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[IpotuB mogo0HOrO MOJIX0Ja K OCBOCHHIO KOMIIEHCAIIMOHHBIX cpeAcTB llonspHBI MHCTUTYT
Bcerza BoicTynaji. Haila nmo3unus ocCHOBaHa Ha CyIIECTBOBAaHUU HEKOI'O ONTHMYMa, KOTOPBINA TOBOPUT
00 yCIIOBUSIX BBDKHMBAHHS BBIIYCKAEMOW T€HEpallud B 3aBUCHMOCTH OT €€ YHCIEHHOCTH.
OTO KOJIMYECTBO OMNPENENAETCS E€MKOCTBIO JKOJIOIMYECKONM HMIIM, B Ipelenax KOTOPOM MOJOIb
CIIOCOOHAa HOpPMajJbHO KOPMMTHCS W DPa3BUBAThCA. B 4YacTHOCTH, COINOCTAaBIIEHWE MHOTOJETHHUX
JaHHBIX O YHCIEHHOCTH BbIIycKaeMOM B peky Kosa 3aBoACKOM MONIOAM W KOJMYECTBE
BO3BPAIIAIOIINXCS B 3Ty PEKY B3POCIBIX 0CO0€, paccunTaHHOMY 1O Mojenu Pukepa, mokasaio, 4To
ontuManbHbIM JUIs peku Koma sBnsgercss Bbimyck 187 000 manbkoB, M B yBEIMYEHHMH OOBEMOB
HCKYCCTBEHHOT'O BOCIIPOM3BO/ICTBA CEMI'M B HACTOSIIIEE BPEMSI HET HEOOXOIUMOCTH.

[TonbITKM UTHOPUPOBATH yKa3aHHbIE OOCTOATENHCTBA CBEAYT pabOTHI MO KOMIIEHCAIUU yiiepOa
OT XO3SIUCTBEHHOU JEATEIILHOCTH Ha MOPCKOM IIeb(e K OECCMBICICHHBIM, €CJIU HE BPEIHBIM C TOUKHU
3peHusi DSKOJOTMM U coxpaHeHus 3anacoB BBP, Meponpustusm. Kpome Toro, cnencrsuem
UX pealu3allud CTaHyT TrpyOble HapymieHus KOHBEHIIMM U COMVIAIEHUH MeXAyHapoAaHOU
MEXIMPaBUTEIbCTBEHHON OpraHu3aliuy 1o COXpaHeHuIo cesepoarianTuueckoro jococs (HACKO).

OaHMM U3 DJIEMEHTOB MEXaHU3Ma OCYILECTBJICHHS KOMIIEHCAIIMOHHBIX MEPONPUITUNA MOKET
CTaTh OPraHU3aIMUs CIIEUAIN3UPOBAHHOIO (DOHJIA 32 CUET CPEJICTB, HAMIPABISAEMBIX X035 HCTBYIOIIUMU
CcyObeKTaMH Ha KOMIIEHCALMI0 yiiepOa BOJHBIM OHOJOTHYECKHM pecypcaM. Takas KOHCOJIHJAIUS
CPEACTB TO3BOJIUT, HE pacHbUIAACh Ha 3a4acTyl0 HEMOJHOE pEeUIeHHE JIOKAIbHBIX MpooiieMm,
OpraHM30BaTh MEPOIPHUATHS, CIOCOOCTBYIOIIME PEIIEHUI0 KPYMHBIX HSKOJIOTMYECKHUX 3a]ad
B COOTBETCTBUU C FOCYAAPCTBEHHBIMHU IIJIJaHAMH U IIPOrpaMMaMH.
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ECOLOGICAL EXPEDIENCY IN THE COMPENSATION OF HARM
TO AQUATIC RESOURCES
M. Yu. Alexeev, A. M. Nikolaev, S. V. Prusov, A. V. Zubchenko
Knipovich Polar Research Institute of Marine Fisheries and Oceanography, Murmansk, Russia,

e-mail: mal@pinro.ru

The current legislation provides for a number of measures aimed at compensation for the death
of living aquatic resources and the deterioration of their habitat that occurred as a result of economic
activity including the culture of aquatic biological resources, fishery amelioration of water bodies,
the creation of the new objects, expansion or modernization of existing aquaculture facilities. In spite
of a large set of different ways to redress environmental damage, in practice, the interested
organizations, for objective reasons, prefer artificial reproduction. The most extensive work is being
done on the shelf of the Barents, White and Kara Seas, exposing the seabed and coastal areas, which
are planned to install the pipeline or drilling platform. Despite the fact that the damage is done
to marine and coastal ecosystems, marine complex operating method of calculating the damage allows
us to have the recalculation to the production of any aquaculture product. As in the Murmansk Region
there are only the salmon fish farms, a bad practice to recalculate damage only to young salmon
has been developed. The power of plants, the environmental capacity of the rivers and the opinions
of regional research institutions are not taken into consideration.

This formal approach has already led to the absurd situations. Remembered the case when
one respected organization offered to release one billion salmon larvae into the Kola River.
The calculation showed that the release of the declared number of larvae would require removal
of more than one billion eggs from natural reproduction. With the average fertility of a salmon female
being equal to 7000 eggs, about 170,000 females would be needed. The stock of all the salmon
in the Murmansk Region is estimated at about the same value. If you calculate how much salmon
you need for the disbursement of all the compensation money from the ongoing work on the shelf
in recent years, the required number of salmon is impossible to have even in the combined area
of Murmansk and Arkhangelsk Regions and the Nenets Autonomous Okrug (District).

The Polar Institute has always opposed this approach to the development of means
of compensation. Our position is based on the existence of a certain optimum, which speaks about
the survival conditions of the released generation, depending on its abundance. This amount
is determined by the capacity of the ecological niche within which juveniles are able to feed and grow
normally. In particular, a comparison of the long-term data on the farmed fish number released
to the Kola River and the number of adults returning to the river calculated using the Ricker’s model
showed that 187,000 fry released was optimum for the Kola River and there was no necessity
to increase the volume of salmon artificial reproduction.

The attempts to ignore these circumstances will lead the work on the compensation of damages
from the economic activities on the sea shelf to pointless activities, which may be harmful in relation
to ecology and protection of the aquatic biological resources. In addition, the result of their
implementation will be the great violations of the Convention and agreements of international
intergovernmental North Atlantic Salmon Conservation Organization (NASCO).

One of the elements of the mechanism of compensatory measures can be arranging a special
fund at the expense of the funds allocated by economic agents to compensate for damage to water
biological resources. Such consolidation of means will allow us to organize the activities to help
solving the major environmental problems in accordance with national plans and programs without
getting scattered on the solution of local problems which is often incomplete.
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TPO®UYECKHUE YCJTOBUA MOJIOAN HEPKU
(ONCORHYNCHUS NERKA WALB.) B O3EPE ABABAYBE (KAMYATKA)
JI. A. bazapkuna
DeoepanvHoe cocyoapcmeennoe DI00XcemHoe HayuHoe yupedicoenue « Kamuamerkuil nayuno-
UCCIe008AMENbCKULL UHCUMY N PIOHO20 X03AUCMEa U okeanozpaguuy, e. [lemponasnosck-Kamuamckuil,
Poccus, e-mail: bazarkina.l.a@kamniro.ru

B o3epe A3za0aube BOCHPOU3BOAMTCA OJHO M3 KpPYNHEHIIMX a3MaTCKUX CTaJ HEpKU
(Oncorhynchus nerka Walb.) (byraes, 2011). 3nech IpOXOIHUT MPECHOBOIHBIN MEPUO]] KU3HH HEPKH
azabayMHCKOro crajga (crazo «A») U MOJOAM MOMYNALMNA HEPKU MPUTOKOB HUKHEIO TEUEHUS
p. Kamuarka (rpynnupoBka «E»), murpupyromein B o3epo ceronerkamu (byraes, 1981, 1984).
B Teuenne AByXx—Tpex JeT KM3HM B IeJardalid o3epa HepKa IUTaeTcs MPEeUMYLIECTBEHHO
TUTAHKTOHHBIME pakooOpa3ueiMu (benoycosa, 1972; bazapkuna, 2004).

Tpoduueckne ycnoBus MoJIOAM HEpKU B 03. A3abaube, ONPENENSAIOT, C OJHOW CTOPOHBI,
YHUCJIEHHOCTh (OMoMacca) IJIAHKTOHHBIX PakooOpa3HBIX, C JIPYrod, — KOJMYECTBO MOJIOAM HEPKHU
W Jpyrux BHIOB pbIO-IaHKTOHO(AroB: Tpexurioi koumromku (Gasterosteus aculeatus Linne)
u manoporoit kopromku (Hypomesus olidus Pallas).

Hcxons wW3 CpeAHEMHOroJeTHEH BEIUYMHBI OHMOMAacChl MeEJIAarMYecKuX pPakooOpa3HbIX
B 03. AzaGause 3a 1981-2010 rr. 1,3 r/mM%, coorsercrByiomeii 150 T cyxoro BemecTBa IIAHKTOHA
(CBII) mst Bcero Bojoema, 03€po €KErojHO B COCTOSHUU MPOKOPMHUTH 90 MIIH LIT. MOJIOJU HEPKHU.
O0 oOecnieueHHOCTH MUIIEH MOJOAM HEPKH B 03. A3abaybe MOKHO HENOCPEICTBEHHO CYIUTh
110 OMOJIOTMUYECKUM IOKa3aTesIsIM MOKaTHOM MOJIOAM: JBYXTOJOBUKOB cTafa «A» (Az+) U roJJOBUKOB
rpynnupoBku «E» (Ei1+), cpeqHeMHOroneTHssl BeIMYMHA Macchl Tena, KoTopbix 3a 1981-2010 rr.
paBHa 10,3 u 7,1 T, COOTBETCTBEHHO. YCTAaHOBJIEHO, 4YTO Macca Teja CMOJATOB Ei.+ 3aBUCHT
oT Tpoduueckux ycioBuii B roj ckara (r=0,707; P>0,99), a mokaTHUKOB Aj:, B PaBHOW CTEICHH,
0T GMoMacChl MeIaruyeckux pakooOpasusix B rog murpauuu (r=0,784; P>0,99) u B npeamecTBy0mui
rox Harysna (r=0,781; P>0,99).

B teuenue 1982-1986 rr. B 03epe HarynamBaioch, B cpemHeM, 310 MIIH IIT. HEPKU, KOTOPOH
6but0 HeoOoxonumo 530 T CBII. ®aktuueckas 6uomacca CBII cocraBnana 50 1. K Tomy e, B aTH
TOJIbI PE3KO BO3POCiIa BCTPEYAEMOCTh TPEXUTIION KOJIOMIKH B TPAJIOBBIX yJIOBax OT 2 110 85 9K3./MUH,
YTO TaK)K€ OTPA3WJIOCh HAa KAaueCTBE CMOJITOB HEPKH, Macca Tela KOTopblXx B 1986 r. Obuia o4yeHb
HU3KOH (A2+ = 4,2 1; E1+ = 3,8 1). YmyunieHue KOpMOBBIX YCIIOBHI MOJIOJIM HEPKH B TIEJIarHan 03epa
B 1988-1994 rr. mnpoxommino NpuU ONTUMAIbHOM YHUCICHHOCTH HAryJWBAIOLICHCS HEpPKHU
B 1987-1992 rr. Ha (oHE CHMKEHHS KOJMYECTBA TPEXUIVION Komtomku oT 42 no 1 3K3./MuH
U TIOBBIIIEHUS OMOMACCHI IEJIaruyecKkux pakoodpasHelx B 1992-1994 rr. or 1,1 1o 2,8 r/m°
BciencTBUe (epTunusanuu OacceilHa BojoeMa BYJIKaHMYECKUM TMerjoM BiK. KioueBckas corka
B anpene 1990 r. B 1993 r. macca tena cmonrtoB E1+ Obina paBna 10,3 1, a Macca Tena Ao+ B 1994 1.
nocturana 18,2 r. [Ipu mocnenyroniemM MOBBIMIEHUH YUCICHHOCTH MOJioau Hepku B 1993-1998 rr.
or 300 no 650 MJIH IUT. HEpKa HarylIMBajach NpU JePHUIMTE MUIIH, B CPEIHEM, COCTABISAIOLIEM
480 T CBII. B 2001-2016 rr. B 03¢epe, npu cpeaHeit Onomacce MIaHKTOHHBIX pakooOpa3HbixX 1,4 /M’
HarynuBasioch 110 MJIH INT. MOJOAM HEPKH, Macca Tejla MOKaTHOM HEpKH Obula B Ipenenax
CPETHEMHOTOJIETHUX 3HAYEHHMM, 4TO MOXKET CBUJETENbCTBOBaTh O OJarompUATHBIX TPOPUUECKUX
YCIIOBUSIX MOJIOAM HEPKU B 3TH ToAbl. 3a uckiaroyeHueM 2003-2005 rr., koraa mu3-3a BCIBIIIKU
YUCJIEHHOCTH TPEXUIJION KONIOMKK M MallopoToi Kopromku (40 5K3./MHH), MOJOJb HEPKHU
HarynuBanack npu Henoctatke 110 T CBIL. K 2008 r. 6momacca MIaHKTOHHBIX PaKOOOpPa3HBIX
BO3pocia 1o 2,5 r/M°, Macca Tena mokaTHON Moo — 10 17,3 T (A2+) m 11,3 1 (E14), 9TO SIBUIIOCH
CIIeZICTBUEM IIeTuIonaa Ha 6acceitH Bojoema B Mae 2004 r. nmpu uzBepkeHuu BikK. [Iusemyy.

BenbImky 9uCIEHHOCTH MUILEBBIX KOHKYPEHTOB MOJIOJIM HEPKU B 03€pe, KaKk M IEIuIonajbl
IIpU U3BEpKEHUM ByJIkaHoB KirodeBckoil rpynnsl v IuBenyd Hempenckasyemsl. CienoBaTenbHO,
JUIS COXpAHEHHWsSl CTaTyca BBICOKONPOAYKTUBHOTO Bojgoema sl 03. A3zabaube HEOO0XOAMMO
HE JIOIYCKaTh MEPENOIHEHUH HEPECTHIINL, YTO MOCIEAHUE 15 JeT TOCTUraeTcsl MyTeM IMOBBIILIECHUS
KoJM4ecTBa HeBo10B B KaMuaTrckoMm 3anuBse.
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TROPHIC SITUATION FOR JUVENILE SOCKEYE SALMON
(ONCORHYNCHUS NERKA WALB.) IN THE LAKE AZABACHYE (KAMCHATKA)
L. A. Bazarkina
Kamchatka Research Institute of Fisheries and Oceanography, Petropavlovsk-Kamchatsky, Russia,
e-mail: bazarkina.l.a@kamniro.ru

The lake Azabachye is the place of spawning for one of the most abundant stocks of sockeye
salmon (Oncorhynchus nerka Walb.) in Asia (Bugaev, 2011). Here the freshwater period of life
of the sockeye salmon of the Azabachye herd (herd "A™) and juvenile sockeye salmon from
the tributaries of the lower part of Kamchatka river, migrating to the lake by as underyearlings
(group "E") (Bugaev, 1981, 1984). During two-three years of life in the pelagic zone of the lake
sockeye salmon is feeding on plankton crustaceans (Bazarkina, 2004).

The trophic situation for juvenile sockeye salmon in the lake Azabachye depends on the number
(biomass) of the plankton crustaceans on the one hand and on the number of juvenile sockeye salmon
and the other plankton eating species, including threespine stickleback (Gasterosteus aculeatus Linne)
and pond smelt (Hypomesus olidus Pallas), on the other hand.

Judging by average annual level of the biomass of pelagic crustaceans in Azabachye lake
for 1981-2010 (1,3 g/m°, what should mean 150 t of dry plankton substance for the lake in the whole),
the lake annually provides food for 90 million juvenile sockeye salmon individuals. How strong
the supply for the juvenile stock in Azabachye is can be estimated directly on the biological indexes
of migrating juvenile fish — the two—year-old individuals of the «A» herd (A,+) and the yearlings
of the «E» group (E1+), having the average body weight respectively 10,3 and 7,1 g for the period
1981-2010. It is found that the body weight of the smolts E;. depends on the trophic situation in the
year of migration (r=0,707; P>0,99), and of the smolts A,. — equally on the biomass of the pelagic
crustaceans in the year of migration (r=0,784; P>0,99) and in the previous year (r=0,781; P>0,99).

During the period 1982—-1986 averagely 310 million sockeye salmon individuals were feeding in
the lake, requiring 530 tons of dry plankton substance (DPS). The in-fact weight of DPS was 50 t.
Moreover, the trawl catches for the period revealed increasing frequency of threespine stickleback
from 2 to 85 fish/minute, what also affected conditions of sockeye salmon smolts, having very low
body weight in 1986 (A,+ = 4,2 ¢g; E;+ = 3,8 g). Better situation for juvenile sockeye salmon
in 1988-1994 had formed under optimal number of foraging sockeye salmon in 1987-1992
on the background of decreasing number of threespine stickleback from 42to 1 fish/minute
and increasing biomass of the pelagic crustaceans in 1992-1994 from 1,1 to 2,8 g/m® as a result
of fertilization o the basin with the ash of Kluchevskaya Sopka volcano in April of 1990. In 1993
the body weight of the smolts E;+ was 10,3 g, and in 1994 the body weight of the smolts Ay
was 18,2 g. During next increase of juvenile sockeye salmon abundance in 1993-1998
from 300 to 650 million individuals’ sockeye salmon was in deficiency of forage, averagely 480 t
of DPS. In 2001-2016 110 million juvenile sockeye salmon individuals were feeding in the lake,
and the average biomass of plankton crustaceans was 1,4 g/m°. The body weight of smolts varied
in the average annual ranges, what can indicate of favourable trophic situation for juvenile sockeye
salmon in mentioned years. Except the period 2003-2005, when due to erupted abundance
of threespine stickleback and pond smelt (40 fish/minute) juvenile sockeye salmon was feeding in debt
of 110 t of DPS. By 2008 the biomass of the plankton crustaceans increased up to 2,5 g/m?®
and the body weight of migrating sockeye salmon — up to 17,3 g (A2+) and 11,3 g (E1+), what was
result of the ash-fall over the basin in May of 2004 during eruption of Shiveluch volcano.

Both, the fluctuations of the food competitors of sockeye salmon in the lake and the ash-falls
from the Kluchevskaya group and Shiveluch volcanic cluster hardly can be predicted. This is why
sustainable highly productive status of Azabachye lake is based on prevention spawning grounds
from excessive number of spawners, what works recent 15 years through rational regulation of the
number of seines in Kamchatsky Gulf.
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BAPUABEJIBHOCTb U U3BBUPATEJIBHOCTb ITUTAHUSA MOJIOAU KYMXHN
B MAJIOM PEKE OHEKCKOT'O O3EPA
. A. bapeiues, A. E. Becenos, /1. A. Eppemos, M. A. PyuseB
DeoepanvHoe cocyoapcmeernoe bioddcemHoe yupedcoenue nayku Uncmumym ouonocuu Kapenvckoeo

Hayunoeo yenwmpa Poccutickou axademuu nayx, e. Ilemposzasoock, Poccus,
e-mail: i_baryshev@mail.ru

W3BecTHO, 4YTO OCHOBY palMoHa Moioad Kymxku Salmo trutta L. B peke cocTaBisiOT
0€CI03BOHOYHBIC OPTaHU3MBI, KaK OEHTOCHBIC, TaK U CIy4aifHO TOIABIIKE B BOJY Ha3eMHbIe. Bmecte
C TeM, HET YeTKOTr0 MOHMUMAaHHUS, HACKOJIBKO 3TOT BUJ PbIObI M30MpaTesieH B MUTAHUH, U, B KaKOH Mepe,
PAIOH 3aBHCHUT OT COCTaBa KOPMOBBIX OOBEKTOB B Pa3HbIC CE30HBI TOJIA.

Paboty npoBoawim Ha p. bonpmas Vs (6acc. Onexckoro o3epa). JnuHa pexu 11 kM, mmpuna
pycia B HkHeM TeueHuun 4-5 M. B wutone u okta0pe 2016 r. uccinegoBaiui BUIOBOM COCTaB,
KOJIMYECTBEHHBIE XapaKTEPUCTHUKU 3000€HTOCAa U cocTaB muTaHus kymxu. CobpaHo u obpaboTaHO
7 po6 3000eHTOCa (3 — 27.06.2016; 4 — 19.10.2016), mpoaHanu3upoOBaHO MUTAHHE 55 0CO0CH KyMKH
B Bo3pacte 2+ (42 ocobu) u 3+ (13 ocobeii). JlHeBHAs TemiiepaTypa BOJbI B IEPUOJ HCCIEIOBaHUN
cocraBuna 13-14 °C B urone u 8—9 °C B okTs0pe.

OTMeueHOo 10CTaTOYHO UHTEHCHUBHOE MUTAHUE KYMXKU: UHJEKC HATIOJHEHUS KEeNyIKOB COCTaBHII
261 (67-418) °/ooo B mrome 1 175 (0-659) %/o00 B OKTsIOGpe. YCTAHOBICHO, YTO CIIEKTP MHTAHHS KyMKH
orpezenseTcss KopMoBod 0a3zoil. OgHaKo OH HMMeEeT OCOOEHHOCTH, CBSI3aHHBIE C HM30MpaTEIbHBIM
MOTPEOJICHNEM TMHIIEBBIX OOBEKTOB. BEBIIBICHO CYMIECTBEHHOE OTIMYME PAIMOHA KYM)XH B HWIOHE
OT TaKOBOTO B OKT0pe (MHOTOOTKIMKOBas nepmyTaiuonHas npoueaypa MRPP, nporpamma PC-ORD
6.19, A=0,23, p=0,0000). Ilpu nomomm uHIEeKCa YEeKaHOBCKOIO MOKA3aHO BBICOKOE COOTBETCTBHUE
CHEKTpa MUTAHHUSI TOMY COCTaBy 3000€HTOCA, KOTOPBIM OBLI B peKe B 3TO BpeMs, YTO YKa3bIBaeT
Ha 3aBUCUMOCTH PalliOHa OT KOPMOBOM 0a3bl (TadI1.).

Ta6mz1ua. CoOTBeTCTBHE COCTaBa 3000€HTOCA CIICKTPY NUTAHUA (I/IH,HCKC qCKaHOBCKOFO)

IIuranue 3000eHTOC
KYMXH Hronn OxkT10ph
Hrons 0,39 (0,27)* | 0,13(0,07)
OKTA0pb 0,04 (0,12) | 0,31 (0,21)

* 0e3 CKOOOK — I10 YMCIIEHHOCTH, B CKOOKax — 1o Gromacce

Bmecre ¢ Tem, ycraHoBieHa W HM30MpPATENbHOCTh B BHIOOpPE MUIIEBBIX OOBEKTOB KYMKEH.
Tak, B cocraBe NHTaHWs MPAaKTHYECKH OTCYTCTBYIOT opranm3mbl rpymn Oligochaeta, Tipulidae
u Limoniidae, KoTopbie COCTAaBISIOT CYHICCTBEHHYIO JIONIO B 3000€HTOCE, YTO MOXKET ObITh OOBSICHEHO
ux 00pa3oM *KHU3HU — B ToJlle rpyHTa. [I0CKOIBKY MOIOAb KYMKH BBUIABIMBAET KOPMOBBIE OOBEKTHI
13 MTOTOKA BOJIBI, TO B IEPBYIO OYEPEIb B PAIlMOHE MPUCYTCTBYIOT BU/IBI, OOMTAIOIINE HA IOBEPXHOCTH
cyOcTpaTa M akTHBHO ydactByromme B npuprte — Simuliidae, Plecoptera, Trichoptera. Ux mons
B MIUTAHUH TPEBHINIACT TAKOBYIO B 3000€HTOCE. Y BEIMUEHHE N30MPATEIHbHOCTH B MMUTAHUU BBISBICHO
oceHblo. Tak, B 3TOT NEpPUOJ COOTBETCTBUE CHEKTpa IUTAHHUA COCTABY 3000€HTOCA CHHUXKEHO,
M0 CpaBHEHHIO C JieToM. YacTe pBIO OCEHBIO 3HAYUTENHHO CHU3WJIA HHTEHCHUBHOCTH IHTAHUS
(50% ocobeii Meny MHACKC HAIOJHEHHS KeTyaKkoB MeHee 100 Olooo). Bwmecre ¢ TeMm, cpennuil pazmep
MUIIEBOro o0bekTa yBenuumicsa ¢ 3 mr (B uwoHe) 10 28 Mmr (B okTs0pe). B coctaBe muTtanus cranu
BCTpeYaThesi cerofeTku IArymku (16% pbi0), KpynHble OTHOCUTENBHO JAPYTHMX KOPMOBBIX OOBEKTOB.
BeposiTHO, IpH C€30HHOM CHIDKEHUH TEMIIepaTypbl BOJABI pPhIOa CTaja MEHee aKTHBHA M aTaKkoBala
TOJILKO KPYITHBIE, IIEHHBIE B DHEPTETUYECKOM IUIaHE KOPMOBBIE O0BEKTHI.

Takum 00pa3oM, ¢ OJHOW CTOPOHBI, CIIEKTP IHTAHHUS MOJIOJAW KYM)KH 3aBHCHT OT KOPMOBOM
0a3bl M B TEUEHME TOJla MEHSETCS BMECTe C Hell, a ¢ APYroi CTOPOHBI B MUTAHUU PHIO MPOCIIEKEHBI
TEH/ICHITNH K N30MPaTeIbHOCTH, KOTOPBIE YCHIIMBAIOTCS MTPH HU3KUX TEMIIepaTypax B OCCHHEE BpeMsI.

Paboma evinonnena npu noooepaicke ponoa PHD N [4-24-00102.
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VARIABILITY AND SELECTIVITY OF JUVENILE TROUT FEEDING IN THE SMALL
RIVER OF LAKE ONEGA
I. A. Baryshev, A. E. Veselov, D. A. Efremov, M. A. Ruchyev
Institute of Biology of Karelian Research Centre Russian Academy of Sciences, Petrozavodsk, Russia,
e-mail: i_baryshev@mail.ru

It is known that the basis of the diet of Salmo trutta L. fry in the rivers is invertebrate organisms,
both benthic and terrestrial, which accidentally fell into the water. At the same time, there is no clear
understanding of how much this species of fish is legible in nutrition, and how the composition of food
in the stomach depends on the spectrum of food objects in different seasons of the year.

The study was carried out on the small river Bolshaya Uya (the Onega Lake Basin). The length
of the river is 11 km, the channel width is in the lower reaches of 4-5 m. In June and October 2016,
the species composition and quantitative characteristics of zoobenthos and the composition of feeding
of trout were investigated. Seven quantitative samples of zoobenthos were collected
(3 — June 27, 2016, October 4 — October 10, 2016), nutrition of 55 individuals of trout at the age
of 2+ (42 individuals) and 3+ (13 individuals) was analyzed. The daytime water temperature during
the study period was 13—14 °C in June and 8-9 °C in October.

A fairly intense feeding of trout was noted: the index of stomach filling was 261 (67 —418) %00
in June and 175 (0-659) /000 in October. It was found out that the feeding range of trout is determined
by the forage base, but it has features related to selective consumption of food objects. A significant
difference in the diet of trout in June from that in October was found (multi-response permutation
procedure MRPP, program PC-ORD 6.19, A=0.23, p=0.0000). The high correspondence of the food
spectrum to the composition of the zoobenthos was shown using the Chekanovsky index.
This indicates that the diet of fry depends on the food base (tabl.).

Table. Correspondence of the composition of zoobenthos to the food spectrum
(Chekanovsky index)

Trout fry Zoobenthos

diet June October
June 0,39 (0,27)* | 0,13(0,07)
October 0,04 (0,12) | 0,31 (0,21)

*without parentheses — by number, in parentheses — by biomass

At the same time, selectivity in the diet of trout is also found. So, in the composition of nutrition
there are practically no organisms of the groups Oligochaeta, Tipulidae and Limoniidae, although they
constitute a significant proportion in the zoobenthos. This can be explained by their ecology — they
inhabit the bottom sediments. Since juvenile trout fish catches fodder objects from the water stream,
first of all, the species that live on the surface of the substrate and actively participate in drift —
Simuliidae, Plecoptera, Trichoptera. The share of these organisms in the diet of fry is greater than
in zoobenthos. In autumn fish are pickier about food. In this period, the food composition is less
similar to zoobenthos than in summer. Some fish significantly reduced the intensity of nutrition
(50% of individuals had a stomach filling index of less than 100 %gg). At the same time, the average
size of a food object increased from 3 mg (in June) to 28 mg (in October). In the autumn in the
stomachs of 16% of fish we found young frogs, which are larger than other food objects. Probably,
with a seasonal decrease in water temperature, the fish became passive and attacked only large,
energetically valuable fodder objects.

Thus, on the one hand, the feeding spectrum of juvenile trout depends on the food base
and changes with it during the year. On the other hand, trends in selectivity have been traced in fish
nutrition, which are amplified at low temperatures in the autumn.

Financial support on the RNF project No. 14-24-00102.
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OCOBEHHOCTHU HCKYCCTBEHHOI'O BOCITPOU3BOACTBA ATIAHTHYECKOI'O
JJOCOCS HA KEMCKOM PBIBOBOJHOM 3ABOJIE
M. C. BOM6I/IHal, H. B. I/IHLMaCTZ, C. U. Vsanos®
Y Deoepanvroe 2ocyoapcmeentoe Grodcemnoe 06pazosamensroe yupesrcoeHie 8bicueco NPOPecCUOHATLHOL0
obpaszosanus «llempo3zasodckuil 2ocyoapcmeaentviii ynugepcumempy, 2. Ilemposagoock, Poccus
2edepanvhoe 2ocyoapcmeentoe 0r10xcemuoe yupesxcoerue Hayku Mncmumym ouonozuu Kapenvckoeo
Hayuno2o yeumpa Poccutickoil akademuu nayx, 2. [lemposzasoock, Poccus, e-mail: ilmast@mail.ru
3 Kapenvckuii punuan @edepansrozo 2ocydapemeenno2o 6100xcemnozo yupexcoenus «Inasnoe bacceiinogoe
yHpasienue no pulOOI0ECMEY U COXPAHEHUIO B00HBIX DUONOSUUECKUX PECYPCO8Y,
2. I[lemposzasoock, Poccus

B mocnegnue necsATUneTHs BCIEACTBUE BIHMSHHUS PA3IMYHBIX AHTPOIOTEHHBIX (PaKTOPOB
(TUOPOCTPOUTENBCTBO, JIECOCIIaBHBIE pabOThl, 3arpsi3HEHUE, HeNerajlbHbIM BBUIOB M JIp.) PE3KO
COKpaTHJIaCh YMCIIEHHOCTH JIOCOCEBBIX PbIO B BogoeMax CeBepo-3amana Poccun. Onnum u3 Haubosee
OBICTPBIX U 3P(PEKTUBHBIX IMyTeH BOCCTAHOBJICHUS YHUCICHHOCTH JIOCOCS SIBJISIETCSI €r0 UCKYCCTBEHHOE
BOCIIpOM3BOJACTBO. KeMckuii pblOOBOIHBIN 3aBOj pacnosnaraercs Ha peke Kemp (6acceitn
benoro mops). [IpoekTHas MOIIHOCTD MpeAnpusATust - 160 ThIC. MIT. IBYXT'OJJOBUKOB JIOCOCEBBIX BUIOB
pei0. Ha 3aBome  OCyHmIECTBISIOTCS — CIEAYIOIMIME  TEXHOJOTHYECKHME  IPOLECCH:  OTJIOB
U TpaHCIOPTUPOBKA mpousBoauteneil (peka Kemp); BbiaepxkuBanue npousBoauteneil (pexa Kemb);
MOJIy4YeHHUE TMOJIOBBIX MPOIYKTOB U oceMeHeHue HKpbl (peka Kewmb); mHkyOanuto ukpsl (pexku Kemsb,
Keperts, Lllys); Beiep)KUBaHUE NPEITMIMHOK; OAPAIIMBAHNE JTMYMHOK U BBIPAIIIMBAHUE CETOJIETKOB;
BBIpAI[MIBAHUE T'OJIOBUKOB; BBIpAIMBaHHE IBYXI'OJOBHUKOB; BBIYCK JABYXT0oj0BUKOB. B 2014 romy
Ha PBIOOBOTHBIN 3aBOJ ObLIA JOCTaBIIeHa UKpa 03epHOTro jJococs peku Lllys, a Takke UKpa ceMru pex
Kepers u Kemb. AHanu3 maTepuaioB MOKasal, YTO OTXOJ HMKpHI 3a MEPUOJ WHKYOAllMH COCTABHIL:
y o3epHoro Jococs — 8,9%, y cemru pek Kemb um Keperb — 1o 3%. IloBbilIeHHBIH OTXOJ HKPBI
y WIYHACKOM MOMyMsUU JOCOCS MOXET OBITh CBA3aH € Je(UIUTOM KadeCTBEHHBIX IOJOBBIX
MPOAYKTOB, a TaKXe C psSaAoM (aKTOPOB TEXHUYECKOTO Xapakrepa. Pe3ymbraTsl BbIpalinBaHUs
IBYXJIETOK Jlococst B 2014 rony CBUIETENBCTBYIOT, YTO K KOHILY CE€30HA BBIPAIMBAHUS CPEIHSS Macca
IBYXJIETOK COCTaBWJIa OKOJO 39 T, YTO COOTBETCTBYET IPHHATHIM HOpMaTHBaM. B 1emom,
JUIS. BOCCTAHOBJICHUSI U TOAJIEPKAHUA M3HAYAJIbHOU CTPYKTYpPbI HMOMYJSALUI aTJaHTUYECKOTO JIOCOCS
B KapelnbCKUX BOJOEMaxX HEOOXOJAMMO TIPOBEJICHUE IIEJICHANPABICHHBIX PHIOOBOJIHBIX pPaboT,
BKJIIOYAOIMX 3aBOJICKOE BOCIIPOU3BOJICTBO, PHIOOOXPAHHBIE MEPOIIPHUATHS, a TAKKe PEKYIbTUBALIUIO
HEPECTOBO-BBIPACTHHIX YYaCTKOB.
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CHARACTERISTICS OF ARTIFICIAL ATLANTIC SALMON REPRODUCTION
AT KEM FISH FARM
M. S. Bombina®, N. V. llmast?, S. I. Ivanov®
'Petrozavodsk State University, Petrozavodsk, Russia
“Institute of Biology of Karelian Research Centre Russian Academy of Sciences, Petrozavodsk, Russia,

e-mail: ilmast@mail.ru
*Karelian branch of Federal State Budgetary Institution “The Main Basin Department for Fisheries

and Conservation of Aquatic Biological Resources”, Petrozavodsk, Russia

The salmonid population of water bodies in Northwest Russia, affected by various human
activities (construction of hydropower plants, timber rafting, pollution, illegal fishing, etc.)
has considerably decreased in the past few decades. One of the fastest and most efficient ways
of restoring the salmon population is artificial reproduction. Kem Fish Farm is located on the River
Kem (White Sea basin). The designed capacity of the farm is 160 000 two-year-old salmonid fish.
The technological processes at the farm are as follows: catching and transporting producers
(River Kem); keeping the producers in fish ponds (River Kem); obtaining sexual products
and insemination of eggs (River Kem); egg incubation (rivers Kem, Keret and Shuya); keeping pre-
larvae in ponds; rearing larvae and fingerlings; rearing yearlings; rearing two-year-old fish;
and releasing two-year-old fish. In 2014, the eggs of lake salmon from the River Shuya and the eggs
of Atlantic salmon from the rivers Keret and Kem were delivered to the fish farm. Analysis
of the materials showed that the egg mortality during an incubation period was 8.9% for lake salmon
and 3% for Atlantic salmon from each of the rivers Kem and Keret. The elevated egg mortality
of Shuya salmon population could be due to the shortage of high-quality sexual products and some
technical factors. The results of the rearing of two-year-old salmon in 2014 indicate that the average
mass of two-year-old fish by the end of the season was about 39 g, which is consistent
with the generally accepted norm. To restore and maintain the initial structure of Atlantic salmon
populations in Karelian water bodies, purpose-oriented fish farming, which includes farm reproduction
and fish protection activities, as well as recultivation of spawning-and-growing grounds is needed.
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BTOPUYHASA UHTEPI'PAJJALIUSA IIBIKbAHOBHU/IHBIX CUT'OB
B BACCEMHE P. EHUCEN
H. A. Boukapes®, E. 1. 3yiikosa', M. M. Conosses™?, J1. B. ITonuros®
1(De()epaﬂbHoe 2ocyoapcmeentoe 0100xcemHnoe yupexcoeHue Hayku Mncmumym cucmemamuxy u 3K0102Uu
arcusomuwix Cubupckozo omoenenusi Poccuiicxoti akademuu nayx, e. Hosocubupcx, Poccus,

e-mail: ih@eco.nsc.ru

2
Dedepanvroe 20cyoapcmeenHoe a8MoOHOMHOE 00pa308amenbHoe yupedcoeHue Gblcule2o NPOPecCUOHATLHOO0
obpaszosanus «Hayuonanvnuiii uciedosamenvcxuil Tomckuii 20Cy0apcmeenuvill YHUGEpCUmemy,

2. Tomck, Poccus

3 .
Dedepanvroe eocyoapcmeeHHoe DI00JCemHoe yupedicoeHue Hayku Mucmumym obwell 2eHemuxu
umenu H. U. Basunosa Poccuiickoti akademuu Hayk, 2. Mockea, Poccus

Mopdonornuecknii aHanW3 pa3IMYHBIX MOMYJSIIMA curoB u3 Oacceiitna p. Enxucei
(pexu Abakan, bonbmoii Enuceit, Xamcapa, o3epa Kapakyns, Tomxka, Kagsin, bopzy—Xoins, Holion—
Xomb) MoKa3zall, 4YTO YMCIIO ’KaO0EPHBIX THIYMHOK Ha MEpBOl kabepHoil myre (SP.br.) B momymsmusix
CHI'OB BO3PacTaeT OT HIKHMX BOJOEMOB K BEpXHHUM, a 4yucio npoboneHubix uemnyid (ll), Hanporus,
cHmkaercs. Tak, y curoB u3 o3. Tomka jxabepHbIX THIYMHOK B cpeaHeM 21.08, y curos o03. Kagpim
(Bpime mo Tteyenuto) — 23.10. YV curoB u3 03. bopzy—Xonp xabepHbix ThIYMHOK 23.04, y curos
03. Hoiion—Xonpb (Bbiie mo teuenuro) — 25.13. Uucno npoboeHHbIX Yenlyid y cUroB u3 o3. Tomka
paBHo 88.85, y curoB u3 03. Kaapi - 82.90; u3 03. bopzy—Xons — 89.44, B 03. Hoiton—Xomnb — 85.62.
VY peunbix curos u3 p. bosbmoi Enuceit sp.br. = 21.85 u Il = 85.46, y curos u3 p. Xamcapa — 21.55
u 85.88, coorBercTBeHHO. M3yueHue momynsuuil CUroB B CHUCTEME «peKka — 03epo» B Oacceiine
p. Bonbmoit AGakan mokasaino, 4to y curoB u3 o3. Kapakynp jxaOepHBIX THIYMHOK Oousbiie (25.24),
yeM y curoB u3 p. bonbmoit AGakan (21.11), a npoboaeHHBIX Yenryii B OOKOBOW JIMHUHU, HA000POT,
menbine (82.90 u 83.69, coorBercTBeHHO). M3yyenne momumopdusma (parmenta renoB 16S-ND1
MTIHK B nonmynsauusix curos u3 p. bonbmoi AGakan, 03. Kapakynb u 03ep ToKMHCKONW KOTIOBUHBI
MOKAa3aJI0, 4TO TOMYJISIHS CUTOB U3 03. Kapakyns nMeeT camoe HU3KOe TeHETHYEeCKOe pasHooOpasue.
Bosiee BbICOKHMI TeHETHYECKHUH MMOJUMOP(PHU3M BBISABIECH B MOMYJISLUAX CHUIOB B BOJOEMAax
TomxuHCKONW KOTIOBUHBI. MakcCUMaabHBI ypOBEHb T'€HETHYECKOTo MoJuMopdu3smMa OOHapyKeH
B HEOOJIBIIONW MOMyNIsAUU cUroB u3 p. bonpmoit AGakaH. @uUIOreHEeTHYeCKU aHanW3 MOMYISIUN
CUIOB BBIABWJI 00mue ramiotunsl B p. bonbmioir AbakaH, B BojoemMax TOJKMHCKON KOTJIOBHUHBI
n B 03. Kapakyne. KpoMme TOro, oHM TECHO CBSI3aHBl C TaluIOTUIIAMM CHroB H3 p. Mapxa
(Oacceitn p. Buumoif). Otu ramnotunsl GOpMUPYIOT OTIENbHbIE LIETH, UIEHTU(PUINPOBATh KOTOPHIE
C TIOMOIIbI0 UMEIOLINXCS JaHHBIX He ynaercs. [ ouleHku aeMorpaduyeckol UCTOpUM MOMYISIUN
ObUIM TIOCTPOEHBbI TpapUKHU PpacHpeleNeHHUs Yucia MOMapHBIX PAa3IMYUi MEXAY HYKJICOTHUIAHBIMU
MIOCJIE0BATEIBHOCTAMU. AHAIN3 HAOII0JaEMOr0 U 0XKHIaeMOT0 paclipeiesIeHUs T0Ka3ajl, YTO TOJIbKO
B MOMyJIALMUU cUroB U3 03. Kapakynb oHM coBnanaroT. Bo Bcex OCTalbHBIX CPAaBHEHUSX BBISBICHBI
pasnuuus MEXIy O0XHMIaeMol M HabmoaeMoil KpPUBBIMH U Ul TOCJIEAHEH OTMEUYEHO HECKOJIBKO
IIUKOB. DTO, CKOpEe BCETo, YKa3bIBAET HA YepeOBaHKE MEPHUOI0B U3MEHEHN 3(h(HEKTUBHOTO pazMepa
MOMYJISIMM CUTOB, M TOATBEP/KAACT HAILE MPEIIOIOKEHUE O CYIIECTBOBAHUM IOTOKA T€HOB MEXIY
MOMYJIAUSAMH KaK BHYTpH OacceifHa, Tak U MeXy pa3IuyHbIMU O6acceiiHaMu. OIMHAKOBBIN XapakTep
KPUBBIX OXHJIAEMOr0 M HAOJI0JJaeMOro pachpeeNieHHi B MOMynsauuu curoB u3 o3. Kapakyinb
CBUJETENBCTBYET 00 OTHOCHTENIbHO HEJAaBHEM 3acCelIeHHH o3epa  HEOONbIIUM  YHUCIOM
npousBoauTeneld. Pe3ynbraThl  MOpP(OIOrMUECKOro M TIEeHEeTHYECKOro aHalli30B  YKa3bIBAIOT
Ha pPa3HOKAYECTBEHHOCTh MOMyJsiuid curoB B 03. Kapakymp u p. Bombmoit AbGakan. Manas
MPOTSHKEHHOCTh P. O3epHast, COEIUHSIONIEN 03€p0 U PEKY, U OTCYTCTBHE Ha HEW ITOPOrOB MO3BOJIIOT
YTBEpKAaTh, YTO MUTpPALIMS CUTOB HE OrpaHWYeHa B OOOMX HampaBiIeHUSX. TeM HEe MeHee, MEXIY
MOMYJSAMUSAMH  OOHApPYXKEHbI JIOCTOBEpHBIE DA3NU4Mi IO MOP(OJIOTHYECKUM U TE€HEeTHYECKUM
npu3HakaM. OTyeTnuBas «CTYNEHb», Kak NpaBWwio, (GopMHUpYeTcs B pe3yiabTare BCTPEYHOTO
paccesnieHusi paHee M30JIMPOBaHHBIX (opm/monyssanuii. CremoBaTensHO, B OacceiiHe p. AOakaH
OOUTAIOT pa3Hble MO MPOUCXOKACHUIO TOMYIISAINH, U TPOUCXOJUT THOPUIN3AIMS MKy T€HETUYECKH
OUBEPreHTHBIMUA JIMHUAMM CHUroB. OUeBHJIHO, YTO CHUCTEMA «PEKA—O03€PO» MPEACTABIAET 30HY
KOHTakTa Mexay (EeHOTUNMYECKH pa3MyHbIMU  nomyisinusMu.  [lpuHamiexxHocTh  OgHOU
u3 (uIoreHeTMYECKUX JIMHUM K BOCTOYHO—CHOMPCKUM CHUraM MOATBEPKAAET LIMPOTHYIO
MUTPAllMOHHYIO0 aKTUBHOCTh CUT'OB B IIOCTJICIHUKOBBIM IIEPUOLI.
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SECONDARY INTERGRADATION AMONG PIDSCHIAN-LIKE WHITEFISHES
IN THE YENISEI RIVER BASIN
N. A. Bochkarev', E. I. Zuykova®, M. M. Solovyev'?, D. V. Politov®
'Institute of Systematics and Ecology of Animals of Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia, e-mail: ih@eco.nsc.ru
*Tomsk State University, Tomsk, Russia
Svavilov Institute of General Genetic, Russian Academy of Sciences, Moscow, Russia

The morphological analysis of different whitefish populations from the basin of the Yenisei
River (the Abakan River, Bolshoi Yenisei, Khamsara, the lakes Karakul, Todzha, Kadysh,
Borzu-Khol, and Noyon-Khol) showed that the gill raker numbers on the brachial arch increase
in whitefish populations from water bodies situated upstream of rivers to water bodies situated
downstream of rivers. On the contrary, the lateral line scale counts decrease in this direction.
So, the whitefishes from Lake Todzha have 21.08 gill rakers, the whitefishes from Lake Kadysh
(downstream) — 23.10. The whitefishes from Lake Borzu-Khol have 23.04 gill rakers, the whitefishes
from Lake Noyon-Khol (downstream) — 25.13. The whitefishes from Lake Todzha have 88.85
the lateral line scales, from Lake Kadysh — 82.90; the whitefishes from Lake Borzu-Khol — 89.44,
from Lake Noyon-Khol — 85.62. The riverine whitefishes from the Bolshoi Yenisei River
are characterized by following traits: sp.br. = 21.85 and Il = 85.46, the whitefishes from the Khamsara
River — 21.55 and 85.88, respectively. The study of whitefish populations in the «river-lake» system
of the Bolshoi Abakan River basin showed that population from Lake Karakul has more gill rakers
on the first brachial arch (25.24) than thereof from the Bolshoi Abakan River (21.11), and less lateral
line scales (82.90 and 83.69, respectively). The study of a polymorphism of the 16S-ND1 genes
of the mtDNA in the whitefish populations from the Bolshoi Abakan River, Lake Karakul
and the lakes of the Todzha Depression showed that the population from Lake Karakul has the lowest
genetic diversity. A higher polymorphism was revealed in the whitefish populations inhabiting
the lakes of the Todzha Depression. The maximum level of the genetic polymorphism is found
in small whitefish population from the Bolshoi Abakan River. The phylogenetic analysis of whitefish
populations revealed the common haplotypes in the Bolshoi Abakan River, the lakes of the Todzha
Depression and Lake Karakul. Besides, they are closely joined with haplotypes from the Markha River
(the Vilyui River basin). These haplotypes form separate chains which do not manage to be identified
by means of the available data. To assess of demographic history of the populations the mismatch
distribution were evaluated. The observed and expected distribution is congruent in the whitefish
population from Lake Karakul only. In all other comparisons the differences between the expected
and observed curves are revealed and for the last several peaks are noted. Probably, this denotes
alternation of the periods of change of the efficient size of whitefish populations and confirms our
assumption about the gene flow between populations both within one basin, and between different
riverine basins. Same rates of the mismatch distributions in the whitefish population from Lake
Karakul demonstrate rather recent colonization of the lake by a small number of individuals.
The results of the morphological and genetic analyses demonstrate that Lake Karakul and the Bolshoi
Abakan River inhabit the different whitefish populations. Small length of the Ozoernaya River
connecting Lake Karakul and the Bolshoi Abakan River and lack of rock-bars allow to claim that
migration of whitefishes is not limited in both directions. Nevertheless, between these populations
the significant differences on morphological and genetic traits were found. As a rule, clear “grade”
is formed in result of oncoming dispersion of earlier isolated forms/populations. Therefore, the origin
of the populations inhabiting the Abakan River basin is different, and there is hybridization between
genetically divergent whitefish lineages. Obviously, this “river — lake” system represents a contact
zone between morphologically different whitefish populations. One phylogenetic lineage belongs
to the East Siberian whitefishes and this confirms that the latitudinal migration of whitefishes has been
existed during the postglacial period.
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MEPBbIA CJYYAH BBIAEJEHUS BUPYCA HHOEKIIMOHHOI'O HEKPO3A
TEMOIIO3TUYECKOMN TKAHHU Y 3ABOJACKHX ITPOU3BOJUTEJIEN KEThI
(ONCORHYNCHUS KETA) HA KAMYATKE

E. B. boukoBa
DeoepanvHoe eocyoapcmeerHHoe 0100dcemHoe HayuHoe yupedcoerue «Kamuamekuii
HAYYHO-UCCEO08AMENbCKUL UHCIMUMYT PLLOHO20 X038UCMEA U OKeaHo2papuuy,
2. [lemponasnosck-Kamuamcxuii, Poccus, e-mail: Bochkova.e.v.@kamniro.ru

Kery (Oncorhynchus keta) pasBoasr Ha Tpex W3 MATH JIOCOCEBBIX PHIOOBOIHBIX 3aBO0B (JIP3)
KamuaTku, HO Tonmbko Ha omHOM (JIP3 «O3epku» — OJIP3) BrOpo#i BhIpammBaeMblii BUJ PbIO —
mepka (O. nerka). Y kamuarckux mpousBogureneid Hepkd ¢ 2001 T. MBI MPAKTHYECKH €XKETOTHO
BBIIENIIEM cepTU(UIUpPYEeMOTO OOJIMraTHOTO NAaTOreHa — BHUPYC HMH(PEKIMOHHOTO HEKpO3a
remonosTrueckoi Tkanu (Infectious hematopoietic necrosis virus — IHNV), crtoco6HOro BBI3BIBATH Y
MOJIOJIM JIOCOCEU OCTPhI€ BCIBIIIKK 3a00J7€BaHUSA CO CMEPTHOCTHIO B 3aBOACKUX yciioBUsX 10 100%
pb16. B 2004 r. y nuuuHok ¥ MasbkoB Hepku Ha OJIP3 nuarnoctupoBanu Benbiuky IHN, Hanecnryro
3aBOJy 3HAUUTENBHBIH JKOHOMHYECKMU ymepO6. B xome oOcnegoBaHusi COCTOSIHUSI 3J10POBbS
3aBOJICKUX IMpousBoauTeneit nococeit B 2015 r. y Hepku u BnepBbie Ha Kamuatke u B Poccun y keTsl
Ha OJIP3 Beienunu BUPYC MH(PEKIMOHHOTO HEKpPO3a TeMOMO3THYECKOW TKaHU. Mpentudukaimio
MaToreHa TMpOBENM C MOMOIIBI0 OOpaTHO TPAHCKPUNTA3HOM MOJMMEPAa3HOW UEMHOW peakiuu
(OT-IILIP). Pacmpocrpanennocts IHNV cocraBmia 33,3% y ketol U 66,7% y HEpKH, CpeaHHE
3HAYEHUS TUTPOB BUPYCHBIX H30JSATOB — 0,4x10® TI/se/Mn y 000uX BHUAOB (3MU300TUYECKU
sHaunmoe — 0,4x10° TLso/mi).

Ha OJIP3 3aknagka WKpbl HEpPKM M KEThl Ha HMHKYOAIMIO0 MPOMCXOAUJIA MPAKTUYECKU
oJHOBpeMeHHO. [IpousBogureneii 060ux BUIOB PbIO BBIIEPKUBAIU B CaJKaxX C OJHUM HCTOYHHKOM
BOJOCHAOXKEHUsT M B HemocpeAcTBeHHOW Omuzoctu Apyr c¢ apyroMm. IHNV BeicokokoHTarmoses,
JUINTEJIbHOE BpEMs COXpaHsS€T B BOJE CBOIO JKU3HECIIOCOOHOCTb. YUUTHIBAasi BBICOKYIO
pacrpocTpaHeHHOCTb (66,7%) 1 BUPYJIEHTHOCTb (CpEIHUN TUTP 0,4x10%° TLIs0/m) IHNV y HEPKH,
BEPOSATHEE BCETO NPENOJOXKUTh, YTO 3apa)KCHHE KEeThl MPOM30ILLI0 Yepe3 BOAY B pe3yibTare
TOPU30HTAILHOM TPAHCMHUCCUU BHpPYyca OT MHPUIUPOBAHHBIX pbI0. Y HEPKH MaToreHa OOHAPYKUIH
y pbl0 00OMX IOJIOB, y KEThl HOCUTENIMU BHpyca ObUIM TOJIBKO caMIilbl. BO3MOXHO, 3TO CBsSI3aHO
C TECHBIM TAKTHJIbHBIM KOHTaKTOM W TPaBMHUPOBAaHHWEM pBIO, BUPYC MPOHUKAT B OPTaHU3M XO3sIHMHA
yepes MOoBpexXIeHus Koxku. Ha MOMEHT npoBeieHHs UCCIIEIOBAaHUNM CaMKHU KEThl U HEPKU HaXOJUJINChH
B Pa3HBIX CaJiKax, CaMIlbl — B OJJHOM C OY€Hb BBICOKOM IUIOTHOCTBIO MTOCAIKH.

