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Macrohectopus branickiiis a unique inhabitant of the Lake Baikal's pelagial zone that occupies the same ecological niche
as Antarctic krill and mysids. However, many aspects of this species ecology are still unknown or disputable. In this study
we attempt to clarify the peculiarities of the species distribution in the littoral zone. Since specimens of Macrohectopus
branickii are active migrants and participate at daily vertical migrations to the water surface, we used the conus nets
designed to catch Macrohectopus branickiiduring passive floating from the ice surface to the water column. Obtained data
revealed the presence of Macrohectopus branickii at a depth over 47 m as well as the fact that migrating schools of the
species are not able to enter the specific sites for a long time. We also discussed the capacity of Macrohectopus branickii
to freeze into the ice and ecological significance of this specific phenomenon.

Key words: pelagic amphipod; Macrohectopus branickii; Lake Baikal; vertical and horizontal migration of aquatic organisms;
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YncneHHOCTb U CTPYKTYpa nonynaumm
nenarnyeckoit amunogel Macrohectopus branickil
B NMpMbpeXHoI 30He o3epa balkan
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Macrohectopus branickii ABnseTca yH1UKaNbHbIM obuTaTenem nenarvanu o3. balikan, CXoXmnm no 3KOOrMYecKon HuLle ¢
aHTapKTUYeckUM Kpuaem W Musngamu. HecMoTpsi Ha 3TO MHOrMe acnekTbl 3KOAOrMWU [AAHHOro BUAA ABASITCS
Hen3BeCTHbIMU, 60 CNOPHBLIMU. B pamkax JaHHOW paboTbl Npeanonaranoce yTO4UHNTb 0CO6EHHOCTY pacnpocTpaHeHu s
JAHHOro BMAa B NpubpexHoli 30He. Mockonbky ocobu M. branickii ABNAOTCA akKTUBHBIMW MUFPaHTaMU U y4acTBYyOT B
CYTOUHbIX BepTUKANbHbLIX MArPaLMAX K MOBEPXHOCTU, HaMM BbINN UCMONb30BaHbI KOHYCHbIE CETW, PACCUMTaHHbIE Ha TO,
uto M. branickii 6ypeT nonagatb B HMX NMPU COBePLUEHNN NACCMBHOIO OMYCKaHWA OT NOBEPXHOCTM NbAa B TOJLLY BOAbI.
Mony4yeHHble AaHHbIe NOKa3anu NpUCyTcTBrue ocoben M. branickii Hag rnybuHom B 47 M, a Takxke TO, UTO MUTPUPYIOLLE
CTav npeAcTaBuTeNeln JaHHOro BZa MOTYT JO/Iroe BPpeMS He 3aX0ANTb Ha onpejesieHHble y4acTkuy. Takke B paboTe 6binn
pPaccMOTPeHbl BOMPOChI iIBNEHWS BMep3aHus M. branickii B nef0Bblii MOKPOB M €ro 3HayeHve B 3KOA0rMmn JaHHOro BUAa.
KnioueBble cnoBa: nenarnyeckas amunoga; Macrohectopus branickii; 03epo balikan; BepTuKaibHble N TOPU3OHTa/IbHbIE
MUrpaLV rMAPOBUNOHTOB; MacCUBHBLIN N10B
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BBeaeHve

Macrohectopus branickii (Dybowsky, 1874) aBnseTca sHAeMukom o3epa barkan (Puc. 1), efVHCTBEHHbIM
npeactasmTenem cemenctea Macrohectopodidae (Takhteev et al., 2015), a Takxe efNHCTBEHHOM B MUpe NPeCcHOBOAHOM
nenarndeckon améunogoi (Takhteev, Didorenko, 2015).

