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ABSTRACT 
 

Presented hematological indices for a stress-free selection of material from moose in the process of domestication 
depending on age and sex characteristics. Fluctuations in the blood parameters of moose have been established within 
various limits, taking into account the influence of various factors - the climatic, environmental, technological, 
physiological state of the animal, and age and sex characteristics. Considerable attention is paid to the selection of blood 
from moose, one of the most labor-intensive processes when working with them. Some tendency to fluctuations in 
hematological parameters in young moose has been recorded. This, possibly, is associated with a decrease in the action 
of colostral immunity, the formation of a specific defense of the body. Differences in blood indices in moose depending 
on gender were unreliable. However, in males, some of them - in terms of the content of erythrocytes, basophils, and 
monocytes - was higher than in females, and vice versa, in females - the number of leukocytes, lymphocytes, and 
eosinophils. It was shown that in young animals of 21-50 days of age, a neutrophilic profile prevails with increased 
content of segmented forms, and in adults - a lymphocytic profile. Compared with moose, which are in the process of 
domestication in animals living in natural conditions, expressed leukocytosis was recorded. As a result of the studies, 
the estimated norms of morphological parameters of the blood of moose in the process of domestication are established, 
depending on age and gender. 
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INTRODUCTION 

 
One of the integral systems largely reflecting the state 

of the body, its homeostasis is the blood system. Therefore, 
the determination of morphological features, quantitative 
indicators of blood, of course, is of scientific and practical 
interest, since it allows you to determine physiologically 
reference values and use them as markers of various 
physiological and pathological processes, conduct targeted 
and rational therapy, monitor when using drugs, etc. At the 
same time, it should be noted that hematological 
parameters in individual species and breed groups of 
animals in various the Region may be variable, is 
influenced by various factors - climatic and environmental 
and man-made, physiological state of the animal, age and 
gender characteristics, etc. 

Blood counts can fluctuate, but within fairly narrow 
limits. In this regard, according to several authors, while 
remaining highly specific for the species, as a result, they 
can be used to obtain high-quality informative data on the 
processes occurring in the body (Shidele et al., 2002; 
Verkhoglyas et al., 2007). 

The parametric data on the physiological and immune 
statuses of various animal species are quite fully reflected 

in the publications. At the same time, concerning moose, 
both representatives of wild fauna and those in the process 
of domestication (domestication) are extremely limited 
(Braend 1962; Koshurnikova et al., 2018). 

The first data on the hematology of moose in the 
literature were given in 1934 by Ponder. Later publications 
by Webez and Beiss (1972), Vauchn et al., (1973), 
Pedersen (1975), reflect the data obtained in the study of 
blood from several subspecies of wild North American 
moose - Roosevelt, Thule, Rocky-mountain', Alaskan and 
others living in Canada and the United States. Several 
works present data on hereditary diseases and 
abnormalities in moose, which should also be taken into 
account when studying the homeostasis of this animal 
species (Clauss et al., 2002; Lenney et al., 2002; Udina et 
al., 2002; Baranov 2008; Broders et al., 2011; Baranov and 
Sokolov 2012; Baranov et al., 2014).  

A significant amount of work in this direction was 
carried out by employees of the Pechora-Ilych State 
Reserve in the Komi Autonomous Soviet Socialist 
Republic, dealing with the domestication of moose (Irzhak 
1964; Knorre and Knorre 1959; Kondrakhin et al., 1985). 
Of particular interest is the work by Marma (1967), 
reflecting  the issues of domestication of moose in a zoo. 
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The hematological parameters of the European species of 

moose, representatives of the wild fauna of Eastern Europe, 

are described by Dubiny et al., (2005), Perevozchikova 

(2012), Dzhurovich and Mikhailova (2000) and others. 

It should be noted that most of the studies are 

fragmented, performed on a small number of livestock, on 

material obtained from animals that are under natural 

conditions in a stressful condition (during corral, capture, 

followed by fixation (Okulova et al., 2018) after being shot 

in the process of hunting, after sedation (Marma, 1967). 

In connection with the aforementioned goal of the 

present studies, the hematological indices were determined 

with the stress-free method of selecting material from 

moose in the process of domestication, depending on age 

and sex characteristics, and to evaluate some of them in a 

comparative aspect with similar ones in moose living in the 

natural environment. 

 

MATERIALS AND METHODS 

 

The studies were carried out based on the Regional 

state budgetary institution "Sumarokovsky State Nature 

Reserve" and Kostroma State Agricultural Academy. 

