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The problem of assessing the viability of invasive species
in the conditions of the steppe zone of Ukraine
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This article proposes a completely new method of resolving the pressing global environmental problem of assessing the capacity of
invasive organisms to adapt to new environmental conditions. A new three-step approach to the evaluation of vital and ecological functions
of invasive species is recommended. In addition to classic species and population surveys, it was proposed to apply a stress-resistance
biochemical assessment of invasive species. Stress resistance can be regarded as the main response of living organisms to changes in
continuous environmental components. The obtained results will provide an opportunity to give a qualitative prognisis of what adaptive
capacity an invasive species has, what precise ecological functions and for what time period it can perform in a new ecosystem.
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IIpo61eMa OMIHKY KUTTE3AATHOCTI iHBa3iHHUX BU/IIB
B YMOBAaX CTEeNOBOI 30HH Y KpaiH!

K.K. 'omo6opoarko, O.M. Mapenkos, B.A. I'op6ans, }0.C. BopoHnkosa

Jninponemposcuvkuii HayionanwHuti yHieepcumem imeni Onecs Ionuapa, /THinponempoécwk, Ykpaina

3a owinkamu ®AO ta MCOII, 1110piuHO 301IbIIYEThCS KUTBKICT BU/IB, SIKi 32 BIUTUBY MPSIMOI YM OMOCEPEIKOBAHOI [ii JTIOANHH ITOTPa-
IUIIOTh Y HENpUTaMaHHi s cebe, HoBi yMOBH. YacTWHA IUX OpraHi3MiB, MPUCTOCYBABIINChH, IOYNHAE KOHKYPYBAaTH 3 aOOpPUTeHHUMH
BUJIaMH, BTPYYAFOUHCh y CTaJli €KOJOTT4HI (PYHKIT pi3HUX ekochcTeM. s €BpOomeichKiX KpaiH BU3HAUECHO Mepenik i3 435 BHUIiB KapaH-
THHHHX OPTraHi3MiB, SIKi MAIOTh Pi3Hi CTaTycH HeOe3MeKH (K eKOIOTIYHOI, TaK i EKOHOMIYHOI, a/pKe CBOEIO JKUTTEALUIBHICTIO IIOPIYHO 3a-
BJIAIOTH NPSIMUX €KOHOMIYHHX 30MTKiB). KiNbKIiCTh MOTEHIIMHNX IHBa3UBHMX BUJIB, 3MaTHHUX IPOHMKHYTH Ha TEPUTOpiI0 YKpaiHu, 3apa3
