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MORPHOLOGICAL INDICATORS

OF THE NARROW-CRUSTED VOLE

OF THE ANTHROPOGENIC TERRITORY
OF NORTH-EASTERN KAZAKHSTAN

This study delves into the intricate relationships between ecological
factors, adaptation, and the effects of anthropogenic activities on small
mammals in the Northeastern region of Kazakhstan. External traits,
including body mass, length, tail length, ear height, and hind foot length,
provide valuable insights into adaptive adjustments in response to various
climatic and ecological conditions. Industrial areas reveal a reduction
in average body mass, attributed to patchy vegetation and proximity to
factories and roads.

Size variations are closely tied to food availability, with a reduction
in body size and growth rates observed in technogenic zones. Tail sizes
differ by age and sex, while foot sizes tend to even out as animals mature.
Notably, anthropogenic pollution has minimal impact on ear length.

The heart index reflects an individual’s mobility and thermoregulation,
while the liver index is influenced by food availability and energy resources.
Notably, the analysis extends beyond average differences, considering the
range of variability to identify increased diversity, even in ecologically
challenging areas.

Small mammals exhibit a high metabolic rate and limited physiological
stress adaptability, yet the population demonstrates remarkable adaptation.
Enlarged heart indices suggest increased locomotor activity associated
with overcoming anthropogenic barriers, such as railways and highways.
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In addition to heart indices, liver mass calculations reflect the
accumulation of energy reserves and materials for growth. The study
highlights that the liver mass index of field mice in industrial zones exceeds
that of the control group, indicating the impact of anthropogenic activities
on these organisms.

This research provides valuable insights into the intricate relationships
between ecological factors, adaptation, and human influence on small
mammal populations in the Northeastern region of Kazakhstan.

Keywords: small mammals, narrow-crusted vole, morphophysiological
indicators method, exterior signs, interior signs.

Introduction

Research into biodiversity and the ecology of organisms in regions impacted
by human activities encompasses various scientific fields. Experimental studies
confirm that organism populations generally strive for stability, which includes
genetic adaptations aimed at preserving their numbers and the equilibrium of
micro-populations. There is evidence that environmental changes can lead to
alterations in the genetic structure of populations, but when the habitat reverts to
its original conditions, the population’s genotype returns to its initial state [1].
These phenomena not only result in changes in population size but also bring about
qualitative transformations. This process exemplifies a homeostatic response to
environmental fluctuations. The primary objective of population homeostasis is
to ensure adaptability and survival [1]. Such phenomena can arise in response
to shifts in the planet’s climatic conditions and can also be induced by localized
human interventions that disrupt population equilibrium, triggering homeostatic
processes and micro-population adjustments.

Animals living in areas affected by human activities can respond to adverse
environmental effects not only at the population level but also at the individual
organism level. The transformation of organisms likely contributes to shifts in
the balance of micro-groups within populations, which are distinguished by age,
gender, and other characteristics. We propose that changes in the external and
internal attributes of organisms do not always manifest at the level of individual
organs or organ systems but can impact population traits. Therefore, to comprehend
ecological processes, it is crucial to compare the morphological and physiological
characteristics of small mammals inhabiting regions influenced by industrial
facilities.
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Materials and methods

The method of morphophysiological indicators, developed at the Institute
of Plant and Animal Ecology under the guidance of Academician S. S. Schwarz
[2], is a research method that allows establishing a link between physiological
mechanisms in the organisms of animals and the size and weight of their internal
organs. This method is widely used in ecological and biological research to assess
the impact of biotic and abiotic environmental factors on organisms.

Description of the method includes the following key steps and parameters [3, 4]:

1 Use of rapidly euthanized animals: This is done to avoid distorting the
results through prolonged fasting, which can lead to uneven organ weight loss;

2 Measurement of morphological parameters: Various parameters are
measured, such as overall length, body length, body size, ear height, hind limb
length, and tail length. These parameters are used to determine the size of the
animals;

3 Dissection and laboratory examination: Animals undergo anatomical
dissection, and internal organs are examined to assess their condition, structure,
and weight;

4 Calculation of the relative organ weight: A formula is used to determine
the relative weight (index) of an organ, expressed as a percentage of the animal’s
body weight. This allows an assessment of the importance and activity of specific
organs relative to body size [5];

5 Study of the heart and liver mass index: These organs are selected because
they are actively functioning and can be important in interactions with pollutants
through the bloodstream.

The method of morphophysiological indicators helps researchers understand
how changes in the environment affect organisms and their physiological processes.
This can be useful for studying ecological issues, including the impact of pollution
on animals and assessing their health.

Results and discussion

The level of energy exchange intensity serves as an indicator of the habitat
conditions in which the animals reside. The extent of adaptation becomes evident
through the size and weight of various organs, with particular emphasis on the
heart and liver. The heart index is associated with an individual’s mobility and
chemical thermoregulation, while the liver index is influenced by the availability
of food resources and energy [6].