Hepka u xokaHu cuurTaroTrcsi «ecrecTBeHHbIMU» Xxo3sieBamu [HNV. Pan xo3seB pacmmpuiics
Onarosapst mepeIBUKEHUSAM aHAJPOMHBIX JIOCOCEH M CBA3AHHBIX C AKBAKYJIbTYpOW OECKOHTPOJIbHBIX
MEPEeBO30K MH(QUIMPOBAHHBIX PbI0 M MKPBI, C YACTUYHOW ajanTanueld BUpyca K ajJbTEpPHATUBHOMY
XO035IMHY, M, KaK MPaBUIIo, ¢ yMeHblIeHueM ero natorenHoctu (La Patra, 1998). Cpennue 3Ha4ueHus
TUTPOB M30JISITOB, BBIJCIEHHBIX OT Hepku U Kerel Ha OJIP3, He pasnuuanuch, YTO MOXKET
MIOATBEPK/IaTh YCIEIIHYIO aJanTalMi0 BHpPyca K HOBOMY XO35MHY M CO3[aBaThb PEAIBHYIO YIpoO3y
BO3HUKHOBeHHU BenblIKK IHN y 3aBosickux ManbKoB KeThl. [ 'eHeTHUeckoe THMUPOBAaHUE KaMYaTCKUX
M30JIATOB BUPYCA, BBIIEJICHHBIX Y HEPKHU, [TOKA3aJI0, YTO BCE OHU HAaXOAATCS BHYTpH reHorpynnsl U u
CXOIHBI WJIM UJIEHTHYHBI ceBepoamepukanckuM (Pynakosa u np., 2015). B xoxe ¢unorenernueckux
uccnenoBanuii IHNV, mnposenennsix B CIIA, BbICKa3zaHO NPEINONI0KEHUE, YTO HBOJIOLMS €ro
TEHOTPYII CBsI3aHA C BHEAPEHHUEM BHUpPyCa B HOBBIE PErMOHBI W/MIU C MEPEKIOYEHHEM Ha HOBOIO
xo3simHa (Rhabdoviruses: Molecular Taxonomy, Evolution, Genomics, Ecology, Host-vector
Interactions, Cytopathology and Control, 2012). IIpomomkenune pabOT IO TE€HETHUYECKOMY
TUIHMPOBAHUIO TTO3BOJIMUT ONPENIEINTh, HA KAKOH BETBH (DUIOTCHETHYECKOTO JIPEeBa HAXOAATCS U30JISATHI
IHNV, obHapyxeHHbIe y KaMYaTCKON KETHI.
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FIRST DETECTION OF INFECTIOUS HEMATOPOIETIC NECROSIS VIRUS
IN MATURE CHUM (ONCORHYNCHUS KETA) ON SALMON
HATCHERY (KAMCHATKA)

E. V. Bochkova
Kamchatka Research Institute of Fisheries and Oceanography, Petropavlovsk-Kamchatsky,
Russia, e-mail: Bochkova.e.v@kamniro.ru

Infectious hematopoietic necrosis virus (IHNV) is important pathogen in world salmon
aquaculture. For the first time in Russia, IHNV was isolated from the mature chum
(Oncorhynchus keta), caught for the salmon hatchery in Kamchatka. Viral pathogen was identified
by reverse transcriptase polymerase chain reaction (RT-PCR). The prevalence of IHNV was 33.3%,
mean virus titer was 0.4x10% TCIDso/ml. Most likely, the infection of chum occurred through water
as a result of vertical transmission from the mature sockeye (O. nerka): it was virus carrier
and it was contained on this hatchery at the same time. The prevalence of IHNV in sockeye salmon
was 66,7%, mean virus titer was 0.4x10° TCIDsy/ml. Mean titers meanings of IHNV isolated
from sockeye and chum salmon were not differing, consequently, the adaptation of the virus to the new
host was successful. Genetic typing of IHNV has shown, that all Kamchatka sockeye isolates
are inside the U genogroup and similar or identical to North American isolates. These works
will be continued, they will help to determine on which branch of the phylogenetic tree the IHNV,
isolated from Kamchatka chum, is located. These results are important for further studies
epidemiology and evolution of IHNV.
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BJIUSHUE ' IPOJOI'MU PEKU U COCTABA THAPOBUOHTOB HA ®AYHY
IMAPA3UTOB HO’)KHOM MAJIbMbI
T. E. bByropuna, O. lO. Bycaposa
DeoepanvHoe cocyoapcmeeHHoe DI00CeMHOe 00PA308AMENbHOE YUPENHCOCHUE BbICUUE20 NPOPECCUOHATIBHO2O
06pazosanus «/]anbHesoCmMOYHbIlL 20CYOAPCMEEHHbII MEXHUYECKUL PblOOXO3ANUCMBEHHbLU YHUBEPCUMEN. Y,
2. Braousocmox, Poccus, e-mail: boutorina@mail.ru

[TapasuTtodayHa 10kHOI MajabMbl U3 HCCIEIOBAaHHBIX HAMH BOJIOEMOB Pa3IHyYaeTCs [0 COCTABY.
B BepxoBwsix p. Kamenka (cpennee teuenue p. Jlrotora, roxHbi CaxaauH) ¢ KAMEHUCTBIM JHOM U
00JIBIION CKOPOCTHIO TEUEHHUS OHa MpEJCTaBlIeHAa S5 BUIAMH, MHBa3Usi KOTOPHIMU (B KOMILIEKCE
C aHAJIM30M COJICPKHMOTO JKEIYIIKOB) CBHJIETEIBCTBYET O MPEUMYIIECCTBEHHOM IMUTAHUYU JTHYHMHKAMH
aM(puOMOTUYECKUX HACEKOMBIX, a TaKXe HKPOM M BO3AYIIHBIMU HACEKOMBIMH, UYTO XapaKTEpPHO
IS pyubeBoil popmbl. Hike 1o Tedenuro B p. JItoTora y 10KHON MaJlbMbl OTMEUYCHBI HE BCTPEUCHHBIN
namu Crepidostomum farionis, a u3 6onee penkux BumoB — Cyathocephalus truncatus, uro ykaseiBaer
Ha BKJIIOYEHHE B €€ PallMOH IUIaHKTOOeHToca (OokomaaBoB). Pacmmpenue criekTpa NUTaHUsT MaJIbMBbI
MOJTBEpIKAacTCs Haxoakamu y Hee Ha Caxanune Salvelinema salmonicola, Crepidostomum metoecus
u Neoechinorhnchus beringianus (Coxkosos u ap., 2012).

Manbma u3 p. Peitnosas Ha o. Utypyn 3apaskeHa 7 BUJamMH apa3uToB, B TOM YKCIE JBa OOMIMX
¢ manpmoii p. Kamenka Buma Myxobolus arcticus u Cucullanus truttae. B otiauune oT MaabMbl
p. Jlrotora, B p. PeiimoBas ManbMa CHIbHO 3apakeHa ckpeOHsmu E. cryophilus u nemaromamwu
Salvelinema salmonicola, T1.e. OCHOBHBIM OOBEKTOM €€ MHUTAHUS CIY)KaT TaMMapuabl —
POMEXYTOUHBIE XO03sieBa 3THX mapasuroB. Crabas mHBa3us Hematozoit Philonema oncorhynchi
W eQuHUYHAs Haxojaka Eubothrium sp. roBopsT o TOM, YTO IUIAHKTOHHBIC PaKOOOpa3HBIC TAKKE
BKJIFOUEHBI B TUETY PHIO, OJIHAKO UX JIOJI1 HE3HAYUTEIbHA.

[Tapaszurodayna manemel pexk CeBepo-Bocrtoka [Tpumopsst 6onee pazHooOpa3Ha M OTpakaeT ee
IIUPOKKE TpOo(pUYECKUE CBSI3U HE TOJIBKO C OEHTOCHBIMH OpraHu3Mamu (amunonamu, JTMYUHKAMU
aM(pUOMOTHYECKUX HACEKOMBIX, OJMIOXEeTaMH), HO U, Oojiee peIAKHe, — ¢ IUIAHKTOHHBIMH
pakooOpa3HeiMU. Y ManbMbl U3 p. PponoBka (mputok p. [lapTu3aHckoil) Ha ceBepO-BOCTOKE
[Tpumopsst Betpevatotest Cucullanus truttae u Salmonema ephemeridarum, Bcero y Hee HaMu HaiIeHO
6 BHUI0B 1Mapa3uToB. [1apa3uTel F0’)KHOW MAIBMBI OTIIHYAIOTCS XOJIOIOIIOOMBOCTHIO, OKCH(HUITBHOCTEIO,
PeodUIBHOCTBIO U OOJIBIIAs YaCTh UX 3BPUTATMHHA.

B wuccnenoBaHHBIX pekax MOXKHAs MajbMa SIBISIETCA PEYHBIM (py4ybeBbIM) OeHTO(darom,
a TJIaBHBIM pEecypcoM JUIsl Hee CIyXaT MaccoBble BHJIbI OCHTOCHBIX Oecro3BOHOYHBIX. CocraB
OeHTo(ayHbl, YHCIEHHOCTh M OHoMacca OECrO3BOHOYHBIX (TIOTEHUUAIbHBINA 3amac KOHKPETHBIX
HKOCHUCTEM) MEHSIOTCS M0 CE30HAaM U ONPEIENSIOT BUIOBYIO CTPYKTYPY (ayHbl MapasuTOB MajbMbl
Y JIOMHHAPOBAaHUE TEX WJIA UHBIX BUJIOB.

B nomosHeHne K CKa3aHHOMY MHTEPECHO OTMETUTh, YTO B BEPXOBbAX p. YCCypH MaibMa
«u3-3a OEmHOr0 KOJHMYECTBEHHOTO COCTaBa OECIO3BOHOYHBIX)» Tepenuia Ha MUTaHHE pPHIOOH
U UCHOJb3yeT «Hamboyee HIBPUTEPMHBIE BHJIbI», KOTOpPHIE B JIETHEE BpEMS MUTPHPYIOT BBEPX
no Teyenuto pexu (Epmornenko u np., 1998).

Paznuuus B mapazurodayHe MalbMbl B YIOMSHYTBIX BBIIIE PEKAaX CBA3aHbI C UX TMIPOJIOTHEH,
pa3sHBIMU YCIIOBUSIMH OOWTAHWSI W PAa3MYMsIMU B COCTaBe OEHToca. PeuHas Maiabma dHaiie BCETo
UCMOJb3yeT HanboJiee MacCOBBIN U JOCTYIMHBIN KOPM, HO IIPU 3TOM BKJIIOYAET B pAllMOH MPAaKTUYECKU
BCE JIOCTYNHBIE OOBEKTHI THTAaHUS. OJTO CBHUJAETEILCTBYET O €€ OOJBIINX aJalTaldOHHBIX
BO3MOKHOCTSIX: M3 BCEX BHJOB TOJIBI[OB MajbMa, I0J00HO aMEPUKAHCKOW MalHud, OTIMYAeTCs
HauOOJIbIIEH HKOJIOTUYECKOM MITIaCTHUYHOCTHIO.
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INFLUENCE OF RIVER HYDROLOGY AND COMPOSITION OF HYDROBIONTS ON
PARASITE FAUNA OF SOUTHERN DOLLY VARDEN
T. E. Boutorina, O. Yu. Busarova
Far Eastern State Technical Fisheries University, Vladivostok, Russia,
e-mail: boutorina@mail.ru

The parasite fauna of southern Dolly Varden, Salvelinus malma, was studied by us in the rivers
of Primorye region (the Frolovka River, tributary of the Partizanskaya river in the northeast
of the region), South of Sakhalin Island (the Kamenka River in the middle reaches of the Lyutoga
River), and lturup Island (the Reydovaya River) (Boutorina, 1996; Boutorina et al., 2011; Busarova,
Boutorina, 2016).

In upper reach of the Kamenka River, characterized by stony riverbed and high speed of current,
malma hosts 5 species of parasites. These species invasion and stomach content of the fish confirms
that S. malma feeds mainly on larvae of mayflies (ephemeropterids), roe, and aerial insects.
This is typical for brook ecotype. In lower reach of the Lyutoga River, malma is also infected
by Crepidostomum farionis and rare Cyathocephalus truncatus that indicates inclusion of amphipods
in the fish diet. The increase in diversity of the malma diet in the middle reach of the river comparing
to the upper reach, is confirmed by the findings of Salvelinema salmonicola, Crepidostomum
metoecus, and Neoechinorhynchus beringianus in dolly varden on Sakhalin Island (Sokolov et al.,
2012).

S. malma of the Reydovaya River is infected by 7 species of parasites, including Myxobolus
arcticus and Cucullanus truttae that are common with the Kamenka River species. Unlike the Lyutoga
River basin, Dolly Varden of the Reydovaya River is heavily infected by Echinorhynchus cryophilus
and Salvelinema salmonicola, i.e. the contamination occurs when fish feeds on gammarids,
the intermediate host of the parasites. Low number of Philonema oncorhynchi and single find
of Eubothrium sp. testifies that planktonic crustaceans also included into fish diet, but their quota
is insignificant.

The parasite fauna of the southern malma in the rivers of North-East of Primorye is more diverse
and is a reflection of its wide trophic relations not only with benthic organisms (amphipods, the larvae
of different amphibiotic insects, and oligochaetes), but also rarer - with planktonic crustaceans.
Dolly varden from the Frolovka River is infected with 6 species of parasites, including Cucullanus
truttae and Salmonema ephemeridarum, characterized by psychrophiles, oxypurinol and adaptability to
rivers.

In upper reach of the Ussuri River in Primorye, resident malma began to feed on fish «due to the
depletion of the quantitative composition of the river invertebratesy», using «the most eurythermal» fish
species that migrate up the river in summer (Ermolenko et al., 1998). As a result, the fauna of parasites
in dolly varden of the Ussuri River has a great diversity.

Thus, the differences in parasite faunas of southern malma in the above-mentioned rivers depend
on the rivers hydrology, environmental conditions and the differences in the benthos composition.
The fluvial dolly varden often feeds on most available and easiest accessible preys, but also includes
all available feeding objects. This testifies its great adaptation possibilities: among all species of
Pacific chars, Dolly Varden stands out as a species with the most ecological tolerance and plasticity.
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ACCUMWJISIIUSA JTUITUIOB Y PATYKHOM ®OPEJIN
PARASALMO MYKISS (WALBAUM, 1792)
O. B. Bacunbesa®, M. A. Ha3apOBa2, H. H. Hemosa®

1

Dedepanvroe 2ocyoapcmeeHHoe DI0xHCcemHoe yupedcoeHue Hayku Hucmumym ouonocuu Kapenvckoeo
Hayunoeo yewmpa Poccuiickoi akademuu nayx, 2. [lemposasoock, Poccus, e-mail: vasil@krc.karelia.ru

2Pedepanvhoe 2ocyoapcmeenHoe 010024cemHoe 00paA308amMeNbHOe YUpeiCcOeHUe 8blCUle20 NPOhecCUOHATbHO20
obpaszosanus «Bonozoockuii 2ocyoapcmeaennbviii ynusepcumempy, 2. Bonozoa, Poccus

Heorbpemiemoii 4acTpbio COBpEeMEHHON TPO(OIOTHUH SBIISIOTCS UCCIICAOBAHMS 3aKOHOMEPHOCTEH
ACCUMWJISILIUY TIATATEIbHBIX BEIIECTB. JIMMUABI OTHOCITCS K IMEPBHYHBIM HYTPHUEHTaM, KOTOPBIE
CIly’)KaT B@XHBIMHM THIICBHIMH  KOMIIOHEHTAaMH, IIOCKOJBKY HIPAalOT 3HAYUTEIBHYIO POJb
B METa0OJIMYECKUX MPOIeccax U 00ECIIEYCHUH TOME0CTa3a oprannsma B meioM. Tpodudeckuii pakTop
OKa3bIBaCT JIOMHHHPYIOLIEE BIUSHUE HA COCTaB M KOHIEHTPAIMIO MHOTUX JIMIHUIHBIX KOMIIOHECHTOB
B TKaHSX pbIO, B 0COOCHHOCTH (OCHOIMIHIIOB, TaK KaK PU UX JIOCTATOYHOM TOCTYIUICHUU B COCTaBE
KopMma, cuHTe3 (e-NOVO JaHHBIX COCAMHEHHMH HE OCYILECTBISICTCS. TpUAIMITIUIEPUHBI OTHOCSTCS
K 3alacHbIM JIMOUJIaM, ¥ OT CTEINCHH AaCCUMIISIUKM JaHHBIX KOMIIOHCHTOB OY/IET 3aBHCETh
sHEeproodecreyeHne oprann3Ma pui0. MCXoas W3 3TOro, HMCIOJB30BAaHHE JHUIHIHBIX ITOKa3aTesei
MeTaboaM3Ma phI0 KakK IHIIEBBIX MapKEpPOB SIBISCTCS OJHUM W3 TEPCHCKTHBHBIX HAIpPaBICHUMN
B H3YyYeHUH (PHU3UOJIOr0-OMOXUMHUECKUX ACHEKTOB aCCHMWJISAIHMM numu. Llenpio naHHOM paboThI
SIBJISUTACH OIICHKA ACCUMIJISIUM JIMIUIHBIX KOMIIOHCHTOB MHINEBOTO KOMKAa M3 PAa3HBIX OTIIEIOB
KHIICYHUKA Y aKBaKyJIbTYPHI POpEH.

OObekToM uccaenoBaHus Obuta paaykHas ¢(opens Parasalmo mykiss (Walbaum, 1792)
Bo3pacta 1+, KyJabTHBHpOBaHHas B (DOperIeBOM XO3SHCTBE, PACHOJIOKEHHOM B CEBEPHOW YacTH
Jlamoxxckoro o3epa. MccienoBaHue HEKOTOPBIX —JIMIMIHBIX —HapaMeTpoB (OOIIMX — JIMIHIOB,
bochormnuIoB U TPUANMITIMIEPHHOB MPOBOJIIOCH B KOpPME, MUIIEBOM KOMKE W3 CIEIYIOIIUX
OT/IECJIOB MUIICBAPUTEIBLHOTO TPAKTa PHIO — JKENYAO0K, IPOKCUMAIbHBINA, MEIHATBHBIA U JUCTATBHBINA
OTJeJbl KUIICYHHKA. B X071 paboThl OBUIM MCIIOJIB30BAHBI OOLICTIPHHSITHIC METOABI OMOXHMHUYECKOTO
ananmu3a (Cugopos, 1972; Folch et al., 1957; Engelbrecht, 1974). O6paboTKy NaHHBIX OCYIIECTBIISIIH
CTaHIapTHBIMH cTaTucTH4eckuMu Meromamu (EmmceeBa, 2007). UccnemoBaHue —BBIOTHEHO
c wucrnoib3oBaHMeM  lleHTpa  KOJJIGKTHBHOTO  TOJB30BaHMS  HAYYHBIM  OOOPYJOBaHUEM
Wb KapHI] PAH.

B pesynbTare MpOBEIEHHOTO HCCIEIOBAHUS YCTAaHOBJICHO 3HAYMTEIHHOE CHW)KEHUE YPOBHS
O0IIMX JIMIUIOB B MUIIEBOM KOMKE TI0 Mepe ero nepeapuBanus. [lepeMerienne numeBoro KOMKa us3
MPOKCUMAIILHOTO OT/eNa KHUIIEYHWKA B MEIWAIBHBIA M, 3aTe€M, B IHCTAIBHBIA COMPOBOXKIAIOCH
3HAYUTEIBHBIM CHIYKCHUEM KOHIICHTPAIIMU BCEX JUIMHUIHBIX HYTPUCHTOB, XOTS CTEIIEHh ACCUMUIISIIUU
JUMH0B B MMPOKCHUMAIBHOM W MEIHAbHOM OT/IeNaxX KHUIIEYHHKA pasindanack. M3BecTHO, 94TO y phIO
JydIIe BCETO YCBAMBAIOTCS JIMMUABI B MPOKCHMAIBHOM OTJIENIe KHIIeYHHKa. B HameM mccienoBaHun
YCTaHOBJICHA aHAJIOTWYHAasl TEeHJEHLUSA, OJIHAKO, JJI1 CTEPOUIOB (XOJEeCTepUHA U, OCOOEHHO, F(UPOB
XOJIECTEPHHA) CTENEeHb AaCCUMWJISIIMU 3HAYUTENLHO BBIIIE B MEIUATBHOM OT/eNe KHIICYHHKA.
[Ipu omeHKe cyMMapHOH CTENeHH AaCCUMIUISIUKM JUIHIHBIX KOMIIOHEHTOB OBUIO BBISBIICHO,
9TO HauWOOJBIIUN  YpPOBEHb BCACBIBAHUS  XapaKTepeH [uis  TpuarirauiepuHoB  (80%).
TpuanunraumepruHbl  OTHOCSTCS K 3alacalolliM JIMIUAAM, € OJKUPHBIE KHUCIOTHI, BXOZSIIUE
B HX COCTaB, MPEUMYIIECTBEHHO MCIIOIB3YIOTCS Kak CyOCTpaTbl sl OKHCICHHS, Yy4acTBYs
B DHeEpreTuyeckoM oOMeHe pbi0. CoriacHo pe3yibTaTam JaHHOW padoThl, y (openu yCBawBaeTCs
oxo1o 50% ¢ochonmumuaos kopma.

Paboma evinonnsnace 6 pamkax cocyoapcmeenno2o 3aoanust (Ne memor 0221-2014-0033), npu
Qunancosou noooepoicke Ilpocpammer Ilpesuouyma PAH «buopasznoodpasue npupooHviX CUCmeM.
Buonoeuueckue pecypcol Poccuu: oyenka cocmosuus u ()yHOamMeHmanbHble 0CHOBbL MOHUMOPUHSAY
Ne 0221-2015-0003: «dunamuxa uzmenenull uxmuogayrvl npecHo800HbIX 3Kocucmem Eeponetickoeo
Cesepa Poccuu npu KIumMamuyeckom u anmpono2eHHOM 8030etiCeuu».
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ASSIMILATION OF LIPID IN RAINBOW TROUT
PARASALMO MYKISS (WALBAUM, 1792)
0. B. Vasilyeva', M. A. Nazarova?, N. N. Nemova®
Ynstitute of Biology of Karelian Research Centre Russian Academy of Sciences, Petrozavodsk, Russia,
e-mail: vasil@krc.karelia.ru
%Vologda State Technical University, Vologda, Russia

The studies of regularities of assimilation of nutrition substance are the essential part
of the modern food Sciences. Lipids have to do with the primary nutrients which are the important
dietary components, because they play a significant role in the metabolic processes and ensuring
the body homeostasis in general. The trophic factor exerts a dominant influence upon the composition
and the concentration of many lipid components in fish tissue, especially in phospholipids, because
sufficient intake of the dietary composition, de-novo compound synthesis does not materialize.
Triacylglycerols are spare lipids and the energy supply of the fish body depends on the level
of the assimilating components. Based on this fact, the use of lipid indicators of the metabolism of fish
as dietary markers is one of the promising directions in the study of the food assimilation physiological
and biochemical aspects. The aim of this work was the evaluation of the assimilation of dietary lipids
in different intestine sections of rainbow trout.

The object of the study was a rainbow trout Parasalmo mykiss (Walbaum, 1792), aged 1+, which
was cultured on a trout farm situated in the Northern part of Ladoga Lake. Some lipid characteristics
research (total lipids, phospholipids, triacylglycerols) was conducted in a forage, a food clump
in different fish digestive tract sections: a stomach, proximal, medial and distal intestine sections.
In the course of the work the conventional methods of biochemical analysis were used (Sidorov, 1972;
Folch et al., 1957; Engelbrecht, 1974). Data processing was implemented standard statistical methods
(Eliseeva, 2007). The study was performed using Collective Use of Scientific Equipment Centre
IB KarRC RAS.

As a result of the conducted rese are significant reduction of total lipids in a food clump
as digestion was established. A movement of a food clump from a proximal intestine section into
a medial section and then, into a distal section was accompanied by a decrease of the concentration
of all lipid nutrients, although the degree of lipids assimilation in proximal and medial intestine
sections varied. It is known that lipids of fish are better absorbed in proximal intestine sections.
In our study the similar tendency is established, however, the degree of assimilation is much higher
for steroids (cholesterol, especially for cholesterol esters) in a medial intestine sections. In estimating
the total degree of assimilation of lipid components it was revealed that the greates level of suction
is of triacylglycerols (80%). Triacylglycerols are the storage lipids and fatty acids in their composition
are primarily used as substrates for oxidation by participating in fish energy metabolism. According
to the results of this work, trout have absorbed about 50% phospholipids.

The work has done as part of the state assignment (Topic M 0221-2014-0033), with the financial
support of the Program of Presidium of RAS "Biodiversity of Natural Systems. Biological Resources of
Russia: Condition Assessment and the Fundamentals of Monitoring Ne 0221-2015-0003:" Dynamics of
changes of fish found of freshwater ecosystems of the European North of Russia in climatic and
anthropogenic impact”.
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MHHOBAIIMOHHBIE TEXHOJIOT'UN U THE3JIA-UHKYBATOPBI
JJIsA BOCITPOU3BOACTBA JIOCOCEBBIX PbIb B ECTECTBEHHbBIX YCJIOBUSAX
A. E. Becenos, JI. C. ITaBnos?, M. A. CkopoGoraros?, JI. A. Edpemos’, M. A. Pyuses’
LDedepanvroe 2ocydapcmesentoe Giodcemnoe yupexcdenue nayku Mncmumym 6uonoeuu Kapenscko2o
Hayunozo yewmpa Poccuiickoti axademuu nayx, 2. Illemposzasoock, Poccus, e-mail: veselov7771@mail.ru
2@edepanvroe 2ocyoapcmeentoe 0100xcemHnoe yupexcoeHue Hayku MHcmumym npobiem 3K0102UU U 380H0YUU
umenu A. H. Cesepyosa Poccuiickou axademuu nayx, e. Mockea, Poccus

[lepcneKTUBHBIM HAIPaBICHHEM IO 3apbIOJICHUIO JIOCOCEBBIX PEK SIBISETCS pa3paboTKa
YCTPOMCTB, MO3BOJIIOIIUX HHKYOMPOBAaTH HUKPY pbIO B peKax. YCTPOHCTBA € HUCKYCCTBEHHO
OIUIOJOTBOPEHHON MKPOM YyCTAHABIMBAIOT Ha JHE IOpPOroB M Imepekaros. llo 3aBepuienun
MHKYOAlIMOHHOTO TMEepHoJa >KU3HECTOMKNE JIMYMHKHU JIOCOCEBBIX PBIO CAMOCTOSATEIBHO PACCENSIOTCS
U3 THE3J-UHKYOATOPOB BEIyT XapaKTEPHBIN Ui ITUKOM MOJOAM 00pa3 >KW3HU, UX POCT M Pa3BUTHE
MIPOUCXOJUT Ha ECTECTBEHHON KOPMOBOI1 0aze.

Lenp paboTHI 3aKiIIOYANIACh B Pa3padOTKe HHHOBAIIMOHHBIX TEXHOJOTHIA M KOHCTPYKLIUN THE3/-
MHKY0AaTOpPOB JJI1 MHTEHCUBHOTO BOCCTAHOBIICHUS 3aM1aCOB JIOCOCEBBIX PHIO HA OCHOBE MCIOJIb30BAHMUS
HCKYCCTBEHHO OIJIOIOTBOPEHHOM UKPBI, HUHKYOUPYEMOM B PEUHBIX YCIOBHUSIX.

Ucnwiranusa npoBoauiauck B niepuoj ¢ 2003 o 2016 rr. Ha TOCOCEBBIX peKax, pa3IMvarolIuXCs
1o TUApOJOTHYECKOMY pexumy: YmOa, Munepa (Kombckuii m-o), Jlococmnka, Cyna u Jlmxma
(bacceitn Onexckoro o3epa), a Takxke B peke Ilucro-iioku (6acceiin o3zepa Kyiito). PazpaboTtansl
M U3TOTOBJICHBI 22 pa3HOOOpa3HbIX THIIA KOMIIAKTHBIX KOHCTPYKIUH. Cpeaum HHX yCTpOICTBa
C PYClo8biM U NOOPYCI08bIM TUIIOM BOJHOTO MHUTAaHUA. VCIbITaHUS MOKa3aIu, 4TO IS KaXI0M peKu
CO CBOMMH THIPOJIOTUIECKUMHU OCOOCHHOCTSIMH HEOOXOIMMO MOIOUPATh ONPEACICHHBIA THIT THE31—
MHKY0aTOpPOB.

I'He3ma-nHKy0aTOphl KIaCCH(PHUIMPYIOT MO CHOCO0Y pa3/ielcHHs] HKPUHOK WHIAMBHUIYAIbHBIMU
JyHKaMH WIM WHKYOallMOHHOMY CyOCTpaTy; HaJIM4YdI0 TOKPOBHOTO MaTepuana Wi MeMOpaHBbI
Ha JIYHKaX, THILYy YCTPOMCTB /Jisl BbIXOJ/la JIMYMHOK B PEYHOH MOTOK; PacloJIOKEHUIO THE3/a Ha JIHE,
B IPYHTE WJIM HAJl HUM, [10 EMKOCTHU UKPBI; U T.J.

B manbix pekax 3aBoACKO€ BOCIPOU3BOJICTBO MO PSAAY NPUUYUH HEBO3MOXKHO MJIM SKOHOMHUYECKU
HE  BBITOJHO, YTO  ONPENEINIO  BBIIEICHME  JABYX  TEXHOJOTHH,  Pa3IMYaroluXcs
M0 MPOAOIIKUTENHHOCTA UHKYOAIIUU — ONUHHOYUKIIOB0U U Kopomkoyukaoeot. I1lon orunnoyuxnosoii
TEXHOJIOTUEH TIOHMMAeTCss MHKYyOalusi HKphl B TEUEHHE BCEro Iepuoja pa3BUTHS B THE3ax—
nHKyOaTopax (OKTSIO0ps — KoHeln Masi). B pesynbprare ymamock momyduts 81-97% BBIXOHa JTMYHMHOK
nococs. Kopomkoyuknosas TeXHOJIOTUS MPEANoaraeT YaCTUYHY0 HHKYOAIMI0 UKPbI Ha PHIOOBOTHOM
3aBOJie 1O CTaJuu «rJa30k» (Mapr), Korza SMOpPHOHBI MOKHO TpPaHCIOPTUPOBATH K peEKe
U 3aKJIabIBaTh B I'HE3/1a—MHKYOaTopbl. D(PPEKTUBHOCTh BBIXOJA JIMUYMHOK MPECHOBOIAHOIO JOCOCH
coctaBmwia 95-97%. BrurynuBmmecss JTWYMHKA HEKOTOpPOE BpeMs JiekaT Ha OOKy Ha cyOcrpare,
a 3areM IOJAHMMAIOTCS «Ha IIJIaB», COBEpIIAas XaoTWuyHble NBHWKeHUA. IIpn monHoM paccacbiBaHMM
KEJIITOYHOTO MENIKa JBUKEHHE CTAaHOBUTCS KPYTrOBBIM, M 3TO CIIOCOOCTBYET MOMNAJaHUIO JTUYHUHOK
B ABAaKyaIllMOHHBINA NAaTPyOOK U BBIXOJY MX Hapy»Ky B €CTECTBEHHBIH IMOTOK.

PacnonoxeHue ycTpoiicTBa B pPEYHOM TOTOKE, HCIIONBb30BaHHE TMOAPYCIOBOrO IOTOKA
JUIE OMBIBAaHMSI MKpPbl M CHAOXXEHHsI €€ KHUCIOPOAOM CO3JIal0T YCJIOBUSI B WHKYOAI[MOHHOW KaMmepe,
OJIM3KUE K YCIOBHUSIM B €CTECTBEHHBIX HEPECTOBBIX rHe3jax. MHKyOupoBaHMe B rHe3qax MO3BOJISET
UCKJIIOYUTh IOTEPU INPU €CTECTBEHHOM HEPECTE — HEIMOJIHOE OIUIOAOTBOPEHUE, BBHIMBIBAHME HKPBI
MIOTOKOM TIpU CTPOMUTENBCTBE THE3/a, BBICAAHMS €€ XUIHUKaMHu, rubeib B IUIOTHOM TPYHTE MpuU
HEJOCTaTKE KHCIOpOAa, U B pE3ynbTaTe IOJIYYUTh JKU3HECTOMKUX JIMYMHOK, CaMOCTOSTEIbHO
paccesnsomuxcs Mo OyAyIIUM BEIPOCTHBIM yYaCTKaM.

Taxkum o0Opa3omM, pazpaboTaHa U UCIIBITaHA JMHEHKA KOHCTPYKIMHM PEYHBIX THE3/1-UHKYOaTOpoB
jJococeBo HMKpbl eMkocThio oT 50 g0 1000 MKpMHOK C pa3iMYHBIMU THIIAMH CYOCTpPATOB
U B0/103a00pHUKOB. Ha paHee MyCTYIOIIMX BBIPOCTHBIX JUaCTKaxX PasIHYHBIX IO THIPONOTHH peK
JIOCTHTHYTA BBICOKAs TUIOTHOCTH CEroJIeTOK — 17-22 3K3./M”.

Paboma evinonnena npu noodepoicke ponoa PHD Ne 14-24-00102
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INNOVATIVE TECHNOLOGIES AND NESTS INCUBATORS FOR REPRODUCTION
OF SALMONS UNDER NATURAL CONDITIONS
A. E. Veselov!, D. S. Pavlov?, M. A. Skorobogatov?, D. A. Efremov?, M. A. Ruchyev’
'Institute of Biology of Karelian Research Centre Russian Academy of Sciences, Petrozavodsk, Russia,
e-mail: veselov7771@mail.ru
%A. N. Severtsov Institute of Ecology and Evolution of the Russian Academy of Sciences, Moscow, Russia

The perspective direction on stocking of the salmon rivers is development of the devices
allowing incubating fish eggs in the rivers. Devices with artificially impregnated eggs establish at the
bottom of thresholds and rifts. At the end of the incubatory period larvae of salmons are independently
settled from nests incubators lead a life, their growth and development happens on a natural food
supply.

The purpose of work consisted in development of innovative technologies and designs of nests
incubators for intensive restoration of stocks of salmons on the basis of use of artificially impregnated
eggs incubated in river conditions.

Tests were carried out to the period from 2003 to 2016 on the salmon rivers differing on the
hydrological mode: the Umba, Indera (Kola peninsula), Lososinka, Suna and Lizhma
(basin of Lake Onega), and also in the river Pisto-yoki (basin of the lake Kuyto). 22 various types
of compact designs are developed and made. Among them there are devices to establish on a river bed.
Tests have shown that for each river with the hydrological features it is necessary to select a certain
type of nests incubators.

Incubators classify by a method of division of personal holes or to an incubatory substratum;
to availability of integumentary material or a diaphragm on holes, to type of devices for an output
of larvae in a river flow; sweat to installation of an incubator at a river bed, by the number of eggs; etc.

In the small rivers factory reproduction for a number of reasons is impossible or economically
it isn't favorable that defined separation of two technologies differing on incubation duration — long-
cycle and short-cycle. The long-cycle technology is understood as a eggs incubation during the entire
period of development in slots incubators (October — the end of May). As a result it was succeeded
to receive 81-97% of an output of larvae of a salmon. The short-cycle technology assumes the partial
incubation of eggs at the fish-breeding plant to a stage "peephole™ (March) when embryos can
be transported to the river and to put to slots incubators. Efficiency of an output of larvae of a fresh-
water salmon made 95-97%.

The hatched larvae some time lie on one side on a substratum, and then begin to float, making
chaotic movements. In case of complete diffusion of a vitellicle movement becomes circle,
and it promotes hit of larvae in an evacuation branch pipe and to their output outside in a natural flow.

Layout of the device in a river flow, use of a ground stream for washing of eggs and supply
with its oxygen the close to conditions in natural spawning slots create conditions in the incubatory
camera. Incubation in slots allows to exclude losses in case of natural spawning — incomplete
fertilization, washing away of eggs a flow in case of construction of the slot, a eating by predators, loss
in the dense ground soil in case of a lack of oxygen and to receive as a result the durable larvae which
are independently settled on thresholds and rifts.

Thus, the line of constructions of river incubators of salmon eggs with a capacity
from 50 to 1000 eggs with different types of incubatory substratum and water scoops is developed
and tested. On the rivers, earlier empty nursery sections different on a hydrology, high density
of fingerlings — 17-22 copies/sq.m is reached.

Financial support on the RNF project No. 14-24-00102.
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CTPATETUSI COXPAHEHUS TAUMEHS B COBPEMEHHBIX YCJIOBUSIX
B BOJJHbIX OB bEKTAX PECIYBJIUKHU AJITAU
JI. B. Becuuna, A. B. Muxaiinos, A. 1O. Jlykepun, I'. A. Pomanenko, U. 0. TepsieBa
Anmatickui ¢punuan @edepanbHozo 20Cy0apCmeeHH020 OIHONHCEMHO20 HAYHUHO20 YUPEHCOCHUS.
«locyoapcmeennbitl HayuHO-NPOU3BOOCMEEHHBII YEHMP PLIOHO20 XO3AUCBAY,
2. bapuayn, Poccus, e-mail: vesninal.v@mail.ru

Oo6sikHOBeHHBIN TaiiMens (Hucho taimen Pallas, 1773) B Bomubix o0bekTax Pecrybnuku Anraii
npeacTaBieH oaHoi ¢opmoii. Hanbonee 4acTo Bua BCTpedaeTcs B CPETHEM M BEPXHEM TEUCHUHU PEK
bus, Karyns, ozepe Tenenkoe, npennountas KaMEHHMCTBIE IIE€pEKaThbl, 3aBOAM M 3aTOHBL. B ampere,
IIpU MOJABbEME YPOBHS BOJAbl HAUMHAETCS HEPECTOBBIM X0 B 00Jjie€ MEJIKHE MPUTOKH, 10 KOTOPBIM
TaliMEHb IIOJTHUMAETCSI 10 BEPXOBHUM BOJOTOKOB, IPEOJI0JIEBAsT €CTECTBECHHBIE IIPErPabl.

CrpoutenbCTBO, PEKOHCTPYKIMS M PaCIIUPEHUE NPEIIPUSITUNH, COOPYKEHUH, TypUCTHUECKUX
0a3 M HMX OKCIUIyaTallus Ha TEPPUTOPUAX, HPUIIETaloIUX K pPbIOOXO3SAHCTBEHHBIM BOJOEMaM,
B OOJIBLIMHCTBE CJIy4yaeB, OKA3bIBAIOT OTPULATEIBHOE BO3CHCTBHE HA COCTOSIHHME 3KOCHUCTEM.
VKazaHHas JAEATENbHOCTh HA BOAHBIX OOBEKTaX HapsALy C HE3aKOHHBIM U3BSATHEM BOJHBIX
OMOJIOTUYECKUX PECYpPCOB NPUBOAUT K CHIDKCHHIO WX TPOJYKTUBHOCTH, YXYAUICHHIO BHOBOTO
cocTaBa UXTHOG(ayHbl, HCTOILEHHUIO 3alacoB PhIOBI U APYrUX 00BEKTOB BOJHOTrO Mpombicia. IIpexne
BCEro, HEraTMBHOE BO3/ICHCTBUE OTpPa)kaeTCcsi HAa HamOoJjee IIEHHBIX BUJAaX, K KOTOPbIM OTHOCHUTCS
OOBIKHOBEHHBIN TaliMEHb.

B HacTosiee Bpemst B rpanHunax PecyOnuku Antail pou3BOIUTCS IOBCEMECTHBIN CIIOPTUBHO-
JHOOUTENbCKUN JI0B OOBIKHOBEHHOI'O TaliMeHs. UMCIeHHOCTh BUJ]a HEBEIMKA U HAXOIUTCS B YSI3BUMOM
COCTOSIHUM, TaK KaK €ro CTaOMJIbHOE BOCHPOU3BOJCTBO CBA3aHO C MAacCOBBIM H3bATHEM
IIPOU3BOJUTEINIEH B MECTaX UX 3UMOBKH U HepecTa. ClieyeT OTMETUTD, YTO PUCK IIEPEIIOBA BO3PACTAET
B CBSI3U C IIOBBIIIEHHBIM CIIPOCOM Ha MECTHYIO JIEJIMKATECHYIO PhIOHYIO IPOIYKIUIO B TYPUCTHUYECKUX
30HaxX pEeruoHa.

Takas mepa oxpaHbl, Kak BHECEHUE BUJA B NepedyeHb KpacHOW KHUIM OTPHULIATEIBHO CKAXKETCS
Ha BO3MOXXHOCTH €Tr0 HCKYCCTBEHHOTO BOCIPOM3BOJCTBA, B BHIY CIIOKHOCTH ITOJIy4€HUS KBOT
Ha ero omioB. [ToMMMO 3TOr0O AaHHBIN AT CHU3UT IIPUBJIEKATEIBHOCTD TYpU3Ma B PETHOHE.

B cnoxuBmielicas cuTyanuu HauOoJjiee  pallMOHaJIbHBIM  MOAXOAOM K  COXpPaHEHHIO
U TPEyMHOKEHUIO UHCIEHHOCTH TaliMeHs Ha TeppuTtopun PecnyOnuku Anrtait  sBisercs
HMCKYCCTBEHHOE BOCIPOM3BOJCTBO €r0 MOJIOAW C IOCIEAYIOIIHUM BBITYCKOM B €CTECTBEHHYIO CpEly
obutanus. Ilo manueiM Anraiickoro ¢ummana @I'BHY «locpblOieHTp» B paMKax HcClIeI0BaHUMN
[0 OIICHKE ONpeNeleHUs NPUEMHON E€MKOCTHM BOJHBIX OOBEKTOB PETrMOHA ObLI BBISABICH IeQUIUT
BOCIIPOM3BOJICTBA MO MKpe B 2,4 MIH IUTYK. BbimonHeHue paboT B 0003HAYEHHOM BbIIE 0ObeMe
MO3BOJINT COXPAaHUTh MONYyISUUU TaliMeHs B PecnyOmuku Antaii Ha CyIIECTBYIOIIEM YpOBHE.
IIpoBenenue paboT HalpaBlIeHHBIX Ha JajbHEWIIee yBeIUYeHHE 0ObEMOB BBITYCKAa MOJIOIHU JIOJIKHO
IIPOBOJIUTHCS MOCIIE TIPOBEICHHUS TONIOJIHATEIBHBIX HCCIEOBAaHUM.
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STRATEGY FOR TAIMEN PRESERVATION IN WATER OBJECTS OF THE ALTAI
REPUBLIC IN MODERN CONDITIONS
L. V. Vesnina, A. V. Mikhailov, A. Yu. Lukerin, G. A. Romanenko, I. Yu. Teryayeva
Altay branch Federal State Budgetary Scientific Institution “State Scientific-and-Production
Center of Fishery”, Barnaul, Russia, e-mail: vesninal.v@mail.ru

The taimen (Hucho taimen Pallas, 1773) is represented by one form in water bodies of the Altai
Republic. Most commonly the species is found in the middle and upper reaches of the Biya River,
the Katun River and Lake Teletskoye preferring stony slopes, bights and broadlands. In April, when
the water level rises, the spawning run to smaller tributaries starts, through them the taimen rises
to the upper reaches of watercourses, overcoming natural barriers.

Construction, reconstruction and expansion of enterprises, structures, tourist camps and their
functioning in the areas adjacent to fishery water bodies in most cases have a negative impact
on the state of ecosystems. This activity in water bodies, along with the illegal seizure of aquatic
biological resources, leads to a decrease in their productivity, deterioration in the species composition
of the ichthyofauna, depletion of fish stocks and other water-harvesting facilities. First of all,
the negative impact is reflected upon the most valuable species to which the taimen belongs.

Currently, in the borders of the Altai Republic widespread sports and amateur fishing for taimen
takes place. The number of species is low and is in a vulnerable state, since its sustainable breeding
is associated with a massive seizure of capture fisheries in its wintering and spawning grounds.
It should be noted that the risk of overfishing is increasing due to the increased demand for gourmet
fish products in the tourist zones of the region.

Such protection measure, as introducing the species in the Red List, will negatively affect
the possibility of its artificial breeding, because of the difficulty to obtain fishing quota. In addition,
it will reduce the attractiveness of tourism in the region.

In the current situation, the most rational approach to preserving and multiplying the taimen
population on the territory of the Altai Republic is artificial breeding of its juvenile fish with
its subsequent release into the natural habitat. According to the Altai branch
of the FSBSI "Gosrybtsentr", as part of studies evaluating the receiving capacity of water objects in the
region, a deficit of breeding of 2.4 million eggs has been discovered. The work performance in the
volume specified above will allow keeping taimen populations in the Altai Republic at the existing
level. The work aimed to further increase the juvenile fish release should be carried out after additional
studies.
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BJIMSTHUE MHOTI'OJIETHUX N3BMEHEHU YUCJIEHHOCTH HEPKH O3EPA
JAJIBHEE (KAMYATKA) HA CTPYKTYPY EE IOIIYJIAIIUA
H. M. Beunep
DeoepanvHoe cocyoapcmeennoe DI00XcemHoe HayuHoe yupedicoenue « Kamuamerkuil nayuno-
UCCIe008aAMENbCKUL UHCIUMYN PblOHO20 X03Aticmea u okeanozpaguuy, e. [lemponasnosck-Kamuamckuil,
Poccus, e-mail: vetsler@kamniro.ru

Oco0ast 3HAQUMMOCTb W YHHKaJIbHOCTH 03. JlanbHEro, pacmojio)KEHHOTO Ha IOTr0-BOCTOKE
KamuaTku, onpenensercs MHOTOJIETHUM PSAJIOM Hay4yHBIX HCCIENOBaHUM, NpoBOoAUMBIX ¢ 1930-x rT.
3a 3TO BpeMsl COCTOSIHHE TMOMYJSIUU HEPKH, HAryJUBaIOLICHCS B HEM, IPETEpresio 3HAYUTEIbHbIC
u3MeHeHus. JJonronepuoapie KoiaeOaHusi BETUYMHBI HEPECTOBBIX MOAXO0B PbIO XapaKTepU30BAIUCH
BBICOKUM ypoBHeM, aocturaromuMm 20—150 teic. mT., B 1930-1940-¢ rr. u B 1980-€ IT. 1 CHUXKXEHUEM
B 1950-1970-¢ rr., 4TO COOTBETCTBOBAJIO TCHCHIMSAM HM3MEHCHUN YMCIIEHHOCTH JOCOCEH IO BCei
Ceepnoii Tlarudpuxe. B 1990 u 2000-e rr. manpHeo3epckas HEpKa HAXOJWIach B JCHPECCHBHOM
COCTOSIHUHM: YUCIIEHHOCTH IOJXOZOB TOJOBO3PENbIX PbIO cocTaBimsia 1-20 ThIC. MT. U, B CPEIAHEM,
He mpeBblmana 6 Thic. WT. Huszkue BO3BpaThl MPOU3BOAMUTENEH B 03€p0o ObLTM OOYCIOBIICHBI
WHTEHCUBHBIM pa3BHTHEM Ipu(TEpHOro mMpombicia B bepuHroBoM Mope W OpakKOHBEPCKHUM JIOBOM
HEpKU Ha MyTSIX €€ aHaJpoMHOI murpanuu. Hanbonbimmii mpoMbICIOBBIH U OpakOHbEPCKHUN pecc
WCIIBITHIBAJIA BECEHHSISI paca, 4ToO MPUBENIO K €€ MojaHoMy yHuuToxxkeHuto. B 2000-e rr. HepectoBoe
CTa/10 ObLIO MPEACTAaBICHO UCKIIIOUUTENBHO JIETHEH pacoii, X0 KOTOPOM HauMHaJCsS BO BTOPOIl 1ekajie
UIOJIS.

JluHamMuKa  YHCIIEHHOCTH JIaJbHEO3epCKOM HEpPKH TECHO CBsi3aHA C  HM3MEHEHUSMU
ee OMOJIOTMUYECKOH CTPYKTYphl. MHOTOJICTHHE H3MEHEHHS BO3pacTa IOJOBO3PEIBIX PHIO HUMEIOT
TEHJICHIIMIO K €r0 YBEIIMYCHHIO MIPH CHIKEHUU HEPECTOBBIX 3aX0/I0B U, HA00OPOT, POCT YHCIEHHOCTH
HEPKM TMPUBOJUT K YMEHBIICHUIO BO3pacTa pwIO-Tipou3BoAuTENeH. TeHIEHIMH B H3MEHEHUSX
BO3PACTHOT'O COCTaBa IMOJIOBO3PEINBIX PhIO, B OCHOBHOM, CBSI3aHBI C JJIUTEIBHOCTHIO MPECHOBOIHOTO
Haryna. [Ipu BBICOKMX 3axojaX pbIO-TPOM3BOAMTENCH M MOBBINICHUU IUIOTHOCTH HarylMBarollencs
MOJIOJIM TpeoOIiaiatoieid BO3PAaCTHOM TPYNION Cpear CMOJTOB SIBISIOTCS TOMAOBHKH. CHUXKEHUE
YUCJIEHHOCTH HEPKM M YJIy4lIEHWE KOPMOBBIX YCJIOBHI B 03€pe NPHUBOJAUT K YBEIUYEHUIO
MIPOJOJKUTENBHOCTA €€ MPECHOBOAHOIO MEpHoAa >KU3HM 10 ABYX, TPEX M Jaxe A0 YETHIPEX JIeT.
B 2000-¢ rr. cpenn cMOJITOB 3HaYUTENIBHO BO3POCIIA JOJIS MOJIOAU B Bo3pacTe 3+ u 4+, a B OTAEIbHBIE
oAbl OHU cocTaBisu Ooliee 80% OT BCeX IMMOKATHUKOB.

[ToBbIIEHNE KONMMYECTBA KOpMa B BOAOEME MPU HU3KOW IJIOTHOCTU HATYJIMBAIOLIEHCS MOJIOIU
HEPKH TMPHUBOJUT U K YBEJIMUYCHUIO YUCICHHOCTH PE3UIECHTHOU (KapirKoBoil) opmbl. MakcuManbHOE
KOJIM4ecTBO KapiukoB (0T 6 10 30 ThIc. 9K3.) B 03epe Obl1o oTMeueHo B 1958—1982 rr. B 1935-1957
n 1983—1995 rr. ux yncneHHOCTh He mpeBbllIana 7 Thic. 3k3. B 2000—e rr. ynyuiienue TpopuyecKkux
YCIIOBUH MPU CHUKEHUU YUCICHHOCTH MOTpEOUTENeH MPUBEIO K MOBBIIICHUIO KOJHMYECTBA KapIUKOB
B BogoeMe 10 15-20 TeIc. dK3.

MHoronetHue Kone6aHusl COOTHOUICHHS MPOXOAHON M PEe3UACHTHOM YacTeil MOMmyNIsiuyd TECHO
CBSI3aHBl C MU3MEHEHUSAMH B €€ moyioBoi cTpyktype. Ecmm no 1963 r. mons aHagpOMHBIX CaMIIOB,
B OCHOBHOM, Oblia Omm3ka k 50%, to B 1970-1990-e rr. ona cum3unacek g0 40%. B 2000-2016 rr.
OTHOCHTEIIbHASI YHCJICHHOCTh TPOXOIHBIX caMIoB cocTaBmwia 22-37%, W aHaApOMHOE CTajo,
B OCHOBHOM, OBLIO MPEJCTaBIEHO CAMKAMH, YTO, OUYE€BUIHO, CIOCOOCTBOBAJIO BHIKHBAHUIO MOMYIISIIIHH
B YCIIOBUSIX HEPETYIUPYEMOTO MPOMBICIIA.

HccnenoBaHus MU MHOTHX 3apYOEKHBIX U OTE€YECTBEHHBIX aBTOPOB OBLIO YCTAHOBIIEHO, UYTO MPHU
YBEJIMUEHUU YUCICHHOCTH HEKOTOPHIX BUJIOB JIOCOCEH U3 pa3inuHbIX peruoHoB CesepHoii [Tannduku,
B TOM YHCJIE U MHOTUX MONYJALMA KaM4aTCKOM HEpPKH, NMPOUCXOJUT YMEHBIICHHE UX Pa3MEpHO-
MacCOBBIX TIOKa3areneld. OTpUIaTeIbHBIA TEMIOPATBHBIN TPEH T 0BT OTMEYEH U IS MPOU3BOIUTEIICH
nanbHeo3epckoit Hepku. B 2000-e rT. mpu COKpamieHMH YHUCIECHHOCTH MOMYJSIUU TEHICHIIMS
K CHIDKEHHIO Pa3MEpHO-MACcCOBBIX MOKa3aTellell COXpaHMIach, YTO, BEPOSATHO, CBSA3aHO HE TOJIBKO
C U3MEHEHUSIMU YCIIOBHM MOPCKOrO Haryjia THUXOOKEAHCKHX JIOCOCEW, HO U C MPEUMYILECTBEHHBIM
MIPOMBICTIOBBIM H3BATHEM Han0o0JIee KPYIHBIX 0COOCH.
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THE EFFECTS OF THE LONG-TERM DYNAMICS OF SOCKEYE SALMON ABUNDANCE
IN DALNEYE LAKE (KAMCHATKA) ON THE STRUCTURE
OF THE POPULATION
N. M. Vetsler
Kamchatka Research Institute of Fisheries and Oceanography, Petropavlovsk-Kamchatsky, Russia,
e-mail: vetsler@kamniro.ru

Specifics and importance of Dalneye lake on the south-east of Kamchatka has been figured out
from results of long-term researches since the 1930th. For the period the abundance of the sockeye
salmon population, foraging in the lake, demonstrated substantial fluctuations. Long-term fluctuations
of spawning runs were at a high level of 20-150 thousand individuals in the 1930-1940" and in 1980
and at a low level in the 1950-1970s, in a similar manner to the trend for all over the North Pacific. In
the 1990s and 2000s the population was in depression: the spawning runs were of 1-20 thousand
individuals, and did not exceed 6 thousand fish. Poor returns to the lake were due to intense
development of drift-net fishing in the Bering Sea and illegal fishing of sockeye salmon on the ways
of anadromous migrations. The pressure of the commercial and illegal fishing was maximal
to the spring morph of sockeye salmon and resulted in the total extermination of the morph.
In the 2000s the spawning stock consisted of the summer morph only, which migrated for spawning
rom the second decade of July.

The dynamics of the abundance of Dalneye lake sockeye salmon population is connected
to the structural biological transformations. A long-term trend to increase for the age of maturation
goes at decreasing spawning runs, whereas the increasing abundance results in a decrease
of spawner’s age. The trends of the age composition dynamics generally depend on the length
of freshwater feeding. When spawning escapement was highly abundant and increasing the density
of feeding juvenile sockeye salmon, the dominant age group of smolts consists of one-year-old fish.
When sockeye salmon abundance decreased and forage conditions in the lake were Dbetter,
the freshwater age of sockeye salmon could be two, three or even four years instead one. In the 2000s
the percent of 3+ and 4+ individuals increased among smolts, and in some years it could ne over 80%
in sockeye salmon juvenile escapement.

Increasing forage base in the lake at a low density of foraging juvenile fish leads to an increase
of the abundance of resident (dwarf) morph. The highest number of the dwarfs (from 6 up to 30
thousand) in the lake was observed in 1958-1982. In 1935-1957 and 1983-1995 the number was up
to 7 thousand. In the 2000s better trophic conditions at decreasing number of consumers caused
increasing number of the dwarfs in the lake to 15-20 thousands.

The longterm fluctuations of the anadromous and resident populations correlate tightly with
the dynamics of sex ratio. While until 1963 the part of the anadromous males was about 50%,
it dropped to 40% in the 1970-1990s. In 20002016 the relative number of the anadromous males was
22-37%, and the anadromous stock was generally represented by females, what most likely provided
sustaining of the population in terms of poorly regulated fisheries.