Fig. 1. Macrohectopus branickii (Dybowsky, 1874). Female. Photo by S.I. Didorenko (Takhteev, Didorenko, 2015)
Puc. 1. Macrohectopus branickii (Dybowsky, 1874). Camka. ®oto C.WN. AngopeHko (Takhteev, Didorenko, 2015)

JaHHas amdunnoga 3aHnmaeT B balikane 3Konornyeckyro HLLY, CBOMCTBEHHYH Tak1M MPeACTaBUTENAM XUBOTHOIO
MUpa Kak MU3MAbl U aHTapkTuyecknii kpuab (Melnik et al., 1995; Rudstam et al.,, 1998). HecmoTpsa Ha yHWKanbHoe
nonoxeHve 3ton amdunogpl B 03. bankan (Kozhov 1963; Kozhova, Izmesteva 1998), nocnesHue OTHOCUTENLHO
perynspHble Nccief0BaHNsA 3KON0MN 4aHHOI0 B1Aa NPOBOAMINCE B KOHLe npoLusioro Beka (Vilisova 1962; Rudstam et al.,
1992, 1998; Melnik et al., 1995). Tak, oAHUM K3 pe3yNbTaTOB NOAOOHbLIX UCCIeA0BaHMA 6bINO yCTaHOBAEHWe apeana
MakporekTonyca no u3obate 100 M, a obHapyxXeHue MakporekTonyca BO6AM3M Gepera 06BACHANOCb CAYYaHbIMU
3annbiBamu (Melnik et al., 1995). OaHako, B nocnegHee spema M. branickiivacto ¢pukcmpoBanca B6a13m 6eperosoi "MHUN
Ha4 ManbiMU rAybruHaMyM Npyv NOMOLLM ANCTaHUMOHHbLIX Bugeocuctem (Takhteev et al., 2014, 2019; Karnaukhov et al.,
20164, 2016b), 4TO N NOATONKHYNO aBTOPOB AaHHOWM paboThl K 60siee feTasbHOMY U3YyYeHUIO PacnpOCTPaHeHs JaHHOro
BMAa.

Lenbto saHHOW paboThbl ABASETCA yTOUHEHME 0COBeHHOCTel pacnpocTpaHeHnsa ocoben M. branickiiB npnbpexHon
30He.

MaTepman n MeToanKa

MaTepuranom ans AaHHOI paboTbl MoCayXuna cepus Npob, oTobpaHHas B nepuog ¢ 17 no 24 mapta 2019 r. B byxTe
Bonblne KoTbl (FOXHbIM balikan). Ocobu M. branickii coBepLUatoT CyTOUHblE BEPTUKaNbHble MUTPaLn U3 TOALLM BOAbI K
MOBEPXHOCTY, MO3TOMY NPO6LI OTOMPaNNCL METOAOM NMacCMBHOIO /IOB3, T.e. B BeYepHee BpeMs Ha HOYb YCTaHaBANBaIN
MNAaHKTOHHbIE CeTU C BXOAHbIM OTBEPCTUEM KBaAPATHOW GOPMbI (Sexoaroro oreepcrus = 0,09 M2), @ YTPOM C/iefytoLLEro AHS
Npou3BOANACA MoAbeM ceTel 1 dukcaumsa MaTepmana C nociegyrollei 06paboTkon Mo O6LLENPUHSTON MeToAMKe,
6romacca bbina BbliCUMTaHa C MOMOLLLIO paHee orpejeneHHOro CTaHAapTHoOro Beca ocobein (Arov et al., 2000). Bcero
eXeZlHeBHO YCTaHaBNNBaNOCh ABe CeTW: NepBas Haj rnybuHol 47 m, BTopas Hag raybuHoii 390 m. O6e ceTun onyckanmcb 1
bukcnmpoBanucb Ha raybmHe 10 M. Takum obpasom, Bcero 6bino noayydeHo 14 npob, Mo 7 € Kaxzgoh Touku. Ans
CTaTUCTNYECKOTrO aHaNM3a Noy4YeHHbIX JaHHbIX MCMOAb30BaNnCL KpuTepumn Kpackena-yonnmnca n MaHHa-YUTHU C y4eToMm
nonpaskn boHdeppoHU. Micxoas 13 KonmyecTBa NapHbIX CPaBHEHWI, Bbi BbICHMTaH CKOPPEKTUPOBAHHbIA KPUTUYECKATA
ypoBeHb 3HaummocTu (p=0,002) (Unguryanu, Grjibovski, 2014).