¢axiBi omiHoTE y 1 500 BuiB. [TopyiieHHs, BUKITMKAaHI BIUTHBOM iHBa3iiHUX BHUIIB, 3yMOBIIOIOTH MPSAMY Ta OMOCEPEIKOBaHY 3arpo3y
GesrocepeHbo 3110poB o JirouHK. Ha nodatok XXI cr. npo6iema OIiHFOBaHHS PU3MKIB MPOHMKHEHHS! iHBA3iiHUX BHAIB Ta KOHTPOJIIO
BXKE ICHYIOUHX JISKHUTh Y HAPHHI HalllOHABHOT Oe3MeKH KOKHOI cydacHoi nepxaBu. OLliHKa PU3HKY, KA MOXKE CIIPUUMHUTH YKUTTETisUTb-
HICTb 1HBa31HHOTO By — 1€ OLiHKA 3IaTHOCTI HOro OpraHi3My BIKHMBATH B yMOBaX HOBOTO HAaBKOJIMIIHBOIO CEPEIOBHUIA. AHAIII3 AOCHi-
IDKEHb BIDKMBAHHS PI3HUX 1HBa3iHHUX BUIIB (POCIHH, O€3XpeOEeTHIX 1 XpeOSTHUX TBAPHHM) TI0KA3aB, II0 IIepeBakHa OUIBIIICTH aBTOPIB Ja€
OLIHKY JIMIIIE BUAOBUM 1 NOMYJIAIIIHHAM XapaKTepPUCTHKAM, IO y OLTBIIOCTI BUIAKIB HE IOBHOIO MiPOIO BiIOOpakae CIPOMOKHICT BUITY-
BCEJICHIIS aJJaNlTyBaTUCh IO HOBUX YMOB JOBKUDIL. OTXe, HOTPiOHO PO3POOUTH HOBY METOMHKY OL[HIOBAHHS SKHTTE3NATHOCTI IHBA3IMHNX
BHUJIIB. 3aIpOIIOHOBAHO HOBHH ITiJXiJ, CIPSIMOBAaHMII Ha OLIHKY ITOTEHIIANY afalTalifHIX MOXKIIMBOCTEH IHBa3IHUX OpraHi3MiB y HOBOMY
JUISL HUX cepenoBuiii. Ha BiMiHy Bij aHaIOriB, 3alpOMOHOBAHO TPUPIBHEBHUIA MiJXif JIO OLIHIOBAHHS JKUTTEMISUTBHOCTI Ta €KOJIOTIYHUX
(byHKii iHBa3iiHUX BUIIB. OKpIM KIACHMYHUX BHJIOBUX 1 MOMYJIIHHUX JOCHIKEHB, TPOMIOHYETHCS 3IHCHATH 0i0XIMIUHE OIIHIOBAHHS
CTPECOCTIMKOCTI iHBa31HHUX BHUIIB. AJDKE CTPECOCTIHKICTE MOXKHA PO3IJIIATH SIK OCHOBHY PEaKIIil0 OpraHi3My Ha 3MiHU CTAJIMX KOMIIOHe-
HTiB cepenosuina. [IpobremMa aHTHOKCHIAHTHOTO 3aXKCTY Jy)Ke aKTyasbHa B Halll 4yac. AJie JOHHHI HeMae YiTKOI BiOBI i HA IUTaHHS PO
Te, SIK pearyloTh Ha BILUIMB Pi3HUX YMHHHKIB, HA CTPEC iHBa3iiiHI OpraHi3Mu, MOTPAIULIIOYH 0 HOBOTO CEPEIOBHILA, Ta YOMY KIIITHHA BUKO-
PHCTOBYE pi3HI 3aXHCHI CHCTEMH aJIaNTallii 10 il OHOTO 1 TOro caMoro YuHHUKA. OKCHIATHBHUI CTpeC — CTaH, 3a SKOr0 YTBOPECHHS aKTH-
BHHX (opMm kucHO (ADK) mepeBakae Hax mporiecamu iX 3HEMIKODKEHHS, Y Pe3yJIbTaTi YOro BiIOYBaeThCS MOPYIICHHS OCHOBHIX OOMiH-