The object of the study was the European moose - the 

largest representative of the deer family living in Eurasia 

and North America. It represents for a person both 

economic, sports, and scientific value. 

To date, there is no single classification of moose. 

Previously, they were united in one genus, consisting of 

one species - moose (Latin Alces alces), within which 

several subspecies were distinguished - European, 

American, Asian. A new taxonomy has been proposed 

based on genetic research data. Following it, two species 

have been identified that have 68 and 70 pairs of 

chromosomes, respectively - European elk and American 

elk (sometimes this species is called East Siberian). Each 

species consists of subspecies: European - actually 

European and Caucasian (extinct), American - East 

Siberian, Ussuri, East Canada and West Canada, Alaska, 

rocky mountain, etc. Their number has not yet been 

determined definitively according to various classifications. 

Attempts to domesticate moose have been undertaken 

for a long time. However, systematic, purposeful work in 

this direction was first undertaken in our country based on 

the Pechoro-Ilych Reserve, where, on the initiative of prof. 

Manteuffel in 1949, a center was established to study 

ecology and economic use of domesticated and wild moose. 

Further scientific research in this direction was 

concentrated based on the Sumarokovskaya moose farm, 

organized at the Kostroma state station in 1963. At present, 

it is part of one of the units of the moose complex - the 

Regional State Budgetary Education Sumarokovsky State 

Nature Reserve, which is the largest world center for the 

domestication of moose, an environmental, research and 

environmental educational institution. Initially, the herd 

was formed from local young animals from the natural 

environment, and in 1968 five adult moose (one bull and 

four moose cow) were brought from the Pechoro-Ilychsky 

Reserve. The organizational complex is represented by an 

experienced moose farm, moose sanctuary and a forest plot 

with a total area of about 36.5 thousand ha, more than 50% 

of which are occupied by forests. On the territory of the 

reserve, there are settlements, farmland, where cattle are 

grazed, which presents the possibility of its contact with 

moose and thereby form an epizootic situation for 

infectious and parasitic diseases. 

In the spring (calving period), the number of moose 

on the farm numbers from 40 to 50 animals, and then, due 

to the sale of young animals, it decreases to 20-25 animals. 

Animals are in semi-free keeping. Taking into account the 

technological groups at the moose farm, various 

maintenance, and feeding schemes are used: box-pavilion 

(newborns - first with their mother for several hours, and 

then up to 30 days of age - in the pavilion on prefabricated 

moose milk), summer and winter camp-pasture, free- 

pasture and driven. 

One of the most labor-intensive processes for working 

with moose is blood sampling. We used a stress-free 

technique - during rest (in rare cases, with some anxiety, 

animals, mainly adults, were fed carrots). 

Blood was taken from moose up to one-year-old - in 

the aviary pavilion, from adult moose - in the aviary and 

outside, by puncture of the clear vein with a 21G×1 ½ (0.8 

mm×4.0 mm) needle on a syringe with a volume of 10-20 

cm3. They approached animals without sharp sounds and 

movements. Moose, as a rule, were in a supine position 

with a turned neck. For puncture, a vein was used on the 

outside of the bend of the neck. In moose calves under one 

year old, the fingers of one hand were determined and 

squeezed the yarmine vein at the base of the neck, and then 

a punctured vein was punctured 4-5 cm above the pinch 

point (it is almost impossible to see even a swollen vein due 

to the thick coat). In individuals older than a year, the 

injection point was 10–12 cm above the clamping point. 

The fingers of the second handheld the syringe with the 

needle and performed a puncture, introducing the needle 2-

3 cm into the vein. Without releasing the syringe with the 

needle, the fingers of the second hand produced a smooth 

retraction of the syringe piston. The blood thus obtained 

was placed in vacuum tubes with an anticoagulant. 

In the experiments, 23 moose were used, including 17 

moose 21–50-day-old moose and six two-year-old moose. 

Hematological parameters (the number of red blood 

cells (RBC, T/L), leukocytes (WBC, G/L), the leukogram 

were determined by generally accepted methods (Kurdeko 

et al., 2020), and the leukocyte index (LI), which reflects 

the relationship of humoral and cellular immunity, was 

calculated using the formula: 

𝐿𝐼 =
𝐿𝑌𝑀,%

𝑁𝐸𝑈𝑃,%
 

To compare the results obtained during the development of 

indicative standards of morphological indicators of the 

blood of moose in the process of domestication, we used 

data in a tabular version that reflects the blood picture of 

animals living in natural conditions. 

