UDC 598.115.31+591.5
S. V. Yermolenko, A. M. Hagut, V. Ya. Gasso

Oles Honchar Dnipro National University,

Gagarina Ave., 72, Dnipro, 49010, Ukraine

E-mail: serejamahno@gmail.com
MORPHOPHYSIOLOGICAL INDICES

OF INTERNAL ORGANS OF THE DICE
SNAKE NATRIX TESSELLATA

(REPTILIA, COLUBRIDAE)

OF THE DNIEPER RIVER IN THE STEPPE

We studied morphophysiological indices of organs of the dice snakes, Natrix tessellata (Laurenti, 1768),
from three populations in the Steppe Zone of Ukraine along the Dnieper River. The specimens were col-
lected in 2013-2016 in three areas: Prydniprovska Thermal Power-Station (Dnipro City), the National Na-
ture Park “Velykyi Luh”, Zaporizhia region, and Majorova Balka (the ravine closed to Majorka village,
Dnipro district, Dnipropetrovska region). Studied biotopes differ in some abiotic parameters and the level of
anthropogenic load. Significant differences in kidneys and liver indices between sexes were noted. The
relative mass of lung and heart diverges between animals from different studied sites.
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Introduction

It is known that a complex of environmental factors influence on mor-
phophysiological processes in living organisms (Shvarts et al., 1968).
Environmental pollution is deemed as one of powerful factors of such
morphophysiological alterations (Burraco et. al. 2016).

Several studies have shown that the relevant morphophysiological
index can be used as a bioindication parameter. At the same time, it is
necessary to take into account the ecological features and intersexual
specificity of species. The variability of morphophysiological character-
istics of poikilothermic animals is known to be higher than in homeo-
thermic ones (Schwartz et al., 1968, Kruglova, 2011). Such types of
studies were practically not conducted on snakes.

Dice snake Natrix tessellata (Laurenti, 1768) is one of the most
common reptile species in the Dnieper valley within the Steppe zone
(Bulakhov et al., 2007). Under conditions of strong anthropogenic
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influence N. tessellata populations are able to maintain their numbers, but, at the same
time, they acquire a number of morphological, physiological and other traits
(Yermolenko et al., 2016). Our study provides further information on animal biodiver-
sity as an element of natural and disturbed ecosystems as well as of the ecosystem
services.

Materials and methods
Our studies were carried out in August—September, which is non-reproductive period for
the local snake species, in 2013-2016. We studied adult specimens of N. tessellata from
three populations, which occupied ecosystems of the Dnieper River’s banks differenti-
ated by anthropogenic load. The specimens were collected in the biotopes adjoining
Prydniprovska Thermal Power Station (48.400716 °N 35.113721 °E, 7 males and
5 females (1)), in the ecosystems of the National Nature Park
"Velykyi Luh" (47.447652 °N 35.133827 °E, 21 males and 9 females (3)), and in Ma-
jorova Balka (the ravine closed to Majorka village, Dnipro district, Dnipropetrovsk
Oblast, 48.262769 °N 35.169007 °E, 20 males and 18 females (2), fig. 1). Deposited
sulfur dioxide, nitric oxides, carbon oxides and dust particles affect the biotopes closed
to Prydniprovska TPS. The TPS discharges about 1,055,747 thousand m’ of liquid
wastes into the Dnieper River annually (DTEK, 2015). As a result, the water in close
vicinity of the TPS is polluted with petrochemical products and phosphates. Their levels
exceed maximum permissible concentrations 5-6 times (Choban, Choban, 2008;
Kroyik, Patskova, 2011; Striletz, 2014).

There are no significant differences in hydrochemistry between studied biotopes.
They have purely comparable water concentrations of humic and fulvic acids
(Osadcha, 2012) as well as other parameters (Hydrology, 1989; Stas, Kolesnyk, 2016).

Fig. 1. Location of the studied habitats along the Dnieper River. Explanation is in the text.

For morphometric analysis, we studied the dice snakes’ internal organs, which ac-
tively participate in metabolic processes, notably liver, lung, kidneys and heart. The
relative weight (index) of the organs was calculated by the following formula:

=1 1000 (%g),
Py
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where C is the relative weight of the organs; P, is the weight of the organ (g); Py is the
weight of the animal body (g) (Schwartz et al., 1968).

The research was carried out according to the European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and Other Scientific Purposes,
1986 with Amendments, 2005, and 2009.All the experiments were performed under the
supervision and permit of the Committee on Bioethics of Oles Honchar Dnipro National
University. The captured snakes were anesthetized and used in a wide spectrum of
different physiological and biochemical studies.

The differences between the studied samples were evaluated using a multifactor
analysis of variance (MANOVA) performed in the Statistica 10 (StatSoft, Inc., the
USA, 2011). The sex, habitat and their combined effect were used as factors for the
analysis. The differences were considered as significantif P < 0.05.For each characteris-
tic, the diagrams demonstrate the average values (small square in the center of the
rectangle and horizontal lines for each population as a whole), the first and third quar-
tiles (upper and lower bounds of the rectangle), 95 % confidence interval (vertical lines
above and below the rectangle), outliers (shown by asterisks or small circles).