Many russian and foreign researchers had it found that when the abundance of some salmon
species increases in different regions of North Pacific, including sockeye salmon populations
in Kamchatka, the body weight and length of the fish decrease. The negative temporal trend
was observed in the Dalneye lake sockeye salmon population too. In the 2000s, when decreasing
the abundance of the population the trend to decrease of the body length and weight was stable, what,
most likely, depended not only on the changes of the conditions of feeding at sea for Pacific salmon,
but also on the preferential removing of big individuals by commercial fishery.
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®UJIOI'EHE3 TETRAONCHIDAE (MONOGENEA) KAK 3EPKAJIO 3BOJIIOIIUUA
SALMONIFORMES
I1. 1. I'epaces, O. H. ITyraues
DedepanvHoe 2ocydapcmeennoe 6100xcemuoe yupedcoeHue Hayku 3oonoeudeckui uncmumym Poccutickotl
axademuu nayx, . Cankm-Ilemep6ype, Poccus, e-mail: gerasev_vermes@zin.ru

«[TapazuTonorust — 30y0Tas Xujaa g dBoionroHucToBy (Mayer, 1957, p. 7). Kosomromus
MOHOT€HEH M WX XO0354€B JaBHO JIOKa3aHa W CTajlla BeChbMa IIOKA3aTEIbHBIM MPUMEPOM
(beixoBckuii, 1957; Llewellyn, 1956). Pone (Rohde, 1979) ykaszam, uro u3 435 BHIOB MOPCKHX
MOHOTeHer, 96% TpUypOdYeHBI K OIHOMY CEeMEWCTBY pbIO, a 98% K omHOMY OTpsAy XO3SEB.
KommakTHOe M MopenbHOE Mg pElIeHHs BompocoB 3Bojitonu MoHoreHei (I'epaces, 2004a, 6;
I'epaces, [Tyraues, 2004) cemeiicto Tetraonchidae nacuutsiBaet 19 Banuaubix Buaa (Pugachev et al.,
2010) u mpencraBieHo aByMs poxamu Tetraonchus u Salmonchus. IlepBeiii oOuTaeT Ha IIyKax
(Esocidae) u xapuycax (Thymalidae), a Bropoii Ha curax (Coregonidae), mpecHOBOAHBIX JIOCOCIX
(Salmonidae) u MooaK MPOXOAHBIX AalbHEBOCTOUHBIX Jococei (Oncorhynchus).

JlococeBooOpa3Hble, M B YACTHOCTH COOCTBEHHO JIOCOCEBBIC, B CBSI3M C HMX OTPOMHBIM
MPAKTUYECKHUM W 3HAYUTEIBHBIM TEOPETHUECKUM HMHTEPECOM BCETJa MPHUBICKAIH HPUCTAILHOE
BHUMaHue UXTHojoroB (I'mybokoBckuii, 1995; ®pomnos, 2000; Illeasko, 2012; Kuorosckuit, 2015).
OnHako OOIIENPUHATON KOHILEHIIMK O COCTaBe, CTPYKTYpEe W OBOJIOIHMH OSTOH TPYIIBI IOKa
BbIpabOTaTh HE YAAIOCh.

Mopdomoruueckuii aHanu3 W HcciaeaoBaHHb Meromamu kimaauctukd (Winclada, PAUP)
¢unorene3 Tetraonchidae (I'epaceB, 1998, 20040) moka3ajgw, 4UYTO CEMEHCTBO SIBJIIETCS
MOHO(DMIIETHYHBIM U TOZpa3ienseTcs Ha aBa poaa. Pom Tetraonchus BkimiowaeT aBa BHIA,
a Salmonchus cocrouT u3 Tpex kiag — ogHOro 000CcOOICHHOTO BUIa ¢ MaibkoB cuMbl Oncorhynchus
Masou u JByX TPYII BUAOB: 1) ¢ CUTOB, TOJBIIOB U (popesu, U 2) ¢ MPECHOBOAHBIX JIOCOCEH U MOJIOAH
IIPOXOAHBIX JIOCOCEH.

CornacHo kiagorpaMmaM (DUIOTCHUU TETPAOHXHUJ, COOTHECEHHBIX K OJBOJIIOLUU HMX XO35CB,
IIYKOBBIX HYXXHO pacCMaTpHBaTh Kak MCXOIHYIO, HO BeChbMa CIENUAIM3UPOBaHHY0 Tpymny. K Heit
OJTM3KKM XapUYyChl, TAKXKE O0JIAJAONINE PSIOM CICIUATU3UPOBAHHBIX YepT. DTa OJIM30CTh IIYKOBBIX
Y XapUyCOB TIOATBEPXKICHA CHKBEHCOM X MUTOXOHIpuanbsHoro renoma (Campbell et al., 2013).

Ha Bropoii rpynme Xo3seB (pPe3KO OTJIMYHOH OT I3THUX JBYX TIEPBBIX CEMEWUCTB pBbIO),
MPEJICTaBJICHHON CHIOBBIMH M JIOCOCEBBIMH, HauOoJiee NPUMUTHBHBIM sBisiercst  Salmonchus
oncorhynchi ¢ manskoB cumbr — Oncorhynchus masou, koTopblie KMBYT JBa roja B MPECHOM BOJIE.
JIBa 1pyrux BHJIa MOHOTEHEH C MAJIBKOB IPOXOIHBIX JOCOCEH B MPECHON BOJAE, OUEBUIHO, SIBISIOTCS
Pe3yabTaTOM TOCTATLHOTO MIEPEKIIFOUCHUS C MPeCHOBOAHBIX Jococeit (['epaces, [Tyraues, 2004).

[TocrmeayromuMy BETBICHUSMH KJIAJOTPAMMBI TIApPa3UTOB O0OCOOJISIOTCS CHUTOBBIC, TOJBIIBI
1 Gopenb, a 3aTeM CIEeIYIONIEH K10l — MPECHOBOIHBIC 1aIbHEBOCTOYHBIC JIOCOCH.

B cBa3u ¢ MOp(DOSOTHYECKMMH Ppa3IHUUsAMH IIYK W XapUycoB OOBEIMHEHHWE B OJUH
poxa Tetraonchus aByX BHIOB C 3THX XO35€B BBIIJISIIUT HECKOJIbKO HeOkuaaHHO. OmHAKO HX
00bEIUHSICT HATHYKE ABYX MOP(OIOTHUECKH CXOAHBIX COCIUHUTEIbHBIX MIIACTUHOK U JBYXOJ0YHBIN
MbIIIeYHbIH anmapat aucka (['epaces, 1998).

[TapazuTupoBanue ONHM3KAX BHJOB TETPAOHXH]I HA CHTraxX, TOJbIIaX W (OpenH yKa3blBaeT Ha
UX BO3MOXHOE (DUIIOTEHETHYECKOE POJICTBO.

[TokazaTenpbHa Hepa3peMIUMOCTh KJIaIorpaMMbl cemeiicTBa Terpaonxua (I'epaces, 20046) mocie
NepEeB3BEIINBaHKS MIPU3HAKOB U MIPU MPUMEHEHUH MeToaa Bootstrap ams cMroBbIX M MPECHOBOIHBIX
JATbHEBOCTOYHBIX JIOCOCEBBIX, YTO YKA3bIBACT HA IBOJIOINUOHHYIO OJIM30CTh ITHX XO035CB.

Iloooepoicano epanmom AAAA-A17-117030310322-3.
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®OPMHUPOBAHUE AJAINTUBHOI'O IOBEJEHUS 3ABOJCKON MOJIO/IH B
3ABUCUMOCTH OT CPOKA COAEPKAHUS B UCKYCCTBEHHBIX YCJIOBUSAX
10. B. I'epacumos
DeoepanvHoe cocyoapcmeenHoe DI00NHCemMHoe yupedcoeHue Hayky Mucmumym ouono2uu 6HympeHHUxX 600
umenu Y. J]. llananuna Poccutickou akademuu nayx, n. bopok, Poccus,
e-mail: gu@ibiw.yaroslavl.ru

CokpailleHre 3anacoB [EHHBIX BHJIOB PBIO (JIOCOCEBBIX, OCETPOBBIX U T.J.) 000CTPHUIIO MTPoOIEeMy
COXpaHEHHUS U YBEIMYECHHUS YHMCIEHHOCTH uX mnonyiauuil. Kpome Mep mo oxpaHe wucue3arouumx
€CTECTBEHHBIX MOMYJISALHMK, ITUPOKO CTaJ HCIOJIB30BATHCA METOJ MOMJICPKAHUS W YBEITHYCHHS
UX YHUCJICHHOCTHU 3a CUET MCKYCCTBEHHOTO pa3BeieHHs. HecMOTpsi Ha yxe TOBOJIBHO JIUTEIBHYIO
HCTOPHIO €ro MPUMEHEHHsI, OCHOBHOM MPOOJIEMOil TTO-TIPEKHEMY OCTaeTCs BOIPoc 00 3G (HEKTUBHOCTH
HCKYCCTBEHHOTO BOCIIPOM3BO/ICTBA.

B Hacrosimee Bpemsi HaKOIJIEH OOIIUPHBIA MaTepUal O Pa3IMYHBIX HETaTUBHBIX OCOOCHHOCTSIX
3aBOJCKON MoJIOAM (T€HETHUYECKHX, (PU3MOJOTUYECKHUX, IOBEACHUECKUX U Jp.), OINpPENESIOIINX
HU3KUI ypoBeHb ce BbukuBanus (Greene, 1952; Vincent, 1960; Flick, Webster, 1964; Moyle, 19609;
Reisenbichler, Mcintyre, 1977; Bachman, 1984; Hukonopos, Burtsuiukas, 1993; Kiosau, 2003;
Opnos, 2005; Orlov et al., 2006; Kanpuenko, 2006). ExxerogHo 3aBojibl BBITYCKAIOT B PEKHU JECATKU
MUJUTMOHOB MOJIOJIA PA3JIMYHBIX BHUJOB, HO €€ BBIKMBAEMOCTh B E€CTECTBEHHOW CpEIE OCTaeTCs
Ha OYEHb HU3KOM ypoBHE. [lojydeHHe HMCKYCCTBEHHO BBIPAIICHHONW MOJOIU, KOTOpas Moryia Obl
C MUHUMAJIbHBIMU MOTEPSIMU aJaITUPOBATHCS K YCIIOBUSM KU3HHU B €CTECTBEHHOM BOJIOEME, SIBIISECTCS
Ha CErOHSAIIHMI AcHb HanOoJIee BAXKHOM M CIIOXKHOM 3a7a4ei.

OnHo¥ W3 MPUYMH, MPUBOSIIUX K CHUKEHUIO BBDKUBAHUS MOJIOJIHU, SIBJSIETCS HEIOCTATOYHOE
pa3BUTHE TOBEJACHYCCKUX HABBIKOB, HEOOXOMMMBIX IS JTOOBIBAHHUS TUINM M M30EraHus XHIIHUKOB
B YCIIOBHUSIX €CTECTBEHHOTr0 Bojoema. M3BecTHO, uTO B OacceifHax phIOOBOJIHBIX 3aBOJIOB MOJIOAb
noaBepraercs "omoMamHUBaHMIO". MeXaHHW3M 3TOro SIBJICHHUS 3aKJIF0YAaeTCsl B TOM, YTO XapakKTep
pa3BUTUA U YPOBEHb (YHKIMOHATBHOW aKTUBHOCTH LEeHTpanbHOW HepBHOU cuctembl (LJHC)
B 3HAUYMUTEIILHOW Mepe OINpeAeNaioTcsl (haKToOpaMu BHEIIHEW CpeJibl, BO3JEHCTBYIOIMMU HAa OPraHU3M
Ha paHHUX cTanusax oHtoreHe3a (HukoHnopos, Butsuikas, 1993). Ha npumepe 10cOCeBBIX, OCETPOBBIX
M KapIoOBbIX BHJOB pPHIO TOKA3aHO, YTO OTCYTCTBHE CTHMYJIOB, BBI3BIBAIONINX (POpMUpOBaHUE
HEO0OXOIUMBIX HABBIKOB, IPUBOJUT K CYIIECTBEHHOMY CHUXEHHIO BUTATEILHOM M OPUEHTHUPOBOUHO-
HCCTIEIOBATENIbCKOM aKTUBHOCTH U YXYJIIAET CIOCOOHOCTH BBIMTYCKAEMBIX MOJIOJBIX 0CO0eiH
K OOydYeHHUIO CIIO)KHBIM HaBblkaM. Yem B Oojiee paHHeM Bo3pacTe M Ha Oosiee NIUTENbHBIN CPOK
YKUBOTHBIE TTOMEIIAIOTCA B T€ WM WHBIE YCIIOBUs, TeM OOJbIIEEe BIUSHUE OKA3bIBAIOT ATH YCJIOBUS
Ha ypoBeHb d(PPEKTUBHOCTH MOUCKOBOTO U OOOPOHUTETHLHOTO MOBEIACHHUS.

CrnenoBaTebHO, JIUTEIBLHOE COJEPKAHUE MOJOAU PHIO B IKOJIOTHYECKH HETOJHOIICHHBIX
HCKYCCTBEHHBIX YCIOBHSX, HAIIpUMeEp, MepeaAepKKa MOJIOAU B OacceiiHaxX, MOKET MPUBECTH HE TOJIBKO
K HEJOPa3BUTHIO HEOOXOIUMBIX HABBIKOB, HO M K (DOPMHPOBAHUIO M 3aKPETUICHUIO HEaJCKBATHBIX
CTEPEOTHUIIOB MOBEACHHS, YTO MOKET HETaTMBHO CKa3aThCsl Ha €€ BBDKMBAEMOCTH B €CTECTBEHHOM
cpene.
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FORMATION OF ADAPTIVE BEHAVIOR IN HATCHERY JUVENILES DEPENDING
ON THE DURATION OF THEIR KEEPING IN ARTIFICIAL ENVIRONMENT
Yu. V. Gerasimov
Papanin Institute for Biology of Inland Waters Russian Academy of Sciences, Borok, Russia,
e-mail: gu@ibiw.yaroslavl.ru

The declining stocks of valuable fish species (salmonids, acipenserids etc.) exacerbated
the problem of their conservation and population growth. Besides some measures to protect
the endangered wild populations, the method of artificial breeding became widely adopted
for maintaining and increasing the populations. Despite the quite a long use of this method, the main
problem continues to be the artificial breeding efficiency.

Currently, a comprehensive body of data has been accumulated about the various disadvantages
of hatchery juveniles (genetic, physiological, behavioral etc.) influencing their low survival
(Greene, 1952; Vincent, 1960; Flick, Webster, 1964; Moyle, 1969; Reisenbichler, Mclintyre, 1977,
Bachman, 1984; Nikonorov, Vitvitskaya, 1993; Klovach, 2003; Orlov, 2005; Orlov et al., 2006;
Kalchenko, 2006). Annually, the hatcheries release tens of millions young fish of various species into
the rivers, but their survival in the wild remains very low. To obtain the artificially reared fry which
could adapt to the habitat conditions of the natural waterbody with minimal losses is the key and most
difficult challenge of today.

One of the main causes leading to a decrease in fry survival is inadequate development
of behavioral skills which ensure feeding and predator avoidance in the natural waterbody. It is known
that the juvenile fish in their rearing pools are subjected to “domestication”. The mechanism
underlying this process is that the development and functional capacity of the central nervous system
(CNS) are largely determined by the environmental factors influencing the organism at the early life
stages (Nikonorov, Vitvitskaya, 1993). Using the salmonids, acipenserids and cyprinids as examples
it was shown that the lack of stimuli providing the forming of necessary skills leads to a decrease
in motor and exploration activity of the young fish released and worsens their capacity to learn
the complex skills. The younger the animals placed to the specific environment and longer the term
of their exposition to these conditions, the deeper the influence of these conditions on the efficiency
of exploration and protective behaviors.

Hence, the long-term maintenance of the young fish in the ecologically inadequate artificial
environment (for example, an overlong stay in the hatchery pools), could bring not only
the underdevelopment of the necessary skills, but also the formation and strengthening of some
incorrect behavioral patterns, which would have a negative effect on their survival in the wild.
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TEMIIEPATYPHBIE AJTATITAIIUU JTIOCOCEBBIX BU/IOB Pblb
B. K. I'omoBanoB
Dedepanvroe 2ocyoapcmeeHnoe DI00XHcemHoe yupedcoeHue Hayku Mucmumym Ouono2uu 6HympeHHUx 600
umenu M. JI. Ilananuna Poccutickoti akademuu nayk, n. bopok, Poccus, e-mail: vkgolovan@mail.ru

HecMmoTpst Ha MPOJOIKUTENBHBINA NEPUOT U3YUEHUSI TEMIIEPATYPHBIX AJAITAllMid Y JOCOCEBBIX
BUJOB pbIO (HaumHas ¢ 50-X IT. NPOILJIOro BeKa IO HACTOSIIEe BpeMs) M OOJIbLIOE KOJIUYECTBO
HKCHEPUMEHTAIbHON HWH(POPMALlMK, MHOTHE BOINPOCHI BCE €IIE OCTAIOTCA MaJOU3y4EeHHBIMHU.
Cpenn HUX — OHTOTEHETHUYECKHUE U3MEHEHUS JIETAIbHBIX U M30MpaeMbIX (ONTUMANIBHBIX) TEMIIEpaTyp
B OHTOTEHE3€, COOTHOILIEHHE OHKOoJoro-huznonoruueckoro ontumyma (OPO) y TemIomoOuBEIX
U XOJOJIONIOOMBBIX (JIOCOCEBBIX W CUTOBBIX) BHJIOB, BUJOBbIE W BHYTPUBHJIOBBIE OCOOEHHOCTHU
TEMIIEPATYPHBIX PEAKIMi y OTIENbHBIX BUIOB, peai3allis TeMIepaTypHbIX TPEOOBAaHHIA JTOCOCEBBIX
B €CTECTBEHHBIX YCIOBHSX. J[Js MHOTMX BHUJOB JaHHBbIE €IUHUYHBI, a C Y4eTOM pazHooOpa3us
METOOB, TPYJHO HHTEPIPETUPYEMBI.

Tem He MeHee, 10 TemneparypHoil kinaccudukanuu peido (Ioosanos, 2013; Golovanov, 2013)
JIOCOCEBBIE OJHO3HAYHO MONAJal0T B 4-yl0 TIpynmy — XOJOJOJIIOOMBBIX BHJAOB (CeMmra, KyMxa,
apKTUYECKUI roJiel], paayxHas ¢openb, Mesab, KOPIOUIKa, HAJIUM, TOJIbsSH OOBIKHOBEHHBIH, ycaThli
TOJIel) — ¢ BepXHew JietanbHOU Temneparypoit (BJIT) Ha ypoHe 25-31 °C (110 MeTOay XpOHHYIECKOTO
JIETAIbHOTO MaKCMMyMa), OKOHUYATeNbHO u30upaeMoil temneparypoir (OUT) B nuanazone 13-18 °C,
U TeMIepaTypHbIM Juana3oHoM >ku3HenesTenbHocTH oT 0 no ~31 °C. IlpencraBneHue o mecte
JIOCOCEBBIX HA TEMIEPAaTypHOU MIKane XKU3HEACSITENbHOCTH PbIO JaeT MpHUBEACHHAS HUXKE TaOIuIa.
Crnenyer yuyectb TOT (pakT, 4TO y B3pOCHBIX OCOOCH M MOKa3aTead TEMIEpaTypHOTO ONTHMYyMa,
U JIeTaJbHbIE TEMIEPATypPhl HECKOIBKO HUXKE B CPABHEHUU C MOJIOJBIO PBHIO.

Tabnuma. TemnepaTypHble XapaKTepPUCTUKUA MOJIOIA HEKOTOPBIX XOJIOJAO0TIOOUBBIX PHIO

OKOHYaTeIbHO
Bin Ontumym n3bupaemMas BepxHuss neranpHast
pocra, °C TEeMIEepaTypa, temmneparypa (XJIM), °C
OUT,°C
[Teckaps (2+) — 20-21 29-30
["onbsiH OOBIKHOBEHHBIH (3+) — 16-17 31-32
[ensinp ~5-18 16-17 30.5-31.5
Jlococh aTJIaHTHYECKUA 12-18 14-18 28-30
Dopeab pagyxHas 16-17 14-17 29.5-30.5
ApPKTHYECKHii roJjien 13-16 14-19 26-28
Kopromika ~8-13 12-13 2627
Hamum ~10-16 ~14-16 28-30

JnanazoH skojoro-pusznoiorndeckoro ontumyma (ODO) MOJIOIMU JOCOCEBBIX PACIOIOKEH
OPUEHTUPOBOYHO B 30HE OT 12 10 18 °C, BepxHsAs TeMIiepaTypHasi rpaHUIla KU3HEACATENbHOCTA UIU
30Ha H9Koyoro-usnonorndeckoro meccumyma (O®PII) — Ha ypoBHe 26-31 °C. DTH 3Ha4YeHHUs
CYIIECTBEHHO HIKE, YeM y OOJBIIMHCTBA KAPIOBBIX, OKYHEBBIX, OCETPOBBIX M IIYKOBHIX BUIOB PBIO,
y Kotopeix auanazoH PO pacnonaraercs B 30He oT 20 mo 30 °C, a rpanuna BJIT naxomurcs B
nuanazone oT 31 mo 42 °C. TepmanbHas HHIA JTOCOCEBBIX BUIOB PHIO MO3BOISET UM MaKCUMAIbHO
3(PEeKTUBHO MCIIOIB30BATh PA3HOOOPA3HBIC YCIOBHSI €CTECTBEHHOM CPEIBI.

HUccneoosanue egvinonneno npu  noooepocke Ilpoepammur  Ilpesuouyma PAH: 12111
buopasznoobpaszue npupoomnvix cucmem. buonocuueckue pecypcwvi Poccuu: oyemka cocmosHus u
Qynoamenmanvhvle OCHO8bL MOHUMOpuUHed. 2.5. Bausanue ammponocenHozo pecyiupoeanusl
VPOBHEB020 DPeXCUMA B0OOXPAHUIUW U MEMNepamypbl HA OUHAMUKY YUCTEHHOCMU pbld pA3TUYHOU
akonoeuu, a maxdce Ilpoepamm Ilpesudenma PD “Bedywue nayunvie wxonvr” HIII-7894.2016.4
“Okonocuyeckue acnekmol adanmayutl U NONYIAYUOHHAS OP2AHU3AYUSL Y pbl0 .
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TEMPERATURE ADAPTATION OF SALMON FISH

V. K. Golovanov
Papanin Institute for Biology of Inland Waters Russian Academy of Sciences, Borok, Russia,
e-mail: vkgolovan@mail.ru

Despite the long period of studying the temperature adaptations in salmon fish species
(since the 50s of the last century to the present) and a large amount of experimental information, many
questions still remain poorly understood. Among them are ontogenetic changes in lethal and selective
(optimal) temperatures in ontogenesis, the ratio of the ecological-physiological optimum (EPhO)
in warm thermophilic and cold thermophilic (salmon and whitefihes) species, species and intraspecific
features of temperature reactions in individual fish species, the realization of the temperature
requirements of salmon in natural conditions. For many species, the data are single, and given
the variety of methods, it is difficult to interpret.

Nevertheless, according to the temperature classification of fish (Golovanov, 2013a, b),
salmonids unequivocally fall into the 4th group — cold-loving species (salmon, trout, arctic char,
rainbow trout, peled, smelt, burbot, common minnow, mustached char ) — with the upper lethal
temperature (ULT) at the level of 25-31°C (by the method of the chronic lethal maximum — ChLM),
the final selected temperature (FST) in the range 13-18°C, and the temperature range of vital activity
from 0 to ~31°C. The following table gives an idea of the location of salmonids on the temperature
scale of the vital activity of fish. It should be taken into account the fact that in adults both
the temperature optimum and the lethal temperatures are somewhat lower in comparison with the
young fish.

Table. Temperature characteristics of juveniles of some cold-loving fish

Species Optimum ﬁéﬁ:):?;fﬁ:g? Upper lethal temperature
growth, °C FST °C (ChLM), °C
Gudgeon (2+) — 20-21 29-30
Common minnow (3+) — 16-17 31-32
Peled ~5-18 16-17 30.5-315
Atlantic salmon 12-18 14-18 28-30
Rainbow trout 16-17 14-17 29.5-30.5
Arctic char 13-16 14-19 26-28
Smelt ~8-13 12-13 26-27
Burbot ~10-16 ~14-16 28-30

The range of the ecological and physiological optimum (EPhO) of juvenile salmon is located
approximately in the zone from 12 to 18 °C, the upper temperature limit of vital activity or the zone
of ecological and physiological pessimum (EPhP) — at the level of 26-31°C. These values
are significantly lower than in most carp, perch, sturgeon and pike fish species, where the EPhO range
is located in the zone from 20 to 30 °C, and the VLT boundary is in the range from 31 to 42 °C.
The thermal niche of salmonids allows them to make the most efficient use of various conditions of
the natural environment.

The study was carried out with the support of the Program of the Presidium of the Russian
Academy of Sciences: 1.21P Biodiversity of Natural Systems. Biological resources of Russia:
assessment of the state and fundamental principles of monitoring. 2.5. Influence of anthropogenous
regulation of the level regime of reservoirs and temperature on the dynamics of the number of fish of
different ecology and the Presidential Programs “Leading scientific schools” SSc-7894.2016.4
“Ecological aspects of adaptations and population organization in fish”.
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ONWJIOTT'EHETNYECKUE CBSA3U APKTHYECKHUX I'OJIBIIOB
SALVELINUS ALPINUS (L.) COMPLEX EBPONEHCKOMN YACTH POCCUHU U CUBUPU
H. B. I'opaeesa, C. C. Anekcees, A. ®. Kupuinos, A. U. Bokun, 1. B. Camycenox
Dedepanvroe eocyoapcmeeHnoe DI00xHcemHoe yupedcoeHue Hayku Mucmumym obwell 2eHemuxu
umenu H. . Basunosa Poccuiickoti akademuu nayk, 2. Mockea, Poccus, e-mail: ribka04@mail.ru

APKTHYECKHI TOJIeIl — BBICOKOIOIMMOP(HBIA KOMILIEKCHBIH BHJ C HEOOBIYAHHO CIIOKHOU
crpykrypoit (Behnke, 1984; CappautoBa, 1989; Klemetsen, 2013), nposicHUTh KOTOPYIO BO3MOXKHO
JUIIb C TIOMOIIBIO MOJIEKYJIIPHO-TEHETHUECKUX MeToJ0B. MccieqoBanne M3MEHYMBOCTH Haumbosee
uHpopmaruBHoro  yyactka MTJHK —  KoHTponbHOH  00nacTé  MO3BOJMWIO  BBIIEIUTH
5 ¢unoreHeTMUeCKUX TPYIMI aPKTUYECKUX TOJBIOB M ONU3KMX K HUM (OpM — aTiaHTUYECKas,
cubupcKasi, akaauiickas, apkTiuueckas u Oepunruiickas (Brunner et al., 2001). Ha reppuropun Poccun
(buIoreHeTUYECKre CBSI3U TOJIBIIOB JIOBOJIBHO MOJAPOOHO HMCCIEI0BaHbl B JaIbHEBOCTOYHOM pPErHOHE
(Paguenko 2005; Oleinik et al.,, 2007; Osinov et al., 2015) u B Bocrounoii Cubupu
(Alekseyev et al., 2009; Osinov et al., 2017), B To ke BpeMs B3aMMOOTHOIIEHHS T'OJIBIIOB CEBEpa
eBporeiickoi vactu Poccum, Cubupu 3a mnpenenamu Tadimpipa u 3a0aliKaibsi U POCCHUCKUX
apPKTHYECKHUX OCTPOBOB OCTAIOTCS CI1a00 U3yYEHHBIMHU.

Hamu Obuia cekBeHHpOBaHA KOHTPOJIbHAS 001acTh (554 m.H.) y 71 9K3. apKTHYECKOTO roJiblia
u3 20-tu BogoemoB Komnbckoro nomyocrpoBa, Kapenun, apxunenara Hosas 3emus, [lonsipaoro Ypana
u Boctounoit Cubupu. Bcero BwisiBiaeH 21 ramiotumn, B TOM 4Yucie 7 HOBBIX. B OOnbIIMHCTBE
BogoeMoB (19) HaliieHbl TrarIOTUOBI AaTJAHTHYECKOW WU cubupckod rpymnm. PesynbTaTsl
(UIIOTCHETHUYECKOTO aHAlM3a YKa3bIBAlOT HA MX CIa0yr0 000COOJICHHOCTH JAPYr OT Jpyra, OoJbiie
COOTBETCTBYIOIIEH PaHTy MOATPYII B COCTaBE €IMHOM €BpOa3UaTCKON (PUIOT€HETUYECKOW TPYIIIIbI.
Heckonbko rarmioTWIioB, paHee OTHOCHBINHMXCS K cuOupckoit rpymme (Brunner et al., 2001)
10 pe3yJibTaTaM UCCIEAOBaHUS OTHECEHBI K aTJIAHTMYECKOW noarpyiie. B nuccneqoBaHHbIX BojgoeMax
Kapenuu, Konsckoro n-oBa, I[lonsipaoro Ypana, HoBoii 3emin 0OHapy EHBI TOJIbIBI ¢ TarIOTUTIAMU
aTJIaHTUYEeCKOW MOATPYIIBI, a BO BHYTpeHHUX pailonax Cubupu (BepxoBbs OacceiiHoB baiikana,
Jlensl, SAnbl, Unaurupku) u B HU>KHEM TeueHUH AHabapa — cuOupckoil. C yuyeToM omyOJIMKOBAHHBIX
nauubix (Brunner et al., 2001; Alekseyev et al., 2009; Moore et al., 2015; Osinov et al., 2017), MmoxxHO
KOHCTaTHUPOBaTh, YTO aTJAHTHYECKas MOJArpYyMMa BKJIIOYAET MPOXOAHbIE U HEAABHO MPOM3OIIEIIINE
OT HHUX >XHWIblE MOMNYJSALMH, PAaCIpPOCTPAHEHHbIE IPEUMYIIECTBEHHO HAa MAaTEPUKOBBIX OKpamHax
Cesepnoii Amepuku u EBpasuu ot Jlabpanopa 1o Taiimblpa 1 Ha CEBEpHBIX OCTPOBaX, a CUOMPCKas —
UCKJIFOUUTENIHO JKWJIbIE MOMYJSAUN, OOMTAOLIME B OCHOBHOM BO BHYTPEHHUX KOHTHHEHTAJIbHBIX
paifonax Bocrounoit Cubupu; NpoXoJHBIX W OCTPOBHBIX MONYJSIUN B HEHl MOKa HE OOHapYyXKEHO.
PernonanpHas reorpaguyeckas CTpykTypa B npejaenax o0eux MOoArpyIi oKaszaiach BhIpakeHa KpaiiHe
c;1abo - B YaCTHOCTH, OJJUH M TOT K€ TaluloTHN aTJaHTHYeCKOM moArpymmsl oOHapyxeH B Kapenuwu,
Ha [lonsapuom Ypane u Hosoil 3emie, 4To, BMECTE C JIMTEPATYPHBIMU JAHHBIMH, CBUACTEIBCTBYET
O HEJaBHEM IIOCJIEJICIHUKOBOM pACCEICHUU NPOXOAHOM (OpPMbI TOJBIOB STOW MOATPYMIIbI
M0 aTJIAHTUYECKOMY M JIeJIOBUTOMOpPCKOMY Oacceiinam. Panee (Alekseyev et al., 2009) Obuin
oOHapyXeHbl OOIUe TaryIoTHMBl Jjia 3abaiikanbss u OacceiiHa SIHBI, B HACTOSIIEM HCCIICTOBAHUH
HaiileH emle OJAMH; KpOME€ TOro, BIIEpBbIE HaijeH oOmwmii rammorun Juis 3alaiikanbs u Oac.
Nuaurupku. 910 cBUAETEILCTBYET 00 00IIEM MPOUCXOKICHUH U OJU3KUX (PUIOTEHETHYECKHUX CBA3SIX
apKTUYECKHUX TOJIBLIOB M3 pa3HbIX oOmnacteilt CuOupH M, BO3MOXKHO, 00 UX MHUIPALUAX MEXKIY STUMH
0o0JacTsIMU B TIEPHUOJIBI TUICHCTOIICHOBBIX IMOXOJOMaHWK. B omHOW momynsmuu w3 0ac. HIKHETO
Amnabapa oOHapyxeH ramiotun OepuHruiickor rpymmsl, panee (Alekseyev et al., 2009) ormeueHHsII
B HU30BbAX Mumurupku, Anbl, JIensl u OJsieHbKa, KOTOPHIA MOMal B T'€HOM apKTHYECKOrO TOJIblia
B pe3yibTaTe MpOIUIOH HMHTPOIPECCUBHOM THMOPUAM3ALMU C CEBEpHOM ManbMO. DTa Haxojka
MOATBEPK/IaeT y4yacTHe TOJIbLIOB W3 bepuHrum B 3aceleHHM apKTUyeckux mnobepexuit Cubupu
Y OTOJIBUTAET TPAHUILY PACIPOCTPAHEHUsI OEPUHTUIICKUX TaIUIOTHUIIOB €Ile JaJIblIe Ha 3ama/.
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PHYLOGENETIC RELATIONSHIP OF ARCTIC CHARR
SALVELINUS ALPINUS (L.) COMPLEX OF THE RUSSIAN EUROPEAN NORTH
AND SIBERIA
N. V. Gordeeva, S. S. Alekseyev, A. F. Kirillov, A. I. Vokin, I. V. Samusenok
Vavilov Institute of General Genetics Russian Academy of Sciences, Moscow, Russia,
e-mail: ribka04@mail.ru

The Arctic charr is a highly polymorphic complex species with an intricate structure
(Behnke, 1984, Savvaitova, 1989, Klemetsen, 2013), which can only be clarified by molecular genetic
methods. The study of the variability of the most informative part of the mtDNA — the control region
made it possible to identify 5 phylogenetic lineages or groups of Arctic charr and the closely related
forms: Atlantic, Siberian, Acadian, Arctic and Beringian (Brunner et al., 2001). On the territory of
Russia, phylogenetic relationship of Arctic charr have been studied in considerable detail in the Far
Eastern region (Radchenko 2005; Oleinik et al., 2007; Osinov et al., 2015) and in Eastern Siberia
(Alekseyev et al., 2009; Osinov et al., 2017) At the same time, the relationships between charr of the
European north of Russia, Siberia outside Taimyr and Transbaikalia and the Russian Arctic islands
remain poorly studied.

We have sequenced the control region (554 bp) in 71 specimens of Arctic charr from
20 waterbodies of the Kola Peninsula, Karelia, the Novaya Zemlya Archipelago, the Polar Urals and
Eastern Siberia. A total of 21 haplotype have been identified, including 7 new ones. In most
waterbodies (19), haplotypes of the Atlantic or Siberian groups were found. The results of
phylogenetic analysis indicate weak segregation of these groups, more corresponding to the rank of
subgroups within the single Euro-Asian phylogenetic lineage. Several haplotypes that previously
belonged to the Siberian group (Brunner et al., 2001) were classified as belonging to the Atlantic
subgroup. In the investigated waterbodies of Karelia, the Kola Peninsula, the Polar Urals, Novaya
Zemlya, haplotypes of the Atlantic subgroup were found, and in the interior regions of Siberia (the
upper part of the basins of Lake Baikal, Lena, Yana, Indigirka rivers) and in the lower part of Anabar
River, haplotypes of the Siberian subgroup were found. Taking into account the published data
(Brunner et al., 2001; Alekseyev et al., 2009; Moore et al., 2015; Osinov et al., 2017), it can be stated
that the Atlantic subgroup includes anadromous and recently originated resident populations, which
spread mainly on the continental margins of North America and Eurasia from Labrador to Taimyr and
on the northern islands, and Siberian subgroup includes exclusively resident populations that live
mainly in the inland continental regions of Eastern Siberia; anadromous and island populations in it
has not yet been revealed. The regional geographical structure of the two subgroups is poorly
expressed - in particular, the same haplotype of the Atlantic subgroup was found in Karelia, the Polar
Urals and Novaya Zemlya, which, together with the literature data, implies the recent postglacial large-
scale colonization of the Atlantic and the Arctic Ocean basins by the anadromous form of this
subgroup. Within the Siberian subgroup, haplotypes do not form clusters corresponding to large
isolated areas of the range in the mountain regions of Siberia. Earlier (Alekseyev et al., 2009),
common haplotypes were found for the Transbaikalia and the Yana basin, another one was found in
this study; also, a common haplotype for Transbaikalia and Indigirka basin was found for the first
time. This indicates the common origin and close phylogenetic relationship of Arctic charr from
different regions of Siberia and, possibly, their migrations between these regions during the
Pleistocene glaciation periods. In one population from the lower part of Anabar River basin
a haplotype of the Beringian group was found, the same haplotype previously (Alekseyev et al., 2009)
was revealed in the lower parts of Indigirka, Yana, Lena and Olenek rivers, it may be entered into the
genome of Arctic charr as a result of past introgressive hybridization with northern form of Dolly
Varden (Salvelinus malma malma). This finding confirms the participation of charr from Beringia in
the colonization of the Arctic coasts of Siberia and shifts the boundary of the spread of the Beringian
haplotypes farther west.
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T'MCTOMOP®OJIOI'NYECKHUE UBSMEHEHUA B AINMHUKAX MOJIOJIA
TUXOOKEAHCKHX JJOCOCEM B NEPUO/] PAHHEW MOPCKOM U OCEHHEM
MI/IFPAHI/Iﬁ B OXOTCKOM MOPE B 2014 12016 1IT.

C. b. I'oponosckas, A. C. CymkeBud

Dedepanvroe 20cyoapcmeeHHoe O0xcemuoe HayuHoe yupedicoerue « Kamuamckuii
HAYYHO-UCCAEO08AMENbCKULL UHCIUNYI PLIOHO20 XO3AUCMEA U OKeaHOSPAaduLy,
2. [lemponasnosck-Kamuamckuii, Poccus, e-mail: gorodovckaya.s.b@kamniro.ru

B teuenue nocneanero aecarunetus KaMmyatka HaX0JUTCsl B 30HE HHTEHCHUBHOM MPOMBIIUIEHHOM
NesTeNbHOCTH. Bomoembl MOJIyoCcTpoBa, a TakkKe NPUKAMYaTCKUEe MOPCKUE BOJbI TOJIBEP>KEHBI
3HAYUTEIBHOMY aHTPOIIOT€HHOMY BIMSHUIO. B paboTe ncronb30BaHbI Pe3ylbTaThl THCTOIOTHYECKOTO
aHaJIM3a SUYHUKOB MOJIOAM JIOCOCEH HAryJlIMBaIOIIMX B IMEPUOJI paHHEH MOPCKOW U OCEHHEW Murpanuit
B Oxorckom wmope B 2014 wu 2016 rr. Lleap paboTel — OIGHKa CHIEKTpa U YaCTOTHI
TUCTOMOP(OJIOTMUECKUX HM3MEHEHU B pPa3BUTUM U (YHKIUMOHUPOBAHMM BOCIPOU3BOIUTEIILHOMN
CUCTEMBI SIMYHUKOB MOJIO I Jiococeit u3 OxoTckoro mopsi B 2014 u 2016 rr.

B pannuii Mmopckoii nepuos B OXOTCKOM MOpe y CaMOK MOJIOAU JIOCOCEH BIIEpBble HAMH ObUIH
BCTPEUEHBbl OOLMUTHI C IPU3HAKAMH AMUTOTHUYECKOIO JAeNeHus sapa. AMUTO3 — MpsIMOE JelIeHue
KJIETOYHOTO Si/Ipa, IPpU KOTOPOM KJIIETKH Aenarcs 0e3 mpeamiecTByromero yasoeHus mosekyn J(HK,
U JIOYEpHUE KIETKH COJepkaT pa3HOE €€ KOJIMYEeCTBO. AMHUTO3 SIBISIETCS OJHOM W3 MEpBBIX (opm
MPOSIBIICHUE 3AllUTHBIX PEAKIMi OopraHu3Ma IJisi COXpaHEHHUS BHIA IYTEM YBEIWYCHHS KOJIHUYECTBA
MIOJIOBBIX KJIETOK B OTBET HAa YXYJALIEHUE YCIOBUM 0oOUTaHHA. AMHUTO3 B OOLIUTAaX MOJIOAU KEThl U
YaBbIYM BCTpEUasICs Ha CTaJMH MpeBUTeIIorenesa (puc. 1A, 1b, 1B)

PucyHok 1. AMHTOTHYECKH pa3elieHHOE PO MPEBUTEIUIOTCHHOTO OOIMTA MOJIOJU KETHI B
asrycte 2014 . (A) u 2016 r. (b) u yaBbruu 2016 1. (B) B mpubdpexnse Oxorckom Mope. YB.: 20x40.

B ocenHuil mepuoax B BUTEIUIOTEHHBIX OOLUTaX MOJOAM KEThl BBISBIEHBl HapyLICHUS
B Mop¢onoruu kenTouyHblx o0ojouek (puc. 2A). Y HECKONbKUX CaMOK OTMEUYEHO pacclOoCHHE
u (pparmeHTanus (pa3pyueHue) KeaToUHbIX 000104eK 00IHUTOB (6,1%). Takxke HalJEeHO HCTOHYEHUE
U Jaxe MPephIBUCTOCTH obosiouek (5,2%). Hapymienue B crpoeHun 00070YEK SIBISETCS TEPBHIM
IpU3HAKOM JereHepauuu oouutoB. Ilo nmanHeM ['pauéBa, maccoBas pe3opOLMs OOLMTOB Y KETHI
U HEpPKH MPOMCXOJUT Ha 2-M TOJy JKU3HHM B Mope. Y ocobeil ¢ TroHagamMM Ha CTYINEHSX
MIPEBUTEIJIOTEHHBIX U HAa4YaJbHBIX (ha3aXx BUTEIUIOT€HE3a B HOPMAJIbHO pa3BUBAIOIIMXCS TOHAJax Ha
MEPBOM TOJly MOPCKOM JKH3HU KOJMYECTBO OOILMTOB [JOJIO€ BpeMsi OCTAeTCid CTAOMIIbHBIM.
VY HeckonmbpKHX 0co0Oell MoJoau ropOyIId Ha Ipenaparax SHYHUKOB OTMEUeHa Jaedopmanus (popMbl
oonuToB (2,8% OT Bcex HPOCMOTPEHHBIX KJIETOK), 3TO OOLMTHI HENPaBUJIbHON KOH(HUTypauuu
(puc. 2b).

B 2014 r. xo1MuecTBO MOJIOJIU KEThI C OTKJIOHEHUSMHU B Pa3BUTUU SIMYHUKOB paBHO 8% OT Bcex
ucclieIoBaHHbIX Hamu ocoOelt, B 2016 r. 10%, a mpouenTt mosoau ropoymu B 2016 1. paBen 7%.
B 2016 r. HaliieHbI caMKH YaBBIYU C PA3BUBAIOIIMMHU aHOMAIBHBIMU OOIIMTAMH B KoJm4decTBe 5% OT
BCEX M3YYECHHBIX SMYHUKOB. OTKJIOHEHHE B pa3BUTHUM M (YHKUMOHHPOBAHUHM PEHPOAYKTHBHOMN
CUCTEMBI PbI0O MOTYT CIYKUTh HAJEKHBIM KPUTEPHUEM YPOBHS aHTPOIOTEHHOTO BO3JEUCTBUSA U
BCJIEICTBUE ITOTO MAJEHUS €CTECTBEHHOI'O BOCHPOM3BOACTBA. HapylieHus roHajoreHesa CHMKalOT
WHIUBUAYAIBbHYIO U a0COJIIOTHYIO TUIOJIOBUTOCTH CaMOK pbl0. Berpeuennblie riucromopdonornyeckme

44


gorodovckaya.s.b@kamniro.ru

U3MCHCHHA B OOOUTAX MOJOJH TpGGyIOT 0oJiee BHUMATEIHHOI'O OTHOIICHUS K IIaHHOfI npo6neMe
n z[anLHeﬁmero HN3YUYCHUA.

Pucynok 2. Pacciioenue »enToqHoi 0007109KH HauallbHOM (ha3bl BUTEIJIOTEHE3a B TMYHUKAX
MoJI01 KeThl B OKTsi0pe 2014 1. (A) u gedopmarist 000JI0UKH OOIIMTA MOJIOAU TOPOYIIH B OKTSOpE
2016 . B OxorckoMm Mope. YB.: 20x40

B pannuii MOpckoil meproa y caMOK MOJIOAM JIOCOCEH ¢ MOHAJaMHu CTaJuu IPEBUTEIJIOreHEe3a
HAOJIIOAATNCh OOLUTHI C PU3HAKAMH AMUTOTHYECKOTO JICTICHHUS, a B OCEHHHI MIEPUOJT BUTEIJIOTCHHBIC
IIOJIOBBIE KJIETKU C JedopManueld OOLUTOB U OOJIBIIMM KOJMYECTBOM M3MEHEHHUIl B JKEITOUHBIX
obonoukax. JlaHHBIE TAaTONOTMYECKHE OTKJIOHEHUS TOHAJOr€He3a MOJOAM pbel0 He OyayT
IPEMATCTBOBAaTh YYacCTUIO CAMOK B HEpecTe, HO TIOCTENEHHO TMpPHUBEIYyT K CYLIECTBEHHOMY
COKpAIIEHUIO TUIOAOBUTOCTH M KaK CIIEACTBUE CHIKEHHUIO 3()()EKTUBHOCTH HEPECTa, YUCICHHOCTH
3peJibIX MPOU3BOJUTENICH U YMEHBIICHUIO YPOBHSI €CTECTBEHHOIO BOCIIPOU3BOCTBA IAaHHOTO BUA.

HISTOMORPHOLOGICAL TRANSFORMATIONS IN OVARIES OF JUVENILE PACIFIC
SALMON IN EARLY MARINE AND AUTUMN MIGRATIONS IN THE OKHOTSK SEA
IN 2014 AND 2016

S. B. Gorodovskaya, A. S. Sushkevich
Kamchatka Research Institute of Fisheries and Oceanography, Petropaviovsk-Kamchatsky, Russia,
e-mail: gorodovckaya.s.b@kamniro.ru

In recent decade Kamchatka has been engaged into intense industrial development. Anthropogenic
impact is spreading over inland water bodies of the peninsula and adjacent coastal waters have been
a subject too. Results of histological analysis of the ovaries of juvenile Pacific salmon, feeding in the
course of their early marine and autumn migrations in the Okhotsk Sea in 2014 and 2016, were used
in our research in order to estimate spectrum and frequency of histomorphological abnormalities
in development and functioning of reproductive system of the juvenile fish.

We observed first time that female salmons had oocytes with the traits of the amitotic fission
of the nucleus. The amitosis is the direct fission of the nucleus, when cells divide without preliminary
doubling of the DNA molecules, and new cells obtain different amount of the material. The amitosis
is one of the early versions of organism defensive reactions to sustain at the expense of increasing
the number of the gametes, an answer of a species to deterioration of habitat. The amitosis in the oocites
of juvenile chum and chinook salmon was observed at stage of previtellogenesis (fig. 1A, 15, 1B).

Abnormal morphology of vitelline membrane in the vitellogenic oocites of juvenile chum
salmon was observed in autumn (fig. 2A). Several females had stratification and fragmentation
(destruction) of the vitelline membranes of oocites (6,1%). Thinning and intermittence
of the membranes (5,2%) were also observed. The structural abnormality of the membranes is the
number one trait of the oocite degeneration. According to Grachev, the mass resorbtion of the oocytes
in chum and sockeye salmon takes place in the 2nd year of life at sea. In individuals with the gonads at
the previtellogenic or early vitellogenic stages the number of the oocites in normal developing gonads
stays stable in the first year at sea a long time. In several juvenile pink salmon individuals we observed
deformation of the oocyte shape (2,8% of all examined cells), the oocytes of wrong configuration
(fig. 2B).
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Figure 1. The nucleus of the previtellogenic oocyte of juvenile chum salmon after the amitotic
fission observed in the coastal part of the Okhotsk Sea in August of 2014 (A) and of chinook salmon in
2016 (b, B). Magnif.: 20x40.

In 2014 the number of juvenile chum salmon individuals with deviations in the development
of the ovaries was 8% of all fish we examined, in 2016 it was 10%, and the number of juvenile pink
salmon in 2016 was 7%. In 2016 we observed female chinook salmon with abmnormal oocytes
(5% of all examined ovaries). The deviations in the development or functioning of the reproductive
system of fish can serve as reliable criterion of the anthropogenic impact and following reduction of
natural production. The abnormalities of the gonad genesis decrease individual and absolute fecundity.
The histomorphological transformations we met in the oocytes of juvenile fish indicate of the need
to analyze the effects and the problem more.

Figure 2. The stratification of the vitelline membrane at the early phase of vitellogenesis in the
oocytes of juvenile chum salmon in October of 2014 (A) and the deformation of the juvenile pibk
salmon oocyte membrane in October of 2016 observed in the Okhotsk Sea. Magnif. 20x40

In the early period of juvenile salmon at sea we observed the oocytes with the traits
of the amitotic fission in juvenile salmon females with the gonads at the stage of previtellogenesis,
and in autumn we observed vitellogenic gametes with deformations of oocytes and a hugh number
of deviations in the vitelline membranes. These pathological deviations of the juvenile fish gonad
genesis hardly can stop participation of the fish in spawning, but certainly can lead to significant
reduction of fecundity and spawning efficiency as a result (as well as the number of mature spawners
and the level of natural production).
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OCOBEHHOCTH POCTA MOJIOAU ATIAHTHYECKOTI'O JIOCOCHA
(SALMO SALAR L.) B YCJOBUSAX TUPPEPEHIIMPOBAHHOI'O ®OTOINEPUOANU3MA
JI. B. 1BopHukoBa, A. E. Kypuieixa
DeoepanvHoe cocyoapcmeeHHoe DI00CeMHOe 00PA308AMENbHOE YUPEHCOCHUE BbICUUE20 NPOPECCUOHAILHO2O

obpazosanus «llempozasoockuii cocyoapcmeennbill yHusepcumemy, . Illemposzagoock, Poccus,
e-mail: dvornikoval795@yandex.ru

ATIaHTHYECKUi JTococh, i cemra, Salmo salar (Linnaeus, 1758) — 1ieHHbIH 00BEKT TPOMBICIA
U OJMH HM3 OCHOBHBIX BHJIOB TOBAapHOH aKBaKyJIbTYpbl, BOCIPOHU3BOJCTBO KoTOporo B Poccum
B OoJblliell cTeneH! HaXOJUTCs Mol KOHTpoJeM denoBeka. [Ipu aToM Ha kauecTBO U 3(h(PEeKTUBHOCTD
BOCITPOM3BOJICTBA B HMCKYCCTBEHHBIX YCJIOBMSIX OKAa3bIBAIOT BIIUSHUE HE TOJBKO TEXHOJIOTHYECKHE
rapaMmeTpsl, HO U 3KOJOrH4ecKue (pakTophl cpebl — TeMIlepaTypa BOJbl, CBET, YPOBEHb KOPMJICHHS,
CKOPOCTb T€UeHUs B OaccerHax.

CtuMynsauus pocTa JIOCOCS B YCIOBHUSIX PBHIOOBOIAHBIX 3aBOJOB IO3BOJMUT MOJIYYUTH Ooliee
KPYIIHYIO MOJIO/Ib Ha TOM JK€ KOJMYECTBE KOpPMa, C MOBBIIMICHHON >XKH3HECTOMKOCTHIO TIPH BBIITYCKE,
32 CcyeT yBeJIMYEHHUs pa3Mepa, a TakkKe YBeIU4UTh A(G(YEKTUBHOCTH  MEPONMPUSTUN
[0 BOCIPOU3BOJACTBY OMOJIOTHYECKUX PECYpcoB. M3BECTHO, YTO MCKYCCTBEHHOE M3MEHECHHE JIJTUHBI
doTomneprosa B CTOPOHY €ro YBEIMYEHHUS MOJOXKUTEIBHO BIHUSET HA POCT BBIPAIIMBAEMBIX PBHIO.
Lenpro ucciieqoBaHMsI SIBJISUIOCH ONPENICIICHUE BIUSHUS PA3IMYHBIX PEKUMOB (OTONEPHUOIa HA POCT
JBYXJIETOK aTJIAHTUYECKOTO JIOCOCS, BBIPAIIMBAEMOT0 Ha phIOOBOIHOM 3aBO/JIE.

OkcnepuMeHTsl npoBogwinch Ha 0Oaze PI'BY «Bwirckuil priOOBOJHBIA 3aBOI» B IEPUOJ
c 22 mas no 13 wHosOps 2015 r. [l uccnenoBaHuii MpUMEHsUIMCh 3 pekuma ocBemenus 16/1/8H
B Oacceitne Ne 1, 12]I/12H B Oacceitne No 2, 3aBOJICKOE OCBEIICHHE B KOHTPOJIHLHOM OacceifHe,
3aBHCsIIEEe OT JOJTOTHl AHS W pekuma paboTel. CpemHsisi Macca ABYXJIETOK CEMIHM B Hayaie
JKCIepUMeHTa coctasisia 12,5 +1,4 1.

CornacHo pe3ynbTaTtaM, OOIIMKA MPUPOCT OMOMACCHI 32 BpeMs JKCIepuMeHTa B Oacceiine 1, 2
U KOHTPOJBHOM COCTaBWJI COOTBETCTBeHHO 63,2, 60,6 u 57,6 xr. Pacxom kopma 3a mnepuos
SKCIIEpUMEHTa ObLT OJAMHAKOB U cocTaBui 74,8 kr Ha OacceitH. KopmoBoil k03()(pHUIIMEHT B ONBITHBIX
OacceiiHax ObLT MeHbIle, yeM B koHTpoiabHOM (1,18 u 1,23, 1,3 cooTBeTcTBeHHO). CTaTUCTHYECKOE
CpaBHEHHUE CPEeIHMX apU(PMETUYECKUX B Hayajie OMbITAa IMOKAa3aj0, YTO PA3TUYUs MEXITY BHIOOpKaMH,
B3ATBIMU M3 OJIHOM TIE€HEpalbHOM COBOKYIMHOCTH, HEIOCTOBEPHBI, a B KOHIIE OINbITa IOKAa3aJI0
JIOCTOBEPHBIE pa3IN4Msl ONBITHBIX OacceHOB OT KOHTposibHOro. B mepBom Oacceiine (1611/8T) muk
pocTa MpuIIeNcs Ha MepBbld U BTOPOW MEPUOABI SKCIIEPUMEHTA, KOTOPhIE MO OCBEIIEHHOCTH ObUIH
Oosnee OMMKE K €CTECTBEHHOMY (OTOINEpPUOAY, HO K KOHILYy DKCIIEPUMEHTa HE IOKa3aj JIyYIlIero
pesynbrata cpenu OacceitHoB. CpaBHEHHE MOKa3aTesleld M3MEHYUBOCTH B KOHIIE OTbITa MOKa3aio, YyTo
2 OacceilH IOCTOBEpPHO OTJIMYaeTcs OT |1 M KOHTpOJbHOro. M3 3TOr0 MOXKHO CHAeNaTh BBIBOJ, YTO
MpHU3HAK pocTa Moja JeicTBUEM (akTopa cBeTa Haubolee pa3BWIICS BO 2 OacceilHe ¢ peXruMOM
ocsemenns 12J1/12H.
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GROWTH OF YOUNG ATLANTIC SALMON (SALMO SALAR L.) IN CONDITIONS
OF DIFFERENTIATED PHOTOPERIODISM
L. V. Dvornikova, A. E. Kuritsyn
Petrozavodsk State University, Petrozavodsk, Russia, e-mail: dvornikoval795@yandex.ru

Atlantic Salmon Salmo salar (Linnaeus, 1758) is a valuable fishery and one of the main types
of commercial aquaculture, the reproduction of which in Russia is largely controlled by human.
At the same time, the quality and efficiency of reproduction under artificial conditions are affected
not only by technological parameters, but also by environmental factors - water temperature, light,
feeding level, flow rate in the tanks.