Materials were processed in a STATISTICA + Excel. 

 

RESULTS AND DISCUSSION 

 

Data reflecting hematological indices in moose 21-50 

days of age are presented in Table 1. As can be seen from 

the data presented in Table 1, the hematological parameters 

in young animals, for the most part, did not have 

significant differences. Some tendency to fluctuations of 

indicators in animals of 31-40 days of age compared with 

others was noted. So, in comparison with the younger group,  
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Table 1: Peripheral blood counts of young moose 21-50 days of age 

Indicator Age (in days) 

21-30 (n=5) 31-40 (n=7) 41-50 (n=5) 

RBC, T/L 4.90±0.38 5.37±0.34   5.14±0.55 

WBC, g/l 5.46±0.83 4.54±0.21   5.41±0.75 

LYM, g/l 2.35±0.21 1.93±0.18   2.44±0.39 

LYM, % 44.8±3.89 42.14±2.82 45.00±2.98 

NEUP, g/l 0.39±0.04 0.36±0.04   0.30±0.06 

NEUP, %   7.6±1.03 7.86±0.74    5.8±1.07 

NEUS, g/l 2.54±0.70 2.06±0.13  2.50±0.38 

NEUS, % 44.00±4.93 45.57±2.73  45.4±2.77 

BAS, g/l 0.07±0.01 0.07±0.02 0.08±0.02 

BAS, %   1.4±0.24 1.57±0.37   1.4±0.24 

EOS, g/l 0.07±0.01 0.06±0.02 0.07±0.01 

EOS, %   1.4±0.24 1.29±0.36   1.4±0.24 

MON, g/l 0.04±0.01 0.07±0.03 0.07±0.02 

MON, % 0.80±0.20 1.57±0.57   1.2±0.37 

Leukocyte index 0.91±0.13 0.73±0.14 0.91±0.12 

 

Table 2: Indicators of peripheral blood of young moose 21-50-

days of age, depending on gender 

Indicator Including 

females (n = 9) males (n = 8) 

RBC, T/L 5.06±0.29   5.3±0.39 

WBC, g/l 5.12±0.48 5.00±0.50 

LYM, g/l 2.32±0.15 2.07±0.28 

LYM, %      46.56±2.78    40.63±1.59 

NEUP, g/l 0.34±0.04 0.36±0.03 

NEUP, % 6.89±0.77 7.5±0.80 

NEUS, g/l 2.27±0.40 2.37±0.22 

NEUS, %      42.78±3.13    47.63±1.67 

BAS, g/l 0.07±0.01 0.08±0.02 

BAS, % 1.33±0.24 1.63±0.26 

EOS, g/l 0.07±0.01 0.06±0.01 

EOS, % 1.44±0.24 1.25±0.25 

MON, g/l 0.05±0.02 0.07±0.02 

MON, % 1.00±0.33 1.50±0.42 

Leukocyte index 0.99±0.12 0.75±0.05 

 

a decrease in the number of leukocytes (by 20.3%), the 

absolute content of lymphocytes, rod and segmented 

neutrophils with a slight increase in monocytes and the 

relative content of basophils were recorded. The indicators 

of elk of the older group of 31-40 days of age were close in 

value to those of young animals of 21-30 days of age, 

excluding data on the number of neutrophils and 

monocytes. A similar picture of hematological parameters 

probably reflects changes associated with the formation of 

the immune status in animals, coinciding in time with a 

decrease in the action of colostral immunity, and the 

formation of specific defense factors of the body. 

Considering the methodology for assessing the receipt of 

data, in our opinion, preference should be given to taking 

into account indicators of the relative content of 

components over the absolute, as more reliably reflecting 

the characteristic of blood. 

Data characterizing the morphological picture of 

blood in young moose of young age, depending on gender, 

are presented in Table 2. 

Analysis of Table 2 indicates that differences in the 

morphological parameters of blood in young moose of 

different sexes were similar in values and did not have 

significant differences. In males, indicators of the content 

of erythrocytes, basophils, monocytes tended to increase 

compared with similar indicators in females. At the same 

time, in females - the number of leukocytes, lymphocytes, 

eosinophils were slightly higher than in males. A similar 

picture is likely to be due to the difference in the activity of 

metabolic processes and the hormonal background in 

animals. It can be assumed that with an increase in the age 

of moose, the nature of such changes will increase. It 

follows from this that when conducting experiments, it is 

necessary to more strictly approach the formation of groups 

of animals based on analogues, in particular taking into 

account gender. Indicators of peripheral blood of moose in 

the process of domestication and the natural environment 

are presented in Table 3. 