HHX TIPOIECiB. AKTUBHI ()OPMH KHCHIO Pa30M 3 aHTHOKCHIAHTaMH CKJIAJIAI0Th CUCTEMY KIIITHHHOI peJJOKC-CUTHAJII3AIl, sIKa, Y CBOIO Yepry,
€ HEBII'€MHUM €JIEMEHTOM 3arajbHOi CHTHAJIBHOI Mepexi SIK KIITHHH, TaK i Itoro opraxisMy. IlopymieHHs GanaHCy MK yTBOPEHHSIM
A®K Ta iX 3HEIIKO/PKCHHSAM aHTHOKCUJIAHTAMH MOYKE CIIPUYHHIOBATH TMOIIKOKEHHS OI0MOIIMEpIB, JIIMIJIB Ta, B KiHIICBOMY BUIIAJIKY, —
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3arubens KiiTua. [Hnyknis AOK-3anexHux MUIsXiB CHTHAIBHOT TPaHCAYKIIT 32 BIUIUBY Pi3HHMX 30BHIIIHIX YMHHHUKIB MOXKE CIPUUHHSTH
AKTHBAL(}0 aHTHOKCHIAHTHOI CHCTEMH, @, OT)KE, IIIBUILIUTH CTIHKICTh OPraHi3MiB JI0 CTPEcOpiB Pi3HOI MPHPO/IHU B PI3HUX YMOBaX iCHYBaH-
Hs1. [Ipu 11bOMy MeXaHi3MH B3a€MOZIT Pi3HHX KOMIOHEHTIB aHTHOKCHIAHTHOI CHCTEMH BCe 11IE 3aIMILIAI0ThCS MaIOBUBYeHUMH. HesanexHo
BiJl TPUBAJIOCTI JKUTTSI OPraHi3My, sika BUMIPIOETBCS THAMHU 4H AecATHITTTSIME, O, HeOe3MeuHuid [l BCiX OpPraHi3MiB — POCIIHH, KOMaX,
XpeOeTHUX TBapHH Tomlo. Tak, koMaxu He 3axumieHi Bif mkigmsoi aii ADK. Borun MoxyTh OyTH OCOOIHBO CXUITBHI 0 OKCHIATHBHOTO
crpecy. PociiiHY, MOTPAIUIAIOYH 10 HOBOIO CEPEIOBHILIA, 3a3HAI0TH OCMOTHYHOIO Ta I0HHOTO CTPECY, SIKi MOPSI i3 COILOBUM CTPECOM MO-
JKyTh BUKJIMKATH PO3BUTOK BTOPUHHOTO OKCHATHBHOTO cTpecy. OCTaHHIH BU3HAYAIOTH SIK KOPOTKOYACHE a00 TpUBAJIC ITiABUINCHHS CTalli-
oHapHoi koHueHTpanii AQK, mo BUKIMKae TOPYIICHHS KIITHHHOIO METa0oMi3My Ta HOTO PeryJisilii, a TAKOXK MOIIKO/DKEHHS KITITHHHHX
KOMITapTMEHTIB. Y 3aXKCTi SIK POCIIMH, TaK 1 TBAPUH BiJ JIii CTPECOBHUX YMHHUKIB KJIFOYOBY POJIb BilirpatOTh aHTUOKCHAAHTH, SIKI MOXYTb
OyTH mpelcTaBieHi HU3bKOMOJIEKYJSIPHUMHU CIOJTyKaMH Ta aHTHOKCHAAQHTHMMH (pepMeHTaMu. 3alpolOHOBAHO HOBHH MiAXiZ O OLIHKH
CTPECOCTIMKOCTI iHBa31HHUX OpraHi3MiB. 3arpornoHOBaHO PO3POOUTH HOBY METOIUKY, sika O Hajiajaa MOXKIIMBICTb 3pOOUTH SIKICHU# IPOTHO3,
SIKi ajianTaniiHi MOXJIMBOCTI Ma€e iHBa3iiHMIA BUJ 1 sIKi came eKoJIoriuHi (yHKIIT Ta 3a KUl POMDKOK Yacy BiH 3MOXKE BUKOHYBATH B HO-