Stimulation of salmon growth in the conditions of fish farm allows to obtain larger juveniles with
the same amount of feed, with increased viability during release, due to the increase in size,
and also to increase the efficiency of measures for the reproduction of biological resources. It is known
that an artificial change in the length of the photoperiod toward its increase positively affects
the growth of the fish being grown. The aim of the study was to determine the effect of different
photoperiods on the growth of Atlantic salmon two-year-olds grown in a fish farm..

The experiments were carried out on the basis of Federal State Budgetary Establishment
"Vygsky fish farm" in the period from May 22 to November 13, 2015. Three periods of lighting were
used. The period 16L / 8D was used in the tank No. 1, 12L / 12D in tank No. 2. Plant lighting was used
in the control tank, depending on the longitude of the day and the operating mode. The average mass
of two-year-old salmon at the beginning of the experiment was 12.5 + 1.4 g.

The total biomass gain during the experiment in tank 1, 2 and control was 63.2, 60.6 and 57.6 kg,
respectively. The feed consumption during the experiment was the same and amounted to 74.8 kg
per tank. The feed coefficient in the experimental tanks was less than in the control tanks (1.18 and
1.23, 1.3, respectively).

A statistical comparison of the arithmetic mean at the beginning of the experiment showed
that the differences between samples taken from one general population are unreliable, and at the end
of the experiment showed significant differences in the experimental tanks from the control tanks.
In the tank No. 1(16L / 8D), the peak of growth occurred in the first and second periods
of the experiment, which were closer to the natural photoperiod, but by the end of the experiment it did
not show the best result among the tanks. Comparison of the variability at the end of the experiment
showed that the tank No. 2 differs significantly from No. 1 and control. It can be concluded that
the sign of growth under the influence of the light factor was most developed in the tank No. 2 with
the 12L / 12D regime.
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Y Deoepanvroe 2ocyoapcmeentoe Grodocemnoe 06pazosamensroe yupesrcoeHie 8blCuec0 NPOPecCUOHATLHOL0
obpazosanus «Mockosckuti cocyoapcmeernuviil yHugepcumem umenu M. B. Jlomonocosay, e. Mocksa, Poccus,
e-mail: gdevicyna@mail.ru
2Pedepanvhoe 2ocyoapcmeenHoe 010024cemHoe 00paA308amMeNbHOE YUpeHCOeHUe 8blCUe20 NPOGecCUOHATbHO20
0bpaszosanus «anbHes0Cmounblll 20CY0apCmMEeHHbII MEeXHUYECKUll pblOOX035AUCMBEHHbII YHUBEPCUMEN,
2. Braousocmok, Poccus

CrenieHb pa3BUTHS OOOHSTEIBHON PpEUENIMUA WTPAacT XU3HCHHO BAKHYIO pOJb B OHMOJIOTUH
nococeBblx pbi0. Ilpobnema cymiecTBOBaHMS y JOCOCEH BHAOBOW cHeUM(UKH B CPYKTYPHO
(YHKIIMOHATBLHONH OpraHu3alii OOOHSATEILHOTO PEIEIITOPHOTO aIapaTta J0 HACTOSIIEro BPEeMEHHU
aKTyasmbHa. Y TpEX BHJIOB THXOOKEAHCKHX Jiococeil — ropOymm (Oncorhynchus gorbusha), ket
(O. keta) u yaserum (O. tshawytscha), BeutoBneHHBIX B 03. A3abaube (Kamuarka) u B p. baxopa
(0. CaxanuH), B KOJHMYECTBE IO JECATh 3K3EMIULIPOB KaXKIOrO BHJA, UCCIEIOBaHa MOPQOJIOrus
OpPraHOB OOOHSHHSI C MPUMEHEHHEM METO/a JIEKTPOHHOW CKaHUPYIOIIEH MHKPOCKOIUHU. Y Ka)II0ro
BUJa BBIYUCIICHBl CEHCOpHBIE Mopdomerpuueckne KoI((UIMEHTHI, ONKMCAaHA YIbTPACTPYKTypa
MOBEPXHOCTH OOOHATENbHOrO AnuTenus. CpeiHss CyMMapHas IUIONIaJ b BCEro OOOHSITEIHHOTO
SMUTEINS B PO3ETKaX KeThl M ropOymu OblIa MOYTH OAWHAKOBOW, TOTAA KaK y YaBBIYM JTOT
nokasareib Obu1 B 5 — 7 pas Boiie (puc.). CpaBHEHHE UCCIICIOBAHHBIX BUOB 110 MOPPOMETPHUCCKUM
Kod(QpuIHeHTaM TaKKe MOKa3ajo, 4To TopOyIIa M KeTa MMEIOT MOYTH OJMHAKOBYIO BEIMUYMHY Kak
obonsTensHbix (03), Tak U sKomormdeckux kodddummentoB (DK), Torma kak y 4YaBbIYM OHU
3HAYUTEIBHO BhIIIE (TA0IL.).

Tabmuua. Mopdomerpust 000HATEITBHOTO SMUTENHS Y TPEX BUIOB THXOOKEAHCKHX JIOCOCEH

Bunet peio u | J{nuna tena | [lnomansobousr. | OK (%) 3K (%)

9qHCII0 0co0ei (cm) srmrenust (Mv?)

Top6yria 10 48+2 66,2+6,8 2,87 48,3

Kera 10 56+2 91,8+19.4 2,92 50,5

Yasrmua 10 88+3 428,1+73,1 5,53 58, 8
ropbywa

14%

Yyaeblya
70%

Pucynok. CooTHoIeHue miomiaei CEHCOPHBIX 30H B 00OHATENBHBIX PO3ETKaX TPEX BUIOB JIOCOCEH

MopdomeTrpuueckne mapaMeTpbl OOOHSATETBHBIX PEIENTOPHBIX KIETOK >KTYTHKOBOTO THIIA
y 3HAYUTEIHLHO MPEBOCXOAST TaKOBbIe y KeThl U ropOymm. OOOHSTENbHBIM SMUTENHH YaBbIYU
OTJINYAETCS M BBICOKOW YHCIICHHOCTHIO MHKPOBHJUIIPHBIX KJIETOK, KOTOPBhIE O0Opa3yrOT KOBEP IMOM
MOJIOTOM JITMHHBIX CEHCOPHBIX JKTYTUKOB B 0a3albHONW YacTH OOOHSATENBHBIX IIACTHH. KieTku
CTEP>)KHEBUIHOTO THIIA BCTPEUAIOTCS PEKE OCTANBHBIX U PACIpeIeAoTCs rpynmamMu. Takum oopazom,
MpU OJMHAKOBOM aHATOMHHM W MOPQOJIOTUU OPraHOB OOOHSHHUS B JAaHHOW TPYIIE BUIOB YaBblua
BBIJICJSIETCS] 3HAYUTENHHO 00JIe€ BBICOKHMM YPOBHEM pPa3BHUTHS OOOHSATEIHHOTO ammaparta. Pazmmdams
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JaHHBIX BUAOB TI0 MOp(doNOruy OOOHATENBHOTO OJHUTENUS U BEIUYUHE  OJb(AKTOPHBIX
K03 (HULIHEHTOB MOYKHO pacCMaTpUBATh HE TOJILKO KaK T€HETHUYECKH 00YCIOBICHHYIO U3MEHYMBOCTb,
HO U KaK TPOSIBJICHHE CEHCOPHBIX a/IallTAIlUi, CBSI3aHHBIC C KOJIOTUEH BUJIOB.

Paboma evinonnena npu gunancosoii noodepoicke Poccuiickoeo ¢onoa pynoamenmanvuwix
uccredosanuii, npoexm Ne 12-04-00389, npocpamm «Bedywue nayunvle wkonvly u « Ynusepcumemoi
Poccuuy.

SPECIES PECULARITIES OF THE OLFACTORY EPITHELIUM MORPHOLOGY
IN THREE SPECIES OF THE PACIFIC SALMON
(ONCORHYNCHUS, SALMONIDAE, SALMONIFORMES)

G. V. Devitsina', M. A. Doroshenko?

'Lomonosov Moscow State University, Moscow, Russia, e-mail: gdevicyna@mail.ru
’Far Eastern State Technical Fisheries University, Vladivostok, Russia

Olfactory organs morphology and a morphometrical olfactory coefficient were studied in three
species of pacific salmon — pink (Oncorhynchus gorbusha), chum (O. keta) and king (O. tshawyscha).
The description of the olfactory epihelium surface ultrastructures in the same species salmon with
the use scanning electron microscopy method had make. The salmon olfactory organ has secondary
folds, which restrict sensory epithelium zones, are typical for the species. Relative size of olfactory
sensory zones in the king salmon considerably larger than it zones in the pink and chum salmon.
Olfactoty epithelium of the species has the same set of cell types. Receptor cells represent by cilliar,
cilliar-stick and microvillar forms, which located by the grouping under certain sites. Cilliar receptor
cells may exhibit interspecies morphology variability. Comparative analysis of the morphometrical
features of the olfactory epithelium and sensory cells in the species made it possible for reveal king
salmon as macrosmate. The results are discussed in connect with ecological specific of species.
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CE30OHHBIE PA3JINYUSA TAPASUTO®AYHBI U CTPYKTYPbI KOMITIOHEHTHOI'O
COOBUIECTBA MTAPASUTOB CAMOK U CAMIOB PbIb
I'. H. JopoBckux
Dedepanvroe eocydapcmeeHHoe DI00INCEMHOE 00PA308AMENbHOE YUPENCOCHUE BbICUULE20 00PAZ0BAHUSL
«Coikmuiskapckuti 2ocyoapcmeennbiii yuugeepcumem umenu Humupuma Copokunay,
2. Coikmulexap, Poccus, e-mail: dorovskg@mail.ru

OcylecTBlIeH CpaBHUTENbHBIN aHaAW3 Mapa3uTopayHbl M CTPYKTYPhl KOMIIOHEHTHBIX
co0O0IIECTB Mapa3uTOB CaMIIOB M CAMOK T'OJIbsTHA.

lNonesir Bo3pacta 2+ — 3+ ornoBineH B konmuectBe 180 9k3. m3 OacceliHa BEpXHEro TEUCHUS
p. C. JIBunsl (p. Ynuekma) B mae — aBrycre 2003 r. B TeueHue JieTHEro ce3oHa rojaa cooOIIeCTBO
Mapa3uTOB roJibsSHA MPOXOAUT TPU CTAJAUU PA3BUTHUS: CTaAUI0 (POPMHUpPOBAHUS B Mae — Hayaje HUIOHS,
CTaguio COPMHUPOBAHHOCTH B HIOHE, CTAIHMIO pa3pylICHUS B MIOJNE M aBIYCTE U BHOBb CTaJIUIO
(dbopMUpOBaHUS B aBTyCTE.

Pe3ynbrarel paboThl IMOKa3alu, YTO HEIb3d WIHOPUPOBATh M HEJOOLCHUBATh BEPOSITHBIC
pas3nuuus B 3apaXEHHOCTH Mapa3uTaMUd CaMOK M CaMIlOB ToibsiHa. JleWCTBUTENBHO, pa3IUuUs
B 3apaXCHHOCTH [1apa3uTaMu ToJIbsiHA Pa3HOTO M0Ja MOTYT OTCYTCTBOBATbh, @ MOI'YT U UMETh MECTO.
OpHuMH ¥ TEMH ke BUJAMH Napa3UTOB B OJIHU CPOKH CUIJIbHEE MOPAKEHBI CAMKH, B IPYTHE — CAMIIbI.
Pa3Huua B uucie BUIOB Iapa3UTOB y CaMIOB M CaMOK CTaTUCTUYECKU HenocToBepHa. OpHako
y CaMOK, [0 CpPaBHEHUIO C caMIlaMH, dYalle BCTPEYArOTCS BHUIBl Mapa3uTOB IPEJCTABICHHBIC
€AMHUYHBIMU 0co0siMU. OOCyX/1aeMble pa3Indusl MPOSIBIISIIOTCS TOJIBKO IPU ONPEIEICHHOM CE30HHOM
COCTOSIHUH PBIOBI.

CrpykTypa mapasuTapHbBIX COOOIIECTB y XO35I€B Pa3HOro I0JIa OJMHAKOBAa U IPAKTUYECKHU
UJICHTUYHA TAKOBOW MOTyYEHHOMN Ui X035MHA U3 00bEITMHEHHBIX BEIOOPOK.

SEASONAL DIFFERENCES OF THE PARASITE FAUNA
AND OF THE COMPONENT COMMUNITY STRUCTURE OF PARASITES
OF THE FEMALES AND MALES OF THE FISHES
G. N. Dorovskikh
Syktyvkar State University, Syktyvkar, Russia, e-mail: dorovskg@mail.ru

Comparative analysis of parasite fauna and the structure of component parasite communities
of minnow females and males.

The material represented by 180 specimens of minnow of the age 2+ — 3+ was collected
according to the standard technique in the upstream of the North Dvina river basin (Ulchekscha river)
during the period May — August 2003. Three states of the component parasite community have been:
the community in the process of formation (May — June), the formed community (June),
the community in destroying (July and August), the community in the process of formation (August).

The results showed that probable differences in the infection by parasites of minnow females and
males could not be ignored and underestimated. Indeed, the differences in minnow of different sex’s
infestation by parasites may be absent or present. In some periods females are stronger affected by the
same kinds of parasites, in other periods, males are affected stronger. In comparison to males,
in females parasites are more commonly represented by single individuals. Discussed differences may
manifest themselves only in a certain seasonal condition of a fish.

The structure of parasitic communities in hosts of different sex is equal and almost identical
to that obtained in mixed hosts samples.
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YCTPOMCTBA JIUISI THKYBAIIUU UKPBI THXOOKEAHCKHUX JIOCOCEHR
POJA ONCORHYNCHUS B PEKAX
JI. A. Eppemos ', A. E. Becenos®, M. A. Cropoboraros?, M. A. Pyunes’
LDedepanvroe 2ocydapcmesentoe Giodaicemnoe yupexcdenue nayku Mucmumym 6uonoeuu Kapenscko2o
Hayunozo yenmpa Poccuiickoti akademuu nayk, 2. Ilemposzasoock, Poccus, e-mail: denisefremov@list.ru
2@edepanvhoe 2ocyoapcmeentoe 6100xcemnoe yupexcoerue Hayku Mncmumym npobaem sxono2uu u
asontoyuu umenu A. H. Cesepyosa Poccuiickotl akademuu Hayk, 2. Mockea, Poccus

W3BecTHO, A1 JIOCOCEBBIX BMJIOB DPBIO XapaKTEPEH CIOKHBIM >KM3HEHHBIH LUKI, B XOJI€
KOTOpPOro HaOJIoJaeTcss BBICOKAass THOenb pwIO, Hepectwiaun] gocturaroT Jjumb 0,1-3%
IIPOU3BOJUTENIEN OT BBIKIIOHYBLIMXCS JIMYUHOK. B yCIOBUSAX BBICOKOM aHTPOIIOIEHHOM HArpy3KH,
3a CcYy€T eCTEeCTBEHHOI0 HepecTa BCE TPYOHEE COXPaHATh 3amachl 3TUX pbl0. UTOOBI MOBBICUTH
3¢ (HEeKTHBHOCTh €CTECTBEHHOTO HEPECTa W YBEIUYHTH 3alachl JIOCOCEH, HamMu yxke Oonee 15 jer
BenETcs pabora mo pa3paboTKe TEXHOJOTHMM U YCTPOMCTB JUIsl MCKYCCTBEHHON HHKYOAIMU HKPbI
JIOCOCEBBIX BUJOB PbIO B peKax.

Lenp naHHOTrO HCCENOBaHUS, pa3pabOTKa, ampoOanus W BHEAPEHHE HCKYCCTBEHHBIX THE3M-
MHKY0aTOpOB MKpbl THX0OKEaHCKHUX Jiococei poga Oncorhynchus BeICOkol BMECTUMOCTH.

B xone npoekTHO u3bicKaTenabckor padoTel B 2014-2016 rr. 6bu10 pazpaboTaHo Ba yCTpoiicTBa
JUIE  WHKyOanmmu WKphl TuxookeaHckmx Jococedd poma Oncorhynchus: «Illait6a-400» (mareHT
Ha m3obperenne RU2615638, ot 24.11.2015) Bmectumoctrio 400-600 ukpunok u «MHorocnoitHoe-
10000» (matent Ha mosiesHyro Mozeinb RU159183 or 06.11.2015), BmectumocThio 12000—40000
ukpuHOK. B ycrpoiictBe «l1lait6a-400» mnpumeHEéH o0coOblii THUI HHKYOAllMOHHOTO cyOcTpara —
IUTACTUKOBBIE IUIACTMHBI C OrPAHUYMBAIOIIEH CETKOH, YJIOXKEHHbIE B 2 CJOA, B HUX HKPUHKH
pacroyio’keHbl B KOHIIGHTPUYECKHX JIyHKax ¢ wiensmu, mo 4-6 mryk. Crnoco0 BBIXOJa JHMYUHOK
ananTupoBaH JUIsl THXOOKEaHCKHMX JIOCOCEH, CTpEeMSIIMXCS IOCHE BBIKIEBA 3apbIThci B TPYHT,
KOHCTPYKIIUA CHa0XeHa JIBYMS, PpACHOJOKEHHBIMH HU)KE IUIACTHH CyOCTpaTa, HAKOMHUTEIbHBIMH
KamMepaMH ¥ JByMSl BBIXOJHBIMH TaTpyOKamu sl JHYMHOK. Bceero ObUIO HM3roToBIEHO Ooee
100 eguHMIl yCTpOHCTB, WX ampoOupoBanu Ha pekax CaxamuHckod oOmactu. B skcmepumeHTax
ucnonp3oBam ukpy Kersr (Oncorhynchus keta). Cpemnsist 3ddexTrBHOCTD BBIKIEBA JIMYMHOK
coctaBuia 97,8%, Mpu 3TOM CpeIHHUI BBIXOJ MajlbKa COCTaBWJI JUILIb 48,7%, IpXU YCTaHOBKE B IPYIIIBI
C OJTHUM BoJ103a00poM. it yCTPOWCTB, YCTAaHOBICHHBIX OJMHOYHO, BBIXOJ Maibka cocTaBmi 93—100%
OT 3aJ10)KEHHOU UKpBI. B ycTpoiictee «MHorocnoiHoe-10000» npruMeHeHb! YHUBEPCAIBHBIE MOYJIBHBIE
JIOTKH, VYIJIOXKEHHbIe B 67 CJOEB, CIyXalMe OJHOBPEMEHHO WHKYOAI[MOHHBIM CYOCTpaTOM
1 GopMupYIOIIHEe TIPOCTPAHCTBO HAKOMHUTEIBHON KaMephl /i JIMIMHOK. JIOTKHM cHaOKeHbl KaHaBKaMH,
OTIENSAIOUIMMUA COCEAHHUE PAIbl MKPUHOK APYr OT JPYra, M BBIXOJAHBIMHM LIENSMHU ISl MajibKOB.
YcTpoiicTBO CHA0KEHO paclpeeUTeNbHON PeETKON, CHa0KAaoMEeH KaXablii MOIylIb HE3aBUCUMOU
CcTpy€ii Boabl. B wu3genuu npuMeHEH BBIHOCHOM B0J103a00p-QMIbTp, CHAOXarOMUN YCTPOHCTBO
OYMIIIEHHON MOJPYCIOBOM BOAOM. MeToa 3aKiaIku UKPUHOK — O0BEMHBIHN, BpeMsl 3aKJIaJJK1 YCTPOUCTB
8 wmuHyT. Bcero ObU10 W3roTOBIEHO H ampoOupoBaHo Ha pekax CaxanuHa 4 yCTpOICTBa,
B DKCIIEpHMeEHTax ucnonb3oBanachk nkpa Kerer (Oncorhynchus keta). Cpenusist 3 ek THBHOCTD BBIKIIEBa
JTUYAHOK cocTaBuia 96,0 %, mpu 3TOM cpelHU BBIXOJ MaJlbKa COCTABWJI JUIH 42,5%, IPH yCTaHOBKE
C TEPEKPBHITBIMH BBIXOJHBIMH OTBEPCTUSMH, YTO IPUBEIO K 3aMOpYy MaJbKOB IIOCIE BBIKJIEBA.
B HekoTopbhix Momymsx 3QQeKTHBHOCTh BbIXona Maibka jgocturia 97%. B Hacrosiee Bpemsi oba
yCTpOCcTBa JJOpabOTaHbI U MOCTABIIIOTCS 3aKkazunkaM CaxanuHckoit oonacti n Kamyarckoro kpasi.

Takum o6pazom, ynanoch pa3pabotars, anpoOUpoBaTh U BHEAPUTH 2 YCTPOMCTBA [yl MHKYOAluu
UKpbl THXOOKEaHCKHX JIOCOCEM BBICOKOM BMECTHMOCTH. YCTPOMCTBA IIOKa3aJd  BBICOKYIO
s dexTrBHOCTH HHKYOANH 97,8 11 97%, 4TO MO3BOSAET MPUMEHSThH UX JJII HTHTEHCUBHOTO 3aPBIOJICHUS
pek. OQQeKTUBHOCTh BBIKJIEBA JIMUMHOK IO CPAaBHEHUIO C €CTECTBEHHBIM HEPECTOM YBEIMYCHa
B 3-10 pas.

Paboma evinonnena npu gunarcosou nodoepoicke npocpammsl "Cmapm-1" @onoa cooeticmeus
unnosayusim: HUOKP No3841'C1/9684 om 13.04.2015.

52


mailto:denisefremov@list.ru

DEVICES FOR THE INCUBATION OF EGGS OF PACIFIC SALMON
OF THE GENUS ONCORHYNCHUS IN RIVERS
D. A. Efremov, A. E. Veselov', M. A. Skorobogatov?, M. A. Ruchyev'
YInstitute of Biology of Karelian Research Centre Russian Academy of Sciences, Petrozavodsk,
e-mail: denisefremov@list.ru
2A. N. Severtsov Institute of Ecology and Evolution of the Russian Academy of Sciences, Moscow, Russia

Salmonids have a complex life cycle. Most of the individuals die in the course of life.
Only 0.1-3% of fish survives from larvae to spawning. Spawning rivers and salmon populations are
under the high anthropogenic pressure now. It is becoming difficult to keep salmon stocks
due to natural spawning. For more than 15 years we have been working to improve the efficiency
of natural spawning and to increase the salmon stocks. We are developing technologies and devices
for artificial incubation of eggs of salmon species in rivers.

The purpose of this study, development, testing and introduction of artificial nest-incubators
eggs high capacity for Pacific salmon of the genus Oncorhynchus.

In 2014-2016 years we developed two devices for the incubation of eggs of Pacific salmon of the
genus Oncorhynchus. There are "Shayba-400" (patent for invention RU2615638, dated 24.11.2015)
capacity 400-600 eggs and "Mnogosloynoe-10000" (patent for utility model RU159183 dated
06.11.2015) capacity of 12000-40000 eggs developed. We applied a special type of incubation
substrate in the device "Shayba-400" - plastic plates with a restrictive mesh. The plates were laid in 2
layers. Eggs of 4-6 pieces are located in concentric holes with slits. We adapted the devices for the exit
of Pacific salmon larvae, which tend to burrow into the ground after hatching. The incubator has two
storage chambers, which are located below the incubation plates. The device has two outlet branch
pipes for fry in the body. We manufactured more than 100 units of devices. Incubators "Shayba-400"
were tested on the rivers of the Sakhalin region. We used the eggs of Chum (Oncorhynchus keta)
in experiments. The efficiency of hatching of larvae is 97.8%. The yield of fries was only 48.7%, with
the installation of devices in groups, with closed outlets. Part of the devices we installed alone, they
received 93-100% of live fry from the stuffed eggs. Universal modular trays are used in the device
"Mnogosloynoe-10000". The modules are laid 6-7 layers. The modules are an incubation substrate
and a storage chamber for larvae at the same time. Trays have grooves in which adjacent rows of eggs
are separated from each other by a wall. The water distribution grid is built into the incubator;
as a result an independent water jet enters each module. Water comes to the modules after preliminary
mechanical cleaning in remote filter. The filter does not need to be replaced during incubation. We lay
the eggs to incubator by a volumetric method; the size of the portion is 1500-1700 eggs.
The equipment is about 8 minutes. We made and tested 4 devices on the rivers of Sakhalin, in which
the eggs of Chum (Oncorhynchus keta) were used. The efficiency of hatching of the larvae was 96.0%,
the yield of fry was only 42.5%. Some of the fry were died due to the installation of incubators with
closed outlet. In some modules, the yield of fry reached 97%. Both devices are modified and by us
now. We supply it to the enterprises of the Sakhalin Region and the Kamchatka Territory.

We developed, tested and introduced 2 devices for the incubation of Pacific salmon eggs of high
capacity. The incubation efficiency in it was 97.8% and 97%. Incubators are suitable for intensive fish
stocking. The efficiency of hatching of larvae in incubators is increased 3-10 times compared
to natural spawning.

The work was carried out with the financial support of the "Start-1" program of the Fund for the
Promotion of Innovations: NIOKR Ne384I'C1 | 9684 of 13.04.2015.
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OIIBIT U ITIEPCITIEKTUBBI IPOU3BOJACTBA ITIOCAJOYHOI'O MATEPUAJIA
JIOCOCEBBIX B Y3B
A. B. Xurun
Dedepanvroe eocydapcmeeHHoe DI00NCeMHoe HayuHoe yupedicoenue «Becepoccutickuil
HAYYHO-UCCAEO08AMENbCKUL UHCIMUMYT PIOHO20 X03aticmea U okeanozpaguuy, o. Mockea, Poccus;
DeoepanvHoe eocyoapcmeeHHoe DI00XHCemMHoe 00pA308aMeNbHOE YUpetcOeHUe 8blcUle20 00pA308aHUsL
«Poccuitickuti 2cocyoapcmeennwitl azpapuuiii yHugepcumem - MCXA umenu K. A. Tumupsszesay,
2. Mockea, Poccus, e-mail: azhigin@gmail.com

B 2016 rogy o0BeMOB TOBAapHOIO BBIpAIIUBAHMS JIOCOCEBBIX B HAIled CTpaHE COCTaBHII
41,4 teic. TOHH (28,4 ThIC. TOHH (openu U 13 ThIC. TOHH CEMI'H (aTJIAHTHYECKOT'O JIOCOCS), B OCHOBHOM
Ha npeanpustusx B Cesepo-3amaaHoMm ¢exnepanbHoM okpyre. Ilpu stom 3amaua obecrieyeHus
JIOCOCEBBIX PBIOOBOAHBIX XO3SMCTB KAaYECTBEHHBIM DPBHIOOMOCAIOUHBIM MAaTEPHAIOM IO-TIPEKHEMY
OCTaeTcs OJHOW W3 IVIaBHBIX MpoOJIEM, CIEp)KUBAIOIIMX 3TO HampaBieHue pbidoBoacTsa. [loatomy
HE JIMIIHE BCIHOMHUTHb MMEIOIIMICA IIOJOKUTEIBHBI ONBIT HCIOJIB30BAHUS IUPKYISIIMOHHBIX
ycraHoBOK (Y3B) ju1st GbICTpOro co3jaHus peMOHTHO-MAaTOYHBIX CTajl, BHECE30HHON MHKYOAlluN UKPbI
U TOJY4YEeHUs KPYHHOro II0CaJOYHOIO Marepuaia, ¢ MOCIEeIYIOIUM 3apblOJICHMEM Ca/IKOB
1 6acceilHOB /1JIs1 TOBAPHOTO BbIpAILlMBAHUS.

[lepBrie Y3B mo BblpammBanuto jococeit Obutn cozmansl B CHIA mpumepno B 1957 rony,
KOTOpBIE€ 3aT€M HalUIM CBOE MPUMEHEHUE M B €Bpomeickux cTpanax. Tak B OwiBumieh ['JIP mmenno
3a cY€T MCIO0Ib30BaHus Y 3B ObUIO yBEIHYEHO U CTAOMIM3UPOBAHO MOJIYyYEHHUE [10CAI0YHOT0 MaTepHuaa
dopemn  (Knosche, Predel, 1985). Bmepsoie B CCCP cucrema 00OpPOTHOTO BOJIOCHAOKEHUS
MHKYOAIIMOHHO-IMYMHOYHOTO 1exa (openeBoro xo3siictBa «Cxomus» (MockoBckas o0i.) Obuia
ucnons3oBaa B 1973 ronmy (JIaBpoBckuii, 1976), 4TO MO3BOJMIO XO3SHUCTBY VYIBOUTH O0BEM
IIPOM3BOJICTBA TOBAPHOU MPOIYKIIMH.

XOopoI10 M3BECTHA CIIELUAINCTaM YCTaHOBKa «buopek», co3aaHHas B 3CTOHCKOM KOJIX03€ HM.
C.M. KupoBa. VIMeHHO Ha HEW OTEYECTBEHHBIMH CHEIMAIMCTAMU B OCHOBHOM M OTpalaThIBajach
OMOTEXHHMKa MOJIHOCHUCTEMHOI0 BbIpamuBaHus (openu B Y3B. Ananornunsie pabotel Ha 6aze Y3B
OCYILECTBISUINCh B pblOosoBenikoM koixose «bantuka» (Jlenunrpaackoit 061a.) (Jles, [1noTHukoB,
Coxkomnos, 1985).

ToBapHOe BbIpalllUBaHHE JIOCOCEBBIX B Y3B He CTONb akTyalabHO Ul CEBEpO-3anaja Halen
CTpaHbl. OTHU pEruoHbl 00JaAa0T OJArONPUATHBIMH TMPUPOIHO-KIUMATHUECKUMU  YCIOBUSMU
JUIS JIOCOCEBOACTBA B MHOTOYMCIICHHBIX BOJHBIX OOBEKTAaX, B TOM 4YMCJIE€ B MOPCKHUX aKBaTOPHIX
benoro u bapenueBa wmopeit. Ilpumenenne VY3B Oonee akTyalbHO [UIsl PAaHHErO IOJTYYECHUS
OIJIOJIOTBOPEHHON MKpBl M KPYMHOIO MocajgouyHoro marepuana. [Ipu 3ToM ux paboty ciemyet
MOJICTPauBaTh I0J1 €CTECTBEHHBIHM I0JJ0BOI LUK MPOU3BOACTBA PHIOONPOIYKIINH.

VCTaHOBIIEHO, YTO O] BIUSHAEM YCUJICHHOTO MTUTAaHUsI, TIOCTOSHHOM Temieparypbl Bojbl 15 °C
U KOHTPOJUPYEMOro (OTONEpHOAa, IOJIOBbIE MPOAYKTHI (HOpeNr XOpOILIEro KadyecTBa MOKHO
M0JIy4yaTh HE MeHee JABYX pa3 B roj. OCHOBHbIE (M3HOIOrO-OMOXUMHUYECKHE U T'e€MaTOJIOrMYecKue
MIOKa3aTeJN CErojeTKOB (JOpesi U CTaIbHOT0JIOBOIO JIOCOCS, BhIpallleHHbIX B Y 3B oka3anuces B HOpMe
nm 6mu3ku K TakoBoi (Lllectepenko u ap., 1989).

Ckopoctb pocta Moioau ¢openu B Y3B B 2—3 pasa Bblllle 110 CPAaBHEHHUIO C TPaJIUIIMOHHBIMU
METOJIaMH  BBIPAILIMBAaHUSA, YTO MPEIONPENENINIO HCHOoIb30BaHME Y3B Ha »3rane mnonydeHus
MIOCAJIOYHOTO MaTepuajia BO BHECE30HHBIE CPOKHM C IOCIENYIOIIed ero mepecajkoil B Xxo3siicTBa
HaryJbHOTO THIA MPU COKPAIIEHUH OOIIEro cpoka MPOM3BOJCTBA TOBAPHOW MpoaAyKIuH 10 1 roga u
MeHee. Takas cxema B ycioBHsX JleHMHTpaackol 005acTH, MO3BOJSET 3apbIOIATH O3EPHBIE CallKU
pbI0Oit mMaccoit 20 1, a HE 5 T, Kak NpH TPAJUIMOHHOM TEXHOJOrWU. B HMTOre K KOHIy Cce30Ha
BhIpanuBanus (openpb jgocturaet toBapHoi maccel 500 T, mpotuB 165 r (MBoiino, UMuieBCKuii,
Crannuk, 2007).

[TonmoxutenbHble pe3yabTaThl cojaepkaHUs (openu B COJOHOBATHIX BOJAX IO3BOJIMIIH
pa3paboTarh peKOMEHIAIMH KOMOWMHUPOBAHHOTO BBIPAIIMBAHUS €€ TTOCAI0YHOTO MaTepHraia MacCou
o 50 r B Y3B s mocnenyromiero mojy4eHus TOBapHOH pbIOBI B MOpCKHX caakax (Xpycranés,
Kucenés, Unsacos u ap., 1994).

HakomnneHHbI ONBIT MOMy4YeHHs IOCAJOYHOIO MaTepuayia JOococeBbIX B Y3B MoxeT ObITh
C yCIIEXOM HUCHOJIb30BaH Ul PaCUIMPEHUsl €ro MPOU3BOJICTBA U JAJIbHENUIIEr0 HapaluBaHusi 00beMOB
TOBapHOM NPOAYKIIHH JIOCOCEBOJCTBA.
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EXPERIENCE AND PROSPECTS OF PRODUCTION OF PLANTING MATERIAL
OF SALMON IN CLOSED CYCLE OF WATER SUPPLY SYSTEM (CCWSS)
A. V. Zhigin
Russian Federal Research Institute of Fisheries and Oceanography, Moscow, Russia;
Russian State Agrarian University - Moscow Timiryazev Agricultural Academy, Moscow, Russia,
e-mail: azhigin@gmail.com

In 2016 the volume of rearing salmon in our country amounted to 41,4 thousand tons
(28,4 million tonnes of trout and 13 thousand tons of salmon (Atlantic salmon), mainly
in the enterprises in the North-West Federal district. The task of ensuring salmon fish farms fish
stocking material quality remains one of the main constraints in this area of fish farming. Therefore,
it is not superfluous to recall the positive experience of the use of ventilation systems (CCWSS)
for quick creation of repair and uterine herds, year-round incubation of eggs and obtaining a large
planting material, with subsequent stocking of cages and pools for rearing.

The first CCWSS for growing salmon was created in the US around 1957, which then found
its application in European countries. So in the former GDR due to the use of CCWSS was increased
and stable obtaining of planting material trout (Knosche, Predel, 1985). The USSR's first water
recycling system hatching-larval plant trout farm "Vostochny" (Moscow region) was used
in 1973 (Lavrovsky, 1976), which allowed the farm to double the volume of production of marketable
products.

Well known to those skilled setting Biorek created in the Estonian collective farm. S.M. Kirov.
It is there that domestic experts are basically worked out bioengineering full-cycle rearing trout
in CCWSS. Similar work on the basis of CCWSS was carried out in a fishing FARM "Baltika"
(the Leningrad region) (Leo, carpenters, Sokolov, 1985).

Commercial cultivation of salmonids in CCWSS is not so important to the North-West
of our country. These regions have favorable climatic conditions for roosevelta (salmon growing)
in numerous water bodies, including marine waters of the White and Barents seas. The use of CCWSS
is more relevant for early receipt of fertilized eggs and large planting material. However, their work
should be adjusted to the natural annual cycle of production of fish products.

It is established that under the influence of the power supply, a constant water temperature
15 °C and controlled photoperiod, sexual products trout of good quality you can get at least two times
a year. Basic physiological, biochemical and hematological parameters of fingerlings of trout
and Steelhead salmon reared in CCWSS were normal or close to that (Shesterenko al., 1989).

The growth rate of trout fry in CCWSS 2-3 times higher compared to traditional methods
of cultivation, which explains the use of CCWSS at the stage of obtaining planting material
in the off-season time with its further transfer in the economy of the feeding type during the reduction
of the total term commercial production of up to 1 year or less. This scheme in the conditions
of Leningrad region, allows stocking lake ponds fish weighing 20 g, not 5 g, as in conventional
technology. In the end, the end of the growing season trout reaches marketable weight of 500 g
vs 165 g (lvoilov, Chmilevsky, and Stadnik, 2007).

The positive results of the content of the trout in brackish waters has allowed to develop
recommendations for the combined cultivation of planting material weighing up to 50 g in CCWSS
for subsequent extraction of commercial fish in sea cages (Khrustalev, Kiselev, Ilyasov et al., 1994).

The experience of obtaining planting material salmonids in CCWSS can be successfully used
to expand production and further increase the volume of marketable products of growing salmon .
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Ob UIBSMEHEHUU YNCJIEHHOCTHU U CTPYKTYPHI IOIIYJISAINUA
MPOU3BOJIUTEJIENA KETHI PEKU KPYTOI'OPOBA (3AITATHASI KAMYATKA)
JI. O. 3aBapuna
DeoepanvHoe cocyoapcmeennoe DI00XcemHoe HayuHoe yupedicoenue « Kamuamerkuil nayuno-
UCCIe008aAMENbCKULL UHCUMY N PIOHO20 X03AUCMEa U okeanozpaguuy, e. [lemponasnosck-Kamuamckuil,
Poccus, e-mail: zavarina.l.o@kamniro.ru

Peka Kpyroroposa pacmnosoxeHa Ha ceBepo-3amnagHoM nobepexxbe KamuaTku B 1eHTpaibHOU
gyactu CoOoneBckoro paiiona Kamuarckoro kpasg, u BxoauT B 3ananHo-Kamuarckyro
PBHIOOTPOMBICIIOBYIO MIOJI30HY U UMEET BaKHOE PHIOOIIPOMBICIIOBOE 3HAUYCHUE. 3/1€Ch BOCIIPOU3BOAATCS
BCE BUJIbI THXOOKEAHCKHX JIOCOCEH, HO OCHOBHBIMU OOBEKTaMH MPOMBICTA SIBIISIIOTCS TOpOYIIa U KeTa.
[Tocnennsiss sBASETCS BTOPBIM IO 3HAYMMOCTH, MOCJIE€ TOpOYIIM, OOBEKTOM MPOMBICIAa B JaHHOM
Bogoeme. Ee jpomns ot obmiero BeiioBa Jiococeid B iepuoxa ¢ 1991 mo 2016 rr. cocrasnser ot 1 10 65%
(B cpeneM 28%). B rojpl MaiounCICHHBIX MOIX00B TOPOYILN 101 K€Thl BO3PACTAET B CPEAHEM 0
41%. B cBere 3TOro Mbl BHEpPBBIE MPEJICTABISEM aHaJIW3 COCTOSIHMS CTaJa M YHCIEHHOCTU
MPOU3BOAUTENEH KEThI JaHHOTO BojoéMa B epuos ¢ 1991 o 2016 rr.

YuncIeHHOCTh HEPECTOBBIX MOJIX0A0B KeThl OacceiiHa p. Kpyroroposa 3a mepuox 1991-2016 rr.
u3Mensiercs ot 4 10 557 ThIC. pbIO U B CpelHEM HaxoauTcs Ha ypoBHe 125 Thic. 3k3. C Havana 1990-x
roJI0B HaOJIOJAeTCsl OCTENEHHBIM POCT YMCIEHHOCTH HEPECTOBBIX MOJAXOA0B € 19 Thic. 10 96 ThIC.
pei60 B mepuon 2001-2010 rr. u B 2011-2016 rr. oHu gocturaroT mMakcumyma B 349 Teic. pbIO.
AHaJOrM4YHO OTMEYEHO M YBEJIMYEHHUE CPEHEro BbUIOBA KEThI B 3TU nepuoasl ¢ 22 no 220 u 967 T,
COOTBETCTBEHHO.

BospactHoit coctaB mpousBojauTeneil keTrbl OacceitHa p. KpyroropoBa mpencraBiieH
6 BO3pacTHBIMU TpymmaMu. PpIObI caMoil Muaimieli BO3pacTHOM rpynmbel 1+ OTMEYEHBI TOJBKO
B 1994 1. (0.7%). Honsa ocobeit Bo3pacta 2+ Bappupyer oTr 0.4 mo 5.6% wu B cpenHem
3a 1991-2016 rr. cocraBustor 0.8%. B HepecToBbIX MOAXOAAaX TOMHHHUPYET KETa OCHOBHBIX
BO3pacTHBIX rpymn 3+ u 4+, Ux mons B cpearem 3a 1991-2016 rr. cocrasuser 43.3% (12.8-83.5%)
u 49.6% (7.7-80.8%), coorBeTcTBeHHO. OTHOCHTEIbHAS YUCICHHOCTh MICCTUJICTHHX ocoleit (5+)
usmensiercs ot 0.7 mo 28.4% (B cpennem 6.2%). B 1996, 2009 u B 2014 rr. B HEpECTOBBIX MOAX0/aX
OTMEUYEHO HE3HauMuTeIbHOE KoinmdyecTBO ceMuieTHuX pbuid 0.4-1.0% (B cpennem 0.1%). Ananus
BO3PACTHOTO COCTaBa MPOU3BOJIUTENEH KEThl MO JECATHICTUSM MOKA3bIBACT yBEIWYCHHE JOIU PhIO
Bo3pacrta 2+ u 3+ ¢ 1990-x ronoB mo Hacrosiee Bpems B cpeaneM ¢ 0.6 mo 1.2% u ¢ 42 no 47%,
COOTBETCTBEHHO. B TOXe BpemMs OTHOCHTENbHAs YHCIEHHOCTh pPBIO Bo3pacTta 4+ MOHHU3WIACH
¢ 52 1o 43.3%, a pp16 Bo3pacTa 5+ yBenuuuiack ¢ 5.3 1o 8.3%.

JlnvHa u macca pel0 BappuUpyeT B 3HAYUTENbHBIX Tpenenax. CpeaHue 3HaYEHUS AJIUHBI PBIO
n3MeHsrorcss or 61 go 68.8 oM, Maccel — oT 2.88 10 4.28 kr. OTMeYeHO CHIKEHHE JaHHBIX
nokazareneit ¢ 1990-x rogos mo nepuon 2011-2016 rr. ¢ 64.4 1o 63.5 cm u 3.41 o 3.21 xr. B nepuon
2000-x ro1oB cpemHss IIMHA U Macca peI0 nMena Hanbosbime 3HaueHus (64.8 cm u 3.57 xr).

Jlonst caMOK B HEpEeCTOBBIX MOJX0jAax BapeupoBasa oT 12.5 mo 60% (B cpennem 44.5)
W TTOKa3bIBaeT TeHAeHIMo K yBenmdeHuio ¢ 40% B 1991-2000 rr. no 58% B mepuoxn 2011-2016 rr.
Cpenusis MHIMBHUAYalbHAs IJI0JIOBUTOCTh CaMOK M3MeHsieTcs oT 1642 no 3242 uxpuHok (B cpenHeM
2178 ukp.). B nepuon 1990-x romoB ona mmeer MuUHMMaibHOe 3HaueHue (2017 wukp.), gocTuraer
B 20012010 rr. B cpeanem 2281 UKpUHOK U IOHM)KAETCS B HACTOsIIeE BpeMs 10 2274 HKPUHOK.

Takum oOpa3oM, C yBETMYEHHEM YHCIEHHOCTH HEPECTOBBIX IIOJXOJO0B KeThl OacceiiHa
p. KpyroropoBa ¢ 1990-x romoB mo Hacrosimee Bpemsi (2011-2016 rr.) oTMedeHO yBeIUYEHUE
OTHOCHUTEIILHON YHCIIEHHOCTH OoJiee MOoabIX (2+ u 3+) peiO u ocobeit Bo3pacta 5+. Bmecte ¢ Tem
HaOII0/1aeTCsl CHUKEHHE Pa3MEpPHO-MACCOBBIX IMOKa3aTesel, YBeJIMUeHHuEe TOJM CaMOK U MX CpeIHen
WHIUBUAYAIGHOH  TUIOMOBUTOCTH.  Ilo0OHBIE  TEHACHIMM  OTMEYEHBI  OTCYCCTBCHHBIMHU
1 3apyOEeXKHBIMH HCCIEA0BATEISIMH JIJISl IPYTUX BUJIOB THXOOKEAHCKHX JIOCOCEH.
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ABOUT THE CHANGE OF THE STOCK ABUNDANCE AND POPULATION STRUCTURE
OF CHUM SALMON IN KRUTOGOROVA RIVER (WEST KAMCHATKA)
L. O. Zavarina
Kamchatka Research Institute of Fisheries and Oceanography, Petropavlovsk-Kamchatsky, Russia,
e-mail: zavarina.l.o@kamniro.ru

The Krutigiriva is situated on the north-west coast of Kamchatka, in the central part
of Sobolevsky administrative district of Kamchatka region, and is an important part
of the West-Kamchatkan commercial fishery subzone. All six species of Pacific salmon spawn there,
but the major commercial objects are pink (number one) and chum salmons. The part of chum salmon
in the Pacific salmon catch for the period from 1991 to 2016 varied from 1 to 65% (28% averaged). In
the years of poor runs of pink salmon the percent of chum salmon increases averagely up to 41%.
In this connection we give analysis of the stock in the Krutogorova for the period from 1991 to 2016.

The spawning runs of chum salmon in the Krutogorova basin for the period 1991-2016 varied
from 4 to 557 thousand fish, and was about 125 thousand in the average. A consequent increase of the
spawning runs from ¢ 19 thousand to 96 thousand fish has been observed since early 1990s up
to the maximal level of 349 thousand in 2011-2016. The average catch increased in similar way,
respectively from 22 to 220 and 967 t.

The age composition of the chum salmon spawning stock in the Krutogorova river basin includes
6 age groups. The fish from the youngest group 1+ were observed only in 1994 (0.7%). The group
of the fish 2+ varied benween 0.4 and 5.6% (0.8%. averaged for 1991-2016). The groups dominating
in the spawning runs are 3+ and 4+. The average contribution of the groups for 1991-2016 was 43.3%
(12.8-83.5%) and 49.6% (7.7-80.8%). The relative number of the fish 5+ varied between 0.7 and
28.4% (6.2% averaged). In 1996, 2009 and 2014 there was a small number of 6+ chum salmon
individuals - 0.4-1.0% (0.1% averaged). The analysis of the age composition of chum salmon
spawners by decades indicates increasing number of the fish 2+ and 3+ since the 1990s till now
averagely respectively from 0.6 to 1.2% and from 42 to 47 %. In the same time, the relative number
of the fish 4+ decreased from 52 to 43.3%, while the number of the fish 5+ increased from 5.3 to 8.3%.

The body length and weight of the fish varied in a wide ranges. The average body length
changed from 61 to 68.8 cm, and the body weight — from 2.88 to 4.28 kg. Since the 1990s and till
2011-2016 there was a decrease of the length and weight observed from 64.4 to 63.5 cm and from
3.41 to 3.21 kg. During the 2000s the average length and weight of the fish was maximal (64.8 cm and
3.57 kg).

The part of females in the spawning runs varied between 12.5 and 60% (44.5% averaged)
and demonstrated the traend to increase from 40% in 1991-2000 to 58% in 2011-2016. The average
individual fecundity changed from 1642 to 3242 eggs (2178 eggs averaged). In the 1990s it was
minimal (2017 eggs), reached averagely 2281 eggs in 2001-2010 and dropped to 2274 eggs now.

Thus, on the background of the increase of the spawning runs of chum salmon
in the Krutogorova basin from the 1990s adn till now (2011-2016) we can see an increase
of the relative number of younger (2+ and 3+) fish and of the individuals 5+. With that we can observe
decreasing body length and weight, increasing percent of females and their average individuals
fecubdity. Similar trends were observed by Russian and foreign fish biologists for the other species of
Pacific salmon.
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IIMTAHHUE CMOJITOB ATJTAHTHYECKOI'O JIOCOCH
(SALMO SALAR LINNAEUS, 1758) B P. OHET'A
A.T. 3aBuma, M. A. Ctynenosa, P. C. [logoitauia
Cesepuuiti punuan [onsaprozo HayuHO-UCCIE008AMENbCKOZ0 UHCIMUMYMA MOPCKO20 PblOH020
xozsicmea u okeanoepaguu umenu H. M. Knunosuua, 2. Apxaneenvck, Poccus,
e-mail: zavisha@pinro.ru

C 2001 r. B yctpeBoil yactu p. OHera (12 KM OT yCTbsl peKH) C L€ OLIEHKH YUCIEHHOCTH
reHepanuil MpoBOJAUTCS YYET CMOJITOB ATJIAHTUYECKOTO JIOCOCS — CEMIH B MEPUOJ UX IOKATHOM
murpamud. B 2011-2016 rr. B muk ckara OTOMpPAJIOCh IO HECKOJBKO JIECSATKOB 3K3EMIUISIPOB
(ot 26 mo 41 9K3.) CMONTOB HJis M3YYECHHS MX NUTaHUsA. Bcero mcciemoBasioch 216 kemymo4HO-
KHIIIEYHBIX TPAKTOB.

B numeBapuTenbHBIX TpakTax oOHapyxkeHo Ooisiee 20 KOMIIOHEHTOB. DTO BOJHBIC JIUUUHKU U
KYKOJIKA HAaCEKOMBIX, B3POCIIbIE HACEKOMBIE C MMOBEPXHOCTU BOJbI, PbIOA, MOJUTFOCKH, BOJHBIE KIICIIH,
padky U3 KJIaaolep, YepBH, a TakKe (pparMEeHTHl BhICIICH BOJHON PAaCTUTENHLHOCTH U KOJIOHHAIIbHBIE
Bojiopoci. Hanbonee yacTo B MUIIEBBIX KOMKaX OTMEYAIUCHh BOJHBIC JIMYMHKH HACEKOMBIX. CMOJTHI
ceMru mpeanountanu moaeHok (73,1% wuccieq0BaHHBIX TPAKTOB), JUYUHOK pyderHUKOB (62,5%)
n nuunHOK Motek (48,0%). bonee ueTBepTH KeMyJOYHO-KHUILEYHBIX TPAKTOB COAEPIKAIU JIMYMHOK
xupoHoMH I (26,4%) U B3pOCIBIX HACEKOMBIX ¢ TOBEpXHOCTH BOJbI (30,6% TpakToB). JJOBOJIBHO 4acTO
OTMEYAINCh KYKOJKH PYYEHHUKOB W MOIIEK, a Tak)Ke BOJHAs paCTUTENBbHOCTh. HekoTopble
KOMITOHEHTBI, TaKH€ KaK YepBHU (OJMIOXEThl MU HEMATO[bl), BOJHBIC KJICIIU M KIJIONbI, PAaYyKu, ObUIH
SBHO CIy4allHBIMHM, TaK KaKk OTMEYAINCh B CIWHUYHBIX KOJMYECTBAX M B CIMHUYHBIX
MUIIEBAPUTEIbHBIX TPAKTAX.

[TycTpiMu OKa3aMch 6 MUIIEBAPUTENBHBIX TPAaKTOB. B ocrtampHbix 210 TpakTax B cpenHemM
B MHIIEBBIX KOMKaxX BCTpedajoch mopsiaka 25 opranuzMoB. CpeaHsisi macca MHILEBOTO KOMKa
cocraBisuia 93 mr, npu 3TOoM KosieOaHus ykiIaaeBaMch B auarna3on ot 0,3 go 418 mr. OcHoBy
MUTaHKsI 10 MAacCe COCTABJISIM BOJHBIC JTHUMHKH HaceKoMbIX (75,2%). Cpenu HHX Haubosee 4acTo
BCcTpeuanuch mnoaeHku u pyderHuku (30,2 u 32,7% oOT cpeaHedl Macchl MUIIEBOTO KOMKa
COOTBETCTBEHHO). CpenHuil oOOIMH HMHJEKC HAMOJHEHHUs MHIIEBAPUTENbHBIX TPAKTOB CMOJITOB
coctaBui 38,8 /400, MAKCUMAIBHBIN — 168 /0.

[TuieBble COEKTPHI B pa3IMyHbIE TO/IbI pacCMaTPUBAEMOro Neproia GopMHPOBATIUCH ITaBHBIM
0o0pa3oM M3 JBYX TOMUHHUPYIOIIUX KOMIIOHEHTOB — IOACHOK M pydeiHHKOB. OIHAKO B OTACIbHBIC
TOJIbI CMOJITHI MPEAMOYUTATIH JTHINHOK MoIieK (58,9%) — 2014 1. 1 HACEKOMBIX C TIOBEPXHOCTH BOJIBI
(26,0%) — 2016 1.

Bei0opka cocTosiia U3 CMOJITOB Pa3IMYHOrO Bo3pacTta. [IByxiyieTok ObLIO OoJible BCEro —
121 9x3. (56,0% BBIOOPKH), TpeX- W HYETBIPEXJIETOK OBLIO COOTBETCTBEHHO — 81 u 14 9k3.
(37,5 u 6,5% Bb100pKH). Kakux-mubo OTNUYMIA B CIIEKTpax MHUTAHUS MOKATHUKOB Pa3HBIX BO3PACTOB
HE OTMeueHO. M0KHO OTMETUTh H3MEHEHUS! TIPEANIOUTSHUI JIUIIH YETHIPEXT010BUKOB. [10o cpaBHEHNIO
C MPOYMMHM BO3PACTHBIMHU KJIacCaMM BBIpOCIA J10JI PbIObI B MX NHILEBOM KoMmke ¢ 1,2-3,7% y nByx-
Y TPEXTOJJOBUKOB /10 8,4% y 4eThIPEXTOJJOBUKOB U 1107151 Motek ¢ 3,0-12,9% y nByx- U TpeXroj0BHKOB
10 22,2% y 4eThIpexroIoBUKOB. B mocnenHemM ciaydae mpociiexXuBaeTcs iBHasi TEHACHIIMS POCTa 10U
MOIIIEK B IIUTAHUH C BO3PACTOM.

B 1e10M MHTEHCHBHOCTh MUTAHUSI CMOJTOB CEMIM B MEpUOJ HAOMIOJCHUN ObLIa HEBBICOKA,
CTIEKTp THTaHUS XapaKTepeH JJIs MOJIOJM CEMTH, PACHIMPSETCS 3a CYET CIIyY4aiHBIX KOMIIOHEHTOB,
HO B IIEJIOM TPAJUIIMOHEH.
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NUTRITION OF ATLANTIC SALMON SMOLTS (SALMO SALAR LINNAEUS, 1758)
IN THE RIVER ONEGA
A. G. Zavisha, M. A. Studenova, R. S. Podoynitsin
The Northern Affiliate of the Knipovich Polar Research Institute of Marine Fisheries and Oceanography,
Arkhangelsk, Russia, e-mail: zavisha@pinro.ru

The number assessment of Atlantic salmon smolts was held in the low flowage of Onega river
since 2001. From 26 to 41 specimens of smolts were assembled each year from 2011 to 2016
in the time of migration peaks for the studying of their nutrition. A total of 216 digestive tracts are
examined.

There are more than 20 components found in the digestive tract: aquatic larvae and insect pupae,
adult insects from the surface of water, fish, mollusks, water mites, crustaceans, worms, also colonial
algae and fragments of the highest water vegetation. The water larvae of insects are observed
in the food lumps most often. The green drakes (Ephemeroptera) are in 73,1%, larvae of caddis flies
(Trichoptera) in 62,5% and larvae of midges in 48,0 % of the examined tracts. More than a quarter
of the gastrointestinal tracts contained the chironomids larvae and the adult insects from the water
surface — 26,4% and 30,6% respectively. Pupae of caddis flies and midges, as well as aquatic
vegetation, are observed rather often. Some components, such as worms (oligochaetes and nematodes),
water mites and bugs, crustaceans, are noted as a single event and in the single digestive tracts.