The data of table 3 on the morphological blood 

parameters of young moose and two-year-old moose 

indicate that the calves of 21-50-day old age are dominated 

by a neutrophilic profile with increased content of 

segmented forms, and in adults (two-year-olds) - by 

lymphocytic. The leukocyte indices in this group (see Table 

1) were 0.88±0.07, including 0.99±0.12 for females and 

0.75±0.05 for males. A similar picture, as indicated by 

Kavtsevich and Minzyuk (2010), is an age-related feature 

of the blood composition in certain periods of life, both in 

animals and in humans, and is known as the “physiological 

intersection” of the leukocyte formula. Moreover, the 

timing of its manifestation in different species of mammals 

with different life expectancy and ontogenesis is different. 

So, similar results were obtained by the authors in 

experiments on gray seals. The high level of segmented 

neutrophils in young animals, in their opinion, is probably 

due to the intake of hormones with the mother’s milk (and 

possibly in our opinion other biologically active 

substances), which ultimately increases the non-specific 

level of protection against infectious pathogens. An 

increase in the level of lymphocytes in the later stages of 

animal ontogenesis is associated with their more intensive 

proliferation, i.e. with the formation of a system of specific 

immunity. 

A partial answer to this question can be found in the 

writings by Marma (1967). The author notes that the moose 

in the zoo, although it is sometimes difficult to tolerate the 

conditions of domestication, their blood counts are mainly 

close to the characteristic values for wild animals. But 

along with this, he makes the following conclusion that 

when domesticated, “males have almost all blood counts ... 

less than males living in the natural environment”. 

The analysis of Table 3 by moose groups depending 

on the conditions of keeping (domesticated and wild) 

indicates the presence of some differences in hematological 

parameters between groups of young animals, moose in the 

process of domestication (two-year-olds) and wild animals. 

The most significant differences were noted in the 

content of leukocytes and eosinophils. Thus, the lowest 

rates for leukocytes were recorded in the group of 

domesticated moose (young and two-year-olds) - 5.6±0.33 

- 6.90±0.64 G/l and significantly higher in wild ones - 

within 8.50±0.89 - 11.39±1.06 G/l. Similar data are 

reported in their studies by Shideleg et al., (2002) - 

7.43±0.30 - 8.12±0.3. High levels of eosinophils, expressed 

leukocytosis Dubin et al., (2005) are associated with the 

action of parasites, taking into account other works by the 

author on the spread of parasitoses in moose (Gavrilova and 

Pishvanov, 2013; Melnikova, 2018). Without denying the 

existence of such a version, this picture can also be 

explained from other perspectives - behavioral ones. 
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Table 3: Indicators of peripheral blood of moose in the domestication process and wildlife. 

Indicator Sumarokovskaya moose farm by Dubin et al., 2005* 

21-50 days (n=17) 2 years old (n=6) Healthy (n=6) Paraphasiolopsosis Tenuicol cysticercosis 