B AononHeHve K AaHHbIM NacCMBHbBIM JI0BaM, Ha MePBOM 11 BTOPO Touke OblIM OTKONOThI Kycku Nbja. Ha obenx
TouKax nes 6bin B3AT C BEPXHEN U HUXKHEN CTOPOHbI IeJ0BOro MOKPOBa. B ganbHeluem npy KOMHATHOM TemnepaTtype
neg 6bln pacTonieH, Npobbl MPoLeXeHbl Yepes cayok 1 3adurkcpoBaHbl 4% dopmanmHoM. O6beM BoAbl B Kaxaon npobe
Takxe 6bl1 U3MepeH.
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Pe3yanaTb| n nx 06cy>|<AeH|/|e

O6paboTka Npob Nokasana NoYTM MOCTOSTHHOE MPUCYTCTBME 0CO6ell MakporekTonyca Hag rnybuHor 47 m (tabn. 1).
WNckntoueHre coctaBuna TOMBKO NATas HOYb, OAHAKO, CTOUT OTMETUTb, YTO B JAaHHOM C/lyyae npu yCTaHOBKe ceTu
MPOM30LLNO0 3aMpoKMAbIBaHNE Tpy3a BO BXOAHOE OTBEpCTMEe M3-3a 4Yero CeTb HaxoAWuacb HepacrnpaBneHHas 1 B
HernpaBWIbHOM MOAOXEHWN. TeM He MeHee, MeAraHa 3HaUYeHU YNCIEeHHOCTU Ha JAaHHOW Touke cocTaBuia 22 3k3./M2.
Hag rnyéuHoin B 390 M Ha MpOTSXEHUM Heaenn HabnAanocb MOCTOSHHOE MPUCYTCTBME ocobel AaHHOro BuAa.
YMCNeHHOCTb Haj AaHHOM rny6uHOI B nepecyeTe Ha 1 M2 nyowaan aHa konebanack oT 111 g4o 411 3k3./M? Npu MegnaHe
277 3k3./M?. B gaHHbIX Npobax MpUCYTCTBOBANN MPeACTaBUTENM BCEX pPa3MepHbIX rpynn. MNpeobnajatollein rpynnoii
oKasanucb Mosiogb U camubl (Puc. 2). Yncno Hernonoso3penbix U MOAOBO3PENbIX CaMOK OKa3anoCb CPaBHUTEbHO
Heb0/bLLUMM, 0AHAKO, MPObbI C UX MPUCYTCTBMEM OT/IMYANNCE BbICOKOW Bromaccoi (Puc. 3).

Table 1. Number of M. branickiispecimens per 1 m? of the bottom surface
Tabnuua 1. YncneHHocTb ocobell M. branickii B nepecyeTe Ha 1 M2 njoLWagmn AHa

1 2 3 4 5 6 7 CpeaHee MegmaHa
rnybuHa HOYb HOYb Houb Houb Houb HOUb HOYb 3HayeHwe C 3HAYEHWUN
oLn6Kown
47 m 33 22 22 22 0 56 22 25,346,3 22
390 m 411 367 111 277 333 222 156 268,1+41,9 277

Mcnonb3oBaHue kpuTepus Kpackena-Yonnmca nokasano, 4To Mexzay oTobpaHHbIMU Hag rnybuHoi 390 M npobamu
NMETCH CTaTUCTUYECKN 3Ha4YMMble pasnnunsg, a fanbHeillee NCNoNb3oBaHWe KpuTepus MaHHa - YUTHU NOMOrI0
NAEHTUOMLMPOBATL MeXay KakMMU MMeHHO nMpobamn AaHHble pPas3nung Hanbonee CUAbHO BbipaxeHbl (Tabn. 2). U3
TabanLbl BUAHO, YTO OTANYNS OT APYrnX MPO6 eCTb TONBKO Y MPOo6bI 3@ LLECTY HOYb. B LieIoM, YACIeHHOCTb 1 pa3MepHoe
COOTHOLUEeHMe Koebanocb CTaTUCTUYECKN HE3HAaUUTENbHO Ha NPOTAXEHUN Heenn OTN0Ba.
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Fig. 2. Percentage ratio of Macrohectopus branickiisize groups: 1-6 mm - juveniles and males, 7-14 mm - immature
females, 15 and more mm - mature females
Puc. 2. MNMpoLeHTHoe cooTHoLLEeHWe ocobein M. branickii pa3nnyHbIX pasMepHbIX rpynn: 1-6 MM - MONo4b 1 caMupl, 7-14 -
HeronoBo3penbie caMku, 15 MM 1 6oniee - NONOBO3pesble CaMKU
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Fig. 3. Biomass of the collected Macrohectopus branickii (mg per sample)
Puc. 3. bBuomacca oTtnoBneHHoro M. branickii (mr/npo6a)
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Table 2. Levels of statistical significance (p) of pair wise comparisons calculated with Mann-Whitney U-test with Bonferoni
correction