Six digestive tracts are empty. There are on the average 25 organisms found in food lumps
of the remained 210 digestive tracts. The mass of the food lump is oscillated between 0,3 and 418 mg,
the average value is 93 mg. The water larvae of insects are the basis of nutrition by weight (75,2%),
respectively). Among them, the content of green drakes (Ephemeroptera) and caddis flies (Trichoptera)
averaged 30,2 and 32,7% by weight of the food lump respectively. The mean value of total stomach
filling index estimated as 38,8°/,0, With the maximum of 168 °/,..

The general food range includes mainly green drakes (Ephemeroptera) and caddis flies
(Trichoptera). However, some years there where larvae of midges (58,9% — 2014) and insects
from the surface of water (26,0% — 2016) as a main food component.

The sample consisted of different smolts by age. Smolts with age of 2+ were the most —
121 specimens (56,0% of the total number). The fishes of 3+ and 4+ age were 81 and 14 specimens
(37,5% and 6,5% of the total number) respectively. There are no significant changes in the food range
of different age smolts. The intensity of feeding of smolts of salmon during the observation period was
low in general. The food range for young salmon is common.
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BOCIHPOU3BOACTBO CUMbI HA PBIBOBO/IHBIX 3ABOJAX
B CAXAJIMHCKOM OBJIACTH
O.B. 3eJIeHHI/IK0B1, M. C. MSIKI/IH_IGBZ, B. A. KI/ICGJIGBS, B. B. AHOH_IKI/IH3, n. A. KCJISIH_IOB3,
B. II. HOFOL[I/IH4
L deoepanvroe 2ocydapcmeentoe 6100icemnoe 06pazo6amentHoe yupescoene 6blCue2o nPoPeccUOHATLHOL0
obpazosanus « Cankm-Ilemepoypeckuii 2ocyoapcmeennulii yusepcumempy, 2. Cankm-Ilemep6ype, Poccus,
e-mail: oleg_zelennikov@mail.ru
2@edepanvhoe 2ocydapcmeennoe Grodxcemnoe yupescoenue « Caxanunckoe bacceiinosoe ynpasienue no
PbIOOIOBCIBY U COXPAHEHUIO B00HBIX ODUOTOSUUECKUX PECYPCOBY,
2. FOocno-Caxanunck, Poccus
2000 «Canmoy, 2. FOxcno-Caxanunck, Poccus;
‘000 «Kanughy», 2. Hesenvck, Poccus

M3BecTHO, YTO MPOU3BOAUTEIIN THXOOKEaHCKOro Jjococs cumbl (Oncorhynchus masou Brevoort)
3aXOMAT B CaxXaJIMHCKHE PEKU 3a 2-3 Mec. A0 HepecTa, uMes TOHAJbl JAICKHEe OT ACPUHUTHBHOTO
COCTOSIHMSI M B ATOM CBSI3M INPEACTABIACT MCHBIIMN MHTEpPEC I MPOMBICIA, 4eM 0ojiee MacCOBBIC
BHUIBI — TopOyma u kera. OUeBHIHO, 3TUM M OO0BsACHsAETCA TOT (pakT, uro cumy B CaxaJIMHCKOU
00JacTi BOCIPOU3BOIAT AMU30JAUYECKH U B HeOosbIIOM oObeme, Hampumep, B 2016 rogy TOIbKO
Ha OJHOM 3aBojie. Bmecte ¢ TeM, cuma SBIsE€TCA OAHUM M3 CaMbIX MOMYJAPHBIX OOBEKTOB
JUIS  JIOOMTENBCKOTO JIOBA, IOCKOJIBKY 3aXOJUT B PEKH, 0e3 BBIPAKEHHBIX MPEIHEPECTOBBIX
W3MCHCHHUM, M aKTHBHO MTUTACTCS B IPECHOU BOJIC.

AHanu3 HaKOIJIEHHOTO OIBITA MMOKA3bIBAET, YTO cuMY B CaxalnHCKON 001acTH BOCIPOU3BOIIIN
TOJBKO Ha Haubojiee XOJIOAHOBOJHBIX 3aBojaax: AHUBCKOM, JlecHom, YpokaitHoMm, COKOJIOBCKOM.
Ha rtakux 3aBojax Temmeparypa Boiasl ¢ 12-13 °C B koHue asrycra noumkaercs no 0,3-0,7 °C
K TICPBOH IMOJIOBUHE HOSIOPS; BappUPYET B 3TOM JHAIa30HE 10 Havajga ampess W 3aTeM IOCTEICHHO
MTOBBIIIACTCS] B COOTBETCTBUH C €CTECTBEHHBIM IMPOTPEBOM PEYHOM BOJIBI (PHC.).

Puc. Temneparypa Boabl OpH codep:KaHUU
MOJIOIH CHMBI Ha: 1 — AHMBCKOM;
2 —PeiinoBom; 3 — OX0TCKOM 3aBOJAX.
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[To HamyM JMaHHBIM B TaKUX YCJOBHSX 3aKjaJka MKPhl CUMbI HAa HWHKYOAlMIO MPOUCXOIUT
B nepuof ¢ 14 aprycra mo 9 ceHTsA0ps, BbUTyIJICHHE 3apojbliieil — ¢ 24 ceHTs0pst mo 27 oKTI0ps,
a MOJABEM «HA IUIaB» U Havajo KopmiieHus — ¢ 1 mo 27 anpens. Takum oO6pa3oM, 1ocie BbUTYIIEHUS
U J10 HayaJla 3K30I€HHOT0 NMUTaHUsl MOJIOIU MPOXOJIUT B CpelHEM 6 Mec. BrlpaimuBaHue B yCIOBHUAX
6osee TeroBoaHoro Peitnosoro JIP3, Ha koTopoM TemmepaTypa BOJbI B 3UMHHE MECALbI BApbUPYET
NPEUMYILECTBEHHO B quanasone 1-3 °C (puc.), MO3BOJIUIO 3aJI0KUTh UKPY HA HHKYOAIMIO B CPEHEM
Ha MecsI] M03Ke — B epuoji ¢ 27 aBrycta 1no 2 oktsa6ps. [Ipu 3ToM BUTyIIIIEHUE 3apObILICH B pa3HbIX

60


mailto:oleg_zelennikov@mail.ru

naptusix HabOmromanu B mepuon ¢ 29 oktsaOps mo 10 mexalpst U yxe B cpenHeM udepe3 4 mMec —
¢ 8 deBpasist mo 12 Mapra TUYMHOK MTOJHUMAIIH «HA TUTaB» U HAYMHAIU KOpMuUTh. B cezone 20162017
IT. MBI BBIPAIITUBAEM MOJIO/Ib CHMbI Ha OJTHOM M3 CaMbIX TEIJIOBOJHBIX 3aBOI0B CaxalMHCKOW 00JIacTH
— OxorckoMm JIP3, Temmeparypa Boabl Ha KOTOPOM B 3MMHHE MECALLI He omyckaercs Huke 6°C (puc.).
Boutynnienue  3aponplliei mpuU TaKOM — TEMIEPAaTYpHOM  PEXHME Hayaloch 25  OKTAOpA,
a yxe udepe3 2,5 mec — 9 sHBaps Mbl NPUCTYNWIM K KOPMJICHMIO Mojonau. Takum oOpazom,
MOJIHOIICHHBIX ~ CETOJICTOK CHUMBI MOJXKHO BBIPACTUTh TMPU JIIOOOM TEMIEPATypHOM PEKHUME
MHOTOYHCIICHHBIX 3aBOJ0B CaxalMHCKOW O0JIacTW C TOM JIMIIL pa3HUIIEH, YTO Ipu Oojee BHICOKON
TeMIlepaType MOJIOAb JOCTUraeT OoJiblliei HaBecku. Hampumep, k Havally HIOHS Ha AHUBCKOM,
PeitnoBom n Oxorckom JIP3 mMacca Moioau B CpelHEM COCTaBHIJIa OKOJIO OJHOTO, ABYX U TPEX I'pPaMm
cooTBeTCTBeHHO. CojiepKaHNe MOJIOJIA CUMBI Ha phIOOBOIHOM 3aBOJIC B TEUCHHUE JBYX JIET TO3BOJIUIIO
B OJIHOM ITMKJIE BBIPACTUTH €€ 10 Macchl B cpeanem 20,0 mpu auamnazone ot 13,4 1o 39,2 r, a B aipyrom
uukie — a0 11,5 r npu auanazone ot 3,3 10 49,9 r. AHanu3 nMoJ0BOM CTPYKTYpPbhI FEHEPAIITH MOJIOIH,
MIPOBEJICHHBI BO BTOPOM IIMKJIE TOKas3al, 4To Bce ocoOu KpymHee 19,1 r Obuin mpencTaBieHbI
KapJIMKOBBIMU CaMIIaMH.

CULTIVATION OF CHERRY SALMON ON FISH FARMS IN SAKHALIN REGION
0. V. Zelennikov?, M. S. Myakishev?, V. A. Kiselev®, V. V. Anoshkin®, I. A. Kelyashov?,
V. P. Pogodin®
'Saint Petersburg University, St. Petersburg, Russia, e-mail: oleg_zelennikov@mail.ru
%Sakhalin Basin Department for Fisheries and Conservation of Water Biological Resources,
Yuzhno-Sakhalinsk, Russia
3«Salmoy Ltd., Yuzhno-Sakhalinsk, Russia; *«Kanif» Ltd., Nevelsk, Russia

It is known, that cherry salmon (Oncorhynchus masou Brevoort) enters the rivers of Sakhalin
2—-3 months before spawning, its gonads being far from definitive state, which makes it less interesting
for fishery than more dominant species — pink salmon and chum salmon. Probably this
is an explanation of the fact, that cherry salmon in Sakhalin region is reproduced sporadically
and in a small amount, for example, in 2016 cherry salmon was reproduced only in one fish farm.
However, cherry salmon is one of the most popular objects of amateur fishery, because, when it enters
revers, it has no pronounced prespawning changes and actively feeds in fresh water. The analysis
of gathered experience shows, that cherry salmon was reproduced only at the most cold-water fish
farms in Sakhalin region: Anivsky, Lesnoy, Urozhayniy, Sokolovsky. At such fish farms the water
temperature decreases from 12-13 °C in the end of August to 0,3-0,7 °C by the first half of November;
it varies in this range before the beginning of April and starts to rise according to the natural warming
of river water (fig.). Our data show that in this conditions the cherry salmon egg deposition takes place
in the period from August 14™ to September 9", hatching of embryos — from September 24"
to October 27", and rise for “afloat” and the beginning of mixed feeding — from April 1 to April 27"
Thus, nearly 6 months pass between hatching and the beginning of exogenous feeding.

Rearing of the cherry salmon in the conditions of the more warm-water Reydoviy fish farm,
where water temperature varies mainly in range of 1-3°C (fig.) during winter months allowed
us to begin egg incubation in average a month later — during the period from August 27" to October
2" With that hatching of embryos in the different egg batches was observed during the period
from October 29" to December 10", and already in average 4 months later (from February 8" to
March 12") the larvae were rised for “afloat” and feeding started. During the season 2016-2017, we
have reared the young of cherry salmon at the one of the most warm-water fish farms of Sakhalin
region — Okhotsky fish farm, where the water temperature does not decrease below 6°C during winter
months (fig.). The hatching of embryos at such temperature regimen began on October 25™,
and already 2,5 months later (on January 9™) we started feeding of the young.
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Fig. The water temperature during the cultivation of
the cherry salmon juveniles on: 1 — Anivsky, 2 —
Reydovy, 3 — Okhotsky fish farms
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Thus, normal underyearling of cherry salmon can be obtained at every temperature regimen of
the numerous fish farms of Sakhalin region. The only difference is the following: at the higher
temperature the young gain more weight. For example, by the beginning of June at Anivsky, Reydovy
and Okhotsky the average mass of the young was nearly one, two and three grams respectively.
Cultivation of the young of cherry salmon at the fish farm during two years allowed us to rear it to the
mass of in average 20,0 in range of 13,4-39,2 g in one cycle, and in the other cycle — to 11,5 g in the
range of 3,3-49,9 g. The analysis of sexual structure of the young generation, accomplished during the
second cycle has shown, that all the individuals larger than 19,1 g were the dwarf males.
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HHH-PBIBOJIOBCTBO — OCHOBHAA YI'PO3A JISA ATIAHTHYECKOI'O JIOCOCHA
(SALMO SALAR L.) U3 BEJIOMOPCKHX PEK KOJIbCKOI'O IIOJIYOCTPOBA
N PECITYBJIMKUN KAPEJIUA
A. B. 3y6quI<ol, n. J1. U_[yp0B2, C.B. HpYCOBl, M. 10. Asekcees
Y®eoepanvroe cocyoapemeentoe 6100xcemnoe nayunoe yupescoenue «Iloispblil HAYYHO-UCCIeD08aMENbCKULL
UHCIMUMYM MOPCK020 pblOHO20 X03a1icmea u okeanoepaguu umenu H. M. Knunosuuay, e. Mypmanck, Poccus,

e-mail: zav@pinro.ru

2Ceeeprzﬁ HAYYHO-UCCAE008AMENbCKUTL UHCMUMYM pbloHo20 Xossiicmea Ilempo3asodcko2o
2ocyoapemeennoz2o ynugepcumema, 2. Illemposasoock, Poccus, e-mail: shurov@research.karelia.ru

Ecmu B pekax HopBeruu OCHOBHBIMH (haKTOpaMu, HETATHMBHO BIMSIONIMMH Ha €CTECTBEHHOE
BOCIIPOU3BOJICTBO ATJIAHTHYECKOTO JIOCOCS, SIBJISIOTCS HHTPOrPECCUs T€HOB M PacHpOCTpaHEHHE
OonesHeili W mapasuToB  (JlococeBas ~ BIA)  YHIAUIMMHM M3 CaJKOB  JIOCOCSIMHU
(The major threats..., 2017), To B 6emomopckux pekax Kosbckoro mosyoctposa u Kapenuu riaBHyro
yrpo3y npezactasisier HHH-pei6omoBcTBo. Ha KonbsckoM momyoctpoBe B p. YMOa 3TOT MOKa3aredb,
cocraBisaBiIMil B Hayane 1990-x rr. 26% ot aexiiapupoBaHHBIX yinoBOB (Zubchenko, Kuzmin, 1994),
B nepBbie roapl XXI| B. moctur nmouru 70% (AnekceeB u ap., 2006). B p. Bap3yra coBpeMeHHBI
YPOBEHb U3BATHS CEMTH B peKe BCEMH BHUJaMH ITpoMbIcia onieHeH B 83% (Anekcees, 3youeHko, 2016),
MIpUYEM, UCXOJI1 M3 CTATUCTUKU MPOMBIIUIEHHOTO U JIIOOUTENHCKOTO U CIIOPTHUBHOIO PHIOOJIOBCTBA,
% BbuloBa npuxoautrcas Ha HHH-moB. B pesynbTare MHOTHE HEpecTUIMINA HE 3aIlOJHSAIOTCA
MIPOU3BOJIUTEIISIMH, @ YPOBEHb €CTECTBEHHOTO BOCHPOM3BOJCTBA KaTacTPO(OUUECKH CHHKACTCS.
Hamuoro xyxe cuTyanus B 1ococeBbIX pekax Kapenuu, KoTopble eie B KOHIE MPOILJIOTr0 CTOJIETHUS
MOTEPSUIH MMPOMBICIIOBOE 3HAYEHHUE U B HACTOsIIEe BpeMsl OUIIUATbHBIN MPOMBICEN U TIOOUTEIBCKOE
U CLIOPTUBHOE PBHIOOJIOBCTBO 3/1€Ch HE BEYTCS 110 IPUYUHE ITYOOKON AETPECCUM YUCIEHHOCTH CEMIH.

B p. Bapsyra ¢ 1994 no 2000 rr. Ha MHOTHX HepeCTOBo BbIpOCTHBIX yuyacTkax (HBY) miotHoCTh
nectpsATok npocturana 100 m Gosee 3K3. /100 M° u B CpPEeIHEM COCTaBjsIa OKoyso 35 3k3./100 M2
YTO TOBOPWJIO O OJIAromolydHOM COCTOSTHHUHM €CTECTBEHHOTO BOCIIPOM3BOACTBA, TO B XXI| B. curyanus
pe3Ko u3MEeHWIach B xyamyi cropony. B 2014-2016 rr. cpenHssi IUIOTHOCTh MOJIOJIM COCTaBHIIA
11,3; 8,5 u 10,5 5k3./100 M2, COOTBETCTBEHHO, T.€. HEPECTOBBIN 3amac aTIaHTHUYECKOTO J0COCs (CEMTH)
p. Bap3yra He HaxomuTcs B 0Oe30MacHBIX OMOJIOTMYECKHUX TpaHMIAX, a MOMYJSNUS MOABEpKEeHa
CEpbE3HOMY PUCKY JJIUTENIbHOMN IEMPECCUN YUCIIEHHOCTH.

B p. YM6a B 2016 r. minotHocTh paccesneHuss mojoau cemru Ha HBY ot ecrectBeHHOrO
M 3aBOJACKOTO BOCHpPOU3BOJACTBa cocTaBmia 13 2x3./100 M°. M3-3a  BBICOKOTO npecca
HHH-pei10oioBcTBa 3amacel jococss B 3TOM peke B mocieaHue asa 10-1eTus pe3ko CHU3WIUCH,
1 BOCIIPOM3BOJICTBO MOJAEPKHUBACTCS 3@ CUET 3apblOJIeHUsI 3aBOACKON Mosoablo. B mocnennue roast
YHUCIEHHOCTb JIOCOCSA B p. YMOa 3HAUUTEIbHO MEHbILE COXPAHSIONIEr0 JUMUTA, TIO3TOMY COCTOSIHUE
€CTECTBEHHOI'0 BOCIIPOM3BO/ICTBA CEMIH B 3TOM peKe KPUTHUECKOE.

B nococeBpix pekax Kapemuu B 1990-1997 I. IUIOTHOCTE MOIOAH Ha HBV cocTaBJsia:
B p. Cyma — 18,6 (1996 r.) u 16,3 (1997 r.) 3k3./100 M, B p. Mlys — 31,1 5k3./100 M2, B p. I'punnna —
29,5 »5k3./100 M2 C MAaKCHMaJbHBIMU 3Ha‘leHI/I$IMI/I ,Z[O 100-150 »5k3./100 M2 B D. HOHBFOMa —
46,0 5k3./100 M%, B p. Bombra — 55,0 ok3./100 M B p. Kepers (1990 r) — 97,0 9k3./100 M% OJIHaKO
YK€ B TO BpeMﬂ B pp- BBIP (0,3 5k3./100 M), KCML (2,1 2k3./100 M%), Kanra (7,0 93./100 m?),
[Tynmonsra (9,0 5x3./100 M ) Kepets (1996 r. — 2,3 3x3./100 MZ) TJIOTHOCTHU JIOCOCEBOM MOJIOAH OBLIH
KpailHe HU3KUMH, W 3Ta TeHJeHIus B Hadaime XXI| B. pacmpocTpaHuiach Ha OCTaJIbHBIE PEKH.
N ecnu B p. KepeTb rmaBHOI NPUUMHON CHM)KEHUS YUCICHHOCTH MOJIOAM JOCOCS OBLI TMPOJAKTHIIES,
BBI3BaHHBIA WHTpOAyKIMeH mnapasura Gyrodactylus salaris, To 4mciIeHHOCTh MOMYNSIMIA JIOCOCS
W3 JIpyTUX KapelnbCKUX peK B pesynaprare Bo3pocuiero npecca HHH-nmoBa pes3ko ymeHbmmnace
JI0 KpUTHYECKUX pa3mepoB. B pesynbrate B p. 'puauna B 2012 r. miotHocTe Monoau cemru Ha HBY
cocrasmna 6,7 5k3./100 M%, B p. KepeTL B 2012-2016 rr. mnotHOCTH MoJIOU B Bo3pacte 0+ u crapiie
koe6anack ot 0,3 10 4,7 3k3./100 M.

Taxum o6pa3zom, B nmocneanue rogsl HHH—ppi060n0BCcTBO B OOJBIIMHCTBE PEK 3TUX PETMOHOB
U B mpuOpexHbIX paiioHax benoro mops cramo 6onee macmtabHbiM. B p. Bapsyra cepbe3HbiM
¢dakTopoM cTaid Takke OpaKOHBEPCKUI JIOB, OCYIIECTBISIEMbII MHOTOYHCICHHBIMH TYpPHCTaMH,
CIUTaBIISIOIIMMHUCS TIO PEKe.
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IUU-FISHING - THE MAJOR THREAT FOR ATLANTIC SALMON (SALMO SALAR L.)
FROM THE WHITE SEA RIVERS OF THE KOLA PENINSULA AND THE REPUBLIC
OF KARELIA
A. V. Zubchenko®, I. L. Schurov?, S. V. Prusov?, M. Yu. Alekseev*

Knipovich Polar Research Institute of Marine Fisheries and Oceanography, Murmansk, Russia,

e-mail: zav@pinro.ru

“Northern Fisheries Research Institute of Petrozavodsk State University, Petrozavodsk, Russia,
e-mail: shurov@research.karelia.ru

While in Norwegian rivers the main factors, adversely affecting natural reproduction of Atlantic
salmon, are genetic introgression and spreading of diseases and parasites (sea lice) by farmed salmon
escapees (The major threats..., 2017), in rivers, belonging to the White Sea basin of the Kola
Peninsula and the Republic of Karelia, the major threat is lUU-fishing. In the Umba River of the Kola
Peninsula the rate of IUU-fishing had comprised to 26% of reported catches in the beginning of 1990s
(Zubchenko, Kuzmin, 1994) and reached almost 70% during the first years of XXI century
(Alekseev et al., 2006). In the Varzuga River a recent total salmon harvest by all types of fisheries was
estimated at 83% (Alekseev, Zubchenko, 2016), and three fourth of the catches was related
to IUU-fisheries according to statistics for commercial and recreational fisheries. As a result, spawner
abundance in spawning grounds is low and the level of natural reproduction is disastrously reducing.
The situation is much worse in salmon rivers of the Republic of Karelia, which lost their commercial
value in the end of the last century. Nowadays commercial and recreational fisheries are prohibited in
these rivers due to a massive reduction in salmon abundance.

In 1994-2000, in many spawning and nursery grounds (SNG) of the Varzuga River juvenile
densities reached 100 and over 100 parr/100 m? with the mean of 35 parr/100 m? that indicated a good
status of natural reproduction. In XXI century, the situation dramatically changed. In 2014-2016, mean
parr density amounted to 11.3, 8.5 and 10.5 parr/100 m?, respectively, indicating that the salmon
spawning stock of the Varzuga River is beyond safe biological limits and the population is at risk
of long-term depression of stock.

In 2016, in SNG of the Umba River density of wild and reared salmon juveniles comprised
13 parr/100 m?. Due to high 1UU-fishing pressure, salmon stock in the river has drastically declined
over last two decades and salmon reproduction been supported by juvenile releases from hatcheries.
In recent years salmon abundance in the Umba River has been far below the conservation limit thus
the status of natural salmon reproduction in this river is considered as critical.

In SNG of Karelian salmon rivers density of juveniles in 1994-1997 amounted to: in the Suma
River — 18.6 and 16.3 parr/100 m? in 1996 and 1997 respectively, in the Shuya River — 31.1 parr/100
m?, in the Gridina River — 29.5 parr/100 m? with the highest density of 100-150 parr/100 m?,
in the Pongoma River — 46.0 parr/100 m?, in the Vonga River — 55.0 parr/100 m?, in the Keret River —
97.0 parr/100 m? (1990). However, densities of salmon juveniles in the same period in the Vyg River
(0.3 parr/100 m?), the Kem River (2.1 parr/100 m?), the Kalga River (7.0 parr/100 m?), the Pulonga
River (9.0 parr/100 m?), The Keret River (1996 — 2.3 parr/100 m?) were extremely low and this trend
rapidly spread to the rest of the rivers in the beginning of XXI century. While the main factor
of juvenile salmon abundance decline in the Keret River was gyrodactylosis, caused by the
introduction of the parasite Gyrodactylus salaris, salmon population in other Karelian rivers critically
decreased due to extensive 1UU-fishing. As a consequence, in 2012 in SNG of the Gridina River
density of salmon juveniles was 6.7 parr/100 m?, in the Keret River in 2012-2016 density of fry and
parr fluctuated from 0.3 to 4.7 juveniles/100 m?.

In recent years, the level of IUU-fishing in the majority of rivers of these regions and in coastal
areas of the White Sea has increased dramatically. Recently poaching by numerous tourists rafting
on the Varzuga River has become a serious threat for salmon population also.
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MOPCKAS DKOJIOTUS TUXOOKEAHCKHUX JIOCOCEM (ONCORHYNCHUS SPP.):
MUDbI U SIBb
0. A. UBanos
DeoepanvHoe cocyoapcmeennoe DI00NHcemHoe HayuHoe yupedicoenue « TUxooKeancKuil HayyHo-
uccie008amenbCKull polOOX03UCMBEHHbII YeHmpy, 2. Biaoueocmok,
e-mail: oleg.ivanov@tinro-center.ru

C mnavama 1980-x rr. m mno Hacrosmee Bpems, npu npoeaeHun THUHPO-Llentpom
KPYITHOMACIITAaOHBIX ~ AKOCHCTEMHBIX  HCCIEIOBaHMA  OHOpPECYypcOB  BCeH  JaTbHEBOCTOYHOM
HSKOHOMMYECKON 30HBI, MOJY4YEHbl HOBBIE KOMIUJICKCHBIE JaHHbIE O MOPCKOM TMEpUOJe KU3ZHU
TUXOOKEAHCKUX Jococe. OHM OMpoOBEpraroT psiji CTEPEOTUIIOB, BOHUKIINX C CEPEAMHBI MPOILIOro
BeKa B YCIOBHX JedunuTa HHPOpPMAIMM O MOPCKOM IMEPHOJE KU3HH 3TUX PbIO (IPHOPUTET
KOCBEHHBIX JAHHBIX) ¥ YTBEPJIUBIIUXCS CPEIU OTCUECTBEHHBIX M 3apyOCKHBIX YUCHBIX, B TOM YHCIIC
OT pbIOOXO03sIICTBEHHOM Hayku. B HacTosmeil myOauKanuu K TaKOBBIM CTepEOTUIIaM (YIPOILIEHHbBIE U
MIOBEPXHOCTHBIE MPEACTABICHUS 00 SKOJOIMM THXOOKEAHCKHUX JIOCOCEH) M Jayke 3a0i1yKIEeHUSIM
MPUYKCICHO OKOJO JBYX JAECATKOB MOCTynaaToB. OHHU KacaloTCs METOJOB IO3HAHUS MOPCKOMN
9KOJIOTMM TUXOOKEAHCKUX JIOCOCEH (IIPEBO3HECEHHE OPU(PTEPHOr0 HAYHYHOI'O JIOBA HAJ TPaJOBbIM),
JTUMUTHPYIOIIUX (GaKTOPOB cpeabl (a0COMOTH3alMS BIUSHUS TMOBEPXHOCTHOM TeMIepaTypbl
U COJEHOCTH Ha UX PAclpoCTpaHEHHE U (POPMHUPOBAHUE YPOXKAMHOCTH MOKOJIEHUH Yepe3 MOPCKYIO
CMEpPTHOCTb), OCOOCHHOCTEH pacrpeneneHus (cTailHbIi o0Opa3 KH3HH) M CE30HHBIX MHUTpALUN
(mpennouYTHTENbHBIE TEPEMENICHHS 10 TEYEHHWIO), THIIEBBIX OTHOIICHHUH (KECTKas KOHKYpPEHIIHS
BHyTpu poma Oncorhynchus u ¢ apyrumMu  peibaMu), OrpaHHMYEHHOCTH KOPMOBOH  0a3bl
U DKOJIOTMYECKON €MKOCTH OKEaHMYECKOW CyOapKTUYECKOW SIuIenardaiy, HapyLUIeHUs CTPYKTYphI
U (YHKIMOHUPOBAHUA HEKTOHHBIX COOOINECTB B IIeIOM (Yepe3 MEepPernoJHeHUE SKOJIOTUYECKOU
€MKOCTH DJIHIeNariajy JIOCOCSMHU, OCOOEHHO HHAYCTpUAIbHOW KeToW), BbIOOpa (hOpMaTIbHBIX
KJIMMATO-OKEAHOJOTUYECKUX HWHIMKATOPOB, HMEIOIIUX pellalllee 3HadeHue Ha (OopMHUpOBaHHE
YHCIEHHOCTH MOKOJCHUN U MaciTabbl HEPECTOBBIX MOAXOA0B U Ap. MHOTHE U3 3TUX MPECTaBICHUN
c(OpMUPOBATIUCH HE HAa OCHOBE PACKPBITUS NPUYMHHO-CIEICTBEHHBIX CBSI3€H MEXIY SBJICHUSMH,
a UCKJIIOYHUTENHHO MO (HOpMaIbHBIM KOPPENSIUOHHBIM 3aBHCUMOCTSIM (2 MHOT/a W MO MPOCTHIM
COBIMAJICHUSIM), IO KOTOPBIM IPUYUHY M CJEICTBHUE Pa3IMYUTh HEBO3MOXKHO. Uepe3 HEKpUTUYHOE
OTHOIIICHHE YYEHBIX K CBOUM BBIBOJAM, HEMPOBEPEHHBIE TUIIOTE3bl YACTO CTAHOBATCS CTEPEOTUIIAMU,
U B 3TOM CJyyae OHH, BbIJaBas KejlaemMoe 3a JCHCTBUTEIbHOE, (OPMHUPYIOT YK€ HE OOBEKTHBHOE
3HaHue, a MU(BI.

SBb xe TakoBa. VIMest BBICOKOAOCTOBEPHBIE (PaKTUUECKHE CBUAETEIHCTBA O MOPCKOM IMEPUOJIE
KU3HU TUXOOKEAHCKUX JIOCOCEH, MOyYeHHbIE B MHOTOYHCIEHHBIX AKCIEANIMIX ¢ Havana 1980-x rr.,
MBI YTBEP:K/Ia€M, YTO 3TH PBIOBI BECbMa 3KOJOTUYECKHU IIACTUYHBI, ¢ 0oJjiee IIMPOKUM JHMANa30HOM
TeMIepaTypbl OOMTaHHs (OTHOCHTENBHO TMPEXKHUX TMPEACTAaBICHUI), OHU CHOCOOHBI COBEPIIATH
3HAYUTENIbHbIE BEPTUKAJIbHbIE MUTpAIMHM, NPU KOTOPHIX CBOOOJHO IEPECEKaloT TeMIlepaTypHbIe
CKauKM M PAa3HOPOJAHBIE BOJHBIE Macchl. THXOOKEaHCKHE JIOCOCH B MOPCKOH MNepHoj >KU3HU
npucrnocoOIeHbl K OOMTaHHIO HAa OOIIMPHBIX aKBaTOpPHUSAX Oe3 00pa3oBaHUs IJIOTHBIX CKOIUIEHUH
(KOCSIKOB), TIpH 3TOM, UMEsI IIMPOKUE MUILEBBIE CIEKTPHI, OHU YCIIEIIHO BOCIIOJIHSIOT CBOM palyoH
KOPMOBBIMHU OpraHu3MaMi (MakpoOIUIAHKTOH M MEJIKMM HEKTOH) Jake C OTHOCHTEIHbHO HEBBICOKUMU
KOHIIeHTpauusmMu. buomacca Tuxookeanckux jiococeit B CeBepHoii [Tanmgpuke He mpeBbIaeT 5 MIIH T,
a B pOCCHHCKHX Bojax - He Ooisiee 2,0 mutH T. Ha ¢one Gmomacchl Bcero HEKTOHa (COTHH MIJIJTHOHOB
TOHH) Ha UX J0dr0 npuxoautcs menee 0,1%, a kak MOTpeOUTENH MUIIM B COCTABE AIMUTMEITATHIECKIX
OMOIICHO30B OHU 3aHMMAIOT OTHOCHTENIBHO CcKkpomHOe Mecto (oT 0,5 mo 15,0% B 3aBUCHMOCTH
OT ce30Ha W MecTa). CrenoBaTelabHO, UX POJIb B COCTaBE MEJAarMYecCKUX OWOIIEHO30B B LIEIOM
OrpaHUYEHHA.
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MARINE ECOLOGY OF PACIFIC SALMON (ONCORHYNCHUS SPP.):
MYTHS AND REALITY
O. A. Ivanov
Federal State Budgetary Scientific Institution Pacific Research Fisheries Center, Vladivostok, Russia,
e-mail: oleg.ivanov@tinro-center.ru

Since the beginning of the 1980th to the present time, when carrying out large-scale ecosystem
researches of biological resources of the entire far Eastern economic zone by the TINRO-Center, new
complex data on the sea period of life of the Pacific salmons are obtained. They refute a number
of stereotypes that have arisen since the middle of last century in the conditions of deficiency
of information on the marine period of life of these fishes (priority of indirect data) and well-
established among domestic and foreign scientists, including fisheries science. In this publication,
about two dozen postulates are listed as such stereotypes (simplified and superficial ideas about the
ecology of Pacific salmons) and even misconceptions. They relate to the methods of knowledge
of marine ecology of Pacific salmon (the exaltation scientific drift-nets fishing on trawl), the limiting
factors of the environment (absolutization of the influence surface temperature and salinity on their
distribution and formation of productivity of generations through marine mortality), the features
of distribution (gregarious) and seasonal migrations (preferred moving along the current), the food
relations (tough competition within the genus Oncorhynchus, and with other fish), the limited forage
resources and the ecological capacity of the oceanic subarctic epipelagic zone, the disruption
of the structure and functioning of nekton communities as a whole (through the overflow ecological
capacity of the epipelagial by the salmon, especially industrial chum), the choice formal of climatic
and ocenological indicators having crucial importance for the formation of the abundance
of generations and the scale of spawning approaches, etc. Many of these stereotypes were formed not
on the basis of the disclosure of cause-effect relationships between phenomena, but exclusively by
formal correlation dependencies (and sometimes even on simple coincidences), on which cause and
effect can’t be distinguished. Through the noncritical attitude of scientists to their conclusions,
unverified hypotheses often become stereotypes, and in this case they, by giving in wishful thinking,
form no objective knowledge, but myths.

The reality is as follows. Having highly reliable factual evidence about the marine life period of
Pacific salmon obtained in numerous expeditions since the early 1980s, we argue that these fish are
very ecologically plastic, with a wider temperature range of habitat relative to the previous
submissions; they are able to make significant vertical migrations where freely across thermocline and
the heterogeneous water masses. The Pacific salmon in the marine period of life are adapted
to inhabitation in the extensive water areas without the formation of dense aggregations (schools) with
wide range diets, they successfully make up for their ration of forage organisms (macroplankton and
small nekton), even with relatively low concentrations. The biomass of Pacific salmon in the North
Pacific does not exceed 5 million tons, and in Russian waters not more than 2.0 million tons. Against
the background of the biomass of all nekton (hundred million tons) they account for less than 0.1%,
and as consumers of food in the composition of the epipelagic biocenosis they occupy a relatively
modest place (from 0.5 to 15.0% depending on season and location). Consequently, their role in the
pelagic biocenosis as a whole is limited.
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IMAPA3SUTOJIOTTYECKUE PUCKHU, CBSI3BAHHBIE C PA3SBUTUEM IIPECHOBO/JHOM
AKBAKYJIBTYPbI
E. I1. Memko', A. H. ITapmykos’, C. T'. Coxomnos™”

LDedepanvroe 2ocydapcmesentoe Giodicemnoe yupexcdenue nayku Muncmumym 6uonoeuu Kapenscko2o
Hayunozo yewmpa Poccuiickoti akademuu nayx, 2. Illemposzasoock, Poccus, e-mail: ieshkoep@gmail.com
2[Tenmp napasumonozuu Uncmumyma npo6nem sxonoeuu u seonoyuu uvenu A. H. Cesepyosa
Poccuiickoii akademuu nayk, 2. Mockea, Poccus

HccnenoBana ce3oHHas JMHAMUKA 3apaXCHHOCTH panyxHoit ¢opemn Oncorhynchus mykiss
MoHoreHessmu poaa Gyrodactylus, 3aBe3eHHBIMHU C MMOCAJ0YHBIM MAaTEpUAIOM Ha (GOpeeByio Gepmy
Jlamoskckoro o3epa u3 peiooBoaHOTO x03s1iicTBa Pecnybnmku CeepHas Ocerus-Ananus. [lokazano,
YTO BCTPEYAEMOCTh Mapa3uTa U MHTCHCHUBHOCThH 3apa)KCHHUS PbhI0 MMeJia BBIPAKEHHYIO 3aBUCHUMOCTH
OoT Temreparypsl BoAbl. 1lo MOpQonOrHyeckMM W TEeHEeTHMYECKHMM MpPHU3HAKaM JaHHbIE Mapa3uThl
OTJIMYAIOTCS. OT TUPOAAKTHIIIOCOB, BCTPEUYABIIMXCS paHee B CaJIKOBBIX (hepmax Ha pamykHOU dopenu
Jlaporm.

PARASITOLOGICAL RISKS RELATED TO DEVELOPMENT OF FRESHWATER
AQUACULTURE
E. P. leshko®, A. N. Parshukov?, S. G. Sokolov*?
'Institute of Biology, Karelian Research Centre of the Russian Academy of Sciences, Petrozavodsk, Russia,
e-mail: ieshkoep@gmail.com
“Center for Parasitology of the A. N. Severtsov Institute of Ecology and Evolution of the Russian Academy of
Sciences, Moscow, Russia

The seasonal dynamics of infection of rainbow trout Oncorhynchus mykiss with monogeneans
of the genus Gyrodactylus imported with stocking material on the trout farm in Ladoga Lake
from the fish farm of the Republic of North Ossetia-Alania, was studied. It was shown
that the occurrence of the parasite and the intensity of infection of fish had a represented dependence
on the water temperature. According to the morphological and genetic characteristics, these parasites
differ from the Gyrodactylus, previously occurred in cage farms on the rainbow trout of Ladoga.
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MOHOTI'EHEH POJA GYRODACTYLUS - MAPA3UTBI JIOCOCEBBIX PbIb
(SALMONIDAE) PEK CEBEPO-3AIIAIA POCCUU
E. I1. Uemko', C. T'. Cokomnos™?, A. H. ITapurykos®, T. A. Kapacesa®, B. C. MensHuK’,
. O. Ky3BMI/IH3
LDedepanvioe 2ocydapcmeennoe Giodacemnoe yupexcoenue nayku Mucmumym 6uonoeuu Kapenbckozo
Hayuno2o yeumpa Poccuiickoii akademuu nayx, 2. [lemposasoock, Poccus, e-mail: ieshkoep@gmail.com
2Ilenmp napasumonozuu Hncmumyma npo6nem sxonoeuu u s6onoyuu uvenu A. H. Cesepyosa Poccuiickoii
akademuu Hayk, 2. Mockea, Poccus
3®edepanvroe 2ocyoapcmeentoe 0100xcemnoe HayyHoe yupexcoerue «llonapHulii HayuyHo-uccie008amenbCKull
UHCIMUMYT MOPCKO020 PblOH020 X03sticmea u okearozpaguu umenu H. M. Knunosuuay,
2. Mypmanck, Poccus

[pescTaBieHbl JaHHBIC O PACIPOCTPAHEHUH M BCTPEYAeMOCTH MOHOTeHe# poaa Gyrodactylus na
JococeBbIX pridax pek Kapemnu n Mypmanckoi obmactu. PaccMoTpeHsl pe3ysibTaTbl MOHUTOPUHTA
AMU300TUH MOJI01U JIococs B peke Kepetb u Bogoémax Oacceitna pexku Kemp (6acceitn bemoro mopsi),
Be3BaHHBIX Gyrodactylus salaris. TToka3ano BiusiHHE CaJKOBOIO PhIOOBOJICTBA HA PAcIpOCTPAHCHHE
TUPOJAKTHIIFOCHBIX UHBA3UH B PEKax.

MONOGENEANS OF THE GENUS GYRODACTYLUS - PARASITES OF SALMONIDAE IN
THE RIVERS OF THE NORTHWEST OF RUSSIA
E. P. leshko?, S. G. Sokolov'?, A. N. Parshukov?, T. A. Karaseva®, V. S. Melnik®, D. O. Kuzmin®
'Institute of Biology, Karelian Research Centre of the Russian Academy of Sciences, Petrozavodsk, Russia,
e-mail: ieshkoep@gmail.com
2Center for Parasitology of the A. N. Severtsov Institute of Ecology and Evolution of the Russian Academy of
Sciences, Moscow, Russia
*Knipovich Polar Research Institute of Marine Fisheries and Oceanography, Murmansk, Russia

Data on the distribution and occurrence of monogeneans of the genus Gyrodactylus on salmonids
in the rivers of Karelia and the Murmansk region are presented. The results of monitoring epizootics
of salmon parr in the Keret' and reservoirs of the Kem' river basin (the White Sea basin) caused
by Gyrodactylus salaris are reviewed. The influence of cage fish farm on the distribution of
Gyrodactylus invasions in rivers is demonstrated.
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CTPATETUSI COXPAHEHUS NONYJIAIUN ATTAHTHYECKOI'O JIOCOCS B P®
B. W. Upkames, JI. B. EpmakoBa
DoHO coxpanerus buonoeuueckozo paznoodpasusa Konvckoeo nonyocmposa « Mypmauckuii 10cocoy,
2. Mownuezopck, Poccus, e-mail: murmansalmon@yandex.ru

Crparerusi coxpaHeHusi BOAHBIX OuopecypcoB B P® 3akioyeHa B OCHOBHOM 3akoHe PO,
KOTOPBIM peryiupyer OTHOLIEHHS B 00JacTU PBHIOOJIOBCTBA M COXPAaHEHHUS BOJHBIX OHMOpPECYpCOB —
¢benepanbublii  3ak0H «O  pBHIOOJIOBCTBE M COXPAHEHUWH BOJHBIX OHOJIOTMYECKHX PECYpPCOB)»
ot 20.12.2004 Ne 166-dD3. «CoxpaHeHHE BOJIHBIX OMOPECYPCOB - TOAJIEP)KaHUE BOIHBIX OHMOPECYPCOB
WIM HUX BOCCTAaHOBJIEHHE JO YpPOBHEH, HPU KOTOPHIX MOTYT OBITH OOecreueHbl MaKCHMalbHas
ycToiunBas 100bI4a (BBIJIOB) BOJHBIX OMOPECYPCOB M MX OMOJIOTHYECKOE pa3HOOOpa3re, MOCPeCTBOM
OCYIIECTBIICHHsI HAa OCHOBE HAYYHBIX JAaHHBIX Mep - [0 H3YYEHHIO, OXpaHe, BOCIPOU3BOJCTBY,
PalMOHAILHOMY HCITOJIb30BAHUIO BOJHBIX OMOPECYPCOB U OXpaHe cpeibl X oduTanus» (ct. 1 m. 7).
Ha 5»TWX OCHOBHBIX MNPHUHLIMIAX W CTPOHUTCSA CTPATETUS COXPAHEHHS AaTIAHTUYECKOTO JIOCOCS
B Poccun. Crparerus coxpaHeHUsI aTJAaHTHUYECKOTO JIOCOCS — OTO KOHTPOIb MOPCKOTO
U TIPECHOBOJIHOTO MEPUOJIA KU3HEHHOTO IMKJIA TaHHOTO BUIa OMOJIOTHYECKOTO pecypca M MPUHATHE
Mep, oOecreynBaroNX ero CTabMIbHBIN 3amac.

OCHOBOII TIPECHOBOJHOTO TMEPUOJA JKU3HU SIBIIIOTCS HAaydHbIE JaHHBIE O 3armacax JIOCOCsS
B CeBepHOM pBIOOXO03sHiCTBEHHOM Oacceline P®, koTopble CKIAIbIBAIOTCS W3 COCTOSHUU 3amacoB
ATIIAHTUYECKOr0 JIOCOCS B KaXIOM HepecToBoM peke. [Io Kakaol JI0COCeBOHM pPEKe IPOBOIATCSA
Hay4yHble€  MCCIEIOBAaHMS:  y4yeT 3axoJa  Mpou3BoAuTeneil  (pplOoyueTHOe  3arpaxacHue
WINA TUAPOAKYCTUYECKAsi CUCTEMa y4ueTa), METOIMKA ONPEICICHUs KOJIMYECTBa HEPECTYIOMIMX 0CO0en
[0 BH3yaJbHOMY YYETy HEpPECTOBBIX THE3[l, OMpEleJIeHHE IUIOTHOCTH MOJOIM IO Yy4acTKaM
(MeTox 3JIEKTPOJIOBA), YUET MOKATHUKOB | Jp. OOOOIICHHBIC JaHHBIC dTHX HAYYHBIX HCCIIEIOBaHUN
MO3BOJISIIOT MIPOTHO3MPOBATh IMMOAXOJl TMPOU3BOJIUTENEH JIOCOCA B KAXKIYH PEKy, AN OLEHKH
BO3MOKHOT'O KOJIMYECTBA MPOMBICIOBOTO M3BATHS W IUIAHUPOBAHUS MEp MO OXpaHe, MM 3alpeTa Ha
BBUIOB M BOCCTAHOBJICHUS, B CIIy4ae €CJIM, MOMYJSALUS B JEMPECCUBHOM COCTOSIHMHM (HEPECTOBBIN
3arac — HWKe COXPaHSIOIIEro JIUMUTA).

[TonydyeHHble Hay4yHBIE JAHHBIE HCIOJB3YIOTCS HAJA30PHBIMH U PBIOOOXPAHHBIMH OpraHaMU
BJIACTH JUIS TIOCTPOCHHS TAKTHKH OXPAaHbl HEPECTUJIMIN, TJIABHOW IIETBI0 KOTOPOW SIBIISETCS
obecrieyeHrne Mpoxoja Ha HepecT HEOOXOJMMOro KOJIMYecTBa IMPOU3BOAUTENEH Jococs M3 MOps
B YCThS pEK U OXpaHbl CAMOTO HEPECTa.

BoccranoButenbHbIe MEPONPUATHS MPOBOIATCS B Clydasx, KOTJa 3amac JI0COCS B OTIEIBHO
B3STOM pEKe OIyCTWICA JIO YPOBHS, NMPH KOTOPOM HE MOXKET OBITh 00eCneueHO YCTOHYHMBOE
BOCIIPOU3BOICTBO. BoccTaHoBIeHUE MOMYNSIIUNA aTIIAHTUYECKOTO JIOCOCS MOYHO IMPOU3BOJIUTH ITyTEM
CTPOWTENBCTBA PHIOOBOHOTO TIPEANIPUATHS W BBITYCKOM HMCKYCCTBEHHO BBIPAIICHHON 3aBOJCKOMN
MOJIOJM, TaK M C MOMOIIbI0 Oosnee 3(dekTuBHOrO crnocodba — MyTeM 3apbIOJIEHUS HEPECTOBBIX
YYaCTKOB PEKH MCKYCCTBEHHBIMHU THE3JaMH-WHKYOATOpaMHU.

PanmonansHoe MCIoNb30BaHWE OOECTIEUMBAETCS MPUHATHEM 3aKOHOJATEIbHBIX aKTOB, MPABHII
PBIOOJIOBCTBA, PENICHUSIMU aHAIPOMHBIX KOMHCCHH, PETYIUPYIOIINX BBUIOB aTIIAHTHYECKOTO JIOCOCH,
Ha OCHOBE MPEJICTABICHHBIX €KETOIHBIX HAYYHBIX JAHHBIX O COCTOSTHHH 3aMacoB B KaXKIOW JTOCOCEBON
peke.

Mopckoii TepuoJl JKM3HEHHOT'O IMKJIAa JIOCOCS PEeryjlupyeTcss ydacTHEM ToCylapcTBa
00JTaaroIIero 3amacaMu JI0cocst, KOTOPBIH HEPECTUTCSI Ha TEPPUTOPHH ITOTO TOCYAapCTBa, B paboTe
MexayHaponHoi  opranuzauud  HACKO, T1.e. P® npuHuMaer KoJUIETHATbHOE — YydacTHe
B PEryJUpOBaHMM BONPOCa MOPCKOTO TepHOAa JKU3HU Jococsi. JlaHHBIE Mephl SBISIOTCS
HEOTHEMJIEMOM YacTbIO CTPAaTErMu COXpAHEHUs aTJaHTU4YecKoro Jococs B Poccum, KoTopble
MO3BOJISTIOT COXPAHATH TIOMYJISIIIAA JIOCOCS Ha CTAOMIIBHOM YPOBHE.
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ATLANTIC SALMON CONSERVATION STRATEGY IN THE RUSSIAN FEDERATION
V. I. Irkashev, L. V. Yermakova
Murmansk Salmon Foundation, Monchegorsk, Russia, e-mail: murmansalmon@yandex.ru

Russia’s aquatic bioresources conservation strategy is set out in the main law of the Russian
Federation No. 166-FL of 20 December, 2004, "Conservation of aquatic bioresources by maintaining
aquatic bioresources or restoring them to the maximum stable production (catches) levels of aquatic
bioresources and their biological diversity are provided by scientific activities such as the study,
protection, reproduction and management of aquatic bioresources and the protection of their habitats™
(Clause 1, Point 7). The law was adopted to control commercial fishing and conservation of biological
resources. These major principles provide a basis for the Atlantic salmon conservation strategy
in Russia developed to control a marine and freshwater period in the life cycle of this type
of biological resources and to take necessary measures to maintain its stable stock.

A freshwater period in the life of Atlantic salmon is based on the scientific data on the salmon
stock in the Northern Fishery Basin of the Russian Federation, which consist of the data on the current
Atlantic salmon stock in every spawning river. The research activities are conducted on each river by
monitoring the arrival of producers (a fish counting fence or a hydroacoustic counting system), using
a method for estimating the number of spawning individuals from visual counting of spawning nests
and the density of juveniles at each river sector (electrofishing method), counting downstream-
migrants, etc. The data obtained are analyzed to forecast the migration of salmon to each river,
to estimate the possible amounts of commercial withdrawal and to work out measures to protect or
prohibit commercial fishing and to restore the fish stock if the population is depressed (the spawning
stock is below the conservation limit).

The scientific data obtained are used by supervising and fish conservation bodies to develop
the spawning grounds protection tactics to facilitate the migration of the required numbers of salmon
producers from the sea into river mouths for spawning and to protect the spawning itself.

Restoring is conducted when the salmon stock in a river has declined to a level at which stable
reproduction is impossible. Atlantic salmon populations can be restored by building a fish farm,
releasing artificially produced juveniles and stocking spawning river sectors with artificial incubator
nests — the most efficient method.

The Atlantic salmon stock is managed by adopting legislative acts and fishing rules and meeting
the requirements developed by anadromous fish commissions, which control Atlantic salmon catching
by analyzing annual reports on the current fish stock in each salmon river.

A marine period in salmon’s life cycle is controlled by the state, which owns the salmon stock
and the spawning grounds, and is involved in NASCO activities, i.e. the Russian Federation
contributes to the study of a marine period in salmon’s life cycle. These activities are part of the
Atlantic salmon conservation strategy in Russia developed to maintain salmon population stability.
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BJIMSTHUE HEPECTOBBIX 3AX0/I0B TUXOOKEAHCKHNX JIOCOCEM
HA BUOXUMHNYECKHUE ITIOKA3ATEJIN 300BEHTOCA
B P. BOJIBIIIASA BAITAJHAS KAMYATKA)
E. U. Kanbuenko, T. H. TpaBuna
DeoepanvHoe eocyoapcmeeHHoe DI00xHcemHoe HayuHoe yupedicoenue « Kamuamekuii Hayuno-
Uccne008amenbCKUll UHCIUMYm polOHO20 X03AUCMEa U OKeanozpapuuy,
2. [lemponaesnosck-Kamuamcxuii, Poccus, e-mail: kalchenko.e.i@kamniro.ru

Pexa bonbmas sBiseTcss OAHOM M3 BAKHEMIIMX IO BOCIPOU3BOACTBY THXOOKEAHCKHUX JIOCOCEU
Ha 3anajgHoM nobepexbe Kamuarku. Kax bl rosy B CBSI3M ¢ HEPECTOBBIMU 3aX0JlaMH IIPOU3BOANUTENEH
ropOymu, KeTbl, HEPKH, KHWXKydya M YaBbIUM IIPECHOBOJAHAsS OSKOCUCTEMA IIOJy4aeT OHOreHHbIE
BELIECTBA MOPCKOI'O IIPOUCXOXKACHHUS B BHUJIE JIOCOCEBOM CHEHKM U MKpPBI, KOTOPBIE BOBIEKAIOTCSA
B €€ pasnuuHble Tpoduueckue ypoBHU. CBEACHUH O BIUSHUA MOPCKOTO «CYOCHIUPOBAHUS
Ha Ka4eCTBEHHOE COCTOSIHME KOPMOBOM 0a3bl B PEUHBIX HKOCHCTEMAx B JIMTEpAaType OYEHb Mallo.
B wnacrosimee Bpemsa sxupHble kucinorbl (OKK) Hapsny c¢ u3oTomamu yriepoaa U a3oTa aKTUBHO
UCHOJB3YIOTCS KaK OMOXMMHYECKHME MapKepbl B 53KOJOIMYECKMX HCCIICOBAHUAX, CBS3aHHBIX
C aHWIM30M HCTOYHHKOB M TIyTel TpaHcpopMamuy OpPraHWYECKOrO BEIIECTBA B Pa3IHMYHBIX
HKOCUCTEMAaX U YCTaHOBJEHHEM TpOpHUUECKUX cBs3el opranu3moB. Llenp ngaHHON paboOTHI
3aKJIoYajgach B OLIEHKE BJIMSHMS HEPECTOBBIX 3aXOJ0B THXOOKEAHCKHX JIOCOCEH Ha CE30HHYIO
U MEXTOJIOBYIO TUHAMUKY OMOXMMHUYECKHX IOKa3aTesel MPeCHOBOIHBIX 3000€HTOCHBIX OPraHU3MOB,
JOMHUHUPYIOIIKX B MUTaHUH MOJIOJU J10coced B p. bosnbmasi.