BHX JUIS ce0e CKOCHUCTEMAX.

Knrouosi cnosa: xapaHTHHHI BUIM; CTPECOCTIMKICTH OpraHi3My; METOIMKA BU3HAYEHHS CTPECOCTIHKOCTL

Introduction

According to FAO and IUCN estimations, there is an an-
nually increase in the number of animal species which move
into new environments, atypical for them, due to direct or
indirect human activity. A number of these animals after
adaptation begin to compete with native species, invading
the stable environmental features of different ecosystems.
The result of such penetration can often have irreversible
environmental consequences leading to significant biological
impairment in the living activities of entire ecosystems, re-
sulting in significant economic waste in various economic
sectors. In European countries, a list of 435 quarantine spe-
cies was drawn up, which have different danger statuses,
both environmental and economic, because they annually
cause direct economic losses. Nowadays, according to spe-
cialist research, the number of potentially invasive species
that are able to penetrate into the territory of Ukraine is esti-
mated as 1500 species. Abnormalities in the functioning of
the natural ecosystem caused by the influence of invasive
species can also bring direct and indirect risk to human
health. At the the early XXI century, the challenge of risk
assessment on penetration by invasive species and control of
existing species is a matter of national security for of every
contemporary state.

Research has found that invasive plant species are able to
cause significant changes in the soil environment, which is
evident in the reduction of pH levels in the soil solution,
changes in C/N ratio, increase of N content (Lazzaro et al.,
2004). Along with this, soil characteristics, particularly con-
ditions of contemporary and past land use, are the determin-
ing factors of rooting of newer plant species (Csecserits et
al., 2016). Changes in environmental conditions in conse-
quence of infestation lead to decrease in biodiversity and
biomass productivity of native species, as well as reduction
of their toleration (Ruckli et al., 2004; Brygadyrenko, 2015a,
2015b). However, invasive species often do not lead to dete-
rioration of the environmental state during the first stages of
their dispersion (Hulme et al., 2013); this can be determined
by application of more sensitive mechanisms to invasion
diagnostics compared with environmental changes, particu-
larly use of molecular markers (Wolf et al., 2012).

The results of current researches are devoted to the stu-
dies of biology, ecology, and spreading of invasive species in
multiple-purpose water bodies (Marlis et al., 2015), as well
as the socio-economic consequences of biological invasions
(Lotz and Allen, 2013). European scientists conduct the

study of migration vectors and spreading of invasive species
(Frances et al., 2016), but studies of species adaptive capabil-
ities have almost never been performed.

Living systems are faced with a variety of stresses in the
process of their continuous interaction with the environment
(Stoliar and Lushchak, 2012). Environmentally induced
stresses often activate the production of endogenous reactive
oxygen species (ROS), most of which are generated as by-
products of tissue respiration. Thus, the permanent influence
of stress factors can exacerbate the ROS-mediated oxidative
damages. A large number of agricultural and industrial
wastes enter the environment and, thereafter, pass into vari-
ous living organisms, causing multiple changes in them.
Some of effects involve enhancing the direct formation of
reactive oxygen, while others can act indirectly, such as by
binding to cell thiols and decreasing of antioxidant potential.
Pollution of the aquatic environment especially affects fish.
However, academic studies on the adaptive capabilities of
invasive species have almost never been performed. So, the
question of studying the antioxidant support network under
development of oxidative stress is quite relevant.

Invasive plant species

Invasions by non-native species are the greatest global
environmental problems in the modern age, which are of
particular importance due to processes of biotic globalization
(Davis, 2003). Invasive plants pose a significant hazard to
biodiversity, ecosystem management, agriculture and fore-
stry, etc. According to assessment of the Convention on Bio-
logical Diversity, invasions of non-native species are the
second most important threat to biodiversity on the global
level, following direct destruction of wildlife habitat (Mack
et al., 2000).

In Ukraine, 95 plant species of adventive flora have been
identified as the species with high invasive capacity (Proto-
popova et al., 2002). The most common of these are
21 species (Table 1) (Abduloeva et al., 2008).

In terms of occupied area, and thus in the impact on the
local ecosystems, Robinia pseudoacacia ranks first among
arboreal species. This species was introduced from South
America. It was first introduced to Ukraine in the late
XVIII century in Count Razumovsky’s Park. In 1808, this
plant was grown by LN. Karazin in his estate in Kharkov
region. In Ukraine, R. pseudoacacia came actively into culti-
vation in early 1920s (Vakulyuk and Samoplavskyy, 1998).
The species occupies an especially large area within the
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steppe zone, as it is perfectly adapted to arid conditions.
R. pseudoacacia is a rapid-growth species, and in the first
year after planting it grows to 1.5 m, while its stool shoot can
reach 2-3 meters in the first year within clear felled areas
(Ukraynska ..., 1999). R. pseudoacacia is not a soil-
demanding tree species. At the present time, under steppe
conditions almost everywhere a significant expansion of the

distribution of R. pseudoacacia is observed; this is related to
its growth-inhibiting role in respect to other tree species,
such as the oak and ash (Riabchenko, 2012). Invasion of R.
pseudoacacia into native oak forests can lead to significant
changes in forest-site conditions (Nascimbene et al., 2012).
At the same time, R. pseudoacacia often compares poorly in
moistening to steppe herbaceous native species.