Tabnuua 2. YpoBHUW CTaTUCTUYECKOW 3HAYMMOCTM (p) NPY MOMapHbIX CPaBHEHWSAX BbINMOAHEHHbIX C MOMOLLbI0 KPUTEpUS
MaHHa - YUTHW ¢ y4eTom nonpaeku boH$eppoHu

1 HOUb 2 Houb 3 HOUb 4 HOYb 5 Houb 6 HOUb 7 Houb
1 0,09099** 1 0,06378** 1,21E-07* 0,4515** 1 HOuYb
0,7364** 1 0,3961** 3,44E-06* 0,8358** 2 HOoub
1 1 0,3107** 1 3 HouYb
1 0,000263* 1 4 HOYb
0,1218%* 1 5 Houb
1 6 HOUb
7 HOUb

(* - statistically significant differences, ** - differences are statistically significant; 1 - no differences)
(* - pa3nnumsa CTaTUCTNYECKN JOCTOBEPHbI, ** - pa3NNYMs CTaTUCTMYECKN HEJOCTOBEPHDI, 1 - Pa3NNYmMs OTCYTCTBYHOT)

MoCTOAHHOe MpUCYTCTBME (3@ WCK/IOYEeHWEeM MATOM HouM) ocobeil Makporektonyca (XoTb M B HebonbLUMX
KONnYecTBax) Hag rnyouHon 47 M No3BoaseT NpeAnonoXunTb, 4To n3obata B 100 M He ABASETCA rpaHuULel apeana AaHHOro
BUJa B o3epe balikan. paHnLa apeana MOXeT 6bITb 3HaUNTENbHO CMeLLeHa B CTOPOHY 6eperoBoii INHUKW, NO KpanHei
Mepe, AN TakMX Pa3MepHbIX FPynn Kak MOono4b, CaMubl, M HeMosioBO3pesble CaMKW. Takxke CTaBUTCA MoJ BOMPOC
yTBepXJeHue, YTo NPUCYTCTBME 0Cobeli MakporekTonyca Hag AnMTopanbHo NnatdopMor MMeeT CiyyYalHblil XxapakTep
(Melnik et al., 1995) 1 obycnoBneHo aBneHnem ansennuHra (Takhteev et al., 2014, 2019; Karnaukhov et al., 2016). YunTbiBas
[OCTAaTOYHO 60/bLUYI0 CKOPOCTb MepeABdKeHMe B3POC/bIX CAMOK, BEPOATHO, YTO BK/IaJ4 anBe/IMHIra B MUrpaLMoHHbIe
nepemeLLeHNsa ocobenl MakporekTonyca B INTOPaSbHY 1N Cy6ANTOPaNbHYO 30Hbl U3 OTKPBLITOM nenarvnany 6ein paHee
nepeoueHeH. Mo pe3lynbTaTaM JaHHOM cepun Npo6, 04eBUAHO, YTO B AAHHOM palioHe He 6bIN0 MUTPUPYHOLLMX CTal
MaKporekTonyca, KOTopble XapakTepun3ytTCa MOBbILLIEHHON YMCIEHHOCTBI0 O4HOPa3MepHbIX 0CObel, raBHbIM 06pa3om
HernonoBoO3penbIX U NoaoBo3penbix camok (Karnaukhov et al., 2018), koTopble, 6n1arogaps 6onee KpynHbIM pasmepam Mo
CPaBHEHWNIO C MOMIOABIO N CaMLaMK, CMOCOBOHbI K aKTUBHBIM MepeABMKeHUAM. [ins yCTaHOBNEHUS Mepuoja MexXay
NPUX0oAaMn Ha OAHY TOUKY pasHbIX CTail MakporekTonyca, O4eBMAHO HeObX0ANM boiee ANNTeNbHBIV HEeMpepbIBHbIA PAj,
eXeCyTOUHbIX MPo600TH60POB.