B BeceHHuil mepuoj y JMYMHOK (XUPOHOMHJ, BECHSHOK, IOJICHOK, PYYEHHHKOB), OJIUTOXET
1 raMmmapycoB B coctae JKK o0mux JIMnumIoB M TPHALMITIIMIEPUHOB OTMEUEH HAUOOIBIINN YPOBEHB
KK, sBisdrommxcs MapkepaMd MHUTaHUS JUATOMOBBIMH BOJOPOCIHSIMU M OaKTEpPHOIUIAHKTOHOM.
Jlerom B 3000eHTOCE BO3pactana gons KK — mapkepoB muUTaHWs CUHE3ENCHBIMH M 3€JIIEHBIMHU
BojlopocisiMU. B aBrycrte-ceHTs10pe ObU10 OOHApyKEHO IOSIBIEHUE B Tel€ JUYMHOK XMPOHOMM[
U pY4YEHHMKOB, OJMIOXeT, OOMTAIOUIMX B HUXKHEM TedeHHUHU p. boibmas, MoHoHeHachlmeHHbIX KK
¢ 20-22 aromamu yriepoaa (20:1w-11, 22:10-11, 22:1»-9), KOTOpBHIE SABISIOTCS MapKepaMH THTAHUS
JUMHUJAMH MOPCKOTO TMPOUCXOXKJICHHSI, UX 00liee coiepkaHue cocTaBisiio 2—/% ot cymmsl Beex JKK.
OTU KUCIOTHl B MPECHOBOJHOM 3000€HTOCE OTCYTCTBYIOT WJIM TpeAcTaBiieHbl He3HauuTesnbHo (0,1—
0,2%), HO OoOHapyxeHbl B OoibIiuX KoiuyecTBax (>50%) y MOpPCKHMX pakooOpa3HbIX (KONENon),
MIOCKOJIbKY MOPCKHME M TPECHOBOJHBIE IMHUIIEBBIE CETH XapaKTEPU3YIOTCS PA3IUYHBIMU YPOBHSIMU
crieruduyeckux JKK. Bricokoe Hakomnenne moHoHeHaAchIeHHBIX KK Cag.22 (>22%) xapakTepHO IS
MBIIIEYHON TKaHU TMPOU3BOAMTENCH THXOOKEAHCKHUX JIOCOCEH U3-3a IUTaHUS pPakooOpa3HbIMU
B Mopckoi mnepuoxa sku3Hu (I'mameimeB u ap., 2010). IlosBaeHHe MOpPCKUX JIMIIUAOB B Tele
IIPECHOBO/IHBIX 3000€HTOCHBIX OPraHU3MOB SIBISIETCSI MPSMBIM JI0Ka3aTE€IbCTBOM WX TMHMTAHUSA
JI0COCEBOM CHEHKOM.

B pesynbrare uccnenoBaHuii, npoBeaeHHbIX B nepuon 2012-2016 rr., ObIIO YCTaHOBIEHO,
YTO BEJIMYMHA HEPECTOBOTO 3aX0j]a THXOOKEAHCKUX Jiococel B OGaccelH p. bombias omocpenoBaHHO
yepe3 TpopHUuecKHe LEeNH OKa3bIBAET BIMSHUE HA OMOXMMHUYECKHE MOoKa3aTelu 3000eHToca. BecHoi
(B ampere-Mae) CIEAYIOLIETO T0ja MOCJIe€ MHOTOYMCICHHBIX IOJAXO0J0B MPOM3BOIUTENCH ropOyuun
MIPOMCXOJUT 3HAUUTEIbHOE YBEIMUYEHHE B TEJIE KOPMOBBIX OPraHM3MOB COJEp>KaHUS JIMIKIOB Ha
8-12% (mo cyxomy Becy). B aToT mepuon B cocTaBe JUMHIOB 3000€HTOCA MPOMCXOIUT MOBBIIICHUE
YpOBHS XK, SIBJISIOILIUXCS MapKepaMu MUTaHUS JTMaTOMOBBIMU BOJIOPOCISIMU
1 OaKTePHOIUIAHKTOHOM, YTO YyKa3blBaeT HA YBEJIMYEHHE MX MPOAYKIUH 32 CUET NPUBHECEHHBIX
OMOTeHHBIX BEILECTB MOPCKOTO MPOUCXOKIEHHs. Bbicokue 3aX0/pl TPOU3BOAUTENEH THXOOKEaHCKHX
Jococeit Ha HepecT B p. bonbmas obecnieunBaroT 0oJbllee MOCTYIJIEHHEe OUOTeHOB, KOTOPHIE B CBOIO
ouepeslb OMNPENENSIOT CTENeHb (PYHKIMOHUPOBAaHUS BCEX TPO(MUYECKUX YPOBHEW MPECHOBOAHOMN
9KOCUCTEMBI.

Taxum 00pa3oM, ce30HHAs U MEXIoAoBas AMHAMHMKA OMOXMMUYECKHX TOKa3aTeliell 3000eHToca
U3 JIOCOCEBOW PEYHOM HKOCHUCTEMBI HAIVISIIHO JEMOHCTPUPYET CYLIECTBOBAHHE Pa3IMYHBIX
Tpo(pruecKux CBsI3ed MEXy MOPCKUMH U MPECHOBOAHBIMU 3KOCUCTEMaMHU.
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THE EFFECTS OF THE SPAWNING RUNS OF PACIFIC SALMON
ON THE BIOCHEMICAL INDEXES OF ZOOBENTHOS
IN BOLSHAYA RIVER (WEST KAMCHATKA)

E. I. Kalchenko, T. N. Travina
Kamchatka Research Institute of Fisheries and Oceanography, Petropavlovsk-Kamchatsky, Russia,
e-mail: kalchenko.e.i@kamniro.ru

The river Bolshaya is one of major rivers on the west coast of Kamchatka. Every year when
mature Pacific salmon return for spawning this freshwater system obtains marine biogenic substancies
to use them as subsidies at different trophic levels. There is not much information about the effects
of the marine biogenic "subsidies” on the state of forage base in river ecosystems in literature.
One of quality informative indexes for the forage organisms is the composition of fatty acids. For
nowadays using the fatty acids as biochemical markers, similar to using isotopes of carbon and
nitrogen, is widely known for ecological researches, analyzing sources and transformation of organic
substance in various ecosystems and figuring out trophic interactions between organisms.

The purpose of our research was to estimate effects of Pacific salmon spawning runs in Bolshaya
river on seasonal and interannual dynamics of biochemical indexes of freshwater zoobenthos,
dominating in diet of juvenile salmon.

In spring (April-May) the maximal level of fatty acids, as markers of feeding on diatoms
and bacterial plankton was found in larval chironomids, stoneflies, mayflies and caddis flies,
oligachaetes and gammaruses in the composition of fatty acids of summar lipids and triacylglycerols.
In summer zoobenthos had growing part of the fatty acids, indicating of feeding on blue-green and
green algae. In August and September we observed monounsaturated fatty acids with 20-22 atoms of
carbon (20:1w-11, 22:10-11, 22:1»-9) in larval chironomids and caddis flies, oligachaetes, inhabited
lower part of the Bolshaya, what indicates of feeding on lipids of marine origin, and the summar
contribution was 2—7 % of total sum of all fatty acids. The acids were not observed in freshwater
zoobenthos or were in a very small amount (0,1-0,2%), but there was a lot of them (>50%) in marine
crustaceans (copepods), because marine and freshwater food webs have different levels of specific
fatty acids. A high level of the monounsaturated fatty acids Cag.22 (>22%) is a specific trait for the
muscle tissue of mature Pacific salmon by reason of feeding on copepods in the marine stage of the life
history (Gladyshev et al., 2010). The appearance of the marine lipids in the larval chironomids
and caddis flies, oligachaetes is a direct evidence of feeding on salmon carcasses.

As a result of the research made in the period 2012-2016 we have it revealed, that the strength
of the Pacific salmon spawning run in the Bolshaya provides indirect effects on the biochemical
indexes of zoobenthos via trophic chains. In spring (in April-May) of the year next after a strong run
of pink salmon the level of lipids in the bodies of the forage invertebrates gets 8-12% higher (in dry
weight). Also in this period in the composition of the fatty acids of zoobenthos lipids the level
of the fatty acids indicating of the feeding on diatoms and bacterial plankton increases, what indicates
of increasing production at the expence of brought bioganic substances of marine origin. The strong
runs of the Pacific salmon spawners in the Bolshaya provide a subsidy of huge amount of biogenes,
predetermining freshwater ecosystem functioning of all trophic levels.

In the way mentioned we have it proved that the seasonal and interannual dynamics
of the biochemical indexes of zoobenthos in the salmon river ecosystem demonstrates various trophic
relations between marine and freshwater ecosystems.
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JAUHAMUKA PASMEPOB I'OPBYIHINU CEBEPO-3AITAJITHOT'O IIOBEPEXbS
OXOTCKOI'O MOPA
A. H. KanzenapoBa
DeoepanvHoe cocyoapcmeennoe DI00NHcemHoe HayuHoe yupedicoenue « TUxooKeancKuil HayuHo-
uccnedosamenbCKuil polOOX03UCMEEHHbII YeHmpy, 2. Biadusocmok, Poccus,
e-mail: albina.kanzeparova@tinro-center.ru

Ha ocHoBanuum wmuHoronetHux (1951-2016 rr.) maHHBIX NPOAHATU3UPOBAHA MEKIOJ0BAs
JMHAMUKa pa3MEpHBIX IMOKaszaTesiell TopOyln peK ceBepo-3amagHoro mnoodepexnss OXOTCKOro Mops
(na mpumepe mojenbHON peku Mcka, marepukoBoe nodepexne CaxanuHckoro 3aiuBa). Macca Tena
MMOKATHUKOB TOPOYIIM MOCTYNAaTeIbHO CHWXKAIWUCh KaK B JIMHUM HEYETHBIX (JIOMUHHPYIOIIHX
10 YMCJICHHOCTH ), TaK ¥ JJUHUU YETHBIX JIEeT (B cpeaneM ¢ 242 mr B niepuon 1950-1960 rr. go 179 mr
B nepuog 2000-2016 rr.). DOrta TeHAEHLHUS CHUXXEHMSI pa3MEpOB ropOyIIM B paccMaTpUBaeMbli
Mepuoj; OoTMeuanach W JJs IOJOBO3PENIOl ropOyHM ATHX >K€ IOKOJCHHH, XOTS TOCTOBEPHOMU
3aBUCHMOCTH MEXy MacCOil Teja MOJIOIU U IPOU3BOAUTENEH TOpOYyILN OJJTHOTO U TOTO K€ ITOKOJICHUS
HE BBISBJICHO. B JMHMM HEYETHBIX MOKOJEHHMN CpeIHsAsS Macca IMOJIOBO3PENO ropOyIM CHHU3UIACH
¢ 1,76 xr B mepuon 1950-1960 rr. no 1,28 xr B mepuon 2000-2016 rr., B JUHUU YETHBIX JIET —
c 1,59 xr mo 1,12 xr. Kak mpaBmiio, ropOyiia 4YeTHBIX MOKOJEHHH KMeJa MEHBIIYI Maccy
110 CPaBHEHUIO C MIPOU3BOAUTEIISIMU HEUETHBIX (JIOMUHUPYIOIIUX IO YACIECHHOCTH) MIOKOJICHUH.

Macca Tena nonoBo3penoit ropOymu p. Mcka cBsizaHa ¢ YUCIEHHOCTHIO €€ OOLIMX BO3BPATOB.
Koaddunment koppemsimmu CrimpMdHa MEXTy Maccod Tena ropOymm p. VMcka u ee 3aXxoqamMu B 3Ty
peKy B HEuUeTHble M 4YeTHble Troibl B mepuon 1951-2016 rr. cocraBunmu coorBercTBeHHO -0,534
(p=0,002) u -0,407 (p=0,029). B naubonee «ypoxaiiHbie» TOJasl B p. VIcka BO3BpamaroTcs 0coou
c OoJiee HU3KOW Maccoi Tena.

OTMmeueHa posb aMypcKoi ropOyIIr BO B3aUMOOTHOIIIEHUU ¢ TopOyiie p. Ficka B yeTHbIC TO/IbI.
B uyerHBle TOABI C MOBBIINIEHHEM YHCICHHOCTH aMypPCKOTO CTaJa YMEHBIIAETCsl CPEAHssl Macca
ropoymm p. Hcka. Koaddummentsr koppensuuu pazmepoB ropoymm p. Vcka ¢ 4HMCIEHHOCTBIO
ropOoymu Ha Amype B 3TOT mepuoja coctaBuia R=-0,456 (p=0,033). U3menenue cpemHeir Macchbl
ropOyIIM TUX ABYX CTaJ MPOUCXOTUT CUHXPOHHO, a KO3 duiueHT koppesaiun CrnupMdHa cpeHen
Maccel TopOymu p. Mcka u p. Amypa cocrasinger R=0,721 (p=0,0001). Bo3amoxHO, 3TO CBsI3aHO
¢ reorpaduueckoit O6mm3ocTeio p. Mcka ¢ yctbeM AMypa U BBICOKHM YPOBHEM CTPEUHTa TropOyIu
aMypCKOTO CTaJla B YETHBIC TOJbl BBICOKOYHCIICHHBIX MOAXO0J0B. OJHAaKO, CXOJHAs JAMHAMUKA
pazMepoB ropOymu p. Micka U OCHOBHBIX CTaj, HaryiauBaroumxcs B SIMOHCKOM Mope (aMypcKuwm,
3aragHOCaXaIMHCKUM, IPUMOPCKUM) MOXKET ObITh 00YCIIOBJIEHA BIMSIHHMEM OOIIMX (PaKTOPOB Ha POCT
ropOyIM B paifloHax UX COBMECTHOTO HaryJa.
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THE DYNAMICS OF THE PINK SALMON SIZES ON THE NORTHWESTERN
CONTINENTAL COAST OF THE OKHOTSK SEA
A. N. Kanzeparova
Federal State Budgetary Scientific Institution Pacific Research Fisheries Center, Vladivostok, Russia, e-
mail: albina.kanzeparova@tinro-center.ru

Basis on long-term (1951-2016) data, the interannual dynamics of pink salmon sizes was
analyzed for the stocks from the northwestern coast of the Okhotsk Sea (r. Iska). Body weight of pink
salmon downstream migrants decreased for both even and dominant odd generations (in average
from 242 mg in 1950-1960 to 179 mg in 2000-2016). This tendency of size decreasing was also noted
for the mature pink salmon, although there was no reliable correlation between the body weight
of juvenile and mature pink salmon for the same generation. In the odd generations, the average weight
of mature pink salmon decreased from 1.76 kg (1950-1960) to 1.28 kg (2000-2016), in the even
generation — from 1.59 kg to 1.12 kg. Usually, pink salmon of dominant odd generations had greater
weight comparing with the fishes of even generations.

Body weight of mature pink salmon was related to the total abundance of spawners returns into r.
Iska in 1951-2016. Spearman correlation coefficients between the pink salmon body weight and
spawners abundance for odd and even generations were respectively -0.534 (p = 0.002) and -0.407
(p =0.029). Pink salmon spawners had low body weight in the most abundant years.

There was noted the effect of the Amur pink salmon on the Iska pink salmon in even years.
Average Iska pink salmon weight decreased when the abundance of Amur pink salmon stock
increased. Spearman correlation coefficient between Iska pink salmon weight and abundance
of Amur pink salmon stock was R = -0.456 (p = 0.033) during period of research. Changes in average
pink salmon body weight were synchronous for these two stocks. Spearman correlation coefficient
between the average weight of Iska and Amur pink salmon was + 0.721 (p = 0.0001)). Perhaps this
is due to the geographical location of the rivers and high level of straying of the Amur pink salmon
in the even years when abundance was high. However, the similarity in pink salmon size dynamics
for the Iska stock and Amur, West Sakhalin, Primorye stocks could be due to common factors’
influence on the pink salmon growth in joint feeding area in the Japan Sea.
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BEJIKOBAS JETPAJALIUA B CKEJETHBIX MBIIHIIAX ATIAHTHUYECKOI'O
JIOCOCH SALMO SALAR L. 1 KYM’KHU SALMO TRUTTA L. 1P CMOJITU®UKALINHN
H. I1. Kanuepoga, JI. A. JIsicenko, M. A. PyuneB, H. H. HemoBa
DeoepanvHoe cocyoapcmeennoe Dlo0xcemHoe yupedcoenue nayku Mucmumym ouonoeuu Kapenvcroeo
Hayunozo yewmpa Poccuiickoti akademuu nayx, 2. Illemposzasoock, Poccus, e-mail: nkantserova@yandex.ru

W3yyeH ypoBeHb aKTHBHOCTH KaJIbI[HMI3aBUCHMBIX MPOTEHHA3 (KAJIbIMAMHOB) U IPOTEACOMBI
B CKEJICTHBIX MBIIIIAX MECTPITOK U CMOJITOB aTJIAHTHYECKOTO JOCOCs W Kymku. CMonTudukanms —
3TO KOMILIEKC MOBECHYECKUX, MOP(OIOrHuecKuX, (PU3UOTOTHICCKUX U OMOXUMHUYECKUX MTEPECTPOCK,
MPE/IICCTBYIONIMIA TEPEX0ay JIOCOCEBBIX pPbIO M3 TPECHOHM BOABI B MOpCKyw. [lokaszaHo, 4To y
aTJIAHTHYECKOTO JIOCOCS B MEPUOJ CMOJITU(PHUKAIUK CKOPOCTH POCTA U HAKOIUICHHUS OSIIKOBOM MacChl
CBsI3aHbI 00OPATHOM 3aBHCHMOCTBIO C aKTHBHOCTHIO MPOTEHHA3 B MbImiax. [omyueHHbIE pe3yabTaThl
CBH/ICTEIbCTBYIOT O TOM, YTO CHIDKCHHE YPOBHS OCJIKOBOM Jerpagaliid B CKEJIETHBIX MBIIIIAX
MOJIOJIH JIOCOCS CIIY)KUT MEXaHM3MOM, OOECIICUMBAIOIIMM HWHTCHCHUBHBIH POCT M (DPHU3HOJIOTHUCCKYIO
3peNoCTh JUIS MHUTpaldd W3 peKk B Mope. Bmecte ¢ Tem, MOKa3aHO, YTO Y KYMXKH aKTHBHOCTb
KaJIbIIAMHOB U MPOTEACOMBI JOCTOBEPHO HE pa3IHyaiach MEXIY HMECTPITKAMH U CMOJTAMHU CXOHOTO
Bo3pacta (3+). M3BecTHO, YTO BCTYIUIEHHE B CMOJATH()UKAIMIO MECTPITOK KYM)KH HE 3aBUCHT OT HX
pa3mepoB. IloaydeHHbIE HAMH PE3yJIbTaThl 00 WHTEHCHBHOCTH OCJIKOBOM Jerpafalud B CKEJICTHBIX
MBIIIIAX MECTPATOK M CMOJITOB KYMJKH COIJIACYIOTCS C JIaHHBIM HAOJIOJCHUEM. Y CTAHOBJICHO
pa3sHOHANPABJICHHOE HM3MEHECHHE AaKTHBHOCTH HCCIICAYEMbBIX IMPOTEUHA3 y KyM)KH 0OJee CTapIiux
BO3PACTHBIX TPYIIN — YPOBEHb AKTHMBHOCTH KAJIbIIAWHOB Y CMOJITOB 3HAYHMTENILHO BBINIC, YEM Y
MECTPATOK, TOT/Ia KaK Uil MPOTEAaCOMbI HaOJII0JaeTCss 00paTHasi 3aBUCUMOCTb. VI3BECTHO, YTO CMOJITHI
KyMXKH MOTYT MMETh B pPa3HO#l CTereHd cHOPMHUPOBAHHBIA OCMOPETYISTOPHBIN ammapar, mpud 3TOM
MoJiIepy)KaHue  OCMOTHYECKOro  OajiaHca, [MO-BUIMMOMY, 3aBHCHT OT  3allycka YacCTHBIX
KOMITCHCATOPHBIX ~MEXaHWU3MOB. [lOBBIIIEHHE AaKTUBHOCTH KaJblUH3aBUCUMbBIX IMPOTCHHA3 B
CKEJICTHBIX ~MBIIIIAX CMOJTOB KYM)KM HAlpPaBiICHO, 10 BCEH BHAUMOCTH, Ha MOJJCPKAHUE
OCMOTHYECKOIO JABJICHHs B KICTKaX 3a CYET BBICBOOOXICHHS CBOOOIHBIX aMUHOKUCIOT. Paboma
8bINOIHEHA NpU  uHaHCco8ol noddepicke Poccutickoco nayunoeo ¢omnoa, npoexm 14-24-00102
«Jlococesvie pwiovr  Cegepo-3anadoa Poccuu: 3K01020-0uoOXuUMUYeCKue MEXaHusMbl PAHHE20
PazeumusLy.
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PROTEIN DEGRADATION IN THE SKELETAL MUSCLES OF PARR AND SMOLT
ATLANTIC SALMON SALMO SALAR L. AND BROWN TROUT SALMO TRUTTA L.
DURING SMOLTIFICATION
N. P. Kantserova, L. A. Lysenko, M. A. Ruchyev, N. N. Nemova
Institute of Biology of Karelian Research Centre Russian Academy of Sciences, Petrozavodsk, Russia,
e-mail: nkantserova@yandex.ru

Activities of calcium-dependent proteases (calpains) and proteasome in the skeletal muscles of
parr and smolt Atlantic salmon and brown trout were studied. Smoltification is a complex of
behavioral, morphological, physiological, and biochemical transformations preceding the transition of
salmonids from fresh water to sea. It was demonstrated that in Atlantic salmon the growth and protein
mass accumulation rates during smoltification are inversely related to the activity of muscle proteases.
Obtained results show that decrease in protein degradation level in the skeletal muscles of salmon
juveniles could be a mechanism enable intensive growth and physiological maturity requiring to
migration from the river to the sea. However, in brown trout no significantly difference in calpain and
proteasome activities between parr and smolts of the same age (3+) was shown. It is known that brown
trout smoltification is not affected by parr size. Obtained results on protein degradation rate in the
skeletal muscles of brown trout parr and smolts correspond with this observation. Mixed change of
studied protease activities in brown trout of older age groups was shown since calpain activity was
higher in brown trout smolts as compared with parr and proteasome activity was lower in smolts.
Brown trout smolts could have different osmoregulatory state and the maintenance of the osmotic
balance probably require particular compensatory mechanisms. Increase in calcium-dependent
protease activity in the skeletal muscles of brown trout smolts is probably assigned to maintain the
osmotic pressure in the cells due to the release of free amino acids. This work was supported by the
Russian Science Foundation, project 14-24-00102 “Salmonids of the northwest of Russia. ecological
and biochemical mechanisms of early development”.
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IMAPA3UTOJOTMYECKHUA MOHUTOPHUHT 3APAYKEHHOCTH MOJIOIH
ATJIAHTUYECKOI'O JIOCOCS JUKUX NONYJISIIMIA MOHOTEHEEN
GYRODACTYLUS SALARIS. MYPMAHCKAS OBJIACTb U CEBEP KAPEJIUN
A. b. Kapaces, B. C. Menbhuk, A. A. becconos
DeoepanvHoe eocyoapcmeeHHoe D00xicemHoe HayuHoe yupedicoenue «llonapubiii HayuHo-UCcIe008amenbCKUL
UHCIMUMYM MOPCKO20 pblOHO20 X03a1icmea u okeanoepaguu umenu H. M. Knunosuuay, e. Mypmanck, Poccus,
e-mail: paralab@pinro.ru

Gyrodactylus salaris — moHorenes, oOuTaromas Ha aTJAHTHYECKOM Jiococe. BcemupHOit
OopraHm3alyel Mo oxXpaHe 3[0pOBbS JKUBOTHBIX THUPOJAKTWIE3 MpHU3HAH 0C000 OMacHBIM
3aboJeBaHueM JIococsi. BriepBble, Kak MaToreHHbIH A7 JIococs, OblT 3aperucTpupoBan B Hopeerun Ha
p. Cannnancopa. [1o mocnegaum gaHHbBIM mopasui peioy B 50 pekax Hopseruwu.

B Poccunm G. salaris Bei3Ban rubenp monoau jnococsi B p. Keperb (Ceepnas Kapemnmus),
r7e BrepBbie ObUT 0OOHapyxeH B 1992 r. npu ucciaenoBaHUuU MPUYUH PE3KOT0 CHIXKEHUS! YUCIIEHHOCTH
monogu. C 1993 r. [IMHPO nayar ¢akynbTaTUBHBIH MOHHUTOPHHT 3apaXEHHOCTH MOJIOJHU JIOCOCS
monoreneeit G. salaris B 17 pekax Kosbckoro momyoctpoBa, a ¢ 2009 r. MOHHTOPHUHT BEICTCS
Ha MOCTOSIHHOM OCHOBE B cooTBeTcTBUU ¢ npukazamMu ®AP Ne 844 or 22 centsadps 2009 r. u Ne 648
or 25 asrycra 2014 r. llenrp MOHHUTOpHHTa — CBOEBPEMEHHOE OOHApyXeHHE K KOHTPOIb
pacrpoctpaneHust MoHoreneu G. salaris.

ITo pesynpTaTam mMonutopunra, nposoaumoro [IMHPO, u B cooTBeTcTBUM ¢ reorpaduueckoi
OMM30CTHIO K OYaraM rUpoJIaKTHIIe3a U HAIMYHEM JOCTATOYHO OOJBIIUX Ut 0TOOpa P00 MOImyIsuit
nococs, BeIOpaHsl crneayromue peku Konbckoro nomyoctposa: p. Tynoma (mputoku pp. [ak u [eua) —
BEPXOBbSI PEKU HaxomaTcs BONmM3u 03. Muapu, rae Ha dopeneBbix (epmax ormeuaercs G. salaris,
p. Komna (mputoku p. OpnoBka u pyd. Illyumii) — CUIBHBII aHTPOMOTEHHBIA MPECCUHT U XOPOIIO
pa3BuTas MHMPACTPYKTypa, YTO MOXKET IMPHUBECTH K HENpeIHAMEPEHHOH HHTPOAYKLWHU Iapa3uTa,
p. Kanga (mputok p. Psa6una) — xopoio passuras nundpactpykrypa u 61u3octs K p. Kepers, p. KoBaa
— 6musocts K p. Kepers. Ha xaxmom BomoToke BbiOpaHa 1 cTaHIusi ¢ JOCTaTOYHOHM TUIOTHOCTBIO
pacnpeziesieHuss MOJIOIU Jlococs U HauOosiee Onu3Kash K TPAHCIOPTHBIM IyTsM. PabGoTy mpoBoAsT
€KEr0JIHO B MIOJIE — aBI'yCTE.

C 2011 r. monutopunr p. Keperp mnposogur IIMHPO, monoaws sococs oTiiaBIuBaeTcs
Ha CTaHLMSX, PacIOJIOKEHHBIX Ha moporax: Mopckoi, MarseeBckuii, Komynaesckuii, BapHunkuid,
Cyxoii, 110 2 CTaHIIUM Ha KaXIbIil Topor. PaboTy NMpoBOASIT €KEro/IHO B CEHTAOPE.

Ha ctaHumsax ¢ momouipio 3JIeKTpOJIOBa OTOMPAIOT MO BO3MOXKHOCTH 25 3K3. MOJIOJU JIOCOCH,
KOTOpbIE HCCIEAYIOT Ha MECT€ WM MpPU HEOOXOAMMOCTH TPAHCHOPTHUPYIOT B JKUBOM BUJE
JUI AajdbHEWIIero MCClIEeOBaHUS B KaMepalbHBIX YCIOBHUSX. AHaIM3 pbl0 Ha HalU4ylMe MOHOTIE€HEH
G. salaris mpoBoasT 1Mo OOIIEHPUHSITHIM TAPA3UTOIOTMYCCKAM METOIUKAM.

B p. Kepets B 2016 1. Mos016 J10cOCs OOHapysxkeHa Tojabko Ha CyXoM mopore, e Ucciae10BaHO
12 sx3. monomau. M3 nux G. salaris 3apaxeno 100% pbi0, uHTeHCHBHOCTD 3apaxenus 17—1083 k3.,
HHAeKC oouausg 164,1.

B pekax Kona, Kanna u KoBna nmapa3ut He 0OHapyKeH.

B p. Tynoma (mpurok p. Ilak) B 2015 1. uccnenoBano 30 3x3. y 33,3% wmoioau oOHapykeH
Gyrodactylus sp., HHTEHCHBHOCTD 3apaskeHusi cocTaBmia 1-127 3k3., uamekc oommus 4,9. B 2016 r.
MOHUTOPUHI PEKU TPOBEIH JBaXIbl: B aBrycte (18 9k3. MOJIOAM) — SKCTEHCHBHOCTb 3apaKeHUS
cocraBuia 11,1%, UHTEHCUBHOCTH — 2 3K3., uHAeKC oounus — 0,2, u B okTsa0pe (11 3Kk3. Monoau) —
9KCTeHCUBHOCTh coctaBuna 100%, nHTeHcuBHOCTL — 1-140 95K3., mHAECKC oOMnHs — 46,8. B npyrom
nputoke — p. [leya — mapa3ut He oOHapykeH.

Jns BumoBod wuneHtudukanuu Gyrodactylus sp., oOnapyxennoro B p. Ilak, HeoOXomumo
MIPOBECTU T€HETHYECKUE U JIOMOJHUTENbHbIE MOphoMeTpruYecKe nccienoBanus. Takxke HEOOXOIUMO
MPOBECTH M3y4YEHHE COCETHUX peK s 0003HaueHWsl pPacHpoCTpaHEeHMs MapasuTa B OacceiliHe
HwxHeTynoMcKoro BoJOXpaHuauIia. OTH JIEUCTBHS SBISIIOTCA IepBoodepeaHon 3amaded B 2017 r.
Pe3ynbrarel 1MO3BOJAT  ONPEAENIUTH  CTPATETMIO  IOCIHEAYIOUIMX  MEpONpUSATUH U MEpHI,
MpeyNpexIaolIne pacipocTpaHEHHE BOZMOXKHO OITACHOTO Mapa3uTa.
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PARASITOLOGIC MONITORING OF THE INFESTATION OF JUVENILE ATLANTIC
SALMON FROM WILD POPULATIONS WITH MONOGENEA GYRODACTYLUS SALARIS.
THE MURMANSK REGION AND NORTHERN KARELIA
A. B. Karasev, V. S. Melnik, A. A. Bessonov
Knipovich Polar Research Institute of Marine Fisheries and Oceanography, Murmansk, Russia,
e-mail: paralab@pinro.ru

Gyrodactylus salaris is a monogenea occurring in the Atlantic salmon. The World
Organization for Animal Health recognized the gyrodactylosis to be particularly dangerous disease
of the Atlantic salmon. For the first time it was registered as pathogenic in Norway where it was
the reason of the death of almost all the young salmon in the Sanndalsora River. According to the
latest information, 50 rivers of Norway were affected by that.

In Russia, G. salaris caused the death of juvenile salmon in the Keret River (Northern Karelia)
where it was first found in 1992 during the investigation of the reduction in juvenile abundance.
Since 1993 PINRO started a facultative monitoring of juvenile salmon infestation with monogenea G.
salaris in the 17 rivers of the Kola Peninsula, and since 2009 the monitoring has been carried out on
the stable basis, in compliance with Federal Agency for Fishery’s Regulations No. 844
of 22 September and No. 648 of 25 August 2014. The purpose of monitoring is the timely detection
and control of the distribution of monogenea G. salaris.

Based on the results of the PINRO’s voluntary monitoring, in accordance with the geographic
proximity to the gyrodactylosis outbreak and the presence of the salmon population which was large
enough to sample, the following rivers of the Kola Peninsula were chosen: the Tuloma River
(including tributaries, the Pak River and the Pecha River), which head waters were located near the
Inary Lake where G. salaris was recorded in the trout farms; the Kola River (tributaries the Orlovka
River and the Schuchy Brook) which was affected by the strong human pressure and had a well-
developed infrastructure that might result in non-deliberate introduction of the parasite; the Kanda
River (tributary the Ryabina River), which had highly developed infrastructure and proximity
to the Keret River; the Kovda River which was near the Keret River. In each water course, one station
with sufficient salmon density and being closest to transport routes was chosen. The work is annually
done in July-August.

Since 2011, PINRO has made the monitoring of the Keret River. Salmon juveniles are caught at
the stations on the Morskoy, Matveevsky, Kolupaevsky, Varnitsky and Sukhoy rapids, with two
stations per one rapid. Every year this work is done in September.

At the stations, 25 juveniles are selected with the aid of electric fishing and examined on site
or, if necessary, transported in live form for further cameral research. The fish are analyzed for the
parasite G. salaris using accepted parasitological techniques.

In 2016, in the Keret River, salmon juveniles were only found on the Sukhoy Rapid, where
12 specimens were examined. 100% were infested, the infestation intensity was 17-1083 ind.,
the abundance index — 164, 1.

In the Kola, Kanda and Kovda Rivers the parasite was not registered.

In 2015, in the Pak River, the Tuloma River tributary, 30 individuals were examined.
Gyrodactylus sp. was found in 33,3% of juveniles. The infestation intensity was 1-127 ind.,
the abundance index — 4,9. In 2016, the monitoring of the river was carried out twice. In August
(18 juveniles) the infestation extensity was 11,1%, intensity — 2 fish, the abundance index — 0,2.
In October (11 juveniles) the extensity was 100 %, intensity — 1-140 ind., the abundance index — 46,8.
There were no parasites found in the Pecha River.

Genetic and additional morphometric examinations should be done for specific identification
of Gyrodactylus sp. from the Pak River. Also, it is necessary to study the neighbouring rivers to show
the distribution of the parasite in the Nizhnetulomskoe Water Storage Basin. This is the primary task
in 2017. The results will allow us to develop a strategy of the further activities and the preventive
measures against the dangerous parasite distribution.

78


mailto:paralab@pinro.ru

MHUKPOBHBIE COOBHIECTBA KEJYJOYHO-KUIIEYHOI'O TPAKTA JIOCOCEBBIX
PbIb U ITAPABUTUPYIOHIUX B HUX HECTO/

E. H. KaH_II/IHCKaﬁl, O. T. Pycunex, I'. U. U3zBekoaa, E. I1. Cumonos, M. M. CosoBneB
1®edepaﬂbﬂoe eocyoapcmeentoe 0100xcemHnoe yupedcoeHue Hayku Mnemumym cucmemamuku u 3K0102Uu
arcusomuwix Cubupcroeo omoenenus Poccuiickoti akademuu nayx, 2. Hosocubupck, Poccus, e-mail:
elena.kashinskaya@inbox.ru

Kumeunoe MUKpoOHOE COOOIIECTBO — HEOTHEMIIEMbII M KU3HEHHO HEOOXOAUMBIH KOMIIOHEHT
MUIIEBAPUTEIBHOTO TPaKTa BCEX IO3BOHOYHBIX JXHUBOTHBIX, B TOM uucie pbid. M3BecTHO, 4YTO
KHIIEYyHas: MUKpPOOMOTa UIpaeT BaXXKHYIO POJIb B 00ECIEYEHUHM 3aLIUTHBIX (DYHKIUI opraHusMma,
mporeccax NHIIEBapeHUs M perymsinuu oodmero meradbonusma pei0. Ilokasano, uro Oakrepuu,
IPOAYLMPYS pa3INyuHble AHTUOAKTEPHAJIbHBIC BEIIECTBA, MPEMATCTBYIOT KOJOHM3ALUM KUIIEYHHKA
MAaTOreHHBIMA MHUKpPOOPTraHU3MaMH. V3y4eHUI0 BHIOBOTO Pa3HOOOpa3usi MPECHOBOIHBIX U MOPCKHX
BUJIOB PBIO TOCBAILIEHO MHOXECTBO padoT. OnHako paboThl MO U3YYEHHIO CTPYKTYpPhl COOOIIECTB
MHUKPOOHOTHl KWIIEYHHKA W TEIbMHUHTOB, OOMTAIOIMX B HeM, eAWHWYHBL. Llens uccnenoBanus —
OIPENIeNIUTh COCTaB U CTPYKTYPY MHUKPOOHBIX COOOIIECTB >enynouHo-kumeuHoro tpakra (ZKKT)
oenoro xapuyca Thymallus Dbrevipinnis u oOutaromux B €ro  KHIICYHHKE  I[IECTOJ
(Proteocephalus thymalli).

Marepuansl cobpansl B paiioHe byxtet babymka wu Msica Manbiii  Kagwibabiid
(FOxnpiii baiikan) B utone 2015 r. [TonoBo3pernbIX 1€CTO/l B aCHETUYECKUX YCIOBUSAX M3BJIEKAIH W3
XKT 6enoro xapuyca (N=3).JloNOTHUTENBHO B €JUHBIX METOAMYECKHX YCIOBHUSX OBLIM OTOOpaHBI
obpasubl ciausuctoil u copepxkumoro JKXKT (Kenmynok, KUIIEYHHMK M HWIOPUYECKHE NPUIATKH).
CexBenupoBanue runeppapuadenbHbix yyactkoB V3, V4 rena 16S pPHK npoBonmmm Ha mutatdopme
«Illumina» B komnanuu «EBporen» (r. Mocksa).

PesynbTaThl METareHOMHOTO CEKBEHHPOBAHUS SHTEPATBHON MUKPOOHOTHI OEJIOro Xapuyca mpu
[apa3UTUPOBAHUM LECTOA B €ro KHUIIEYHMKE T[103BOJIMIM BBIIBUTH HEKOTOpPbIE OCOOEHHOCTH
B CTpPYyKType cooOmectB Oaktepuil. JOMMHUPYIOIIMMH TaKCOHaMHd B MHKPOOHOTE CIM3UCTON
U COZICPXKHMOTO Xkemyaka Oenoro xapuyca osutn Flavobacterium, Comamonadaceae, Rhodobacter u
Pseudomonas. MukpoOHOTa CIM3UCTON, COACPKUMOrO KHUILICYHHKA W MHJIOPUYECKHX IPHIATKOB
y OTHENBHBIX 0CO0eH BapbUpOBajia, OOINME TAKCOHBI OAKTepHWi MpEICTaBICHBI pojaamu Serratia,
Pseudomonas u Mycoplasma. B cocraBe MHKpOOHOTBI, aCCOLMHPOBAHHON C MMOBEPXHOCTHIO
reJIbMUHTOB, JIOMHHUpOBaan Oakrtepuu poia Mycoplasma u Serratia. CornacHo aHanu3y CXOJCTBa
(rect ANOSIM) noka3aHo, YTO MUKPOOHOTa CIM3MCTOW M COAEPKUMOTO KelyaKa Oernoro xapuyca
JOCTOBEPHO OTJIMYAETCS OT TAKOBOM MHKPOOMOTHI KHWIICYHHWKA, THIOPHUECKUX NPUAATKOB
U MHUKPOOHMOTBHI, aCCOLMMPOBAHHOM C MOBepxXHOCThIO reabMHHTOB (R=0.526, p<0.05). Ilpu sTOoMm
MHUKpPOOHOTa TEIbMHUHTOB HWMEET BBICOKYIO CTENEHb CXOJCTBA C MHUKPOOMOTOW MHIOPUYECKHX
MIPUJATKOB, CIIM3UCTON U COJEPKUMOTO KUIIEYHHUKA, HHAEKC cXocTBa o bpeto-Képtucy Bapruposain
ot 70 10 99%.

CornacHo Moyly4eHHBIM M MMEIOUIMMCS B JIMTEPAType JaHHBIM, OCHOBHOE SIPO JJOMUHAHTOB B
KUIICYHUKE TPECHOBOAHBIX BHIOB pbIO coctaBisitor Guiymbel Proteobacteria u Bacteroidetes.
bakrepun u3 poxa muxoruiasm (puaym Tenericutes) 3aperucTprpoBaHbl panee B o3epe baiikan y pbio
ponoB Thymallus, Coregonus u Brachymystax. Taxske OBLIO OTMEYEHO, YTO OaKTEpHH W3 pPoOja
Mycoplasma siBnsitoTcst 9acThi0 HOpMaTbHONH MUKPOOMOTHI pIO. BriepBhle moka3aHO TOMUHHPOBaHHE
MHUKOIIa3M B MHUKPOOHMOTE, acCOIMUPOBAHHON C TOBEPXHOCTBIO IECTOJ, IapasUTHPYIOIIHX
B KHIIEYHUKE TPECHOBOJAHBIX pbl0. OpjHako, A7 TMOHUMAHUS POJNM  JTUX OakTepui
BO B3aMMOOTHOIICHHUSX MEX/TY IMapa3uToOM U XO3IMHOM HEOOXOIUMBI JaTbHEUIITHE UCCIIETOBAHMS.

Paboma evinonnena npu noooepawcke epanma PODOU Ne 13-04-00270 A.
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MICROBIAL COMMUNITY COMPOSITIONS IN THE GASTROINTESTINAL TRACT
OF SALMONIDS AND CESTODES PARASITIZING IN THEIR DIGESTIVE TRACT
E. N. Kashinskaya®, O. T. Rusinek, G. I. 1zvekova, E. P. Simonov, M. M. Solovyev
YInstitute of Systematics and Ecology of Animals of Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia, e-mail: elena.kashinskaya@inbox.ru

The fish gut microbial community is an integral and essential part of digestive tract of all
vertebrate, including fish. Microbial community plays an important role in the defense against
pathogenic organisms, processes of digestion, and regulation of metabolism in fish. It was shown that
bacteria are able to produce the different antibacterial substances to prevent the gut mucosal surfaces
from different pathogens. There are a numerous studies are focused on the determination of structure
of microbial communities of freshwater and saltwater fishes. However, the studies about bacterial
diversity in fish gut and microbiota associated with helminthes inhabit in their gut are still restricted.
The purpose of this study was to identify composition and structure of microbial community
of gastrointestinal tract of white grayling Thymallus brevipinnis and Cestodes
(Proteocephalus thymalli) parasitizing in their digestive tract.

All studied individuals of fish (n=3) and parasites (n=15) were collected in June of 2015 in water
area of Babushka bay and Mys Kadil’nyy (Lake Baikal, southern part). Parasites were retrieved
aseptically from the digestive tract of white grayling. Also, the mucosa and content from different
parts of fish gut (stomach, pyloric caeca, and intestine) were sampled. Sequencing of V3, V4
hypervariable regions of 16S rRNA genes was carried out on the lllumina MiSeq sequencing platform
at Evrogen company (Moscow, Russia).

Results of metagenomic sequencing of enteric microbiota of white grayling and their parasites
have shown some features in structure of microbial community. Thus, bacteria from taxa
Flavobacterium, Comamonadaceae, Rhodobacter, and Pseudomonas were the dominant microbiota
in stomach mucosa and content of white grayling. Microbiota of intestinal mucosa, intestinal content
and pyloric caeca were varied among individual fish, common taxa were bacteria from genus Serratia,
Pseudomonas, and Mycoplasma. The microbiota, associated with helminth was dominated by bacteria
from genus Mycoplasma and Serratia. According to the results obtained by ANOSIM test, microbiota
of stomach mucosa and stomach content was significantly differ than microbiota of intestine, pyloric
caeca and microbiota, associated with helminthes (R=0.526, p<0.05). Moreover, microbiota,
associated with helminthes was highly similar to those from intestinal mucosa, intestinal content and
pyloric caeca, Bray-Curtis index was varied from 70 to 99%.

Our data on the microbial composition in fish intestine conform to the existing literature.
Thus, the dominant microbiota in the intestine of freshwater fish was represented by Proteobacteria
and Bacteroidetes. The presence of the Mycoplasma (phylum Tenericutes) in the intestinal microbiota
of fish from genus Thymallus, Coregonus and Brachymystax were earlier revealed in Lake Baikal.

It was also noted that bacteria from the genus Mycoplasma are part of the normal microbiota of fish.

This is a first report about Mycoplasma as a dominant in associated microbiota of helminthes
parasitizing in the digestive tract of fish. However, to understand the role of these bacteria in the
relationship between parasite and host the further research is needed.

This work was supported by the Russian Foundation for Basic Research, project no. 13-04-
00270 4.
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3TOJIOTHUYECKHUE ACHEKTHI PEAJIN3AIIMA IIOKATHON MUT PALITUHA MOJIOJIA
rorbyYUIN (HA IPUMEPE P. MAJIASA XY3H, O-B CAXAJINH)
E. A. Kupunnosa, I1. . Kupunnos, . C. I1aBnos
Dedepanvroe eocydapcmeeHnoe DI00NcemHoe yupedcoerue Hayku Mucmumym npobiem 3Ko102uu U 36010YuUl
umenu A. H. Cesepyosa Poccuiickou axademuu nayx, 2. Mockea, Poccus,
e-mail: ekirillova@sevin.ru

I'op6ymia (Oncorhynchus gorbuscha) cpeam 710COCEBBIX pPBIO HMMEET CaMblii KOPOTKHIA
MIPECHOBO/IHBIN MEPHOJ] KU3HU U CKaThIBAETCS B MOpPE BCKOpE MOcIe BhIXoJa u3 rpyHTa. E€ mokarnas
MUTpalMs HOCHT MACCHBHBIN XapakTep — MepeMelIeHHe BHU3 10 TEUCHHIO OCYLIECTBISETCS 3a CUéT
CHJIBI TIOTOKA, Ha YTO YKa3bIBAET COCPENOTOUYCHHE MOKATHUKOB MPEUMYIIECTBEHHO B CTPEKHEBOM
gactd. OJHAKO MPUYPOUEHHOCTh MHTpAlMM K MEepPUOJy HU3ZKOW OCBEUIEHHOCTH TOBOPUT O TOM,
YTO MMaCCUBHAsI MUTPAIMS HE COBCEM IIACCHUBHAY.

Orot napangokc ormedeH B. Xopowm (Hoar, 1951; 1956), HO oObekToM ero HaOmroAcHMIA ObLIa
IUKas MOJIO/b, TOMEIeHHas B JlabopaTopHble ycnoBHus. Haimum mosjeBble SKCIEpUMEHTaIbHbIC
WCCJIEIOBaHMs JBUTaTEIbHOW aKTUBHOCTH M OTHOILIEHHUS K TEUEHHUIO MOJIOAM TOpOYyIIM MpU CMEHE
OCBEHIEHHOCTH B POJHOM BOJOTOKE MO3BOJIIN IOJIYYUTh HOBBIE CBEACHUS 00 3TOJIOTHYECKHX
acreKTax pealn3aluy MOKaTHOW MUTPAIH Y 3TOTO BUA.

DKCIEpUMEHTAIBHYIO YCTaHOBKY (MOAMGUIUMPOBAHHYIO JBYXCEKIIMOHHYIO IIENEBYI0 KaMmepy
mo Pavlov et al., 2007) pasmemianu B pycie peku. [IpoTouHbIi M HEMIPOTOYHBIH OTCEKH YCTaHOBKH
pa3feneHsl MeperopoAKol C OTBEPCTHEM — BBIXOAOM. CKOpPOCTh TEYEHHUS B MPOTOYHOM OTCEKE
cocrarisuia 0.3-0.4 m/c. HaGmroaeHus: TPOBOIMIIN TIPH €CTECTBEHHOMN ocBemEHHOCTH. PrIO (20 9K3.)
MepeMeniaii U3 CaJKOB B HENPOTOUYHBIM OTCeK mpH ocBeméHHoctn Oonee 100 JIk. Bwixon
B IIPOTOYHBIM OTCEK OTKpbIBaIM He MeHee uyeM uepe3 20 muH, npu 5 JIk. Bcero mnposeneHo
12 skcnepumentoB ¢ 240 psibamu. [loneBoit SKCHEpUMEHT HE MO3BOJISIET UCKIIOYUTH BIUSHUE
OTIENbHBIX (DAKTOPOB Cpeibl WM CTaHIAPTU3UPOBATH YCIOBHS. B Kaxkayro M3 HOYEH pazinudaiach
TeMIepaTypa BOJbI, BapbHpOBaja OCBEMEHHOCTh. OJHAKO B IEJIOM MOJIOJb TPOSIBIISIIA CXOIHBIC
PEaKIMH.

B cymepkax (2.5-5 JIk) pblObl pacrnpeaessuiuch BJOJb CTEHOK YCTAaHOBKH, M30eras obiacTu
BOJIM3M BBIXOJ]a U3 HEMPOTOYHOTO OTCEKAa B MPOTOUHBIA. OTHENbHBIE 0COOM MOAXOIMIN K BBIXOIY,
HO OBICTPO, OPOCKOBBIM JIBHKEHHEM, BO3BPAILIAINCH; MIPU MOCIEAYIOIEM CHI)KEHUH OCBEHIEHHOCTH
1o 0.5 JIk yactora moaxonoB Bo3pactana. C HactymieHrneM TeMHOTHI (<0.1 JIk) moutu Bcs MOJIOIb
MOKH/Iala HEMPOTOYHBIH OTCeK. [IpM BpeMEHHOM YBEIMYEHWH HOYHOW OCBEHMIEHHOCTH (Hampumep,
¢ BOCX0JIOM JIyHBI) 4acTh pbid (10-30%) Bo3Bpamiagnuch B HEMPOTOUHBIA OTCEK. B 3TO Bpems, kKak
MPaBUJIO, OTMEYAIN CHIYKEHNE MHTEHCUBHOCTH CKarta.

Mononap ropOyiiv, BbIIIeANIas B MPOTOYHBIM OTCEK (HA TOTOK) MPOSABISATA YCTOHYMBBIN
MOJIOKUTETBHBI TUI PEOPEeaKkluyd H pacrojiaraiach IMPEHMYIIECTBEHHO BOJHM3M BTOKA BOJBI
B ycTaHOBKY. OcTaBIInecs B HEIPOTOYHOM OTCEKe 0cOOU JIep KaIiCh BIAIN OT BBIXOAA B IPOTOYHBIH.
C paccetoM pbIObl HE BO3BpPALlAIMCh B HENPOTOYHBIM OTCEK W COXpAHSUIM TOJIO0XKEHUE
B TIPOCTPAHCTBE KaK B TEMHBIA TEPHO]] — TOJIOBOM MPOTUB TeueHHs. HO Mpu MOMemeHnn B OTCEK
KaMHsl, 3a0UBaJINChH O] HETO.

HaGmroienus mokasasy, 4TO MAaCCUBHOW MOKATHOW MUTPAIMU MPEANIECTBYET aKTUBHBIN BBIXO
B 1NOTOK. [Ipm CHM>KEHMM OCBEMEHHOCTH 10 moporoBo BenmuuHbl 0.5 JIk, oTpuuarenbHas
doropeakiuss 'y MOJIOAM TOPOYIIM CMEHsSETCs Ha HEHTpaJbHYI0, BO3pacTaeT JBUTATENbHAs
AKTUBHOCTH. PHIOBI BBIXOIAT U3 YKPBITHH, B KOTOPHIX HAXOMSTCS B CBETJIOE BpPEeMsl CYTOK, U aKTUBHO
MEePEeMENIAIOTCST K ydacTKaM C OONBIIUMH CKOpOCTSMH TeueHHs. [lepemenieHne B peorpaaueHTe
MPOUCXOUT IO TEeX TOpP, TIOKa CKOPOCTh TEUCHHs HE MPEBBICHT 3HAYEHHE KPUTHYECKOH CKOPOCTH,
U Moylofb He Oyzaer BoBjeueHa B MOTOK. OJHOBPEMEHHO MPOUCXOJUT TMOTEPsl 3PUTEIHHOMN
OpPHEHTAIMH, YTO TAaKXKe CIOCOOCTBYET BOBJICUEHUIO MOJIOAM B TPAH3UTHBIH MOTOK.

Ilonesvie pabomer na Caxanune 6vbINOJHEHbI NPU UHAHCOBOU NoOOepicKe Accoyuayuu
pyibonpomvlunenHuko8 CMUPHBIXO8CKO20 PAlIOHA, AHAIU3 MAMeEpUala u noo2omosKka nyonukayuu —
3a cuém epanma PH® Ne 14-14-01171 «B3zaumocesase muepayuti u ¢popmoodpazosanus y Moioou pvio
U MUHO2Y.
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ETHOLOGICAL PATTERNS OF DOWNSTREAM MIGRATION REALISATION IN PINK
SALMON FRY (ON THE EXAMPLE OF THE MALAYA KHUZI RIVER, SAKHALIN)
E. A. Kirillova, P. I. Kirillov, D. S. Pavlov
A. N. Severtsov Institute of Ecology and Evolution of the Russian Academy of Sciences, Moscow, Russia,
e-mail: ekirillova@sevin.ru

Pink salmon (Oncorhynchus gorbuscha) has the shortest freshwater period of life and migrates
seaward soon after emergence from redds. This migration is passive — fish move downstream
due to the power of the current. Concentration of migrants in the midstream is the evidence of passive
character of migration. However, the coincidence of migration with the period of low illumination
indicates that the passive migration is not completely "passive".

This paradox was noted by W. S. Hoar (1951, 1956), but the object of his studies were wild pink
salmon fry, placed to laboratory conditions. Our field experimental studies of locomotor activity
and relation to the flow of pink salmon fry at the changing illumination in the native river enabled to
obtain new data on ethological patterns of realization of migration for this species.

The experimental chamber (a  modified two-section  slot-chamber  according
to Pavlov et al., 2007) was set directly in the river. The lotic and limnic sections of the chamber were
separated by a partition with an opening-outlet. The flow velocity in the lotic section was 0.3-0.4 m/s.
Observations were conducted under natural illumination. Fish (20 specimens) were replaced
from cages to limnic section at more than 100 Lx illumination. The outlet into limnic section was
opened not less than 20 min later, at 5 Lx. In total, there were 12 experiments with 240 fish.
It is impossible to exclude the influence of certain environmental factors or to standardize
the conditions in field experiment. The temperature of water and the illumination varied significantly
from night to night. Though, in general, the fry demonstrated similar reactions in each experimental
series.

At dusk (2.5-5 Lx) the fish were dispersed along the sides of the chamber, avoiding area near
the outlet from the limnic to lotic section. Single individuals approached the outlet, but rushed back
immediately. Frequency of approaches increased with subsequent decrease of illumination to 0.5 Lx.
At the darkness (<0.1 Lx), almost all fry left lotic section. Some of the fish (10-30%) returned to lotic
section during temporary increase of night illumination (for example, with the rising of the moon).
At this time, as a rule, a decrease of intensity of downstream migration occurred in the river.

Pink salmon fry, which moved to limnic section (to the flow) demonstrated steady positive type
of rheoreaction and distributed predominantly at the area of water inlet to the chamber. The individuals
remaining in the lotic section kept away from the outlet to limnic section. At dawn the fish did not
return to lotic section and kept their spatial positions same to those in the dark period — head against
the current. But if a stone was placed to the section, all fry hid under it immediately.

Observations have shown that passive downstream migration is preceded by active move
to the flow. When the illumination decreased to threshold value of 0.5 Lx, the negative photoreaction
in the pink salmon fry is switched to neutral, and the locomotor activity increases. Fish leave
the shelters, where they stay in the daytime, and move actively to areas with higher velocities. The fry
move in rheogradient until the current exceeds the value of critical velocity, and the fry wouldn’t be
involved in the flow. Loss of visual orientation, which also contributes to the involvement of fry in the
transit flow, occurs at the same time.

Field work at Sakhalin was carried out with the financial support of Fishermen Association of
Smirnykhovsky District; analysis of collected material and preparation of the publication - at the
expense of RSF grant No. 14-14-01171 "Interrelation of Migrations and Life forms in juvenile Fish
and Lamprey".
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CMEKHBIE HIOKOJIEHUSA I'OPBYHIN
H. B. Kiosau
Dedepanvroe 2ocyoapcmeeHnoe DI00XHCemMHOe HayuHoe yupedcoenue « Bcepoccutickuii HayuHo-
uccie008amenbCeKull UHCmMuUmym PpblOHO20 X035Ucmea u okeanozpaguuy, 2. Mocksa, Poccus,
e-mail: klovachn@vniro.ru

VY ropOymu ectb YHUKaIbHAs CPEIH JOCOCEBBIX OCOOCHHOCTH OOPa30BBIBATH PENPOAYKTUBHO
W30JIMPOBaHHbIC TOKOJIECHUS CMEXKHBIX JIET, 3aXOJAIIMX Ha HEPEeCT COOTBETCTBEHHO, B YETHBIC
U HeueTHble roabl. Kaxxnas M3 3TUX JMHUN MMEET XapaKTEpHbIE SKOJIOIMYECKHE U T€HETHYECKHE
OTJIUYHSL.