Table 1
The most common types of invasive plants in the steppe zone of Ukraine
No. Name of species Homeland Year of first registration
1 |Acer negundo Linnaeus (1753) North America 1898
2 |Ailanthus altissima (Mill.) Swingle (1916) China 1924
3 |Ambrosia artemisiifolia Linnaeus (1753) North America 1914
4 |Amorpha fruticosa Linnaeus (1753) North America 1809
5 |Cenchrus longispinus (Hack.) Fernald. (1943) North America 1951
6 |Echinocystis lobata (Mixch.) Torr. et A. Gray. (1840) North America 1946
7 |Helianthus tuberosus Linnaeus (1753) North America 1905
8 |Heracleum mantegazzianum Sommier et Levier (1895) North America 1810
9 |Solidago canadensis Linnaeus (1753) North America 1937
10 |Elodea canadensis Michx. (1803) North America 1889
11 |E. nuttallii (Planch.) St. John. (1920) North America 2004
12 |Reynoutria sachalinensis (F. Schmidt ex Maxim.) Nakai (1988) Far East 1936
13 |Robinia pseudoacacia Linnaeus (1753) South America 1808
14 |Amaranthus albus Linnaeus (1759) North America 1861
15 |Anisantha tectorum (Linnaeus) Nevski (1753) Southwestern Asia, Northern Africa 1883
16 |Asclepias syriaca Linnaeus (1763) North America 1904
17 |Conyza canadensis (Linnacus) Crong. (1943) North America 1753
18 |Galinsoga quadriradiata Ruiz and Pav. (1798) South America 1946
19 |G. parviflora Cav. (1795) South America 1854
20 |Impatiens parviflora DC. (1824) Central Asia 1927
21 |Xanthium spinosum Linnaeus (1753) South America 1922

Some scientific researches (Abduloeva and Karpenko,
2008) have revealed a high allelopathic activity of R. pseu-
doacacia soluble exudates, which explains to some extent its
occupation of new territories and displacement of other plant
species. Significant expansion in distribution of R. pseudoa-
cacia is also observed in other countries, particularly in
Northern Italy there is expansion of the species into new
territories (Radtke et al., 2013). In South Korea, expansion of
R. pseudoacacia occurs within lowlands, and this phenome-
non is not observed for uplands (Lee et al., 2004).

Invasive invertebrate species

Invasive insects are a serious hazard to the local ecosys-
tems and economy. In Ukraine, according to the Internation-
al Convention on Quarantine and Plant Protection and the
International Standards for Phytosanitary Measures (ISPMs

No. 19), lists of quarantine species were compiled. Today in
Ukraine 218 species of quarantine organisms are listed in the
National List of Regulated Hazardous Organisms, among
which 98 species are insects. In the current list, all organisms
are divided into three groups:

— A-1 Quarantine organisms absent from Ukraine;

— A-2 Quarantine organisms with restricted distribution
in Ukraine;

— Adjustable non-quarantine hazardous organisms.

Species belonging to the A-2 group are the greatest envi-
ronmental and economic hazards (Table 2) because of their
annual irruption. The last 20 years have seen an intense
process of fauna transformation in the Dnieper reservoirs.
Invasion and distribution of invertebrates occurred (Pligin et
al., 2013, Semenchenko et al., 2015). During the period
20002015 alone the species composition of the benthos
fauna was enrichened by 6 species (Table 3).

Table 2
List of insect species with quarantine status in Ukraine
No. | Name of species | Homeland | Year of first registration

A-2 Quarantine organisms with restricted distribution in Ukraine

1 |Diabrotica virgifera virgifera LeConte, 1868 Central America 2004

2 |Frankliniella occidentalis (Pergande, 1895) North America 1998

3 |Hyphantria cunea Drury, 1773 North America 1952

4 | Phthorimaea operculella (Zeller, 1873) South America 2002

Adjustable non-quarantine hazardous organisms

5 |Lopholeucaspis japonica (Cockerell, 1897) North America 1962

6 |Quadraspidiotus perniciosus Comstock, 1881 Far East 1876

7 |Dactylosphaera vitifoliae (Fitch, 1855) North America 1880
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List of introduced invertebrates in Zaporizhzhya Reservoir (2000-2016)