HecmoTpsi Ha oueHb Manbie 06bem (4-10 1) 1 YNCIo NefoBbIX MPOB6, 0cobun M. branickii 611 06HapPYXeHbl B TpeX
npob6ax 13 yetbipex (Tabn. 3). CornacHo paHee NPoOBeAEHHbIX NCCIef0BaHN, BMep3LUVve B el 0cobu MakporekTonyca (B
nej BMep3aloT Kak Hebosblume 0cobu, Tak U KPyMHble MOJIOBO3Pesble CaMKM) OCTalOTCA XMBLIMU U MPOACIKALOT
COXPaHATb CBOIO XM3HeAeAaTebHOCTb Nocae Toro, kak nes pacraet (Nikolaeva, 1967). KakoBo 3HaueHue 3TOro ABAeHUs B
3KONIOTNM AaHHOMO BUAA, Ha AaHHbII MOMEHT Hen3BecTHO. BmecTe ¢ TeM, AN psiia 6€HTOCHbLIX OPraHN3MOB fie, CYXUT
YKpbITUEM, CMOCOBCTBYET NUTAHMIO 1 y4YacTByeT B pacceneHumn (Mekhanikova et al., 2009).

Table 3. Number of Macrohectopus branickii specimens in melting ice samples
Tabnuua 3. YncneHHoCTb ocobelt M. branickii B pacTONaeHHbIX Npobax baa

Ne Mpoba Yncno ocobelr M. branickii O6bem Npobsbl, N
1 C BepxHei cTopoHbl bAa (rn. 47 m) 2 9
2 C H/XKHEeN CTOPOHbI NbAa (r1. 47 m) 0 4
3 C BepxHelh CTOPOHbI ibaa (rn. 390 m) 1 10
4 C HXKHel CTOpPOHBI baa (1. 390 M) 1 5

3akntoyeHue

BeposaTHO, uTo 1n306aTa B 100 M He SIBASETCA rpaHuLLEel pacnpocTpaHeHus JaHHOro B1a B o3epe baiikan, 1 ero
HaxoxXJaeHne 6amxe K 6eperoBoi MHUM 3@ 3TON OTMETKOM He SIBASeTCA ClydarHbiM. Murpupyrowme ctau, Haamvme
KOTOpbIX paHee B NMoANeAHbI nepuog yxe dukcmpoBanock B HOxHoM balikane (Koryakov, 1959), MoryT anntenbHblli
nepuos He 3axoAuTb B OTAeNIbHble paioHbl. B 3TON CBA3M yCTaHOB/IeHVe MUHUMAa/IbHOMO BPEMEHHOrO OTpe3Ka Mexay
nosiBNeHVAMN ABYX CTail Ha O4HOM M TOM Xe y4acTke TpebyeT AIUTeNbHOro PAAa HernpepbIBHbIX HAGMOAEHUI B TeHeH N
ABYX-TPex Wnu Aaxe 4veTblpex Hegesb. DKOMOrMYeckoe 3HayeHve BMep3aHWs Makporektornyca B fies TpebyeT 6onee
JeTasibHOoro nccnejoBaHus.

bnharoaapHocTn

PaboTa BbiMoOAHeHa npu noggepxke npoekta MuHobpHaykm P® 6.1387.2017/4.6 «KomnniekcHas oueHka
COCTOSIHMA NNAHKTOHHOrO coobLecTBa 03epa balikan - cTpykTypa, TeHAEHLUN 1 NPOrHO3 B CBeTe NPo6eMbl rnobanbHbIX
KANMaTUYECKUX WU3MEHEHUA 1N POCTa aHTPOMOreHHOWM Harpysku», a Takxke rpaHta PoHAa NOAAEPXKN MPUKAALGHbIX
3KOM0rnMyeckmnx paspaboTok 1 nccnegosaHnin «O3epo barikan».

ISSN 2412-1908 http://journal .asu.ru/biol



158
The abundance and structure of population of Macrohectopus branickii

References

Arov IV, Basharova NI, Melnik NG. Methods of zooplankton's studies. Part 2. Qualitative and quantative sample processing.
Irkutsk: Irkutsk State University Publishing; 2000. (in Russian).

Karnaukhov DYu, Bedulina DS, Kaus A. et al. Behaviour of Lake Baikal amphipods as a part of the night migratory complex
in the Kluevka settlement region (South-Eastern Baikal). Crustaceana. 2016a; 89(4):419-430. doi: 10.1163/15685403-
00003530

Karnaukhov DYu, Takhteev VV, Misharin AS. Structural features of the nocturnal migratory complex of hydrobionts in
different parts of Baikal Lake. The Bull of ISU Ser “Biol. Ecol”. 2016b; 18:87-98. (in Russian).