PenpoayKTHBHO M30JMpPOBAHHBIE MOKOJICHUS TOPOYIIH CMEXHBIX JIET HEpecTa IEMOHCTPUPYIOT
B OOJIBIIMHCTBE PailOHOB BOCIIPOU3BOJICTBA PA3IMYHYIO JUHAMUKY 3aI1acoB.

Tak, ecnu paccMarpuBaTh JUHAMUKY BBLIIOBA BOCTOYHO-KaM4YaTCKOW ropOymu 3a 100-ineTHuii
MePHUOJ], MOKHO BHJIETh, YTO YJIOBBI TOpOYIHN Y ceBepo-BocToKa KaM4aTku B 4eTHBIE TOJIbl B TIEPUO]L
¢ 1909 o 1915 rr. HUKOTJA HE TOCTUTAIM MAKCUMAJILHBIX YJIOBOB B HEUETHBIE TOJIBI.

[Toxoxkast kapTMHa OUHAMHKHK 3amacoB (YJOBOB) ropOyiu ¢ mpeobiaJaHueM Ha JTMHHOM
BPEMEHHOM HHTEpBaje OJHOW (HEUETHOW) JIMHMM TIOKOJEHWH HaOimonaercss U Ha BocTtouHom
Caxanune. Ha 3anmagnom nmobepexxbe Kamuatku u OacceitHe p. AMyp, HapOTHB, BHICOKOUHCICHHbBIE
MIO/IXOJIbI U YJIOBBI TOPOYIIM OTMEUEHBI B YETHBIE TObI.

Bo Bcex paiionax pa3Max KoseOaHUIl ynoBOB (3amacoB) ropOyld JOMHUHHPYIOMIEH JTUHHUU
IIOKOJICHUH B pa3bl IPEBBILIAET TAKOBOM B CMEKHOM psify. To ecTh y ropOyIIM CMEXHbBIX OKOJICHHUM
BBISIBJISIETCSI PA3HbIN YPOBEHb 3amacoB (YJIOBOB), CBHAETEIbCTBYIOIIUN 00 KOIOTUYECKUX OTINYHSIX,
00yCIIOBIMBAIOIINX PA3IUYHYI0 JHHAMUKY 4YucIeHHOCTH. [lomnepxanue pa3inyuii B YUCICHHOCTH
CMEKHBIX IMOKOJICHUH TOpPOYIIM MOXXET OCYHIECTBISTHCS 3a CueT Oojiee IMOJHOTO HCIOJIb30BaHUS
Cpebl BHICOKOYUCIIEHHBIM ITOKOJIEHUEM.

[ToaTBepkeHnEM JAHHOTO COOOpaXKEHHs SIBISIFOTCS Pe3Y/bTAaThl aKKIUMAaTH3alUU TOpOyIIU
Ha eBporeiickom ceBepe Poccun. Tak, B pe3ynabTaTe BTOPOro (yIayHOIrO) OMbITa aKKIMMAaTH3AIUH,
Korja Ha ceBep ObUla 3aBe3eHa HMKpa TopOymu ¢ ceBepa MaramaHckod o0OJacTH, YJIOBBI IOCIE
OJIHOPa30BOTO 3aBO3a B HEUETHOM pALy IOKOJEHUH OCTAOTCA JOCTaTOYHO  BBICOKUMU
U cTabuiIbHBIMH. MOXHO TOBOPHTH O TOM, 4TO B OacceiiHax bemoro m bapeHneBa mopei cozmana
CaMOBOCITPOM3BOASIIASACS MOMYJISAMS TOpOYIIM HEYETHOM JIMHUM MoKosieHui. UTto kacaeTrcs yeTHOMH
JIMHUH, TO 3aBO3 UKPBI OT IPOU3BOIUTENIEN ITON JIMHUN MOJIOKUTENBHOIO pe3yibTaTa He Aain. Cienyer
OTMETHTbh, YTO B pekax MaragaHckoil o0jacTh 4YeTHasl JMHMS BOCIIPOM3BOJCTBA TAKXKE SBISETCS
nenpeccuBHoi (Jopodeera u np., 2006).

I'enetnueckue uccrnenoBanus 6enomopcekoit ropoymu (I'opreesa, 2003; I'opaeesa u np., 2005)
MO3BOJIMJIM BBIIBUTH U3MEHEHUS MO CPAaBHEHUIO C JOHOPCKOM MOMYJISIIUEH. bbUIo yCTaHOBIEHO, YTO
YPOBEHb I€HETUYECKUX M3MEHEHUH B «HEYETHOW» JIMHUU BBILIE, YEM B «4ETHOW», MpUUeM Ha (oHe
YCHENIHOTO €CTECTBEHHOI'O BOCIIPOM3BOJCTBA Yy MEPBOM 3TO MOKET CBUAETEIBCTBOBATH O MpoLeccax
ajanranuu. B To ke BpeMs Ha OCHOBaHUM 3TUX JaHHBIX MOYKHO IIPEAIIOJIOKHUTD, YTO HEYTEIIUTEIbHbIE
UTOTH aKKJIMMaTU3allUU «4eTHOW» JIMHUU B benom mMope mMoryTt ObITh CBsI3aHBI ¢ €e GoJiee y3KOil Mo
CPaBHEHHUIO C «HEUeTHOW» crienuanu3amueii (JJopodeesa u ap., 2006).

B cBere U3110K€HHOTO MPeICTaBIsAEeTC s, YTO, OLEHUBAs BIUSHUS KIIMMaTa Ha IMHAMUKY 3allacoB
ropOyIy, cienyeT paccMaTpuBaTh TOJIBKO OJHY (AOMHHHUPYIOUIYIO [0 YHCJIEHHOCTH) JIMHHUIO
MTOKOJIEHUH, YHCIEHHOCTh KOTOPON M3MEHSETCSI B COOTBETCTBMM C W3MEHEHUSMU YCIOBUU CpEIbl,
IIOCKOJIBKY HMMEHHO JOMMHHUPYIOWIAs JIMHUSA BBUAY DBOJIOLMOHHO 3aKpENMBIIMXCS afalTalul
«TOHBIIIE» pearnpyeT Ha KIMMaTHUECKUE N3MEHEHHS.

Takum 00pa3oM, aHaNIMW3 MMEIOLIMXCS JAHHBIX yKa3blBaeT Ha TO, YTO JIB€ JIMHUM TOpOYyIIH
B HACTOSIIIMA MOMEHT HPEJACTABISIOT COO0OW HE3aBUCUMO 3BOJIOIUOHUPYIONIUE TPYNIHPOBKH,
KOTOPBIE C BBICOKOM JI0JIel BEPOSITHOCTH MOKHO PacCMaTpPUBaTh KaK BHJIbI-OJU3HEIIbI.
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ADJACENT GENERATIONS OF PINK SALMON
N. V. Klovach
Russian Federal Research Institute of Fisheries and Oceanography, Moscow, Russia,
e-mail: klovachn@vniro.ru

The pink salmon has a unique feature among the salmonids — to form reproductively isolated
generations of related years, which spawn accordingly, in even and odd years. Each of these lines has
characteristic ecological and genetic differences.

Reproductively isolated pink salmon generations of the adjacent years show a different
dynamics of numbers (catches) in most areas of reproduction.

So, if we consider the dynamics of the catch of the East Kamchatka pink salmon over a 100-year
period, it can be seen that the pink salmon catches from the northeast of Kamchatka in the even years
between 1909 and 1915 never reached the maximum catches in odd years.

A similar picture of the dynamics of pink salmon stocks (catches) with predominance over a long
time interval of one (odd) generation line is also observed in Eastern Sakhalin. On the west coast
of Kamchatka and the basin of the Amur river, on the contrary, the high approaches and the pink
salmon catch were recorded in even years.

In all regions, the range of fluctuations in the pink salmon stocks of the dominant line
of generations is several times greater than that in the adjacent row. That is, the pink salmon
of adjacent generations reveals a different level of stocks (catches), indicating environmental
differences, which cause different dynamics of numbers. Maintenance of differences in the number
of adjacent generations of pink salmon can be achieved through a more complete use of the
environment by a large number of generations.

This is confirmed by the results of the acclimatization of pink salmon in the European north
of Russia. So, as a result of the second (successful) acclimatization experience, when the pink salmon
roe from the north of the Magadan region was imported north, the catches after a one-time delivery
in an odd number of generations remain quite high and stable. It can be said that in the basins of the
White and Barents seas a self-reproducing population of pink salmon of an odd generation line was
created. As for the even line, the delivery of caviar from the producers of this line did not give
a positive result. It should be noted that in the rivers of the Magadan Region the even reproduction line
is also depressive (Dorofeeva et al., 2006).

Genetic studies of the White Sea pink salmon (Gordeeva, 2003, Gordeeva et al., 2005) allowed
to identify changes in comparison with the donor population. It was found that the level of genetic
changes in the "odd" line is higher than in the "even" line, and against the background of successful
natural reproduction in the first this can indicate the adaptation processes. At the same time, on the
basis of these data, it can be assumed that the disappointing results of the acclimatization of the "even"
line in the White Sea may be related to its narrower comparison with the "odd" specialization
(Dorofeeva et al., 2006).

In the light of the foregoing, it seems that when assessing climate effects on the dynamics
of pink salmon stocks, one should consider only one (dominant in number) generation line, the number
of which changes in accordance with changes in environmental conditions, since it is the dominant
line, in view of evolutionary entrenched adaptations, that “thinner” reacts to climate change. Thus,
an analysis of the available data indicates that the two pink salmon lines currently represent
independently evolving groupings that are highly likely to be considered as twin species.
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CTPYKTYPA XKEJTOYHOI'O CHHIHUTHUAJIBHOI'O CJIOSI COREGONUS MUKSUN
HA SMBPHUOHAJIBHBIX U JINUUHOYHBIX CTAIUAX PASBUTUA
E. A. Konnakosa', B. A. Bornanosa®, B. M. E¢ppemos
Y eoepanvroe 2ocyoapcmeentoe Giodocemnoe 06pazosamensroe yupescoeHue 8blCue0 NPOPecCUOHATLHOL0
obpazosanus « Cankxm-Ilemepoypeckuii I'ocyoapcmeennvlii Yuusepcumemy, 2. Cankm-Ilemepoype, Poccus,

e-mail: 23eak@mail.ru

2 o
DeoepanvHoe cocyoapcmeerHHoe 6100xicemHoe HayuHoe yupedcoenue «I ocyoapcmeenHulil
HAYYHO-UCCAEO08AMENbCKUL UHCIMUMYT 03EPHO20 U peuH020 xo3aticmea umenu. JI. C. Bepeay,
2. Canxm-Ilemepbype, Poccus

XKenrounsrii  cunnutuaneheiii  ciaoii  (OKCC) Teleostei — »sro  MHOrodyHKIHOHAILHAS
MIPOBU30pHAs CHUCTEMa, MPEACTABIAOMAs cO00M CHUMIUIACT ¢ MHOTOYMCICHHBIMU TMOJIUMOP(HBIMU
MOJIMTUIOWTHBIMU SIIPaMU, BXOJISALINI B COCTaB KeJITOYHOT0 KomIuiekca. Llenb nanHoro uccienoBanus
— onucanue KCC B pazButuu Coregonus muksun Ha craausix OT ractpyiisl A0 JUuuHKH. CepuitHbie
napauHOBBIE Cpe3bl TOMIMIMHOM 5-6 UM OKpamMBaiM TeMaTOKCHIMHOM Kapayun u 303MHOM.
[Tonyuenue cpe3oB, ux gpororpadpuposanue u usmepenus nposoguiu B PLI PMuKT CIIOI'Y. Ha Bcex
paccmoTpensbix craguax tonmuHa JKCC ouyenb HepaBHOMepHa. JKCC okpyxaeT >KMpPOBbIE KarllU
(KK), oTnenss ux oT *kenTka, HO mpocioiika Bokpyr kpynHbix KK, npeanonoxxurenbHo, ocTaeTcs: He
3amkHyTOM. Ha cramuu ractpynsl KK pacronaratorcsi mpeMMyIIeCTBEHHO B aHUMAIbHOM MOJIYyIIapUu
siila, Ha CTausAX COMHUTOI€HE3a paclpeesieHbl 10 BceMy 00bEMY kenTka. Ha TMUMHOYHBIX cTagusax
paszButusg OonpmmHCTBO KK crniuTo B ONIHY, pacmojoKEHHYIO B IepelHed 00JacTH >KeITOYHOIO
komruiekca. [lepememenuss KK cBs3anbl ¢ Oonee 3HAYUTENBHBIMH CTPYKTYPHBIMH W3MEHEHHSIMU
XKCC mykcyHa, 4yeM y 3apojbliieii u JuunHOK BuaoB Teleostei ¢ siinmamu 6e3 JKK. Yke Bo Bpems
ractpyasiuuu B sapax KCC u knetok Omacronepmsl paznuuumbl sapeiiku. B )KCC yxe nmerorces
rurautckue (1o 70 um B JUIMHY) siApa NPaBUIBHOW MIU CIOXKHOU Qopmbl. JKeaToyHble BKIIOYEHUS
B KJIeTKax OyiacTojiepMbl He npocMmaTtpuBatotcsa. Bo Bpemsi comutorenesa JKCC yrouieH B 001acTsx,
koHTakTupytoumx c¢ KK, um B kaymanbHoit o6nactu. JKCC MyKCyHa HMMEET CIIOXKHYIO,
mudepeHIIMpOBaHHYI0, TUHAMUYHYIO CTPYKTYpY. Paboma evinonrnena npu nooodepowcke PODU
(epanm Ne 16-34-00391).
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STRUCTURE OF THE YOLK SYNCYTIAL LAYER OF COREGONUS MUKSUN

AT THE EMBRYONIC AND LARVAL DEVELOPMENTAL STAGES
E. A. Kondakova', V. A. Bogdanova?, V. I. Efremov!
'Saint Petersburg State University, Saint Petersburg, Russia, e-mail: 23eak@mail.ru
’Federal State Budgetary Scientific Establishment "Berg State Research Institute on Lake and River Fisheries",
Pskov, Russia

The yolk syncytial layer of Teleostei is a multifunctional temporary system. It is a symplast with
numerous polymorphic polyploid yolk syncytial nuclei (YSN), which is a component of yolk
complex. The aim of this study is to describe the YSL structure in development of Coregonus muksun
from the gastrula to larval stages. Serial paraffin cuts 5-6 pum thick were stained with Carazzi’s
hematoxylin and eosin. Sectioning, photography and measurements were made in resource center
of SPbU "Centre for molecular and cell technologies”. During all of the studied stages the YSL
thickness is very uneven. The YSL encircles the oil globules (OG), separating them from the yolk,
but the layer around the large OG remains incomplete. At the gastrula stage the OG are located
predominantly in the animal hemisphere of an egg, during somitogenesis the OG are distributed
in the yolk mass. At the larval stages the majority of OG have fused into the one OG in the anterior
region of yolk complex. The translocations of OG are linked to more significant structural
transformations of the YSL of muksun, than in the embryos and larvae of teleost species without OG
in the eggs. During gastrulation the prominent nucleoli in the YSN and blastoderm cell nuclei
and the giant YSN (up to 70 um long) are already present. They can have regular or complex shapes.
The yolk inclusions in blastoderm cells are not observed. During somitogenesis the YSL is thickened
in the regions of contact with OG and in the caudal region. The YSL of muksun has a complex
differentiated dynamic structure. This work was supported by the RFBR (grant number 16-34-00391).
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CAJIKOBASI AKBAKYJIBTYPA: HOBBIE ITIOJAXOAbI
A. E. Kypuiipia
DeoepanvbHoe cocyoapcmeeHHoe DI00xHcemHoe 00paA308amMenbHOe YupercOeHUe 8blcule20 NPOodecCUOHATbHO20
obpazosanus «Ilemposasodckuil eocydapcmeennuiii ynusepcumemy, 2. [llempozagoock, Poccus,
e-mail: kuricin@petrsu.ru

ToBapHOe casKOBOE PBHIOOBOJACTBO SIBISETCS OJHUM W3 HanOojiee SKOHOMHYECKH BBITOIHBIX
1 3 (PEeKTUBHBIX CIIOCOOOB BHIpAIIMBAHUSA PHIObI. Ha mpoTsHKeHWH MOCHEeIHHUX JeT olmme 00beMbl
cankoBoro peiboBojacTBa B PecnyOmmke Kapenust mocturator 20-23 Thic. TOHH. B Toxke Bpems
yBeJIMUEHUE OOBEMOB BBIPAIMBAHUS HE MOXET OCYIIECTBISThCS ©0€3 ydeTra COLUaIbHOIrO
U DKOJIOTHYECKOTO (PaKTOpPOB YCTOWYMBOIO pa3BUTUS TEPPUTOPUH, COXPAHEHUS BOJIHOW CpEIbl.
[Ipy mpoeKTUPOBaHUU XO3SHUCTB U MOHUTOPHHIE YK€ CYIIECTBYIOIIUX MPOU3BOACTB II€JI€CO00pa3HO
MPEUIOKUTH HOBBIE TIOIXO/IbI:

A) IlpoexktupoBaHMEe HOBBIX CaJKOBbIX Mpou3BoAcTB Ha 0Oa3ze ['MC-cucrembl «AKBakynbTypa
Pecny6nuku Kapenusy». Ilpeanaraemasi cucrema aHalu3a JAQHHBIX TO3BOJIUT HU30€XKaTh IMOSBICHUS
Ype3MEpHBIX  Harpy3oKk Ha BOJOEM U  BO3HHUKHOBEHHS  JIONOJIHMUTEIBHBIX  MOIIHOCTEN
JUI BBIPALIMBAHMUA HAa BOJOEMax M JIOKALUAX, YK€ HMMEIOIIMX pbIOOBOJIHBIE (QepMbl. Teppuropuun
C HU3KHUM Pa3BUTHEM IPOHU3BOJICTBA CTAIU ObI MIPUOPUTETHBIMHA TOYKAMH POCTA AKBAKYJIBTYPHI.

b) Buenpenue nydmux NpakTHK BbIpallluBaHUs, cepTudukanus npousBojicTsa. [lnan npousBoacTsa
C MUHUMAJIBHBIM BIIMSHUEM Ha OKPY)KAIOILIYI0 CPEdy MO3BOJIMI Obl M30€XKaTh OCTPHIX COIUAIBHBIX
Y 9KOJIOTUYECKUX TTPOOIIEM.

B) Co3pganue He3aBUCUMOW CHCTEMbl MOHMTOPMHIAa OCHOBHBIX IIOKa3aTeled BOJHOM Cpelbl
Ha pbIOOBOJHBIX y4yacTKax. lcrnonb30BaHue AMCTAaHIMOHHBIX CUCTEM aHalIM3a MapamMeTpoB BojoeMa
MIO3BOJIUT IIOJIHO U OINEPATUBHO IMOJy4YaTh MH(OPMAIMIO O KaYeCTBE BOJbI U OKa3bIBAEMOM BIMSHUU
IIPOU3BOJICTBEHHOM JEATEIBHOCTH.

F) Hcnonn3oBanne WHHOBAIITMOHHBIX TEXHOJIOTHI CaJIKOBOI'O BbIpalIMBaHUSA C BHCAPCHUCM CHUCTEM
ABTOMATU3UPOBAHHOI'O KOPMIICHUS, HU3BATUSA MOTruoIICH pBI6BI, anp06au1/m «BAaKPBITBIX CUCTCM»
BbIpallluBaHU B CaKax C MI/IHI/IMI/ISaIII/ICI\/JI 9KOJIOTHYCCKON Harpysku.

J1) KonTponpb nepemenieHus: BUI0B U MOPOJI PbIO, UCIOIb3YEMbIX B aKBAKYJIbTYpE, HE CBOMCTBEHHBIX
JAaHHOMY BOJIOEMY, C OCHOBHBIM IpuHIUIoM «He HaBpenu aGopUreHHbIM BUIaM PhIO».

E) Pa3zpaboTka cucteMbl MapKHUpOBaHUS MPOAYKIUH aKBAKYJIbTYphl, B TOM YHUCIIE€ C UCHOJIb30BAHUEM
MOJIEKYJISIPHO-T€HETHUYECKMX METOJI0B.

KomriekcHoe UCHoNb30BaHUE JIAHHBIX TOJAXOAOB OyIeT CIOCOOCTBOBATh YCTOWYHBOMY
Pa3BUTHIO aKBAaKYJIbTYPHOW OTpaciy B TapMOHHHU C OKPYKalOLIEHd BOAHOW CpeAOd M COXPaHEHUIO
ee I OyIyIIuX MOTOMKOB.

NECESSITY OF FISH BREEDING AND SELECTION CENTER
IN THE REPUBLIC OF KARELIA
A. E. Kuritsyn
Petrozavodsk State University, Petrozavodsk, Russia, e-mail: kuricin@petrsu.ru

This study contains dates of current status of fish farming in the Republic of Karelia. It identified
new vision of the development of cage aquaculture basis on good management practice, certification,
GIS-system «Aquaculture Karelia», monitoring water quality remotely, tagging cage aquaculture
production, introduction innovation.
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INNEPCIIEKTUBBI TOBAPHOI'O BBIPAIIMBAHUA ®OPEJIA B BOJAX

KAPEJIbBCKOI'O IIOBEPEXbSA BEJIOI'O MOPS
T. 1O. Kyuko, M. 3. XyoboHeH
DeoepanvHoe cocyoapcmeeHHoe DI00CeMHOe 00PA308AMENbHOE YUPeHCOCHUE BbICUUE20 NPOPECCUOHAILHO2O
obpazosanus «Ilemposasoockuii 2ocyoapcmeennviil yuusepcumemy, 2. Ilemposzasoock, Poccusi,
e-mail: kuchko@petrsu.ru

Ha ocnHoBanum nskcneprHoit ouenku crneuuanucto KapHII PAH B npecHbix Bomoemax
Pecniyonmmku Kapenus 6e3 ymepOa ayis okpyXkaromeid cpeabl BO3MOXKHO BBIpAlMBaHuEe 10 35 THICAY
TOHH ToBapHOW (openu B ron. CoracHO IUIaHY pa3BUTHS (HOPENEBOJICTBA PECHyOIUMKHA 3TOT
MOKa3aTeNb TOJDKEeH ObITh JocTUTHYT K 2020 romy [1].

VYuuTbiBas aKTUBHBI MHTEpPEC K JAHHOMY HAIIPaBJIICHUIO JIEATEIBHOCTU CO CTOPOHBI OM3HECA
u mnpaBurenbcTBa PecryOnmuku Kapenus, Bo3HMKaeT 3aKOHOMEPHBIH BOMPOC O MEPCHEKTHUBAX
JanbHEHIero pa3BUTUs (POPEIeBOACTBA MOCIE TOTO, KaK IMOPOTOBBIN MOKa3aTelb OyAET TOCTUTHYT.
OpHuM M3 HampaBJICHWM TAKOro pPa3BUTHS MOXKET CTaTh TOBAapHOE BhbIpalluBaHUE (openu B BoJaxX
KapenbCcKoro modepexnst bemoro mopsi.

CornacHo HammMm uccinenoBanusiMm (Mbic. Kaprem 1996, 1997; nmoc. Uyma 2000, 2003; nep.
[Tonsroma, 2007, 2013) ycnoBus HOpUOPEKHBIX MOPCKHMX Y4YacTKOB benoro Mopsi mo3BOJIAIOT
OpraHM30BaTh CE30HHOE TOBApHOE BhIpaliuBaHue (openu B TeueHue 4,5 MecsieB, HauuHas ¢ IepBon
JeKaabl UIOHA. DTOMY CHOCOOCTBYIOT: TeMIlepaTypa BOJbI, KOTOpas B YKa3aHHBIM INPOMEKYTOK
BpEeMEeHH He cHIbkaercs Hike +5 °C u He mosbimaercs Boime +18 °C, GnaronpusiTHBIA Ta30BbIif
(HachllllEeHHE BOJABI KUCIOPOJIOM MOXeT aocturath 10 115%) u coneBoil pexxum (MHOTME y4acTKU
mo0epekbsi OMPECHAIOTCS BOJAMH BIAIAI0IIUX B HUX PEK).

Amnanu3s pocTa 1 pa3BUTHs (HOPEIN TOPOIBI KAMIIOOIIC B CAIKOBBIX XO03SICTBAX, PACIIONOKEHHBIX
B Kannanakmckom u OnexckoMm 3anuBax benoro mops mokasanu, 4to nocaoyHblii MaTepuan dpopenu
B Bo3pacTe |+ XOpowo aJanTupyercss K MOPCKUM YCIOBHUSIM, AKTUBHO IIUTAaeTCsl M pacTeT.
MaxkcuManbHble CYyTOUHBIE MPHUPOCTHI PhIObI (2,4-2,6% OT Macchl Tena) ObUTM OTMEYEHBI B HIOJIE —
aBrycTe npu Temreparype Boasl +16 — +18 °C, BepkuBaeMocTsb gocturana 98%.

[Tpu GrarompusATHBIX YCIOBHIX MPUPOCT MACCHI Tela ABYXJETOK (popenu B TEUEHHE CE30HHOTO
BBIpAIIMBAaHUSI B MOPCKHX YyCIOBUAX gocturan ot 1,1 xr mo 1,8 Kr B 3aBUCUMOCTH OT MacChl
MOCaI0uHOTo Marepuaina (Tabi.).

Tabnuua. /lunamMuka BecoBOro pocra opeiar B MOPCKUX YCIOBHAX (CpelHUE MMOKa3aTely, I).

Jara |21.06 | 01.07 |20.07 |01.08 |10.08 |29.08 |16.09 |24.09 |15.10 | 22.10
Bec 213,8 | 260,0 | 360,5 | 5045 |652,0 |885,7 |1120,0|1230,2| 1346,0| 1350,4
I+,r ]370,0 | 520,0 |680,2 |800,0 |[990,4 |1260,4 | 1650,0| 1800,6 | 2120,1 | 2260,0

Msico ToBapHO#l (openn He HMMeNO0 TOBBIILIEHHOH OOBOJHEHHOCTH M XapaKTepU30BaJIOCh
BbICOKOW KamopuiHOCTBRIO (115 — 130 xkan/100 1). ChemoOHas YacTh Tena cocraBisuia 65 — 68%
OT 0011elt Macchl Tena.

Takum 00pa3oM, BBICOKME TapamMeTpbl TeMIla POCTa IOCAJOYHOTO MaTephaja M KadecTBa
TOBApHOM MPOAYKIMHU MOKA3bIBAIOT HA OJIATONPUSATHBIC MEPCHEKTUBBI JUIS CaJKOBOTO BBIPAIIMBAHUS
(dbopenu B MOPCKUX BOJAAX KapeabCKOro mooepexbst bemoro mopsi.

Jlumepamypa:
1. Ctpaterus ¥ TiaH MEpPOIIPHUSATHI MO CO3JaHUIO U Pa3BUTHIO PHIOOXO03HCTBEHHOTO KJIacTepa B
Pecniyommke Kapenus. Ilerpo3zaBosick: MUHHUCTEPCTBO CETBCKOTO, PHIOHOTO M OXOTHHYBETO XO35HCTBA

PK, 2016. 149 c.

88


mailto:kuchko@petrsu.ru

PERSPECTIVES OF THE MARKETABLE BREEDING OF TROUT FISH
IN THE WATERS OF THE WHITE SEA IN KARELIA
T. U. Kuchko, M. E. Huobonen
Petrozavodsk State University, Petrozavodsk, Russia, e-mail: kuchko@petrsu.ru

Based on the expert assessment of the KarRC RAS specialists, there is a possibility to breed
without environmental damage up to 35 tons of the marketable trout fish in the freshwaters
of the Republic of Karelia. According to the plan of the development of trout breeding in the republic
this index should be reached to 2020 [1].

Taking into consideration active interest to this tendency from the side of business
and the government of the Republic of Karelia, there is a logical question about the perspectives
of the further trout-breeding after the threshold is reached. One of the present courses of such
development might be breeding of marketable trout in the waters of the Karelian coast of the White
Sea.

According to our research (Kartesh cape 1996, 1997; Chupa township 2000, 2003; Pon’moga
village 2007, 2013) the conditions of the coastal areas of the White Sea allow to organize seasonal
marketable trout-breeding during 4, 5 months, beginning with the first decade of June. It is possible
with the help of: water temperature , which in designated period of time is not lower than +5°C
and not higher than +18 °C, conductive gas conditions (oxygen saturation in water can be up to 115%)
salt conditions (many areas of the coast are desalted by the nearby rivers).

Growth and development analysis of the Kamloops trout cage farms situated in B Kandalshsky
and Onezhsky bays of the White Sea showed that the trout planting material at the age of 1+ is easily
adapted to marine conditions, it was actively being fed and growing. Maximum daily growth of fish
were noticed in July — August (2,4 — 2,6% of body weight ) when the temperature of water was +16 —
+18 °C, survival rate reached up to 98%.

Under favorable conditions body weight growth of the 2-year old fish during the seasonal
breeding in marine conditions was about 1 kg up to 1, 8 kg according to the weight of the planting
material (tabl.).

Table. Dynamics of weight growth of trout fish in the marine conditions (average indicators, g.)

Date 21.06 | 01.07 | 20.07 | 01.08 |10.08 |29.08 |16.09 |24.09 |15.10 |22.10
Weight | 213,8 | 260,0 | 360,5 | 504,5 |652,0 |885,7 | 1120,0 | 1230,2 | 1346,0 | 1350,4
1+,9g |370,0 |520,0 | 680,2 |800,0 |990,4 | 1260,4| 1650,0| 1800,6 | 2120,1 | 2260,0

The meat of the marketable trout fish wasn’t watery and one of its characteristics is high caloric
content. Eatable part of the body is 65 — 68 % of the body weight.

Thereby, high parameters of the plating material growth, quality of commercial product indicate
profitable perspectives for trout breeding cage farms in the marine conditions in the waters
of the Karelian coast of the White Sea.

Literature:

1. Strategy and plan of measures on the creation of the fishery management in the Republic of
Karelia. Petrozavodsk: The Ministry of agriculture, fish and hunting economy of the RK, 2016. 149 p.
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IKOJIIOI'MYECKASA CEPTU®OUKALIUA ITPOMBICJIOB U COXPAHEHUE
nonyJisiiiuii TAXOOKEAHCKHUX JIOCOCEN
. JI. Jlaityc
DeoepanvHoe cocyoapcmeeHHoe DI00HCEMHOe 00PA3Z08AMENbHOE YUPENCOCHUE BbICUUE20 NPOPECCUOHATILHO2O
obpazosanus « Cankxm-Ilemepbypeckuii cocyoapcmeennviil ynusepcumemy, 2. Cankm-Ilemep6ype, Poccus,
e-mail: dlajus@gmail.com

[Tonynauuy MPOMBICIOBBIX PBIO B HACTOSIEE BPEMs COKPAILAIOTCS, U TOCYAapCTBEHHOE
yIIpaBJIeHUE HE BCET/Ia B COCTOSHUHU 3TO OCTAHOBUThH. OIMH M3 CIOCOOOB CMSTYEHHUs MPOOIEMbI —
MHOOPMHUPOBAHHBIM  BBIOOp  MOTpeOUTENs IMyTeM  peajau3alMd  IpOrpaMM  SKOJIOIMYECKOH
ceprudukanmu. B pesynprare cepTuuKanuy yCTOWYHMBBIE HMPOMBICIBI MOTYYalOT SKOMAapKHUPOBKY,
Kotopas npusHaercs norpedurensmu. Ceprudukanus Mopckoro ITonmeuntensckoro Coser (MSC)
B HACTOsIIee BpeMs - Hanbosiee BOCTpeOOBaHHAS HA MUPOBOM DPBIHKE YCTOHYHMBBIX MOPEHPOIYKTOB.
OTa OLEeHKa IPOBOAMUTCS HE3aBUCUMOM KOMIIAHUEH, KOTOpas OTBEYaeT 3a IPAaBHIbHOE IIPUMEHEHHUE
CTaHapToB, pa3padboranHbix MSC. CTaHaapThl BKIOYAIOT TPU NpUHIUNA: 1) yCTOMUNBOCTH 11€JIEBOTO
BUJAa IPOMBICIA, 2) MUHUMAJbHBIE 3KOJIOTMYECKHE mocnencTBus; 3) 3¢ddexkTuBHOE yIpaBieHHE.
B cnyuae, ecnu cutyarusi B IpOMBICTIE HE MOJHOCTHIO COOTBETCTBYET craHaapram MSC, oH MOXeET
MOJIyYUTh CEPTU(UKAT C PAOM YCIOBH, KOTOpPbIE HAIIPABJICHBI HA COBEPIIEHCTBOBAHUE YIIPABICHUS
npoMbiciioM. B Hacrosiiiee Bpemst B mporpamme y4dactByroT 380 npomsicios, 18 u3 Hux — B Poccun.

IIponece cepruduxannu MSC npoMbICIOB TUXOOKEAHCKOro Jiococsi B Poccun Hauancs Gosee
necstu net. [lepBbiM cepruduuupoBaics B 2009 r mpomeicen ropoymu (Oncorhynchus gorbuscha)
u ketol (O. keta) o. Utypym. B 2012 r cepTudukar moayquin IpOMBICIbI TOPOYIIN Ha CEBEPO-BOCTOKE
Caxanuaa u Hepku (O. nerka) p. Osepnas na Kamuarke. B 2016 r Obutd cepTudUIMPOBAHbBI
HOPOMBICIBI KeThl, TopOymm Hepku u kmwkyda (O. kisutch) ma 3amamnoii Kamuarke. BpuioB aTmx
IIPOMBICIIOB COCTaBJsieT OKO0J0 60 ThIC. TOHH — NPUMEPHO MATas 4acTb OOILIEro BbUIOBA JIOCOCA
B Poccun. Eme Tpu mpomeiciia B HacTosuiee BpeMsl HaXOAATCS B COCTOSHHUU OLEHKU. OCHOBHBIM
OpYJIMEM JIOBA JIOCOCS SABJIAECTCS CTABHOW HEBOJ — IIACCHUBHOE OpYIHUE JIOBA, BBICTABISEMOE Ha IYTAX
HEPECTOBBIX MMIpalMil JIococsd B TNPUOpPEx HOW 30HE MOpsA. JloCTymHOCTh M BBICOKas PbIHOYHAs
CTOMMOCTb ~ JIOCOCSI ~ IPUBOJAT  3HAUUTEIBHOMY  HEJETAJbHOMY JIOBY, KOTOPBIM  TPYAHO
KOHTpPOJIHMPOBATb.

Kak ceprudukanus MSC crnocoOCTByeT COXpaHEHUIO MONYJISAIMA THUXOOKEAHCKOro Jococs?
MSC He mno3BonseT cepTUPUIUPOBATH MPOMBICIBI B TEX CIy4asX, €CId HCKYCCTBEHHOE
BOCIIPOM3BOJICTBO HEraTHBHO BO3ICHCTBYET Ha JUKHE NOMNYJSLHAHA. OJTO SBIAETCA CEPbE3HOU
poOieMol AJisi MPOMBICIIOB B 0KHOM uyactu o. CaxanuH u Ha Kypuibckux octpoBax. B pamkax
cepTHU(UKAIMU, TPOMBICIBI MPOBOJMIN MEUEHHE OTOJIMTOB 3aBOJACKOW pBIOBI Il OLIEHKU BIIMSHUS
HCKYCCTBEHHOIO BOCIIPOM3BOJCTBa Ha JAuMkue mnomynsuud. Kpome Toro, ObUIM TIpOBEIECHBI
UCCIIEIOBaHMs 10 KOJIMYECTBEHHOW OIICHKE IPUJIOBA HELENEBBIX BHUIOB CTaBHBIMH HEBOIAMH,
KOTOpbI€ TIOKa3ajM, YTO NPUJIOB HHUYTOXKEH. Psn KoMmaHuii akTUBHO Y4YacTBYIOT B aHTH-
OpakoHbepckoll palboTe, YaCTUYHO B PAMKAX MPOEKTOB IO CEPTUGHUKAIMMU, U OBLIM BBIIOIHEHBI
CHelHalbHbIE HCCIIEIOBaHUS 10 OIMCAHUIO HEJErajJbHOro JioBa Jiococs. Bce 3Tu pe3ynbTarhl
OIyOJIMKOBaHbI B OTYETax MO cepTHdUKaLUU B CBOOOAHOM jaoctyne Ha BeO-caiite MSC. Otuersl no
cepTuduKalMM MOAPOOHBI, XOPOIIO CTPYKTYpPUPOBaHBI M YacTO COJIEpPKaT OPUTHHAIIbHYIO
uHpopmanuto. Ilo 3Tol mpuunMHe, OHM MPEACTABISAIOT COOON IEHHBIE UCTOYHUKHM MH(POPMALUU T10
KOHKPETHBIM ITPOMBICIIAM.

Takum oOpasoM, B HacTtodilee Bpems ceptudukanus no crangapram MSC B Poccun 3ansina
cBOoe MecTO Ha peiHKe. C OJHON CTOpOHBI, OHA OOecreunBaeT BIAJeNbllaM cepTU(UKATa PHIHOYHBIE
IIPEUMYIIECTBA, a C IPYroil BHOCUT BKJIaJ B COXpaHEHHE MOIMYJISALMA TUXOOKEAHCKUX JIOCOCEH IyTeM
MIPOBEJICHUSI HCCIEAOBAHUNA W MYyONMKAIMM CTPYKTYpUpPOBaHHOW HHGOpMalMU IO MpPOMBICIaM,
Y4YacCTBYIOIIMM B IIPOTPaMME.
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ECOLOGICAL CERTIFICATION OF FISHERIES AND CONSERVATION OF PACIFIC
SALMON POPULATIONS
D. L. Lajus
Saint Petersburg State University, Saint Petersburg, Russia, e-mail: dlajus@gmail.com

Wild capture fisheries experience decline worldwide and state management is not always able
to stop it. One opportunity to mitigate the problem is informed choice of consumers via ecological
certifications. These certifications award sustainable seafood products with a special eco-labels, which
are recognized by the consumers. Marine Stewardship Council (MSC) certification is now the most
demanded one in the world market of sustainable seafood. The assessment itself is performed by the
independent organization, which is responsible for the correct application of standards developed
by the MSC. Three principles inform these standards: 1) sustainability of the target stock; 2) minimal
environmental effects; 3) effective management. In case, if the situation in the fishery does not fully
meet MSC standards, the fishery usually get the certificate but needs to fulfill certain conditions to
improve its management. Currently, there are 380 fisheries in the program, among them 18 fisheries
are Russian.

Process of MSC certification of Russian Pacific salmon fisheries started more than ten years.
The first Russian fishery to receive the certificate was the Iturup Island pink (Oncorhynchus
gorbuscha) and chum (O. keta) salmon fishery in 2009. Two other Pacific salmon fisheries were
certified in 2012: the Sakhalin Island Northeast trap net pink salmon fishery and the Ozernaya River
sockeye salmon (O. nerka) fishery. The most recent certification was performed in Kamchatka and
included sockeye, chum, pinks and coho (O. kisutch) salmon. Three more fisheries are under
assessment now. The capacity of certified Pacific salmon is approximately 60,000 mt, which makes
the proportion of MSC certified salmon about one-fifth of the total catch. Most of the salmon
are caught by trap nets, passive fishing gear installed on the coast near where salmon enter rivers on
their spawning migration. Ease of catch and high market value encourage sizable illegal fishing and
make it difficult to control.

How MSC certification contributes to conservation of Pacific salmon? The MSC prohibits
enhanced fisheries, from interfering with natural production. This is a major issue for salmon fisheries
in the southern part of Sakhalin Island and the Kuril Islands. In the framework of certifications,
fisheries studied the effect of hatchery production on wild populations by otoliths marking of hatchery
fish. Also, the studies were performed to quantitatively describe non-target catch of fishing with
coastal set nets, which showed that bycatch is negligible. Several companies performed anti-poaching
activities, partly in the frameworks of certification projects, and special research was done to describe
illegal fishing. All these results are published in certification reports freely available at the MSC
website. Certification reports are voluminous and well-structured papers often presenting original
information which is not published elsewhere. Therefore they represent convenient sources
of information on particular fisheries.

Therefore now MSC certification in Russia is well-established process which, on the one hand
provides market advantages to certificate holders, and on the other — contributes to conservation
of Pacific salmon by funding research and obtaining and publishing well-structured information
on fisheries in the program.
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MOP®OAKOJOI'MYECKUE OCOBEHHOCTH TAMMEHS BACCEMHA P. TAB/IbI
A. B. JIyracbkoB
Ypanvckuii punuan @edepanvrozo 2ocyoapcmeeHH020 OI00HCEMHO20 HAYUHO20 YUPeHCOeHUs
«l'ocyoapcmeennblii HayyHO-NPOUIBOOCHEEHHBIIL YeHmp PblOHO20 Xo3aucmeay, e. Ekamepunbdype, Poccus,
e-mail: lugaskoff2011@yandex.ru

Peka TaBma — mputok p. Tobon, otHocuTcs k OOb-UpThiickoMy OacceiiHy u dopMupyercs
CIIMSIHUEM JBYX KPYIHBIX TOpHBIX NPUTOKOB COCbBBbI U JIO3bBBI, MPOTKEHHOCTHIO 635 U 637 KM,
coorBercTBeHHO. OOBIKHOBeHHBIN TaiiMenb (Hucho taimen Pallas) macenser nanHBIE BOIOTOKH
U UX OCHOBHBIE NPUTOKH, SIBJISIETCS €IUHCTBEHHBIM a0OpUTCHHBIM IMPEICTABUTEIEM JIOCOCEBBIX PhIO
B UXTHO(AyHE YpalIbCKHMX BOJOEMOB M TIIOCTOSHHO HAXOAWUTCS TOJA TPECCOM JIHOOMTEIHCKOTO
PBIOOJIOBCTBA U OPaKOHBEPCKOTO Mpombicia. B OonbmmHCTBE BOOTOKOB Ypana u Cubupu 3TOT BUA
BKJIKOYEH B pernoHanbHble Kpacusle kauru ninu Kpacnyro kaury PO.

Cratyc OXpaHsSeMOro BHJA 3HAYUTEIBHO OTPAaHMYMBAET BO3MOXKHOCTH cOOpa MaTepuala
no TaiiMeHro. JlaHHBIC I HACTOSIIETO COOOIICHUS COOMPAIUCh B TEUCHHE MOCICAHMX 6—8 JeT
U3 €IMHUYHBIX JTIOOUTEIHCKUX YIIOBOB M B KQUe€CTBE MPUJIOBA MPU KOHTPOJILHOM HAYYHOM JIOBE.

Janneie mo MopdosiornyeckuM nmpomepam TaiiMeHst u3 p. Jlo3pBa npuBosATCS BriepBhie. Panee,
u3ydueHue Mopdonoruu BuIa B ypalbCKHX NpuTokax HimkHell o0M ObLTO MPOBENEHO TOJBKO
B p. CeBepnast CoceBa (Illummapes, 1979). Mopdonornueckue n3MepeHus BBINOIHEHBI Ha BHIOOPKE
B 16 9K3., pa3HOPOIHOM MO pa3MepaM U Bo3pacTy ocoOeit: miuHa Tena no Cmurry ot 340 10 970 Mwm,
Macca tena ot 446 mo 8700 r, Bo3pact peid — 2+ — 8+ Jer.

HecmoTpss Ha 3HAUUTENBbHYIO HEOJHOPOJHOCTH BBIOOPKH, CUETHBIC MNPU3HAKU BapbUPOBAIU
HE3HAUYMUTEJIIbHO M WX CpeJHUE 3HAYCHUS HE BBIXOAWIM 32 Tpeleiabl KoJeOaHWl BHUIOBBIX
JMAarHOCTUYECKHUX MPHU3HAKOB (Ta0J1.).

Tabnuua. Mepuctuueckue npusHaku TaiiMens u3 p. Jlo3pBa

Cpennee u | Koadpdurnuent
TTpmsna omnoka BapHUaluu
(CV), %
M=+m
KonnuecTBo BETBUCTHIX JIy4eil B CIMHHOM m1aBHUKE (D) 10,19 £ 0,19 7,36
KonnuecTBo BETBUCTHIX JIydell B aHaJIbHOM IUIaBHUKE (A) 9,00 + 0,22 9,94
Kos14ecTBo BETBUCTHIX JIyueii B rpyqHOM miaBHuKe (P) 13,31 +£0,30 8,98
KonnuecTBO BETBUCTHIX Jiyueil B OpromHoM ruiaBHuKe (V) 8,87 +0,12 5,63
KosndecTBo nmpoboaeHHbIX Yelnyid B 0okoBoii iuanu (11) 127+2,2 6,69
KonnuecTBo %abepHbIX THIYUHOK (Spbr) 12,44 + 0,18 5,85
KonnuectBo mo3soukos (Vert) 63,3 +£0,86 3,61

Cpennee 3nHauenne CV s 15 MHAEKCOB MPHU3HAKOB OTHOCHUTEIBHO JUIMHBI T€Jla COCTABUIIO
7,28%, nnst 9 MHAEKCOB CBSA3aHHBIX C MpoMepaMu TooBbI — 14,9%. Mopdoobimk TaitMeHs U3 pa3HBIX
nonyssuil o6ckoro Oacceiina okazaincs cxojieH. CpaBHEHHE JAHHBIX 110 MOP(OIOTUN TalMEHS U3 peK
Cepeproii CocbBbl U JI03bBBI, HECMOTPSI Ha OCOOCHHOCTH BBIOOPKH W3 TIOCJIEIHEH, HE BBIIBIIIH
pa3MyMii 1O CYETHBIM Tpu3HakaMm u jaocToBepHO (p<0,001) ycraHOBIEHBI OTIMYHMS TOJBKO
o 3 u3 25 mnactrueckux npusHakos — hA, O, ldent.

[To nmeromuMes TaHHBIM U DKCIIEPTHBIM OI[EHKaM YHCIEHHOCTh MOMYJISIHS TaiMEHs U3 TOPHBIX
NPUTOKOB p. TaBIbl B HacTosIIee BpeMsi BOCCTAHABIMBACTCS W COIMOCTaBMMA C IJIOTHOCTBHIO BHIA B
pekax Oacceiina CeepHoil COCBbBBI, Il paHee OOHMTaja €ro camas MHOTOYMCICHHAs MOMYJISIIHS.
OcHOBHBIMH (haKTOpaMH COXpaHEHHUsI TaiiMeHs B p. JI03bBa SBISIOTCS: JIMKBHIAIMS MHOTOUHCIICHHBIX
jarepeil — TOCENIeHUH, TPYIHOJOCTYIMHOCTh OCHOBHBIX INPUTOKOB, OXpaHa B IEPUOJ HepecTta B
COYETaHUM C HCKYCCTBEHHBIM BOCIIPOM3BOJICTBOM, IIUPOKOE PACIPOCTPAHCHHWE TPAKTHKU
JHOOUTENBCKOTO PHIOOJIOBCTBA 1O MPUHIMITY «IoiMan — otnycTuwi». B p. CochBa BaXKHYIO posib B
COXpaHEHHHU BHJIA CHITPAIIO PACTION0KEHNE BEPXOBHEB PEKH HA TEPPUTOPUH 3allOBETHHUKA «[leHEKKUH
KaMEHbY.
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MORPHOECOLOGICAL PECULIARITIES OF THE TAIMEN OF THE TAVDA BASIN

A. V. Lugaskov
Ural branch of Federal State Budgetary Scientific Institution "State Research and Production Center of
Fisheries", Ekaterinburg, Russia, e-mail: lugaskoff2011@yandex.ru

The Tavda River is a tributary of the river Tobol, belongs to the Ob-Irtysh basin and is formed
by the merger of two major mountain tributaries of the Sosva and Lozva, a length of 635 and 637 km,
respectively. Ordinary taimen (Hucho taimen Pallas) inhabits these streams and their main tributaries,
is the only aboriginal representative of salmonids in the ichthyofauna of the Ural water bodies
and is constantly under the pressure of amateur fishing and poaching. In most streams of the Urals and
Siberia, this species is included in regional Red Books or the Red Book of the Russian Federation.

The status of the protected species significantly limits the ability to collect material
on the taimen. The data for the present communication were collected during the last 6-8 years
from individual amateur catches and as by-catch in controlled scientific fishing.

Data on morphological measurements of taimen from the river Lozva, given for the first time.
Earlier, the study of the morphology of the species in the Ural tributaries of the Lower Ob was carried
out only in the river Northern Sosva (Shishmarev, 1979). Morphological measurements were made
on a sample of 16 specimens, of different sizes and ages: Smith's body length from 340 to 970 mm,
body weight from 446 to 8700 g, and fish age 2+ to 8+ years.

Despite the considerable heterogeneity of the sample, the counting characteristics varied
insignificantly and their mean values did not exceed the limits of the oscillations of the specific
diagnostic features (tabl.).

Table. The meristic signs of the taimen from the river Lozva

Average and | Coefficient
Signs error variations, %
M+m
Number of branching rays in dorsal fin (D) 10,19+ 0,19 7,36
Number of branching rays in anal fin (A) 9,00 £ 0,22 9,94
Number of branching rays in the pectoral fin (P) 13,31+ 0,30 8,98
Number of branching rays in the ventral fin (V) 8,87+ 0,12 5,63
The number of perforated scales in the lateral line (1l) 127+£22 6,69
Number of gill rakers (Spbr) 12,44 £ 0,18 5,85
Number of vertebrae (Vert) 63,3 +0,86 3,61

The average CV value for 15 indices of signs relative to body length was 7.28%, for 9 indices
associated with head measurements — 14.9%. The morphogenesis of taimen from different populations
of the Ob basin turned out to be similar. Comparison of data on taimen morphology from the Northern
Sosva and Lozva rivers, despite the features of the sample from the latter, showed no differences in the
counting characteristics and authentically (p<0.001) differences were found only for 3 of 25 plastic
traits — hA, O, ldent.

