At the
same time, the so-called “terminal scars” from a bro-
ken dewlap are much more common in males than in
females (Timmermann, 1979).

The longest dewlaps are typical for elks under
the 5-year age (Sokolov, 1964; Timmermann et al.,
1985). Some sources indicate that the maximum
length of the dewlap (38 inches or 96 cm) has been
recorded in Manitoba in 1903 (Timmermann et al.,
1985), according to other authors, this was in 1897
(McCollough, 2019). However, it is also noted that
this dewlap belonged to a female, which questions
the reliability of these sources when compared with
the results of modern research.

During this study, remote observation methods did
not allow us to estimate the absolute dewlap length
(in centimeters). However, in relative terms, an adult
elk with intermediate antlers (4 left and 4 right tines)
had the longest dewlap; it was noted in the Luga Dis-
trict in 2020. The halberd fold with an elongated thin
part in the normal position of the body reached the
chest line.

Comparing our data and that presented by
H.R. Timmermann, we assume that the dewlap of
male elks inhabiting the Leningrad Province turns
with age from an “icicle” shape into a “fold”. At the
same time, the “halberd” dewlap is observed in
6—10-year-old elks, “triangular’ and “rounded”, in the

elks older than 10 years. In turn, females either form
a long thin dewlap, which then freezes in winter, turn-
ing into a “drop”, or a short small “drop” dewlap is
initially formed, developing after 10 years into a small
“fold”. It is possible that very few females with the
“fold” dewlap have been noted due to the fact that
many elks do not live over 10 years. However, the
“fold” shape probably varies depending not only on
age, but also on the place where the “icicle” dewlap
has been cut off. In males, the “fold” dewlap at the
base of the “icicle” one can appear already at the age
of 3.5 years; after the “icicle” falls off at the base, a
triangular fold is formed, not baggy, but more shaped
and tightened. Probably, rare cases of a huge “hal-
berd” dewlap and a very long “icicle: dewlap may be
due to variable climate of the Leningrad Province. In
particular, the dewlap does not always freeze and
falls off at a certain age. For example, in the animal
rehabilitation center “Veles,” which has several moos-
es under of 6 years age, who were brought there as
calves, no dewlap falling was observed at all (perso-
nal communication of “Veles” employees).

We believe that the longer and thinner the dew-
lap, the more likely elk is to lose part of it. Meanwhile,
during the observation period, eight males at the age
of 1.5 years have been recorded, who had a small
“drop” dewlap. When studying elks in the Pecho-
ro-llychsky Reserve, dewlap falls off at the age of
1-2 years (Knorre, 1959). This conclusion is doubt-
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ful; at the same time, relatively long “icicles” are also
found in young-of-the-year, so the possibility of such
outcomes should not be completely ruled out. In Fen-
noscandia, relatively small sizes of dewlaps are also
noted (Timmermann et al., 1985); it is possible that the
development of the original form may also be gene-
tically determined. Unfortunately, on the basis of the
dewlap alone, it is impossible to reliably determine the
age of an elk with an accuracy of up to a year. How-
ever, knowing the developmental features of dewlap
together with other elk characteristics, it is potentially
possible to attribute the elk to a certain age category.

Antlers

In the literature, two types of elk antlers are most
often mentioned: cervine and palmated. Opinions
about the existence of two main types are support-
ed and used by many researchers (Boeskorov, 2001;
Bubenik, 1973; Danilkin, 1999; Filonov, 1983; Timofe-
eva, 1974). It should be noted that there are descrip-
tions of the development of antler characteristics of
the elks inhabiting the European part of Russia and
former USSR in the Russian literature of the first half
of the XX century (Buturlin, 1934; Kulagin, 1932).
For example, it is indicated that the “palm” in elk is
formed after 5 years, but at the same time there are
references to different forms with a narrow (or absent)
and wide palm. Specialists agree that elk antlers are
highly susceptible to genetic, age, and physiological
variability. That is why there are multiple variations in
the antler development.