Table 3

. Year of first
No. Name of species Homeland registration
Amphipoda Latreille, 1816
1 |Synurella ambulans (F. Muller, 1846) Freshwater habitats in Europe 2000
2 |Rivulogammarus kischineffensis Schellenberg, 1937 |Freshwater’s South or West Europe 2001
Mysidacea A .H. Haworth, 1825
The brackish and freshwaters of the Ponto-Caspian region. Shortly
before 1946, it spread across continental Europe by both intentional (for
fish feeding) and unintentional introductions, and arrived in the coastal
. . brackish waters of the Baltic and the North Sea. It is soon to be expected
3 |Katamysis warpachowskyi (Sars, 1893) on the Mediterranean coast. The westward spread occurred rrr)lainly 2007
through multiple invasion waves along waterways of the southern corri-
dor, from the Danube Delta, through the Main-Danube Channel, and in
the River Rhine down to the North Sea
Decapoda Latreille, 1802
4 |Eriocheir sinensis (Milne-Edwards, 1853) Th? coastal. estuaries .of ?astem Asia from Korea in the north to the 2002
Fujian province of China in the south
5 |Rhithropanopeus harrisii (Gould, 1841) Atlantic coast of North America 2009
6 |Procambarus fallax f. virginalis Martin et al., 2010 |Florida's bodies of freshwater; Germany’s bodies of freshwater (since 1990) 2015

In 2000, in the downstream area of the Samara river an
amphipod species new for Ukraine was recorded, S. ambu-
lans. In 2001, in the Kilchen river, was registered the species
R. kischineffensis, untypical for the steppe of Ukraine and
newer for the Dnieper basin, which also expanded its range
to the Samara river floodplain. In 2002, in Zaporizhzhya
Reservoir, a catch of the mitten crab E. sinensis has been
recorded; further reports of catching this species came in
2003 (Kakhovske Reservoir) and 2010-2015 (lower reach of
Zaporizhzhya Reservoir) (Novitskiy, 2010).

In the spring of 2009, the Holland crab R. harrisii was
found in the Zaporizhzhya Reservoir. In 2015 specimens of
marbled crayfish P. fallax f. virginalis were first observed
(Novitskiy, 2010).

Invasive vertebrate species

During all stages of existence of the Zaporizhzhya Rser-
voir, fish fauna has undergone significant transformation.
Currently, 52 fish species belonging to 14 families inhabit
the reservoir. The number of fish species in the Dnieper in its
current form as a chain of huge reservoirs is the same as
when it was a free-flowing river, but the composition of fish
species has changed radically because of the establishment of
new fish species (Fedonenko at al., 2008) (Table 4).

The fauna structure is considerably influenced by the
complex of ecological factors that generated changes in ich-
tyocoenosis. The increase in number of species is associated
with various events. Firstly, after disappearance of the Dnie-
per Rapids and rise of water salinisation, the natural coloniz-
ing process began (Fedonenko at al., 2008), resulting in ex-
pansion of southern species to the reservoir, such as Alosa
pontica, Gasterosteus aculeatus, Syngnathus abaster nigro-
lineatus, Aterina pontica, Clupeonella cultriventris, Bentho-
philoides brauneri.

Secondly, some species of fish have been introduced in
the reservoir for the purpose of fishery management imple-
mentation: Hypophthalmichthys molitrix and Carassius gibe-
lio. In addition to the stocking of the Far-Eastern complex of
herbivorous fish, Pseudorasbora parva has become estab-

lished in the reservoir; this species unlike white amur and
silver carp has acclimatized and expanded its distribution
throughout the Zaporizhzhya Reservoir and tributary systems
(Bulakhov at al., 2008; Fedonenko at al., 2008).