In addition to comparing average differences, the analysis of relative organ
indices also involves the determination of the range of variability. This approach
helps identify increased variability, as there is data suggesting that diversity

67



TopaiireipoB ynuBepeutetinin Xabapubicel, ISSN 2710-3544  Xumus-6uonoeusnvix cepuscor. Ne 3. 2023

indicators can expand in ecologically unfavorable areas, even when average
values are similar [6].

The liver functions as a reservoir for energy and proteins, and its mass can
change rapidly over a short period, often within hours. The natural conditions of
animal habitats are subject to constant changes, including shifts in food availability
and temperature, among other factors. Therefore, the assessment of the liver index
should be considered in conjunction with other organs. Increased heart mass
typically results from long-term environmental changes [5].

External characteristics are employed as indicators when examining adaptive
adjustments in organisms residing in diverse climatic, ecological, and geographical
conditions [7, 8].

External traits encompass body mass (M) and length (L), tail length (C), ear
height (A), and hind foot length (PI). Internal data includes indices related to the
heart, liver.

Although there is some sexual dimorphism in external traits, it is not highly
pronounced. Males and females exhibit differences in the dynamics of body mass
growth. Generally, during the spring-summer period, the body mass of male
animals surpasses that of females, but in the winter, according to Ivanter E.V.’s
findings [9], the mass of males becomes significantly greater than that of females.

The study revealed a decrease in the average body mass of both male and
female narrow-skulled voles in areas affected by industrial activity in comparison
to the control group. This reduction in body mass may be linked to the patchy
vegetation in impact zones and the proximity (1-2 km) of factories, roads, and
agricultural facilities. Thus, anthropogenic influence indirectly affects body mass
through food resources and their restricted access.

The size of animals is closely tied to their body mass, and under conditions of
limited food resources, the growth of mammalian organisms tends to slow down.
Consequently, in the study of body length, a reduction in the size of animals in
technogenic zones was observed compared to the control group.

Tail sizes typically vary depending on the sex and age of the animal. Young
females generally have smaller tails than young males, but in adults, the difference
is hardly noticeable. Our research did not uncover any differences in tail sizes
between organisms in technogenic zones and the control group.

As animals age, the growth rate of their feet in small mammals slightly
decelerates, unlike tail sizes. Young females typically have smaller feet [10], but
as they mature, the difference levels out.

Ear size, similar to tail and foot sizes, experiences slower growth during the
cold season. This adaptation allows the organism to minimize energy expenditure
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on heating protruding body parts [11]. The study did not detect any significant
impact of anthropogenic pollution on the ear length of rodents.

It is assumed that organs with smaller surface areas do not significantly drain
energy, which may explain the absence of significant deviations in tail, foot, and
ear sizes.

Small mammals typically possess a high metabolic rate and limited
physiological adaptability to stress. However, at the population level, these
animals demonstrate a notable degree of adaptation [12]. Hence, the assessment
of anatomical features, such as the relative organ mass (e.g., heart, kidneys), in
narrow-skulled field mice living in the same region, offers valuable insights into
the environmental influence on this mammalian species.

The heart, as the foremost organ signaling an animal’s physical activity and
energy expenditure during movement, plays a crucial role [9]. Enlarged heart
indices suggest substantial physical exertion and active stress on the heart muscles.
An increase in body size signifies alterations in the animals’ habitat, which, in
turn, lead to elevated metabolism. Higher metabolism can, in some cases, result
in reduced body size [13].

‘When comparing the indices of representatives from the same family residing
in industrial areas with those from control groups, we observe an increase in
these indicators. This upturn in locomotor activity is associated with the need to
surmount anthropogenic barriers such as railways and highways that these animals
are compelled to cross.

In addition to heart mass indices, morphophysiological approaches also
encompass the calculation of liver mass indices. The liver serves as a reservoir
for energy in the form of carbohydrates and fats, as well as materials for growth,
primarily proteins, for the organism [5]. An increase in liver mass signifies the
accumulation of carbohydrates, to a lesser extent, proteins, and fats. In situations
of stress, glycogen is predominantly consumed, followed by the utilization of lipid
and protein reserves [5]. Therefore, the liver index stands as a reliable indicator
of the environment’s impact on the organism. In the Northeast of Kazakhstan, the
liver mass index of the narrow-skulled field mice population in industrial zones
exceeded that of animals in control territories.