Results and discussion

Liver and kidneys are multifunctional organs that perform protective processes in an
organism of vertebrates. It is assumed that the more toxic substances enter the organism
and the longer their influence, the higher the liver index should be (Misyura, Marchenk-
ovskaya, 2007). On the other hand, it is considered that intensifying metabolites excre-
tion from the body can cause growing kidneys relative weight (Thammachoti
et. al, 2012). The strengthening of exertion of an organ that is capable of growth should
affect its morphophysiological index.
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Fig. 2. The liver index of N. tessellata from the studied populations.
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Table 1. Multifactor analysis (MANOVA) of morphophysiological indices in dice snakes
from studied populations

Number
Organ Factor Sum of of de- Mean | ierion P
squares grees of | square
freedom
ecosystem 278,1 2 139,1 1.08 0,34
Liver sex 5644 1 564.4 4.39 0,04
ecosystem X sex 492.5 2 246,3 1.91 0,15
ecosystem 465,1 2 232,6 14.7 4.11x10°®
Lung sex 36,1 1 36,1 2.27 0,13
ecosystem X sex 153,6 2 76,8 4.84 0,01
ecosystem 12,1 2 6,03 1.76 0,18
Right sex 2348 1 2348 68.5 1,00x107
kidney
ecosystem X sex 3,27 2 1,64 0.48 0,62
ecosystem 21,8 2 10,9 3.10 0,06
Left sex 259.1 1 259,1 73.8 1,00x107
kidney
ecosystem X sex 0,21 2 0,11 0.03 0,97
ecosystem 21,1 2 10,5 8.98 3,26x10™
Heart sex 0,66 1 0,66 0.56 0,46
ecosystem X sex 8,93 2 4,47 3.81 0,03

The results of a multifactor analysis of the studied organs’ indices are presented in
the tabl. 1.

The liver index was not significantly affected by the ecosystem factor, but the differ-
ences between sexes were revealed (fig. 2). Bonnet et al. (1998) reported the intersexual
differences in relative mass of different organs in three snake species. The sexual dimor-
phism in liver index was different in studied species. In spite of heavier liver in females of
Vipera aspis, the other species (Elaphesp. and Colubersp.) had no such differences.
Presumably, other snake species may have distinct ratio of the liver index between sexes.

It should be noted that the tendency in increasing the liver index of snakes from
polluted site was observed. That was proved bystudies on amphibian and small mammal
populations from contaminated biotopes (Misyura, Zalipukha 2006, Zemlianoy, 2007).

Dice snakes in all the studied populations have the indices of both left and right
kidneys in males higher than in females, which is shown in fig. 3 a and 3 b. The differ-
ences is proved by probability value of 1 x 107 for both kidneys (tabl. 1).
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Fig. 3. The kidney indices of N. fessellata in the populations from the studied areas
(3 a—right kidney, 3 b — left kidney).
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Fig. 4. The heart indices of the N. tessellata in populations from the studied areas.

Fig. 5 shows the same differences. The population in the vicinity of Prydniprovska
TPS has the highest average index of the lung.
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Fig. 5. The lung indices of N. tessellata from the studied populations.
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The same kind of differences was found in other snake species (Bonnet et al., 1998)
The MANOVA showed no statistically significant differences in kidney indices between
the habitats as well as under combined ecosystem x sex factor. Despite the fact that
ecosystems did not demonstrate their effect on the kidney indices, the slight tendency in
increase of that index in snakes from polluted biotopes was also noticed. The ageing
could not cause any differences between genders as no involution of organs was found
(Petter-Rousseaux, 1953).

Morphophysiological index of a heart is usually associated with the intensity of
energy expenditure of an organism in the process of locomotor activity (Shvarts
et al., 1968; Sychev, Georgiev, 2005). The populations of N. tessellata inhabited both
the NNP “Velykyi Luh” and Majorova Balka are characterized by the lower average
values of the heart index in comparison with the animals from polluted site closed to
Prydniprovska TPS (fig. 4). According to multifactor analysis, the relative weight of the
snake heart in a population depends both on the habitat (P~3 x 10™*)and on the combined
effect of ecosystem and gender (P = 0,03) (tabl. 1).

The increased liver and lung indices in the snakes from the ecosystem closed to
Prydniprovska TPS can be probable entailed by specificity of the site. The biotope is
characterized by 10-30 meters deep. The other studied river parts are only of 2—5 me-
ters. Moreover, just around the TPS the high current velocity and turbulence due to
water discharge were observed. N. tessellata is predominantly ichthyophagous
(Bulakhov et al., 2007) and in the studied area prefers gobies mostly. These both factors
demand much physical efforts for movement from the bottom to the riverside (e.g., for
swallowing) and back. Probably, it is logical to assume that industrial pollution may
cause the decrease in number of feedstuff species of the dice snakes. That should make a
valuable contribution to the energy costs and underwater time for trophic activity with
the following increasing of the heart and lung indices. However, the dice snakes feed on
the short-cycle fish mostly. The number of such fish (gobies, etc.) changes quickly and
their populations are able to restore fast (Bulakhov et al., 2008). Thus, the factor of
feedstuff number needs further research.