The emergence of new species was related also to the deli-
berate release of fish. In such a manner, Lepomis gibbosus
appeared in water bodies of Dnipropetrovsk region; the spe-
cies has adapted successfully and widely enlarged its range
(Fedonenko at al., 2015). Because this introduced species is a
predator, it can be potentially damaging for valuable commer-
cial fish because it feeds on invertebrates, and occasionally
eggs and young fish. At present, about 31% of the fish species
in the Zaporizhzhya Reservoir are introduced. Such changes in
the reservoir ichthyofauna composition can harm rational fish-
ing, because introduced species are overwhelmingly the food
competitors for the young of commercial fish species.

Determining species viability by stress resistance indices

Today, the problem of antioxidant protection is very re-
levant. But, despite the fact that quite a lot is already known
about antioxidant system functioning and adjustment, many
questions remain unanswered. For example, it remains un-
clear how the introduced species respond to the impact of
various factors and to the stress they experience when they
enter a new environment, and why their cells use different
protective adapting systems to the same factor of influence
(Halliwell, 2007). Oxidative stress is a condition when for-
mation of reactive oxygen species (ROS) prevails over the
processes of their disposal, resulting in a major disruption of
the main vital processes (Hansen, 2006; Lushchak, 2011).
Reactive oxygen forms cause many different damages
through oxide modification of lipids, proteins, DNA, and
other components. They are by-products of cellular aerobic
metabolism, or results of many xenobiotic functions.

Along with antioxidants, reactive oxygen species consti-
tute a system of cellular redox signaling, which is an integral
element of the overall signaling system of both cells and the
whole organism (Sies, 1991). At the same time, imbalance
between ROS formation and their degradation by antioxi-
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dants can lead to damage to biopolymers and lipids and, fi-
nally, to cell death. Induction of ROS-dependent pathways of
signal transduction influenced by various external factors
may cause the activation of the antioxidant system and thus

improve organism resistance to stressors of various nature in
different conditions of existence. Nevertheless, the mechan-
isms of interreaction of various components in the antioxi-
dant system still remain unclear.

Table 4
Distribution of new fish species in the basin of the Zaporizhzhya Reservoir (compiled from data)
No. Name of species Homeland Yegr of ﬁrst
registration
1 |Syngnathus abaster nigrolineatus Bichwald, 1831 Eastern Atlantic: southern Biscay to Gibraltar, and also the Mediterra- 1931
nean and Black seas
2 |Clupeonella cultriventris (Nordmann, 1840) Eurasia: Black Sea (northwestern parts), Sea of Azov and Caspian Sea 1958
Circumarctic and temperate regions: Extending south to the Black Sea,
3 |Gasterosteus aculeatus Linnaeus, 1758 southern Italy, Iberian Peninsula, North Africa; in Eastern Asia north of] 1959
Japan (35°N), in North America north of 30-32°N; Greenland
Eurasia: Black Sea and Sea of Azov (in sea and in the Don, Danube and 1961
4 |Alosa pontica (Eichwald, 1838) other rivers, as much as 567 km up the Don and as far as Kiev on the
Dneiper before the dam was built) (repeatedly)
5 |Ctenopharyngodon idella (Valenciennes, 1844) | Asia: China to eastern Siberia (Amur River system) 1960-1970
Originally from Asia (Siberia), they have been introduced to and now
6 |Carassius gibelio (Bloch, 1782) inhabit lakes, ponds, and slow-moving rivers throughout Europe, North 1970
America, and Asia
Bighead carp are native to the large rivers and associated floodplain lakes
7 |Aristichthys nobilis (Richardson, 1845) of eastern Asia. Their range extends from southern China north to the 1970
Amur River system, which forms the border between China and Russia
8 |Hypophthalmichthys molitrix (Valenciennes, 1844) |Freshwaterbodies of China and eastern Siberia 1970
. . . Eastern Atlantic: Portugal and Spain to Nouadhibou in Mauritania and
9 |Atherina pontica (Eichwald, 1831) Madeira, and throughoft the Megiterranean and Black Sea 1990
10 | Pseudorasbora parva (Temminck et Schlegel, 1846) | Asia: Amur to Zhujiang [Pear] River] drainages in Siberia, Korea and China 1992
11 |Mesogobius batrachocephalus (Pallas, 1814) Europe and Asia: Black Sea, and Sea of Azov 1995
12 | etaturus punctatus (Rafinesque, 1818) North America: Centrgl drainages of the United States to southern Can- 1996
ada and northern Mexico
North America: New Brunswick in Canada to South Carolina in the
. . USA; Great Lakes, Hudson Bay and upper Mississippi basins from| 1992-1993
13 | Lepomis gibbosus (Linnacus, 1758) Quebec and New York west to s}c/)utheastpf/lanitoba angpNonh Dakota, 2002
and south to north Kentucky and Missouri
14 |Benthophiloides brauneri (Beling et Iljin, 1927)  |Eurasia: Black Sea, Sea of Azov, and Caspian Sea estuaries and rivers 2006