Conclusions

The analysis of the study results using the morphophysiological method leads
us to a conclusion regarding the profound influence of ecological factors on living
organisms and entire populations. There exists a direct correlation among various
elements, including dietary habits, competition within and between species, and
the effects of the non-living environment, as demonstrated by the examination
of external and internal characteristics. In turn, anthropogenic factors can alter
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the quality of dietary patterns, the conditions of habitats, and even the survival of
individual species. Hence, human activities and their impact on the environment
can significantly impact parameters such as body size and the mass of internal
organs in small mammals inhabiting anthropogenic areas in the Northeastern
region of Kazakhstan.
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COJITYCTIK-IIBIFBIC KASAKCTAHHBIH BYKIJI
AHTPONIOT'EHJAIK AYMAFBIHJIAFBI TAP ©3IMIIILJI
OCIMAIKTEPAIH MOP®OJIOTI'UAJIBIK KOPCETKIIITEPI

Makanada skonocuanvik, akmopaap, aHmpono2eHoiK opexemmiry
Kasaxcmannviy conmycmik-ubleblc aimazblHOazbl yeak cymkopekminepee
Oetiimoenyi meH acepi apacvblHOa2bl 63apa batliansvlic cunammanzan. [exe
canmazel, Y3bIHObI2bIH, KYUPbI2blH, KYIa2blHbIY OUIKMI2iH dHcone apmiKbl
AsAKMAapbIHbLY Y36IHObIZbIH KOCA AN2AHOA, CLIpMKbLL benzinep opmypii
KAUMAMMbLK, HCOHE IKOIOSUATBIK HCA20AIIApaa Heayan peminoe betiimoerny
mypaasl KyHObL aknapam depedi. Oueprocinmix ayoanoapoa opmauia 0eHe
canmazvinbly memenoeyi 0auKanaowl, oy cemepoeHoi 6ciMOiKmepmeH
JHCOHE OCIMOIKMED MeH JHCON0AP2a HCAKbIH OPHAIACYbIMEH MYCIHOIPineoi.

Monwepoezi allbipmMaubliblKmap mazamusiy KO Hcemimoinicimen
molabl3 OAUIAHBLICbL, Al MEeXHO2EeHOIK auMakmapoa oeHe Meauepi MeH
ecy KapKbIHbIHbIY meMeHOeyi balikanaosl. Kyiupvlkmoiy enuemoepi
JHCACHIHA JICOHE HCHIHBICHIHA OAUIANBICINGL 632epedi, Al AAKMbllY onuemoepi
Kawnyapnap sicemineen cativln merecmipineoi. bip Kvl3vlabl, aHmMpono2eHoiK
NACMAany KyaaKmoll Y3lHObI2bIHA a3 ocep emeoi.

Kypex unoexci aoammuely K032an2blulMbleblH JHCOHE
mepmope2yiayusACulL Kopcemeoi, anr 6ayvlp UHOeKcine mamar nem
9Hepeus pecypcmapbiibiy 60aysl ocep emedi. Kiwkenmaii cymxopexminep
MemabOoIUIMHIK HCO2APbl HCHILOAMObIZbIH HCOHE (PUIUOTOUATBLE
cmpeccmepee uiekmeyii 0etlimoenyoi Kepcemeoi, OeceHMeH NONYIAYUs
betiimoenydi kopcemeoi. Kypex uHOeKCiHIK JHco2apblLiaybl memip Hcoroap
MeH asmomMoOUIb HCONOAPLI CUAKMbL AHMPONO2EHOIK Kedepeinepoi dHcenyee
OatIanbiCmel K032a1blC 6e1CeHOILIIHIH HCo2apblidyblH Kopcemeol.

JKypex undexcinen 6acka, 6ayvip maccacviibiy ecenmeynepi ocy yulin
9HepaUs KOPAapbl MEH Mamepuanoapobiy ICUHAIYbIH Kopcemeoi. 3epmmey
oHepKocinmik anumakmapoazel map 6ac cyuekmi moluKannoly 6ayvlp

73



TopaiireipoB ynuBepeutetinin Xabapubicel, ISSN 2710-3544  Xumus-6uonoeusnvix cepuscor. Ne 3. 2023

MACCACbIHbIK UHOCKCT OAKbLIAY MOOBIHAH ACLIN MY CemiHin Kopcemeoi, Oy
AHMpOno2eHOIK opekemmepoiy 0cbl opeanuzmMoepee dcepin Kopcemeoi.

Maxanada sxonoeusnvix pakmopaap, beiimoeny sHcoHe a0AMHbBIH
Kaszaxcmannwiy conmycmik-ubizbic aumazbinoazwl map 6ac cyiieiniy
NONYIAYUACHIHA OCePi apacbiHOdebl 03apa OAlIanbIC Mypanbl aknapam
KepcemiceH.

Kinmmi ce3dep: ycax cymxopexminep, map 6ac cyiiek muiuKaHul,
MopghogpusuonocusnblK uHOUKAmMopaap 90ici, colpmkvl Oeneinepi, iuKi
bencinepi.