According to later publications, the cervine antlers
are characteristic of the European elk (A. alces alces),
palmated antlers, of the American moose (A. ame-
ricanus Clinton, 1822) (Boeskorov, 2003; Danilkin,
1999; FiI" and Gordienko, 2009). However, there is
evidence that a palmate thickening does not deve-
lop on the antlers of the Ussuri moose A. americanus
cameloides Milne-Edwards, 1867 (a subspecies of the
American moose), and the number of tines in adults
of this species is limited (Boeskorov, 2001; Filonov,
1983; Fil' and Gordienko, 2009; Kulagin, 1932). The
living conditions of the European elk and the Ussurian
moose are different, but the reasons for the parallel
formation of the cervine antlers in these two species
are still not clear. A clear difference between the ant-
ler shapes in the European elks and American moose
is observed when comparing A. alces alces with
A. americanus andersoni. In representatives of the
latter species, palmated antlers are a definite feature
starting from the 2" year of life (Child et al., 2010); this
is extremely rare case for the European elk. Compar-
ing 1.5-year-old European elks and American subspe-
cies, up to 8 tines can develop in the latter at this age.
At the same time, in Lapland, where climate in some
terms is similar to that in the northwest of Russia, only
one tine is most often recorded in the European elk at
the same age (Filonov, 1983).

In addition, many sources testify to the presence
of other forms, which are rather an age indicator:
“spike” with a single long tine, “fork” or “forks” with
two tines (Knorre and Shubin, 1959; Yazan, 1987).
A “intermediate” (“medium”) shape of the antlers is
also mentioned, when the observer finds it difficult to
attribute them to the “palmated” or “cervine” group
of antlers (Danilkin, 1999; Engan, 2001; Makarova,
2015; Nygrén et al., 2007). Based on these data,
similar groups are identified in the present study. It
is also noted that antlers of different types (“cervine”
and “palmated”) can form in the areas with the same
conditions (Filonov, 1983) and are present in almost
all populations (Danilkin, 1999).

Despite the identification of many subjective
forms of antlers, there are still no clear criteria for
assigning them to one or another type. The mono-
graphs give single quantitative characteristics. For
example, E.K. Timofeeva (1974), mentioning a “nar-
row palm”, indicates a width of less than 10 cm, but
can this mean that all antlers that have thickenings of
more than 10 cm in any place belong to well-deve-
loped palmated antlers? In the study of trophy antlers
in Norway (Engan, 2001), antlers with a palm width of
at least 20 cm were classified as palmated, while nar-
rower antlers were categorized as “intermediate”. It is
also unclear whether antlers of various shapes can
be formed in elks at a mature age for several years
in a row under natural conditions if the elks constant-
ly live within the same area. There is evidence of a
sharp change in the shape of the antlers when living
and feeding conditions change (Knorre and Shubin,
1959), but if the conditions do not change, is it pos-
sible to assert that there is some predisposition to a
certain shape of the antlers for each elk individual?

According to G.G. Boeskorov (2001), only the
antler shape of healthy elks that have reached physi-
ological maturity can be used as a diagnostic feature.
However, physiological maturity is usually the age at
which an elk reaches adult size and is able to par-
ticipate in the breeding process. In most cases, this
age in males corresponds to 2.5 years. Thus, in order
to assess the predominant form of antlers, a part of
yearlings, for which the forms “spike”, “fork”, and “ab-
normal” are typical, must be omitted from the sample,
as well as weak males 2.5-3.5-year-old with similar
antlers. It should be noted that in the European po-
pulation, antlers at this age most often have no more
than 2-3 tines (Knorre and Shubin, 1959; Yazan,
1987), while the North American moose population
is characterized by antlers with 3—6 tines and with
formed thickenings between them (Child et al., 2010).
In this study, observations were made for A. alces al-
ces, living in the south-boreal and hemi-boreal zones
of the taiga of northwestern Russia with a predo-
minance of mixed coniferous forests. Ecological, cli-
matic, and economic conditions here are significant-
ly different from that of Western Siberia and North
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America. Taking into account the information about
the shapes and sizes of antlers and differences in the
karyotype of European elk and American moose, we
argue that the antlers of these species are formed dif-
ferently. At the same time, the palmated (“elk”) antlers
are presented at older ages in the European elk than
in the American moose.