RBC, T/L 5.16±0.23 6.44±0.81 7.25±0.75 5.15±1.35 6.64±0.43 

WBC, g/l 5.60±0.33 6.90±0.64 8.50±0.89 11.39±1.06 9.31±0.91 

LYM, g/l 2.20±0.15       3.55±0.282.42 5.55 2.97 ٭٭٭ 

LYM, %       43.76±1.76   52.00±2.104.13±26.02 2.44±48.72 1.88±35.00 ٭٭ 

NEUP, g/l 0.35±0.02   0.26±0.030.48 0.34 0.34 ٭ 

NEUP, % 7.17±0.54       3.75±0.300.57±5.20 0.34±3.00 0.51±4.00 ٭٭٭ 

NEUS, g/l 2.32±0.23 1.79±0.21 4.50 3.7 5.39 

NEUS, %       45.06±1.88      25.75±1.331.51±57.9 2.31±32.48 1.88±53.00 ٭٭٭ 

BAS, g/l 0.07±0.01      0.27±0.070.05 0.04 0.04 ٭٭ 

BAS,% 1.47±0.17      3.75±0.700.57±0.53 0.47±0.33 030.±0.51 ٭٭ 

EOS, g/l 0.07±0.01        0.77±0.130.75 1.45 0.59 ٭٭٭ 

EOS, % 1.35±0.17      11.00±1.180.96±8.02 2.43±12.71 0.33±7.00 ٭٭٭ 

MON, g/l 0.06±0.01        0.29±0.060.22 0.2 0.17 ٭٭٭ 

MON, % 1.24±0.26        4.00±0.580.63±2.33 0.75±1.75 0.46±2.00 ٭٭٭ 

Leukocyte index 0.88±0.07        1.78±0.110.41 1.37 0.61 ٭٭٭ 

*Note: 1 table data by Dubin I.N. et al., (2005) supplemented by us with indicators of the absolute values determined by the calculation 

method; 2 ٭٭, ٭, ٭٭٭ ˙˙ - P≤0.01; 0.001 - the significance of differences between groups of 21-50 days of age and two-year-olds. 
 

White blood cells are blood cells that quickly respond 
to various external phenomena and changes within the 
body. It is known that one of the conditions that affect their 
dynamics is muscle work. The blood sampling of wild 
moose was carried out during a sports hunt, one minute 
after shooting, i.e. under stressful conditions. All this likely 
caused the state of the so-called "myogenic leukocytosis" 
in animals. As a result of this, redistribution of blood, 
including leukocytes, from the depot - liver, spleen, bone 
marrow to the enlarged part of the peripheral vessels 
occurred in the body, which was reflected in the 
morphological picture of the blood. In our case, blood 
sampling was performed in animals under stress-free 
conditions - a state of rest. From a similar position, you can 
interpret the picture by the number of red blood cells. 

We assume that such changes in the blood 
composition could also be caused by the action of parasites, 
which is confirmed by a significant increase in the relative 
content of eosinophils and partially basophils in animals in 
older age groups with domestication of 11.0±1.11%, as 
well as in those living in the natural environment moose - 
7.0±0.33 - 12.71±2.43% at very low age in young animals 
of 21-50 days when kept in the pavilions - 1.35±0.17%. 

Such a picture could be due to exposure to various 
forms of parasites that cause allergization of the body. 

So, according to Koroleva (2015) the entire elk 
population in Sumarokovsky farm is infected to some 
extent with parasites. In her opinion, this is facilitated by 
the concentration of animals in a limited area (feeding 
areas, pens). Most often, elk infection was recorded with 
trichocephalus, strongilates, and others. The defeat of 
young animals was noted in 1.5 months. aged protozoa of 
the genus Eimeria. 

A similar point of view is held by Dubin et al., (2005). 
So according to their data, the prevalence of helminths in 
elks in Belarus reached 96.77%. Parasitization in the body 
of animals of paraphasiolopsosis, tenuicol cysticerci was 
accompanied by profound morphological and biochemical 
changes in the blood composition (a decrease in the number 
of red blood cells, leukocytosis, eosinophilia, 
lymphocytosis, a decrease in the amount of total protein, 
globulins), which led to a decrease in the productivity and 
quality of meat. There are many other reports of researchers 
about the parasitosis of moose (Berezina et al., 2017; 
Perevozchikova and Domsky 2009; Shestakova, 2011). 

Thus, it should be noted that the process of 

domestication of moose leaves an imprint on the metabolic 

processes of the body, hematological and other indicators. 

In a specific case, this was reflected in some differences in 

the blood picture in wild moose and animals during 

domestication. This assumption to some extent coincides 

with the statement of Golubeva (2014), that artificial 

selection leads to sharp morphological changes. According 

to him, the noted changes in the reproductive and milk-

producing functions indicate the process of domestication 

that began in the group of domesticated moose - a certain 

direction of changes in the characteristics of animals 

compared with wild forms. 

 

Conclusions 

As a result of the studies, the estimated norms of 

morphological parameters of the blood of moose in the 

process of domestication are established, depending on age 

and gender. The degree of their variability from the 

influence of various factors - anthropogenic, natural, 

environmental, etc. 

The data obtained are of certain scientific interest and 

can be used in monitoring and other studies of the moose 

population. At the same time, the question of the dynamics 

of hematological parameters in young animals depending 

on age, season, and uterine livestock - physiological status 

(sexual hunting, pregnancy, etc.) remains open, which 

indicates the need for further research. 
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