Regardless of a longevity duration that can be days or
decades, O, is dangerous for all living organisms, whether
plants, insects, and vertebrates. For example, insects are not
protected from the harmful ROS effect occurring at O, re-
duction. Insects can be particularly prone to oxidation stress
(Felton, 1995). On reaching a new environment, plants are
exposed to osmotic and ionic stresses that along with saline
stress can cause the development of secondary oxidation
stress. Oxidation stress is defined as short-term or prolonged
increasing of steady-state ROS concentration, which causes
disturbance of cell metabolism and its regulation processes
as well as damaging the cellular compartments (Apel, 2004).
Antioxidants play the key role in protection both plants and
animals against the effects of stress factors; antioxidants can
be represented by low-molecular compounds and antioxidant
enzymes (Blokhina, 2003; Gill, 2010).

Superoxide dismutase and catalase are enzymes of the
first line of defense against ROS. Superoxide dismutase
(SOD, F.K. 1.15.1.1) is a permanent component of the anti-
oxidant system. SOD catalyzes the dismutacion O;" to H,0O,.
Activity of SOD is related to redox-active metal ion in the
molecular active center of the enzyme, and, depending on the
enzyme type, that ion may be manganese, ferrum or cuprum,
which is involved in the process of radical neutralization. At
the first step, one-electron oxidation takes place, and the one-
electron reduction at the second step. These reactions do not

require an external source of oxidation-reduction equiva-
lents, so they are independent components of the antioxidant
system (Kohen, 2002).

Catalase (F.K. 1.11.1.6) is an enzyme that is present in
most anaerobic cells, and it catalyzes the transformation reac-
tion of hydrogen peroxide to water and oxygen. In animal
tissues, catalase is localized in the cytoplasm and peroxisomes.
Catalases represents a large group of oxido-reductases, which
are divided into three subgroups, depending on the physical
and biochemical properties (Kohen, 2002; Halliwell, 2007).
Most aerobic organisms contain catalase except some algae
and parasitic helminths (Imlay, 2003).

Different redox groups can be used as indicators of
changes in cell oxidation-reduction balance (Hansen, 2006;
Lushchak, 2011). In the cell, there are three basic oxidation-
reduction systems. The eukaryote basic reduction systems
supporting cell oxidation-reduction balance includes the glu-
tathione-dependent system (GSH/GSSG) (Anderson, 1998).
Glutathione acts as the most important intracellular low-
molecular thioic antioxidant. The importance of glutathione
in the cell is determined by its antioxidant properties. Actual-
ly glutathione not only protects the cell from such toxic
agents as free radicals, but also determines the redox status
of the intracellular environment generally (Anderson, 1998;
Lushchak, 2012).
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Conclusion

We propose a completely new advanced technique aimed
at addressing the modern global environmental target of
evaluation of potential adaptive capacities of invasive species
in new environments. Unlike its analogues, the proposed
three-step approach in evaluation of life activity and ecologi-
cal functions of invasive species has been developed. In ad-
dition to the classic species and population surveys, it was
proposed to carry out biochemical evaluation of stress resis-
tance in invasive species. After all, stress resistance can be
considered as the primary reaction of living organisms to
changes of stable environment components. The results will
provide the opportunity to make a more accurate forecast
concerning adaptation opportunities in invasive species, and
exactly what kind of ecological functions and for which time
period such species will be able to perform in the ecosystems
new to them.
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