Karnaukhov DY, Biritskaya SA, Dolinskaya EM, Silow EA. Some traits of the pelagic amphipod Macrohectopus branickii(Dyb.)
distribution in Lake Baikal. UPI ) Chem Life Sci. 2018; 1(2):1-6.

Koryakov EA. The use of vertical daily migrations of aquatic animals for their capture by fixed guns. Tr. of the All-Union
Hydrobiol. Soc. 1959; 9:344-350. (in Russian).

Kozhov MM. Lake Baikal and its life. The Hague, Netherlands: DR. W. Junk Publishers. 1963:344.

Kozhova OM, Izmest'eva LR. Lake Baikal: Evolution and biodiversity. Backhuys Publishers. 1998:447.

Mekhanikova IV, Poberezhnaya AE, Sitnikova TYa. About freezing of littoral invertebrates into the ice of Lake Baikal. Zool. j.
2009; 88(3): 259-262.

Melnik NG, Timoshkin OA, Sideleva VG. Guide and key to the pelagic animals of Lake Baikal (with short essays on their
ecology). Novosibirsk: Nauka, SO; 1995. (in Russian).

Nikolaeva EP. Some data on the reproduction biology of the pelagic Baikal bokoplav Macrohectopus branickii Dyb. Bull. of
the Biol.-Geogr. Res. Inst. at the ISU. 1967; 20:28-33. (in Russian).

Rudstam L, Melnik NG, Chubenkov SG. Invertebrate predators in the pelagic food chains: similarities between
Macrohectopus branickii (Amphipoda) of lake Baikal and Mysis relicta (Mycidaea) of lake Ontarion. Siberian ecological
journal. 1998; 5(1):429-434 (in Russian).

Rudstam LG, Melnik NG, Timoshkin OA, Hansson S, Pushkin SV, Nemov V. Diel dinamics of an aggregation of Macrohectopus
branickii(Dyb.) (Amphipoda, Gammaridae) in the Barguzin Bay, Lake Baikal, Russia. ). Great Lakes Res. 1992; 18(2):286-297.
Takhteev VV, Berezina NA, Sidorov DA. Checklist of the Amphipoda (Crustacea) from continental waters of Russia, with data
on alien species. Arthropoda Selecta. 2015; 24(3):335-370.

Takhteev VV, Didorenko SI. Fauna and ecology of Lake Baikal amphipods. Publishing House of the Institute of Geography.
V.B. Sochavy SB of the RAS. 2015:115 (in Russian).

Takhteev VV, Karnaukhov DYu, Govorukhina EB, Misharin AS. Diel vertical migrations of hydrobionts in the coastal area of
Lake Baikal. Inland Water Biology. 2019; (2):50-61. doi: 10.1134/50320965219020141

Takhteev VV, Karnaukhov DYu, Misharin AS, Govorukhina EB. Distant methods of ecological research and monitoring in
limnology and oceanology and their application on Lake Baikal. The development of life in the process of abiotic changes
on Earth. 2014; (3):374-381. (in Russian).

Unguryanu TN, Grjibovski AM. Analysis of three independent groups using non-parametric Kruskal-Wallis test in stata
software. Human Ecology. 2014; 6(1):55-58. (In Russian).

Vilisova IK. To the ecology of the Baikal pelagic amphipod Macrohectopus branickiiDyb. Tr. LIN SO AN of the USSR. Part 1:
Systematics and ecology of crustaceans of Lake Baikal. 1962; 2(22):156-171. (in Russian)

Citation:

Karnaukhov, D., Biritskaya, S., Teplykh, M., Silenko, N., Dolinskaya, E., Silow, E. (2019). The abundance and structure
of population of pelagic amphipod Macrobectopus branickii in the coastal zone of Lake Baikal.

Acta Biologica Sibirica, 5 (3), 154-158.

Submitted: 17.06.2019. Accepted: 23.09.2019.

crossref hitp://dx.doi.org/10.14258/abs.v5.i3.6574

© 2019 by the authors. Submitted for possible open access publication under the terms and conditions of the
BY Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

ISSN 2412-1908 http://journal .asu.ru/biol


http://dx.doi.org/10.14258/abs.v5.i3.6574