Besides, according to the literature data the invasion of parasites causes inflamma-
tory processes and histological disturbances in the affected organs (Nurtazin et
al., 2012). It can entail a change in morphophysiological indices of relevant organs. That
issue requires further studies of the consequences of intensity and localization of para-
sitic infestations in snakes.

Conclusions

Dice snakes in studied populations are characterized by sexual dimorphism in relative
mass of liver and kidneys. Significant differences in heart and lung indices were found
between populations (ecosystem factor). These morphophysiological parameters are
higher in snakes from the biotopes subjected to the Prydniprovska Thermal Power
Station influence

Bonnet X., Shine R., Naulleau G., Vacher-Vallas M., 1998. Sexual dimor-
phism in snakes: Different reproductive roles favour different body plans. Proceedings of the
Royal Society B: Biological Sciences, 265 (1392): 179-183.
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C. B. Epmonenxo, A. H. I'azym, B. . I'acco

MOPOODPU3SNOJIOITMYECKME OCOBEHHOCTH BHYTPEHHUX OPI'AHOB BOSHO-
I'O YXA, NATRIX TESSELLATA (REPTILIA, COLUBRIDAE), PEKW JHEIIP B ITPEAEJIAX
CTEITHOH 30HBI

Wzydensr Mophodusnonornieckne XapakTepUCTUKA OPTaHOB BOASHOTO yxka Natrix tessellata
(Laurenti, 1768) u3 Tpex momysIHii, OONTAIOMINX B YCIOBHAX cTemHOro [IpuaHenposps. Marte-
puan cobpan B nepuon 2013-2016 rr. Ha TeppuTopun, npuieratouied k [IpunHenposckoit TOC
(r. Anumpo), B 6uoronax HaumonansHoro npupoanoro napka «Bemukuid JIyr» (3amopoxckas
001.) u MaiiopoBoii Oanku (c. Maiopka, JIHUNpPOBCKHUII paiioH, JIHempomeTpoBckas OO0JL).
HccnenoBanus nMpoBOAMINCH B OMOTONAX C pa3HBIMH a0MOTHYECKHUMHU YCIOBUSIMH M aHTPOIO-
TeHHOHN Harpy3Kkoi. BBIsSBICHBI JOCTOBEPHBIE MEKIIOIOBBIE OTIMYHUS HHIECKCOB II0YEK U NEYECHH.
OTHOCHUTEBHBIN BEC JIETKOTO U Cepllia pa3Inyalicsl Y )KHBOTHBIX U3 Pa3HBIX MECT OOWTaHUS, B

KOTOPBIX ITPOBOAWIMCH UCCIICIOBaHUA.

Kt deBslecaoB a: NIPpecMBIKAIOIINECs, OTHOCUTENBHBIN Bec oprana, Mmopdodusuoorus,

[TOJIOBOM TUMOP(H3M.
C. B. €Epmonenxo, I'. M. I'acym, B. A. I'acco

MOP®O®DI3IOJIOITYHI OCOBJIMBOCTI BHYTPIIHIHIX OPT'AHIB BOJSHOI'O BYXA,
NATRIX TESSELLATA (REPTILIA, COLUBRIDAE), PIKU JIHITIPO B MEXXAX CTEIIOBOI
30HU

BuBueHo MopdodizionoriuHi XapaKTEpUCTHKH OpTaHiB BOASHOTO Byka Natrix tessellata

(Laurenti, 1768) 3 TppOX NOMYJAIMii, IO MEIIKAIOTh B yMOBaX cTemnoBoro I[IpumHImpoB's.
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JocnimkeHHss npoBoAwiIncs B 0l0Tomax 3 pi3HUM pPIBHEM aHTPOIOTEHHOTO HABaHTaXKSHHSI.
Marepian 3i0panuii B nepiog 2013—-2016 pp. Ha Teputopii, npuneriiii 1o [Tpuaninposcskoi TEC
(M. ninpo), B 6ioTonax HamionansHoro npupoanoro napky «Bemukwuii JIyr» (3amopizeka 00u1.)
1 MaiiopoBoi 6anku (c. Maiiopka, J{HinpoBceKuii paiioH, J{HinponeTpoBcbka 00:1.). JociipkeHHs
MIPOBOMIIACS B 0i0TOMAX 3 Pi3HAMH a0iOTHIHUMH YMOBaMH 1 aHTPOTIOTEHHIM HAaBaHTa)KCHHSM.
BusBneHo n0CTOBipHI MiXKCTaTeBi BiIMIHHOCTI iHAEKCIB HUPOK 1 medinkd. BiqHocHa Bara jereHi

1 ceplst BiIPi3HSUIACS Y TBAPUH 3 PI3HUX MICIb IPOXKUBAHHS, B SIKUX IPOBOIMIIMCS TOCIIPKEHHSI.

Ko uoBicio B a: IasyHu, BiJHOCHA Bara oprany, Mopdodiziosnoris, crareBuii 1umophizm.
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