Along with this, one should not ignore the fact of
grinding and deterioration of the physiological state
of elk, noted by many authors conducting research
in the northwest of Russia and of the former USSR
(Chervonny et al., 2015; Kulagin, 1932; Timofeeva,
1974; Vereshchagin and Rusakov, 1979). This phe-
nomenon negatively affects the formation of the pal-
mate shape and the size of the antlers in general.
According to our data, significantly more elks with
“spike” and “fork” antlers, as well as males with an ab-
normal shape of antlers, are recorded generally in the
Vsevolozhsk District (closest to St. Petersburg city).
The reduction in the number of elks with palmated
antlers may be facilitated by a reduction in habitats
and diversity of food supply, high hunting pressure,
and participation of younger males in mating. This is
noted by various authors when explaining the possi-
ble reasons for the deterioration of the physiological
state of elk in other parts of the range (Danilkin, 1999;
FiI’ and Gordienko, 2009; Filonov, 1983). Apparently,
these processes continue to this day, so now the an-
nual comprehensive observations of hunting resourc-
es are more relevant than ever.

Summarizing the above, we conclude that assert-
ing predominance of the deer-shape antlers in the
European population is based on inaccurate identi-
fication of morphological forms. As a rule, all elks ol-
der than 1.5 years without any palmated thickenings
(thickenings between tines exceeding 10-cm width)
are classified as elks with cervine antlers. Following
this, the ratio of the cervine and palmated antlers re-
corded in this work would average 3:1. At the same
time, the calculation based on the proposed classi-
fication leads to a fundamentally different result of
2.3:3.0.

It is also erroneous to classify antlers with
1-2 shaped tines as cervine, since there is no un-
equivocal answer whether this elk can develop ano-
ther form of antlers at an older age (5-10 years). In
turn, actual observations indicate minor changes in
the shape of the antlers over several consecutive
years in older elks under constant conditions and at
the same observation sites. Unfortunately, at present,
there is no model that allows to predict their para-
meters for the next year based on the size and shape
of the antlers of the current year. However, this may
be developed if there is a reliable sample providing
enough data on the branching of tines, relative siz-
es, and correlation of antler projections in the same
elks for several years in a row. Such modeling of the
features of the antler growth, as well as their classifi-

cation according to meristic signs, may be performed
using remote observations and relative measure-
ments. The advantage of this approach is the possi-
bility of obtaining a sufficiently large sample quickly
and without any killing or even temporary narcotizing.
Subsequent clustering according to the relative pa-
rameters of antlers and other morphological features
will help to assign elks more accurately to certain age
groups with further normalization and rational regula-
tion of the use of this species.

Conclusions

Modern national nature management require
methodological development. When using neural
networks, the results of observations of elk in the
form of photographic material from the places of their
concentration may become the basis for developing a
method for remotely measuring their abundance, as-
sessing the sex and age ratio, and also analyzing the
biodiversity of large mammal populations in general.

The distribution of recorded elks according to the
types of antlers and dewlaps proposed in this article
may be considered as one of the characteristics of
the population state in a limited area, since the pro-
posed forms and types are indirectly oriented to age
groups and the physiological state of elks. Based on
comparisons with other unique elk characteristics, it
is possible to determine more reliably the size and
structure of populations, correlate the results with
habitat conditions, and also to understand the poten-
tial stocks and quality of annual production with the
possibility of rational resource management.

Undoubtedly, this classification is still very sub-
jective, so the next step should be to identify similar
forms and types based on real morphometric mea-
surements. At the moment, the author is developing
approaches for assessing the material, which will
increase obijectivity in determining the characteristic
features of elks and their individual sings.
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