*4. H. 3axanosa’, H. T. Epacanog’, FO. H. Jlumeunos’
'TopaiirpipoB ynuBepcuret, Pecriyonuka Kasaxcran, r. [TaBiomap,
MHCTUTYT CHCTEMATHKH U 9KOJIOTUH KUBOTHBIX PAH,
Poccutiickas ®enepanms, . HoBocuOupck.

IIpunsTo k n3nanuto 15.09.23.

MOP®OJIOTMYECKHUE MMOKA3ATEJIN Y3KOYEPEITHON
MOJIEBKHA AHTPOIIOTEHHOM TEPPUTOPUA
CEBEPO-BOCTOYHOI'O KA3AXCTAHA

B cmamve onucvisaromesn 63aumoceasu mexrcoy IKOI0SUHeCKUMU
Gpaxmopamu, adanmayueil u 6030elUcmeueM AHMPONOSEHHOU
OdesmenvHocmu Ha meaxux maekonumarwwux ¢ Cegepo-Bocmounom
pecuone Kazaxcmana. BuewiHue npusnaxu, 6Ka0uas maccy mead, OIuHy,
X80cm, 8blcomy yuiell U OTUHY 3A0HUX JIAN, OArOM YEHHYI UHDopmayuio 0o
A0anmMuBHbIX NPUCHOCOONICHUSX 6 OMBEM HA PA3IUYHbIE KIUMAMUYEeCKUe
U 9KON02UYECKUE YCA08UA. B NpOoMbIULIEHHbIX PAIOHAX OMMeYaemcs
CHUJICEHUe CpeOHell MACChbl meid, Ymo 00bACHAemMCcs HeOOHOPOOHO
PacmumenbHOCmbIo U OIU30CMbIO K 3A600aM U O0PO2AM.

Pasnuuus ¢ pasmepax mecHo c84a3aHbl ¢ OOCHMYNHOCMbIO MUY,
npuveM 8 MexHOSeHHLIX 30HAX HAOII00Aemcs yMeHbUleHUue pasmepos
mena u memnog pocma. Pasmepvl x6ocma paziuuaromes 6 3a6ucumocmi
om 6ospacma u noid, 8 mo @pemMs KaxK pasmepvl Ho2, KaK Npasiio,
BLIPABHUBAIOMCA NO Mepe 83POCAeHUs Hcugommublx. IIpumeuamensvro,
UMo aHmMpoONnoeeHHoe 3a2psi3HEHUe OKA3bIBAeM MUHUMATbHOE BIUAHUE HA
ONUHY ywel.

Cepoeunvlil undexc ompasicaem noOBUICHOCMb U MEPMOPESYIAYUIO
uenoseKa, 6 Mo 8pemsi Kaxk Ha UHOEKC NeyeHuU guusen 00CMYNHOCHb RULL
U SHEpeemuyecKux pecypcos. Meixkue miekonumaroujue 0eMOHCMpPUpyIon
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BbICOKYIO CKOPOCIb MEMAdOIUIMA U OZPAHULEHHYIO NPUCTOCODIAEMOCHIb
K Qusuonocuieckum cmpeccam, 0OHAKO NONYAAYUs OeMOHCMPUpyem
adanmayuro. YeenuyeHHvlli UHOEKC cepoyd C8UOemenbCmaym o
NOBLIUEHHOU O8ULAMENLHOU AKMUBHOCIU, CBA3AHHOU C NPE00OeHUEeM
AHMPONO2EHHBIX DAPLEPOB, MAKUX KAK JiCeNe3Hble U WOCCelinble 00POU.

B Ooonoanenue x unoexcy cepoya, pacuemosl Maccovl neyeHu
ompasicarom HaKonieHue IHePeMuieckux 3anaco8 u Mamepuaios Ois
pocma. B uccnedosanuu noouepkueaemcs, 4mo uHOEKC MAaccvl neyeHu
V3KOUEPenHoul NONe6KU 8 NPOMbBIULIEHHBIX 30HAX NPesbluaen NOKa3amens
KOHMPOALHOU 2PYNNbL, YMO YKA3bIBAEH HA 6030€UCHEUe AHMPONO2EHHOU
0esamenbHOCmU Ha MU OP2AHUZMBL.

B cmamve ompasicena ungopmayus o 83auM0oCEA3AX MeACOY
9KONI02UNECKUMU (haKkmopamu, aoanmayuell u GIUsHUeM Yeni08eKd
Ha nonyaayuu yskouepennoti noneeku ¢ Cesepo-Bocmounom pezuone
Kazaxcmana.

Kniouesvie cnosa: menkue miexonumaiowjue, y3KouepCcmuas noaesKa,
Memoo mMoppoghusuonozuieckux noxasamenel, HeuwiHue NPUSHAKU,
BHYMpeHHUe NPUSHAKU.
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