According to available data and expert estimates, the population of taimen from the mountain
tributaries of the river Tavda is currently being restored and comparable to the species density in the
rivers of the Northern Sosva Basin, where its most numerous population previously inhabited.
The main factors of preservation of the taimen in the river Lozva are: the elimination of numerous
camps — settlements, inaccessibility of the main tributaries, protection during spawning in combination
with artificial reproduction, widespread practice of amateur fishing on the principle of "caught-
released"”. In the river Sosva the location of the upper reaches of the river in the territory of the reserve
"Denezhkin stone" played an important role in preserving the species.
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TEMIIBI POCTA U OBMEHA MUO®PUBPUIVIAPHBIX BEJIKOB Y MOJIOAU JIOCOCS
S. SALAR 3ABHUCSAT OT SKOJIOT MYECKHNX YCJOBUM BHIPOCTHBIX YYACTKOB
JI. A. JIsicenko, H. I1. Kanniepona, M. FO. Kpynnosa, E. 1. Ksiisapsitnen, H. H. Hemona
DeoepanbHoe eocyoapcmeeHHoe bo0xcemHoe yupexcoenue nayku Mucmumym ouonocuu Kapenvckoeo

Hayunoeo yenmpa Poccutickou axademuu Hayk, . [lemposzasodck, Poccus,
e-mail: I-lysenko@yandex.ru

Poct pei6 ki. Teleostei, Bkirouast ariaanTHueckoro Jsococs Salmo salar, mpomosmkaercs
B TEUCHHE BCEW MX JKM3HU U OIMUCHIBACTCA ACHUMIITOTHYECKOH KPUBOW C MaKCHUMAaJbHBIM TEMIIOM
npUpoCTa B TMEpBbIe Tonabl KU3HHU. [locTymarenbHas JMHAMHKA pocTa pbi0 obecreunBaeTcs
CMelleHneM OanaHca CHHTE3a W JIerpajallii OCIKOB B CTOPOHY IMEPBOTO KOMIIOHEHTa, OCOOCHHO
B CKEJICTHBIX MBIIIIAX, COCTaBIsAIOMUX Ooiee 75% >kuBoro Beca pwiObL. Jlerpamamus
MUODUOPWIIAPHBIX OENKOB, HeoOXxoxuMmasl Jisi MX OOMEHa W KOHTpOJS KayecTBa, y pbIO
MPEUMYIIECTBEHHO UET MO KaJbIIANHOBOMY U JIN30COMAIIEHO-ayTO(ParndeckoMy myTsiM, ¢ MUHOPHBIM
BKJIA/IOM TIPOTEACOMHON CUCTEMBI. Y JIOCOCEBBIX PBIO M3 PEKBBICOKHMX MMPOT (OacceitH bemoro mopsi),
XOJIOHOBOJIHBIX U OJIMTOTPO(HBIX, TEMIT POCTa B MEPUOJ OT BBUTYIICHHS IO CMOJTH()HUKAIIUK OYCHB
HU30K B CPaBHEHHH C OCOOSIMH TeX >K€ BHIOB M3 BOJOEMOB 0ojee HU3KHX MMPOT. FOBeHMIBHBIE
JI0COCH, POM3OIIC/IIINE u3 HEPECTOBBIX THE3]T B pyciax KPYITHBIX pek
(Bap3yru, Uuzaepbl, ApeHbrd U 1p.), Ha MIEPBOM IOy KU3HHU CO3JIAIOT KOJIOTUYECKUE TPYIITHPOBKH,
paccersisich 10 pa3HbIM OMOTONAaM: YacTh MOJIOJM OCTaeTCs JUIsl Haryjda B NMPUOPEKHBIX ydacTKax
OCHOBHOTO pYyClla peK, Apyrasi — MUTPUPYET B MX MEJIKOBOIHBIE NPUTOKH M pydbu. CyOmomynsnuu
W3HAYaJIbHO PA3IUYUMBbI 10 MOP(OIOTHYECKUM MPHU3HAKAM U YPOBHIO METa0O0JIM3Ma, YTO YKa3bIBaeT
Ha TEHETHYECKYI0 NETePMHUHHMPOBAHHOCTh HaOIromaemMon auddepeHnmnanum, KoTopas ¢ TEYCHHEM
BPEMEHUIIO]] BJIMSHUEM SKOJIOTUYECKUX (DAaKTOPOB MHKpPOOHMOTONOB emie Oosiee yCyryOuseTcs.
Jliia Monoau Jiococst BO3pacTHBIX rpymnn 0+ u 1+ K3 pa3nudHbIX MECTOOOUTaHUM (pycia peKkH, pydbeB,
MIPUTOKOB) TOKa3aHbl TOJOXHUTEIbHBIC KOPPEISIUN TEMIIOB POCTa C AKTUBHOCTHIO KAJILIIAMHOB H
MPOTEACOMBI B MIX MBIIIIAX ¥ OTpUIATEIIbHAS — C aKTUBHOCTBIO KaterncuHa B. B cuiry Gosee BRICOKOTO
TeMIa pocTa CyOmomynsuuii pyuybeB M TNPUTOKOB, UM OKa3ajlach CBOICTBEHHa M 0Oojee BbICOKas
WHTCHCUBHOCTh TPOTEOJIN3a. BBIPOCTHBIE YYAaCTKM B TPUTOKAX M pPydbsiX OOBIYHO Ooiee
OJaronpusATHHI AJI1 pOCTa MOJIOAM B CHIIy UX MEIKOBOJHOCTH, 00Jiee BBICOKMX JTHEBHBIX TEMIIEpaTyp,
COCTaBa TpPyHTa C OOJNBIIMM KOJHYECTBOM YKPBITHH, OOJBIIEro pa3HOOOpa3usi M KOJMYECTBA
KOPMOBBIX 00BEKTOB (Makpo3oobeHToca). bonee BhicOkuil TeMi pocTa U 0OMeHa MBIIIEUHBIX OEKOB
HaOJI0MaICs TOJIBKO y cerosieTkoB Jiococst (0+), Ho He romoBukoB (1+); IS MOCIEAHUX HE OBLIH
MOKa3aHbl pa3uyMs IO METPUYECKHMM NpPU3HAKaM M YPOBHIO AKTUBHOCTU BHYTPHKJIETOUHBIX
npotenHas. [lo-BuauMoMy, Tak TpOSBISEeTCS (U3MOJIOTHYECKOE CHIDKCHHE TEMIla pocTa pbhi0 Ha
BTOPOM TOJly JKM3HH, a TAaKKe Mepexo]] Ha JApyrue, 6ojee KpymHble KOPMOBBIE OOBEKTHI, KOTOPBIMU
HeOOTaThl MENKOBOJHBIC BBIPOCTHBIE YYACTKH, YTPAUYMBAIOIINE B CHIJIy JTOTO MPEUMYIIECTBA IS
pocTa siococst Bo3pacta 1+. Paboma evinoanena npu gunancogoii noooepaicke Poccuiickozo nayunozo
gonoa, npoexm 14-24-00102 «Jlococesvie pviovr Cesepo-3anada Poccuu: 3konoeo-ouoxumuyeckue
MEXAHU3MbL PAHHE20 PA3GUTNULY.
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GROWTH AND MYOFIBRILLAR PROTEIN TURNOVER RATES IN SALMON §. SALAR
JUVENILES DEPEND ON THE ECOLOGY OF LOCAL GROWING HABITATS
L. A. Lysenko, N. P. Kantserova, M. Yu. Krupnova, E. I. Kaivarainen, N. N. Nemova
Institute of Biology of Karelian Research Centre Russian Academy of Sciences, Petrozavodsk, Russia,
e-mail: I-lysenko@yandex.ru

Growth of Teleostei fish, including Atlantic salmon Salmo salar, is indeterminate and described
by an asymptotic curve with the maximal slope corresponding with the earlier years of life.
The progressive dynamics of fish growth is maintained by the shift in the balance of protein synthesis
and degradation to the first component, particularly in the skeletal muscles constituting up to 75%
of fish body weight. In fish, myofibrillar protein degradation essential for protein turnover and quality
control primarily involves calpain and lysosomal-autophagic pathways with a minor contribution
of proteasome-dependent digestion. The growth rate since hatching through smoltification in salmonid
fish of high-latitude cold-water and oligotrophic rivers (the White Sea basin) is extremely low
if compared with conspecifics of lower latitude rivers.At the earliest years of live, juvenile salmon
originated from the spawning nests in the mainstems of large salmon rivers, such as Varzuga, Indera,
Aren’ga, etc., are dispersed to the ecological groups inhabiting different biotopes within the river
watercourses; some juveniles reside mainstem riverside and the others migrate to the small tributaries
or brooks. Salmon subpopulations are distinguished by morphology and metabolic rate indicating
genetic determination of the observed distribution that become more obvious with age under the
pressure of ecological factors in habitats. In juveniles of 0+ and 1+ year-classes from the different
habitats (river mainstem, brooks, or tributaries) the positive correlations of growth rate and calpain and
proteasome activities in the skeletal muscles and the inverse — with cathepsin B activitywere assessed.
Due to higher growth rate in brook and tributary salmon sub-populations they occur to possess
the higher rate of proteolysis. Growing areas in brooks and tributaries are commonly more favorable
for fish growth since shallow water, higher daily temperatures, ground composition enriched
by hideaways, more diverse and abundant feeding objects (macrozoobenthos) they possess. Higher
rates of growth and muscle protein turnover are observed only in salmon under-yearlings (0+) but not
in yearlings (1+); yearlings are not differentiated by morphometry and protease activity levels.
Apparently, there is an effect of physiological decrease in growth rate in the second year of life as well
as a preference of larger feeding objects that are not abandoned in small tributaries unable therefore
to promote excessive growth of fish of age 1+. The research was supported by the Russian Scientific
Foundation, project no. 14-24-00102 «Salmonids of the northwest of Russia: ecological and
biochemical mechanisms of early developmenty.
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MJIAH JEMCTBU O COXPAHEHUIO CAXAJIMHCKOI'O TAUMEHSI
C. C. MakeesB
DeoepanvHoe eocyoapcmeertoe brodxcemHoe yupexcoerue « Caxarunckoe baccelinogoe ynpaesieHue
1O PblOOI0BCMBY U COXPAHEHUIO BOOHBIX OUONIO2UNECKUX PeCYPCO8Y,
2. FOxcno-Caxanunck, Poccus, e-mail: smak02@mail.ru

Caxanuunckuii Taitmens Parahucho perryi (Brevoort, 1856) siensiercst KpyHeien 13 JI0COCEBbIX
ppl0 U BoOOIIE OAHOM U3 caMbIX OOJBIIMX MPECHOBOAHBIX PHIO IIAHEThl. EIMHCTBEHHBIH
MpeACTaBUTEIb ~ MOHOTHOHYHOTO  poma  Parahucho  (I'myOokoBckmii, 1995). Hcxomnas
MaJOYHUCIEHHOCTh M HH3Kas CIOCOOHOCTh K BOCIPOM3BOJCTBY CIIOCOOCTBYET CKOpEHIIeMY
HCYE3HOBEHMIO JIOKAIBHBIX MOMYJISIIUI B YCIOBUSAX YBEIMUYMBAIOLIEIOCsS AaHTPOIOTEHHOIO IIpecca.
Temn cHuxeHuss uuciaeHHocTH oneHeH B 15-20% B ron (Cemenuenko, 3onoryxuH, 2011),
a 3¢ (exkTuBHBINA pa3mMep OOJIBIIMHCTBA MOyl He focturaet 50 ocobeit (FOpuenko, 2015).

Bxmtouen B Kpacubie kuurm P®, CaxamuHckoit obOimactu u Ilpumopckoro kpas, a Takke
B Kpacubiii ciucok IUCN mo kareropum Critically Endangered Adabcd (Rand, 2006). B 2013 r.
c yuactueM Certu coxpanenusi caxanuHckoro TtaiimeHss (CCCT) BHeceH B TpyMIy >»XUBOTHBIX,
noajexamux oco0oil oxpane. g poccuiickoil yacTu apeajla OCHOBHOM HPUYMHON O€ICTBEHHOI'O
MOJIOKEHUS C BBDKHUBAHUEM TOMYNSALUNA TaMEHs SBISETCS HE YXY/IICHHE KadyecTBa MPUPOIHON
Cpelpl, a YpEe3MEpPHO BBICOKAas CMEPTHOCTh IIOJI BO3JIEHCTBUEM OpaKOHBEPCTBA, JIHOOUTEIHCKOIO
BBUIOBA W MPHJIOBA IIPU MIPOMBICIIE IPYTUX BHUJIOB.

C yuactnem CCCT u MeCTHBIX CHEIMAIUCTOB Oblja MPOBEIEHA KCIEPTHAs OLEHKA CTEIEHU
yrpo3 MomynsiuusM caxanuHckoro Taiimens CeBepo-Bocroka Caxanuna no wmetony Henbdu
('OCT HCO 31010). 15 sxcnepToB HE3aBUCUMO APYr OT Apyra yka3ajlu OpakOHbEPCTBO CTABHBIMU
CETSIMM B PEKax M JaryHaX Kak OCHOBHYIO YIpo3y Ul BUJa, cpeHss oueHka — 62,0 + 2,5%. Pasnbie
BH/JIBI JIIOOUTEIILCKOTO JIOBA MAIOT OleHKY 18,7 + 4,2%, a mpoMbIcioBbId mpuiioB — 12,8 £ 5,5%.

3areM cienaH pacdeT BEpPOSTHOCTH BHIMUPAHUS MOMYISALUN 3a TpU MokojeHus (okono 40 ier),
TaK)X€ MCIIONb3ysd DKCHEepTHbIE OlleHKH. COrjacHO TEOpUU MPHUHSATHUS PEIIEHUN MOCTPOCHO JIEPEBO
pelieHuit ¢ yueToM 3KOHOMHYECKOM cocTaBisitoeid. Hanbomnee 3ppekTuBHBIM BapuaHTOM OKa3ajach
KOMIUIEKCHAs! IIporpamMMa ¢ OpraHu3allueil B KIIOYEBBIX MECTaX CE€30HHOM OXpaHbl OT OpakOHbEpCTBA
U OJHOBPEMEHHO pabOTOil ¢ I1eNeBBIMH TpYINIaMH, BO3JACHCTBYIOIIMMH HA  MOIYJISLUN
(MecTHBIE pPBIOOJIOBBI-IIOOUTENHN, PBHIOOJIOBHBIE TYpPUCTHI, pblOAaKW Mpombicia). Tak Kak mpu
JOOUTENTHCKOM JIOBE U MIPOMBICIIE 0COOM TaiMEHsI OOJIbIIIeH YacThIO MOMAJAAIOTCS B )KMBOM BUJIE, Ta
paboTta MoOXeT OBITh OCHOBaHAa Ha COLMAIBHO-TICUXOJOTHMYECKUX METOJaX H3MEHEHHs MOBEICHMS
(Cmomnosa, 2010).

CaxanuHckuii  TaliMeHb  sBisieTcs  «(JaroBbIM»  BHJIOM, TPEACTABUTETH  KOTOPOTO
C 4YEJIOBEUECKOM TOUYKM 3pEHHUs 00JIaJaroT AYXOBHOM, 3CTETUYECKOW M PEKPEallMOHHOW 1IEHHOCTHIO
(Karavanov, 2008). [Iyist moay4eH s IPUPOIOOXPAHHBIX PE3YIbTATOB C HCIIOIb30BAHMEM TaKHX BHIOB
MEXyHapOaHas OpraHu3anus Rare Bo MHOTHX CTpaHax MHpa NPUMEHSET TEXHOJIOTHIO MPOBEACHUS
obmectBeHHbIXx kammanuii Pride (Butler et al., 2013). TaiiMeHb TpemTOKEH KUBBIM CHMBOJIOM
COXpaHeHHus JococeBbIx tora JlansHero BocToka u cpenibl X OOUTaHMS.

Kpome ToOro, mman AeWCTBUIl MO COXpPAHEHUIO CAXaJUHCKOIO TalMEHs JOJDKEH BKIIIOYATh
MporpaMMbl MOHUTOPHHTA, B TOM YHCJEe OECKOHTAKTHBI YYeT YHCICHHOCTH IPOU3BOAUTEIICH W
anamu3 wucropuu wmwurpanuii  (Rand, Fukushima, 2014), wuHBeHTapu3alMu MECTOOOMTAHUI
(Fukushima et al., 2011), peHHTPOAYKIINK HCUSIHYBIIMX MOMY/ISIHMIA ¢ IPUMEHECHHEM UCKYCCTBEHHOTO
BOCIIPOU3BO/ICTBA, YUUTHIBAs MOMYJIALIMOHHO-TEHETUYECKYIO CTPYKTYpPY BUJA
(Zhivotovsky et al., 2015).

Jlns  BBIMOJHEHUS IUIaHA  [peJUlaraeTcsi CO3/JaHue  HEKOMMEPUYECKOW  OpraHu3aluu
«CaxanuHCKUM TallMEHb» M COCTaBJIEHHE PErHMOHAIBHOM II€JIEBOM MpOrpaMMbl C BHEOIOKETHBIM
(¢uHaHCHpPOBAaHHEM, B OCHOBHOM W3 JIOOPOBOJIHBIX MOXKEPTBOBAaHUN KOMIAHMH HedTerazoBoro
ceKTopa, uMmeromux narepecsl Ha CeBepo-BocToke CaxanuHa.
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ACTION PLAN FOR SAKHALIN TAIMEN CONSERVATION
S. S. Makeev
Sakhalin Basin Department for Fisheries and Conservation of Water Biological Resources,
Yuzhno-Sakhalinsk, Russia, e-mail: smak02@mail.ru

Sakhalin taimen Parahucho perryi (Brevoort, 1856) is the largest of salmon and generally one
of the largest fresh-water fishes oon the planet. Only representative of the monotypical genus
Parahucho (Glubokovsky, 1995). Initial small number and low ability to reproduction promotes the
rapid disappearance of local populations under increasing anthropogenic pressure. Rate of decrease in
number is estimated at 15-20% a year (Semenchenko, Zolotukhin, 2011), and the effective size of most
populations less than 50 individuals (Yurchenko, 2015).

It is included in Red Books of Russian Federation, Sakhalin region and Primorsky Krali,
and also in the IUCN Red List on category Critically Endangered Adabcd (Rand, 2006). In 2013,
with participation of the Sakhalin Taimen Conservation Network (STCN), species included in group of
the animals that are subject to special protection. For the Russian part of the area, the main cause of the
plight of survival of populations is not the deterioration of the natural environment but excessively
high mortality under the influence of poaching, amateur fishing and by-catch in commercial fisheries
for other species.

With participation of STCN and local experts we have been carried out the expert assessment
of rate threats to Sakhalin taimen populations of Sakhalin Northeast by Delfi method
(ISO/IEC 31010). All experts independently from each other have specified poaching by nets
in the rivers and lagoons as the main threat for species, an average assessment — 62,0 + 2,5%. Different
types of amateur fishing give an assessment 18,7 + 4,2%, and by-catch — 12,8 £+ 5,5%.

Then calculation of probability of extinction of populations for three generations
(about 50 years) is made, also using expert estimates. According to the theory of decision-making the
tree of decisions taking into account an economic component is constructed. The most effective option
turned out to be a comprehensive program with the organization seasonal protection from poaching
in key areas and at the same time work with the target groups influencing the population (local anglers,
fishing tourists, fishermen). As at amateur fishing and commercial fishing of an individual of a taimen
mostly caught in a live, this work can be based on social and psychological methods of behavior
change (Smolova, 2010).

Sakhalin taimen is a "flagship" species which representatives from the human point of view have
spiritual, esthetic and recreational value (Karavanov, 2008). With use of such species the international
organization “Rare” in many countries of the world applies technology of public campaigns “Pride”
to obtaining conservation results (Butler et al., 2013). The taimen is offered by a live symbol
of conservation salmon of the South Far East and the environment of their habitat.

Besides the action plan for conservation of the Sakhalin taimen has to include programs
of monitoring with the non-contact accounting of spawners number and the analysis of migration
history (Rand, Fukushima, 2014), habitat inventories (Fukushima et al., 2011), reintroduction
of the disappeared populations with application of artificial reproduction, considering population and
genetic structure (Zhivotovsky et al., 2015).

We are offered the creation of Sakhalin Taimen non-profit organization and the development
of regional target program with off-budget financing generally from donations of the companies of oil
and gas sector having interests in the Sakhalin Northeast.
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ANHAMUKA AKTUBHOCTHU HEKOTOPBIX ®PEPMEHTOB DHEPTETUYECKOI'O
N YIVIEBOJHOI'O OBMEHOB B ITPOLHECCE SMBPUOI'EHE3A ATIIAHTUHYECKOI'O
JIOCOCHA SALMO SALAR L.

O. B. MemiepsikoBa, M. B. Uyposa, E. U. Ksiissipsiinen, H. H. HemoBa
DeoepanvbHoe eocyoapcmeeHHoe bio0xicemHoe yupexcoenue nayku Hucmumym duonozuu Kapenscroeo
Hayunoeo yenmpa Poccuiickou akademuu nayk, 2. Illemposasoock, Poccus, e-mail: mesch@krc.karelia.ru

[Tonynsamus aTaaHTHYECKOTO Jiococs, oOuTaromero B Oacceiine p. Bapsyra (Kosbckuii 1m-oB)
UMEET  CIIOKHYI  CyONONYJSIMOHHYIO M BO3PAaCTHYIO  CTPYKTYpPY, IOJJAEP>KUBAIONIYIO
ee BHYTPUBHUI0BOE OMOpa3HOOOpa3ue, YCTOMYMBOE CYIIECTBOBAHUE U CTAOMIBHOE BOCIPOM3BOJICTBO.
@OpMHUPOBAHUIO  CIOKHOM  BHYTPUIONMYJISALIMOHHOM  CTPYKTYpbl  CIIOCOOCTBYET  paHHsA
muddepeHmaIus J0cocs Ha CTaAUAX SMOPHUOHOB M JIMYMHOK, ONpPENEISAIoNias CPOKH HUX BBIKIICBA
U aJalTHBHOE IOBEJIEHUE B IEPUOJ NEPEXOAA C IHAOICHHOIO Ha 3K30r€HHOE nuraHue. [loHnManuto
MEXaHU3MOB pOCTa M pa3BUTHUs MONYJSALUU aTJIAHTUYECKOIO JIOCOCS B pPAHHEM OHTOIEHE3E
CHOCOOCTBYIOT HCCIIEOBaHMS OMOXMMHUYECKUX IPOIIECCOB, MPOTEKAIONINX B MEPHOJ 3MOpHOreHe3a
U ONpPENEeISIIONINX METa0OIUYECKHI CTaTyC JUYMHOK Tepel] BBIKICBOM. V3yueHue sHepreTH4ecKoro
oOMeHa M TPOILECCOB HCIOJB30BAHUS PA3NIUYHBIX CyOCTpaToB s 0Opa3oBaHHUs SHEPruu
B OMOpPHOHATBLHOM TEpUOAE PBIO OAMH U3 KIIOYEBBIX AaCMEKTOB TO3BOJISIONIMX OICHUTH
MOTEHIMATbHbIE BO3MOXHOCTHU JAIbHEHIIIETr0 pa3BUTHSI IMUYMHOK.

HccnenoBana nuHaAMHMKa aKTHUBHOCTH (DEPMEHTOB LIUTOXPOMOKCHAA3BI, JIAKTATIEIHIPOTECHA3bI,
MalaTaeruiporeHassl, aJbJ10J1a3bl, 1-rmunepodocdarnerugporeHassl U TJIF0K030-6-
docdaraerunporeHassl y nmpecHoBogHOro Jjococs Salmo salar L. B mporuiecce ero paHHero pa3BUTHS:
B MKpE Iepe]l OIJIOJIOTBOPEHUEM U Ha pa3HbIX CTagusx sMOpuoreHesa (oOpa3oBaHHE 0J1IaCTOIMCKA;
npoOnenue OnacToaucka; oOpa3oBaHWE XBOCTOBOHM ITOYKM; HAYAIO IMYJIbCAIIMHA CEPACYHON TPYOKH
Y Hayajo KpoBOooOpallleHHus; Hauyajao MUTMEHTAIMH TJIa3; MOJATOTOBKA K BBUIYIUICHHUIO M YaCTHYHBIH
BBIXO/T 3apOBIIIEH U3 000J0UKH).

AxtuBHocts  QepmentoB 1O, JIAI, ampmomazer, ML, 1-T'®AI  dukcuposanack
y HEOIUIOJOTBOPEHHOM HKpbl M Ha BCEX M3YYCHHBIX CTaUsX HSMOpUOreHe3a, OJHAKO CHIIHHO
BapbUpOBaja B 3aBUCUMOCTH OT 3Tama pa3BuTHs. AKTHBHOCTb [-6-DJII' oOHapyxuBaizach TOJIBKO
Ha mocieaHux Tpex craausx. Axamm3 aktuBHoctu 1O u JIII cBuaerenbcTByeT 00 M3MEHEHHUH
XapakTepa SHepreTH4eckoro Metadosi3mMa ¢ MPEeuMYILIECTBEHHO a3poOHOro Ha HaydaldbHBIX CTaAMSIX
aMOpHOreHe3a Ha aHadPOOHBIN C PE3KUM S-KpaTHBIM yBenudenuem JIJII' Ha cTaauu mepes; BHIKICBOM.
Crneuunduka uzodpepmentHoro cnekrpa JIJII' Ha mocnegHux cramusx sMOpuOreHe3a ykKasblBalia
Ha 3HAYUTEIbHOE MOBBIIIEHNE SHEProoOeceueHus IBUraTeIbHONM aKTUBHOCTH 3apojbliia. JuHamuka
aKTUBHOCTH aJIpJl0ja3bl XapaKTepPU30Balach YBEJIMYEHHWEM Ha CTaJWU paHHEro JpoOJeHHus,
CHIKEHHEM AaKTMBHOCTM Ha CTaJuM ApoOJIeHus ONacToJUCKa M JBYXKpPaTHBIM YyBEIMUYEHHEM Ha
CTaJlU TIEpE] BBIKJIIEBOM, B CPaBHEHUHM CO CTaJWEH NMUIMEHTALMU IJa3. B IuHaMUKe aKTMBHOCTH
¢depmenta 1-I'O/II" oTMevanuch cTaiuu ¢ BHICOKOM M HHU3KOW aKTUBHOCTBIO. AKTUBHOCTH (pepMeHTa
JIOCTOBEPHO BO3pacTajia Ha CTauM OJacTysbl M, 0COOEHHO, HA CTaJMU MUIMEHTAIUM TJa3 U Mepes
BbIKJIEBOM. [IpOJyKThl TIiMKoOIM3a, 0Opa3yrouiuecss Ha pas3HbIX €ro JTamax, MOryT Y4acTBOBAaTh
B Pa3JIMYHBIX PEaKLUsAX, B 3aBUCUMOCTH OT MOTPEOHOCTEN KJIETOK B SHEPIeTUUYECKUX M CTPYKTYpPHBIX
BemectBax. JlmHamuka aktuBHOCTH (hepmentoB JI/AI, ampmonaser, 1-IT'OMAL, I'-6-OJI" Ha pa3HBIX
CTaluaX SMOpUOTeHe3a JIOCOCS CBHJIETENBCTBYET O Pa3HOHAIPABIEHHOCTH B HCIOJIb30BaHUU
yraeBonoB. B mepuon panHero npoOieHHs] OHU HCHOJB3YIOTCS MPEUMYIIECTBEHHO B a’poOHOM
HHEprooOecrneyeHny, a Ha CTaJWU TJa3Ka M Iepe]] BHIKJIEBOM — B aHadpoOHOM obOpazoBanuu AT
U cuHTe3e rauuepodocdara — MpeAeCTBEHHUKA CTPYKTYPHBIX M 3aM1acHBIX JIMITHIOB.

Takum 0Opa3zoM, Ha TOCIEIHHUX ATarax dMOPHUOreHe3a JIOCOCSd B KaueCTBE MCTOUYHUKA SHEPTUU
AKTUBHO HCIIOJB3YIOTCS YIJIEBOJbI, YTO MMEET HAMpPAaBJICHHbIM aJalTUBHBINA XapakTep, MOCKOJbKY
OKHCJICHHE YTJIEBOJIOB MOXET NMPOUCXOAUTH B YCJIOBUSAX OIPAaHMUEHHOrO MOTPEOJICHUS KUCIOpPOJa.
B nponecce pa3ButHs SMOPHOHOB JIOCOCS YTIIEBO/IbI UCIIOIB3YIOTCS HE TOJIBKO B KaUe€CTBE MCTOYHUKA
SHEPTHUH, HO U JUIsl CHHTE3a CTPYKTYPHBIX KOMIIOHEHTOB.

Paboma evinonnena npu unancosoii noooepcke Poccuiickoeo nayunoeo ¢onoa, npoexm Ne
14-24-00102 «Jlococesvie poviovl Cegepo-3anada Poccuu: 3Ko01020-Ouoxumuyeckue MexaHuzml
PAaHHe20 pazeumusiy.
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ACTIVITIES OF ENERGY AND CARBOHYDRATE METABOLISM ENZYMES DURING
EMBRYONIC DEVELOPMENT OF ATLANTIC SALMON SALMO SALAR L.
O. V. Meshcheryakova, M. V. Churova, E. I. Kaivarainen, N. N. Nemova
Institute of Biology of Karelian Research Centre Russian Academy of Sciences, Petrozavodsk, Russia,
e-mail: mesch@krc.karelia.ru

The understanding of Atlantic salmon early development is promoted by studies of biochemical
pathway during embryogenesis and researching various metabolic parameters of larvae before
hatching. The study of energy metabolism pathway and the using of different substrates for the energy
formation in the embryonic period of fish is one of the key aspects that allows us to assess the potential
possibilities for further development of the larvae. The activities of CCO, LDH, MDH, aldolase and
1-GPDH and G-6-PDH were studied in freshwater salmon Salmo salar L. during its early
development: unfertilized eggs; early cleavage (3 hours); embryonic disk division (7 days); appearance
of tail bud (27 days); start of heart tube pulsation and beginning of blood circulation (40 days); eyed
embrio stage, organogenesis (60 days); preparing for hatching and partial emergence of embryos from
egg capsule (108 days). The activities of enzymes CO, LDH, aldolase, MDG, 1-GPDD were
determined in unfertilized eggs and in all stages of embryogenesis, but its varied depending
on the stage. The activity of G-6-PDH was detected only in the last three stages. The analysis of the
activity of CCO and LDH points to a change of the energy metabolism status from the predominantly
aerobic at the initial stages of embryogenesis to anaerobic with a sharp 5-fold increase in LDH
at the stage before hatching.

Specificity of the LDH isoenzymes activities during the pre-hatching stage indicated
a significant increase of energy synthesis for the embryo mobility. The aldolase activity was
characterized by an increase at the early cleavage stage, a decrease in activity at the stage of embryonic
disk division and a two-fold increase in the pre-hatching stage. In activity of the 1-GDDH, there were
stages with high and low activity. Enzyme activity significantly increased at the stage of early cleavage
and, especially, at the pigmentation of the eyes and before hatching.

The compounds formed at different stages of glycolysis can used in various metabolic pathways,
depending on the energy and structural needs of cells. Changes in activities of LDH, aldolase,
1-GPDH, and G-6-PDH enzymes at different stages of salmon embryogenesis indicates a different
metabolic direction in the carbohydrates utilization. In the period of early cleavage, they are used
primarily in aerobic energy supply, and at the eyed embrio stage and before hatching - in the anaerobic
formation of ATP and the synthesis of 1-glycerophosphate - a precursor of phospholipids and TAG.
Thus, at the last stages of Atlantic salmon embryogenesis, carbohydrates are used as an energy source,
which has a adaptive meaning, since the oxidation of carbohydrates can occur under conditions
of limited oxygen consumption. In the development of salmon embryos, carbohydrates are used not
only as an energy source, but also for the synthesis of structural components.

The work was supported by the Russian Science Foundation, project Ne 14-24-00102
“Salmonids of the northwest of Russia: ecological and biochemical mechanisms of early
development”.
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MATEPHUAJIBI K ®AYHE ITAPA3UTOB JIOCOCEBBIX PbIb KOJIBbCKOI'O CEBEPA.
PEKA KOJIA
B. K. Murenes, A. b. Kapaces, A. A. becconos
DeoepanvHoe cocyoapcmeennoe DI00XcemHoe HayuHoe yupedsicoenue «Ioaapubiil HayUHO-UCCIe008AMeNbCKULL
UHCIUMYM MOPCKO20 PblOHO20 X03sticmea u okeanoepaguu umenu H. M. Knunosuuay,
2. Mypmanck, Poccus, e-mail: paralab@pinro.ru

P. Kona otHocutcst k Oacceitny bapenneBa mops. IIpoTekaeT mo TeppUTOpHHM C BBICOKOU
ypOaHu3amuen.

Lenp wuccnenoBaHuil — MOJIYYUTh CBEIEHUS O BHUAOBOM CcOCTaBe (ayHbl Mapa3uToB U
MOKAa3aTeNsIX 3apaKCHHOCTH JIOCOCEBBIX pbIO p. Koma, st KoTopoil ycTaHOBIIEHA BBICIIAS KATETOPHUS
pBIOOXO03AKWCTBEHHOr0 3HaueHud. OJHAKO [0 CHX MOp OOCTOSTENbHBIE Iapa3UTOJIOTUYECKUE
WCCIICTIOBAHUS 3716Ch HE TTPOBOMIIUCK.

Marepuan cob6pan B mepuon ¢ 2005 mo 2015 rr. Ha ywactke BepxHero TeueHus p. Koma
(o3epo Ilynmozepo u Onm3iexamue BOAOTOKM). Bcero MerogoM MOJHOTO Mapa3uTOIOTHYECKOTO
BCKPBITUS HccienoBaHo 98 sk3. pwib: amimantuueckuii jgocock Salmo salar (momogs — 69 9k3.,
aHaJPOMHBIC MHUTPaHTHI — 15 9K3.), kymxka Salmo trutta — 3 sk3., pyuseBas dopens Salmo trutta m.
fario — 11 »sk3. CO6op, ¢ukcanuioo U KaMepalbHyl0 00pabOTKy Marepuana OCYIIECTBISLIH II0
OOIICTIPUHSATHEIM METOJUKAM, BHJIOBYIO JUArHOCTHUKY MApa3uTOB — IO OMpEeAeTUTeNsIM. J[Is oneHku
3apaXCHHOCTH pPBIO MCMOJIb30BAIM MPHHSITHIE B Iapa3uTOJIOTUM TOKA3aTeNd: HKCTEHCUBHOCTH
WHBA3WH, MHTCHCUBHOCTh WHBA3HH U UHJICKC OOWMIINS MTapa3UTOB.

Momnonap nococsi. 3apeructpupoBaHo 11 BHIOB NMPECHOBOAHBIX IMapa3uTOB: MOHOTeHen — 1,
TpeMaToabl — 5, HeMaTo bl — 3, CKpeOCeHH — | M IMYMHKY BOJISHBIX Kiemen — 1.

AHagpomHble MHUTpaHThl Jococsi. OTMeueHo 15 BHAOB mapasuToB. DTO MOJU30HAIBHBIE U
IBPUOMOHTHBIC MOPCKHE TMapa3uThl: IECTOABI — 2, TPEMaToIbl — S5, HEeMaTroabl — 2, CKpeOHu — 1,
korenobl — 1. M3 mpecHoBoAHBIX: nH(pY30puu — 1, TpemMaTosl — 2, HeMaToabl — 1.

Kymxa. OtmeueHo 8 BHIOB MPECHOBOAHBIX MApa3UTOB: MUKCOCHOPUANH — 1, TpemaTtoasl — 2,
HemaTobl — 1, ckpeOHu — 1.

PyubeBast hopens. OTMedeHo 9 BUIOB MPECHOBOIHBIX MAPA3UTOB: TPEMATOABI — 5, HEMATOIBI —
2, ckpeOeHb — | M JIMYMHKY BOJSHBIX Kiemen — 1.

[Tapasutsl nococeBbix pbIO BomoemMoB Kombckoro CeBepa HM3ydeHBI JOCTATOYHO TOJHO
(Mutenes, Kapaces, 1995, 2005; Murenes, 1997), 4To mo3BoJsSeT MPOBECTH CPABHUTEIBHBIN aHAIN3
cocrtaBa ux (payHbl y X035€B 1TOTO ceMeicTBa B paHee He m3ydeHHoU p. Koma u B 17-TH panee
W3YYCHHBIX BOJJOEMaX.

BunoBoii coctaB mapasutodayHbl Mononu cemru p. Koma uIeHTHYEH COCTaBy B JPYTHX
BogoTokax Konbckoro Cesepa. Ilpu 3Tom i abCoNIFOTHOrO OOJBIIMHCTBA MAapa3uTOB XapaKTEPHbI
eIMHUYHBIe Haxonku. OOIIas TEeHAEHIUS 3HAYUTENHHOTO TPOSBICHHS AapKTHUYeCKOM ¢ayHbl B
CEBEPHBIX peKax mposiBisiercs u B p. Koura.

Y ananpoMHbIX MUTpaHTOB B p. Koma Mopckue mnapa3uTbl 3HAYUTEIBHO MPEBOCXOJSAT
MIPECHOBOJIHBIX KaK IO YHCIy BHJOB, TaK W [0 YPOBHSAM 3apaKEHHOCTH, a BHJIOBOW COCTaB
CBUACTENBCTBYET O TMPEUMYIIECTBEHHOM TUTaHHH  OapEHIICBOMOPCKOW CEMId  MOPCKUM
300IIJTAHKTOHOM.

YcTaHoBNeHHBIN HAOOp Mapa3uToOB y pyubeBoi ¢openu B p. Kona yka3piBaeT Ha UACHTUYHOCTD
HKOJIOTUYECKUX YCIIOBH e OOMTaHUsI C MOJIOJIbI0 ceMru. Kak M y MOJOIH aTIIaHTHYECKOTO JIOCOCH,
BCTPEUAEMOCTh WX HE3HAUUTEIbHAS.

[Toutn Bce OOHapy)XEHHBIC MApPA3HUTHI MPUHAIICKAT K XOJOAOTIOOMBEIM BUAAM APKTHYICCKOTO
MIPECHOBOIHOTO ¥ 60peaIbHOr0 MPEATOPHOTO KOMITJIEKCOB.

Takum 00pa3oMm, MOJIYYCHHBIC JaHHBIC CBHJICTCIIBCTBYIOT, YTO CHCTEMa «ITAPA3UT-XO3STHUHY
y JIococeBbIX pbIO B p. Koma HaxoauTcs B DKOIOTUYECKOM PAaBHOBECHU O€3 MPOSIBICHUS CYKIIECCUN
T10JT BITUSTHUEM TPUPOIHBIX H aHTPOIIOTEHHBIX (PaKTOPOB.
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DATA ON THE PARASITE FAUNA OF THE SALMONIDAE IN THE KOLA NORTH.
THE KOLA RIVER
V. K. Mitenev, A. B. Karasev, A. A. Bessonov
Knipovich Polar Research Institute of Marine Fisheries and Oceanography, Murmansk, Russia,
e-mail: paralab@pinro.ru

The Kola River belongs to the Barents Sea basin. It flows in the area with high urbanization.

The studies are aimed at deriving the data on the species composition of the parasite fauna
and the indicators of the infestation of the Salmonidae in the Kola River which has a high fishery
importance category. However, until now extensive parasitological studies have not been conducted
here.

The material was collected in the upper part of the Kola River (the Pulozero Lake and nearby
watercourses) between 2005 and 2015. In all, 98 fish including the Atlantic salmon Salmo salar
(Juveniles — 69 individuals, anadromous migrants — 15 individuals), salmon trout Salmo trutta
(3 individuals) and the brook trout Salmo trutta m. fario (11 individuals) were examined
by the method of the complete parasitological dissection. The collection, fixation and cameral
procession of the material were made using the common methods and the parasites were identified
by species with the aid of the keys (identification guides). To determine the fish infestation the
parameters adopted in parasitology such as the invasion prevalence and intensity and the parasite
abundance index were used.

Salmon juveniles. 11 species of the freshwater parasites were registered: monogenea — 1,
trematodes — 5, nematodes — 3, acanthocephalans — 1 and water mite larvae — 1.

Anadromous salmon migrants. 15 species of parasites were recorded. They were polyzonal
and eurybiontic marine parasites: cestodes - 2, trematodes — 5, nematodes — 2, acanthocephalans — 1,
copepods — 1. Among the freshwater ones were infusorians (1), trematodes (2), nematodes (1).

Salmon trout. 8 species of freshwater parasites were found: myxosporidians — 1, trematodes — 2,
nematodes — 1, acanthocephalans — 1.

Brook trout. 9 species of freshwater parasites were registered: trematodes — 5, nematodes — 2,
acanthocephalans — 1 and water mite larvae — 1.

Parasites of salmon fish in the Kola North are thoroughly studied (Mitenev, Karasev, 1995,
2005; Mitenev, 1997), that allows us to make a comparative analysis of their fauna composition in the
hosts of this family in the Kola River having not been studied before and in 17 water bodies which
have been studied earlier.

Specific composition of the parasite fauna of the Kola River salmon juveniles is identical
to those ones in the other water courses of the Kola North. At that, single individuals of the most
of parasites are mainly found. In the Kola River, the common trend for the arctic fauna occurrence
is noticed.

In the Kola River, the sea parasites of the anadromous migrants are highly prevailing over the
freshwater species in both abundance and infestation levels, and the species composition indicates
feeding of the Barents Sea salmon on sea zooplankton mainly.

The found composition of the Kola River brook trout parasites shows the similarity
of the environment conditions in habitat with salmon juveniles. Their occurrence is minor
as in the Atlantic salmon juveniles.

Almost all the found parasites are related to the cold water species of the arctic freshwater
and boreal piedmont complexes.

Thus, the data obtained indicate that the parasite-host system of the Salmonidae from
the Kola River is in the ecological balance without the succession appearance as a result
of the environmental and anthropogenous factors.
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CO3PEBAHME JIAJJOKCKOI'O JIOCOCS SALMO SALAR L. MORPHA SEBAGO
GIRARD monyJisiiuu p. CBUPH B 3ABOJICKHUX U ITPUPOJHBIX YCJIOBUAX
N. T'. Myp3a, O. JI. Xpuctohopos
DeoepanvHoe cocyoapcmeerHoe DI00HCeMHOe 00PA3Z08AMENbHOE YUPEAHCOCHUE GbICUUE2O
npogeccuonanvrozo oopazosanus « Cankm-Ilemep6ypeckuii 20cy0apcmeeHHbll YHUGEPCUMEN »,
2. Canxm-Ilemep6ype, Poccus, e-mail: polar_cod@mail.ru

[Tocne 3aperymupoBanus B 1930-e roaer pycna Ceupu miotuHoi Hwuknae-Cupckoit ['DC,
pelauyo poiab B MOAAEPKAHUM MOIMYJSIUN JIOCOCS M KYMXKH 3TOM peku urpaer CBUpCKuit
prIOOBOHEIN 3aBOA (XpucTodopos, Myp3sa, 1998, 2007, 2008, 2009). ITo Mmepe coBepiIeHCTBOBAHUS
OMOTEXHOJOTMH BOCHPOM3BOJCTBA, IIOCTEIIEHHO OCYIIECTBIISJICS IIEPEeXOJ OT BBITYCKOB UM
npoaykiuu B p. CBUph HA CTalMAX JUYMHKH U MaJibKa HAa BBIPAILMBAHUE JIBYXT'OJIOBUKOB. BaxkHOCTH
TAaKOH Mepbl cocTosyia B TOM, 4to Oomee 90 % MonoauM CBHPCKOTO JIOCOCS TpETepIieBaeT
CMONTU(UKALIMIO U MUTPUPYET HA HAryJ B 03€pO B Bo3pacTe 2 U JHIlb HeMHorue B 3 rona. Hecmotps
Ha KpailHe OrpaHWYEHHBIC BBIPOCTHBIC IUIOLIAU, MPEANPUHUMAIIUCH TaKXKE IOMBITKA COJCPKAHMS
JIOCOCEBBIX pPbIO Ha 3aBOZE 1O MOJIOBOM 3penoctu. B ombitax, mpooauBmmxcs A.B. IlonmosiM
B 1952-1961 rr., ObUIH MOTYYESHBI )KUIIBIE TIPOU3BOIUTENN KyMKH 00oero noja. Uto xacaercs Jococs,
TO CO3pENH TOJIBKO CaMIlbl, a y caMOK B Bo3pacTe 3+ ¢ anuHo# Tena Ao 25,5 cm u BecoMm 110 200 r
roHa bl octaBayiuch Ha |l cT. 3penocTu.

B coBpeMeHHBIIi Iepro HaMU MPOAHATIM3UPOBAHO PA3BUTHE MOJOBBIX KeNé3 y ocobeii ococs,
KOTOPBIX OCTaBJsUIM B OacceliHe 2 X 2 M MOCJ€ BbIIYCKOB OCHOBHBIX NApTU 3aBOACKON MPOAYKIIHH.
JUis ~ OLIEHKM  COCTOSHUSL ~ TPUMEHSUIM  paHee  pa3pa0OTaHHble  IIKalIbl  3PEJOCTH
(Myp3a, Xpuctodopos, 1991). ¥ camimoB B Bo3pacte 0+ HaunHanach nuddepeHumanyss CeMEHHUKOB
[0 pa3MepaM M LUTOJOTUYECKOW KapTHHE, a B 1+ MmosioBo3pensiMu cTaHOBHIKCH A0 50 % ocobeit
(npu 3HAUMUTENBHBIX MEXIOJOBBIX Bapualusax). Y CaMOK J0 JBYXI'0JIOBAJOrO BO3pacTa YpOBEHb
pa3BuTug AUYHUKOB He mnpeBbiman Il cr. 3penoctn. B 2+ oceHpIO OTYETIMBO MPOSBISIUCH
WHIUBUAYAIbHBIE U MEKTOJIOBbIE paznuuus. B reHepanusx oJHUX JIET IMana3oH Pa3BUTHUS SIMUHUKOB
BapeupoBai ot Il u Il panneit no nagana |l mo3aneit cr. 3penoctu. CaMku ¢ Hanbosee pa3BUTHIMU
rOHa/JaMu co3peBaiy B 3+ mnpu anuHe Tesna no Cmutry 26 — 28 cm u macce 238 — 271 r. luametp
WKPUHOK Y HUX cocTaBisut 4,7 — 4,8 mm, macca — 59,7 — 63,7 mr, pabovas mio1oBUTOCTh — 710 100 —
150 mwt. OBynsALMs MPOUCXOIUNIA B cepeiuHe HOsIOps. B mpyrue roabl ypoBeHb pa3BUTHSI SIMUHUKOB
y camMok B 2+ He mipeBbimai |l panneit, a B 3+ — Havana |1l mo3zauedt cr. 3penoctu. Co3peBaiu OHH B
4+ npu ymHe Tena 29 — 32 oM. [TpuunHoi Bapuanuii Mor ObITh pa3HbIil CpEIHUIN BEC JBYXTO10BUKOB!
oT 26,7 10 48,6 1.

B xome MOHHUTOpMHIa HEPECTOBOW YacTH MOMyJSUUU Jjococs p. CBUPH, NMPOBOAMBIIETOCS
¢ 1990-x rr., HamMmu OBUIO YCTAHOBJIEHO, YTO CPEIU BIEPBBIC CO3PEBAIOIIUX CAMOK—TIPOU3BOIUTENCH
pe3ko npeobranany ocobu B Bozpacte 2.2+ (oOuruii Bo3pact 4+). JlnuHa Tena 3TUX pbl0 BapbupoBaia
ot 70 no 84 cm, macca 6e3 ukpsl — ot 3,7 10 5,2 kr. J{luamerp uKpuHOK coctaisi 5,7 — 6,0 MM, macca
— 104 — 140 mr, pabouas mmonoBuUTOCTh 3,8 — 5,8 ThHIC. IT. Peke BcTpeuanuch caMku B BozpacTe 3.2+,
3.1+, 2.3+, 3.3+ (oOmmit Bo3pacT mpu co3peBaHuu. 4+ — 6+). J[muHa cambIX KPYIHBIX CaMOK
nocturana 99 cm, Bec 6e3 uMKpbl 6,4 kr, pabouas 1ionoBUTOCTH — 8 — 10 Thic. mT. OBynAUUA
y IPOXOJHBIX CaMOK OOBIYHO MPOUCXO0nia BO 2-i U 3-i nekanax oKTsOps, pexe — 10 1-i MOJ0BHHBI
HOos10pst. Jlons mOBTOpHO co3peBarolMX ocoOeil HesHauuTenbHa. Cpeau MPOXOAHBIX CaMIIOB
npeobnagau Meakue “cuHIOMmKN B Bo3pacte 2.1+ u 3.1+, ¢ mmuo# Tema 50 — 59 cm, maccoit 1,0 —
2,1 xr. Pexxe BeTpeyanuch camibl B Bo3pacte 2.2+, 3.2+ u 3.3+. YV naubosiee KpynHbIX ocobeit [uinHa

Tena pocturana 96 cm, macca — 9,0 kr. Y HaryiabHBIX CaMOK JOCOCS, JOOBITBIX MpPH
HKCIEPUMEHTAIbHOM JIoBEe B CBHPCKOIi Ty0e oceHbto, B Bo3pacte 2.0+ cTeneHb pa3BUTHUS SIMUHHKOB,
cootBercTBoBasa |l niam nepexony B |l panntoro, B 2.1+ — lll panneit, a 2.2+ u 3.2+ — |1l no3nuei

CT. 3penocTu. YacTh paHee co3peBaBLIMX 0co0eil 0060ero mnosa nporyckana penpoayKTHBHBIN IUKIL.
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SEXUAL MATURATION OF LADOGA LAKE SALMON, SALMO SALAR L. MORPHA
SEBAGO GIRARD, OF SVIR RIVER POPULATION UNDER HATCHERY
AND NATURAL CONDITIONS
I. G. Murza, O. L. Christoforov
Saint Petersburg State University, St. Petersburg, Russia, e-mail: polar_cod@mail.ru

After the dam was built on the Svir River in 1930s, the Svirsky hatchery plays a decisive role in
maintaining the landlocked populations of salmon and trout in this river (Christoforov, Murza, 1998,
2007, 2008, 2009). As the biotechnology of salmonid fish rearing has improved, a transition was made
from releases into the river of young salmon at the alevin and fry stages to the growing of two-year-old
fish. The importance of such measure was that more than 90% of Svir salmon become smolts and
migrate to the Ladoga Lake at the age of 2 and the others - at 3 years. Attempts of salmonids rearing
until sexual maturity under the hatchery conditions were made also. In the experiments, carried out by
AV. Popov in 1952 — 1961, mature resident females and males of trout were obtained.
As to the salmon, only the males matured, whereas the gonads of females aged 3+ with a fork length
up to 25.5 cm and body weight up to 200 g, stayed on the Il stage of maturity. In recent years, we
studied the development of ovaries and testes of salmons, which were grown in tanks 2 X 2 m. Species-
specific scales of gonad maturity (Murza, Christoforov, 1991 in Russian; 1993 in English) were
applied to control gametogenesis in sampled fish. Individual differences in the size and cytology
of the testes were found in males aged 0+. Up to 50% of males became mature as precocious parr at
the age 1+ (with significant fluctuations between years). The level of ovary development in 2 year-old
females did not exceed Il stage of maturity. At the age 2+, the individual and inter-annual differences
were well-expressed. In some years the degree of ovaries development varied from Il and Il early
to the beginning of the Il late stages of maturity. Females with the most developed gonads became
mature at the age 3+ (fork length from 26 to 28 cm and body weight from 238 to 271 g). Egg diameter
was 4.7 — 4.8 mm, weight 59.7 - 63.7 mg and fecundity per female — up to 100 - 150. Ovulation
occurred in mid-November. In other years, the level of ovaries development in autumn at the age 2+
did not exceed Ill early, and at age 3+ - the beginning of Il late stage of maturity. The females
attained maturity starting from 4+ (fork length 29 - 32 cm). Probably, variations in age at maturity
between years could be due to differences in growth rate and average body weight (from 26.7 to 48.6 g
in 2-year-old salmon). The resident spawners were not parr, but rather post-smolts that developed
a nuptial dress. Our investigation of the age-structure of migratory Svir salmon is based on the data
of long-term monitoring (since the 1990s). The spawners were caught near the dam and kept in tanks
until the completion of maturation. After stripping the eggs and milt, the fish were measured
and weighed. Scale reading was performed to justify the salmon origin, life history and age. It was
found that individuals at the age of 2.2+ (total age 4+) were dominating among the first time maturing
females. The fork length of these fish ranged from 70 to 84 cm, the body weight (after stripping) -
from 3.7 to 5.2 kg. Egg diameter was 5.7 - 6.0 mm, weight - 104 - 140 mg, fecundity — 3800 — 5800.
Females 3.2+, 3.1+, 2.3+, 3.3+ (total age 4+ — 6+) were rare. The fork length of the largest females
was up to 99 cm, weight (after stripping) — up to 6.4 kg. The number of eggs per female was 8000 —
10000. As a rule, ovulation in migratory females occurred in the 2nd or 3rd decades of October,
sometimes — until mid-November. The proportion of repeatedly maturing individuals was low. Fish at
the ages 2.1+ and 3.1 + (total age 3+ and 4+; fork length 50 - 59 cm and weight 1.0 — 2.1 kg) prevailed
greatly among migratory males. Males 2.2+, 3.2+ and 3.3+ were rare. The fork length and weight of
the largest males were up to 96 cm and 9.0 kg. States of ovaries in salmon caught on the feeding
grounds (the Svir Bay of the Ladoga Lake) at the age 2.0+ corresponded to Il or to the transition to the
[11 early; at the age 2.1 + — 1l early, and at the ages 2.2+ and 3.2+ — IlI late stage of maturity. Testes
were in the stages | and Il. Some of the previously matured females and males skipped their next
reproductive cycle before re-maturation.
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’KUPHOKHUCJIOTHBIA COCTAB KOPMOBBIX OB BEKTOB MOJIOIX JIOCOCEBBIX
PbIb PEK FO’KHOM KAPEJIMN
C.A. Myp3una, C.H. ITekkoeBa, 3.A. Hedenosa, H.H. HemoBa
DeoepanvHoe cocyoapcmeernoe Dl00xcemHoe yupedcoenue nayku Uncmumym duonoeuu Kapenvcrkoeo
Hayunoeo yewmpa Poccuiickoil akademuu nayk, 2. [lemposasoock, Poccus,
e-mail: murzina.svetlana@gmail.com

[IpomomkeHsl OMOXMMHYECKHE MCCIEIOBaHMUA 110 OLEHKE KadyecTBa MaKpo3000eHToca
Pa3NUYHBIX TAaKCOHOMHYECKMX TPYNI Kak KOpMa MJisi MOJIOAM JIOCOCEBBIX pPHIO Ha HEPECTOBO-
BBIPOCTHBIX YYacTKaXx BOCBMH JIOCOCEBO-KYMJKEBBIX pekax OacceilHoB OnHexckoro (bombmas Vi,
Opsera, Cyna, YeOunka, Jlmxkma u Jlamoxkckoro o3ep (Crockyan-iioku, Toxma-iioku). Ha Bcex
CTaJUsIX PEUHOIrO MEPHUOa PA3BUTHS, OT CErOJIETOK M 10 MUTPUPYIOIIHUX CMOJITOB, MaJIbKU JJOCOCEBBIX
pBHIO MHTEHCHBHO NMUTAIOTCS JOHHBIMU OECIO3BOHOYHBIMH M BO3IYIIHBIMH HaceKOMbIMH. [lumieBas
LIEHHOCTb KOPMOBBIX OOBEKTOB B 3HAUUTEIBbHOM Mepe o0ycioBiieHa CrelU(UKON U COOTHOLIEHHEM
OTIENBHBIX KUPHBIX KUCIOT JIUTUAOB. J{JIs pasHbIX KOJOTHYECKUX TPYII THAPOOMOHTOB CUUTAIOTCS
OuomapkepHbIMH He ToJbko oTnenbHble KK, HO u ux onpenenenHsle cooTHoueHus. Ilokazano, uro
CTPYKTypa KOpPMOBOH 0a3bl 3000€HTOCA Ui MOJIOAM JIOCOCEBBIX PBIO B HCCIEAYEMBIX pEKax
CYIIECTBEHHO  paznuyaercs.  BupgocnenupuuHOCTh  KaXJIOro  BOAOTOKAa  OINpeneNsieTcs
THIIPOJIOTUYECKUMHU, Tpopuueckiumu (aBTOTPOGBI) YCIOBUSME. BriepBbie ycTaHOBIEHO, YTO KOPMOBBIE
OOBEKTBI (JIOCOCEBBIX» PEK XapaKTepU30BAJIUCh 00jee BBICOKMMHU I10KA3aTENIIMU COOTHOLICHHUS
scceHaNbHBIX 18:3w-3/18:2w-6 n HXKK/TTHXK mo cpaBHEHHIO C TAKOBBIMH M3 KYM)KEBBIX PEK, U4TO
HaxXoJUT OTpPaKEHUE B SKUPHOKUCIOTHOM Hpoduiie MOJOAM MIAAMUX BO3PACTHBIX TPy
COOTBETCTBYIOIIMX BHJIOB PbIO, TEM CaAMBIM COAEPIKAHUE U COOTHOIICHUE (PU3NOJIOTHUECKH aKTUBHBIX
KHUPHBIX KUCIIOT B 3000€HTOCE MECTOOOMTAHUN MOJIOJU JIOCOCEBBIX PHIO OKA3bIBAIOT CYIIECTBEHHOE
BJIMSTHHE HA UX POCT U Pa3BUTHE.

PaGota mnpoBeneHa C MCIOJIB30BAaHHMEM HAyyHOro OOOpPYIOBaHMSA IIEHTPA KOJUIEKTUBHOTO
nonbp30BaHusd  «KoMmriekcHble (yHIaMeHTalbHble M IPUKIAJHBIE MCCIEJOBAaHUS OCOOEHHOCTEH
(bYHKIIMOHHPOBaHMS KUBBIX cucteM B ycinoBusx Cesepa» (LIKIT b KapHL] PAH).

Hccneoosanue evinonneno npu ¢unancosou noooepoicke Poccuiickoeo nayunozo ¢honoa

(npoexm Ne 14-24-00102).

FATTY ACID SPECTRUM OF FORAGE OBJECTS OF YOUNGS OF SALMONIDS
FROM RIVERS OF THE SOUTH KARELIA
S.A. Murzina, S.N. Pekkoeva, Z.A. Nefedova, N.N. Nemova
Institute of Biology of Karelian Research Centre Russian Academy of Sciences, Petrozavodsk, Russia,
e-mail: murzina.svetlana@gmail.com

We continue the research aimed on investigation the fatty acid composition of forage objects
(macrozoobenthos) on which juvenile land-locked Atlantic salmon and brown trout feed on in rivers
with different hydrological characteristics in Onego and Ladoga lake catchments (Big Uja, Orzega,
Suna, Chebinka, Lizhma and Suskuan-joki, Tochma-joki, respectively. It was found the structural
differences in benthic communities in the studied rivers watercourses in Onego and Ladoga Lake
catchments and it’s considerable effect on the fatty acid composition of food resources available to
juvenile salmonids. For the first it was determined, higher level of essential 18:3®-3/18:20-6 and
saturated/polyunsaturated fatty acids ratios in forage objects collected in ‘“‘salmon” rivers in
comparison to macrozoobenthos in “trout” rivers. These fatty acids and it’s certain ratios contribute to
optimization of metabolic processes associated with growth and development in invertebrates, which
are a valuable food resource and a source of physiologically active components for juvenile salmonids.

The research was carried out using the facilities of the Equipment Sharing Centre of the Institute
of Biology, KarRC of RAS, Petrozavodsk, Russia.

The research was supported by the Russian Science Foundation, the project Ne 14-24-00102,
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I'EHOMHBIE UCCJIEJOBAHMS O3EPHOI'O U MOPCKOTI'O JIOCOCHA
(SALMO SALAR)
H. C. Mlorel, A. M. KpaCHOBZ, H. B.TepexaHOBal, A.E. KypI/IL[I/IH3
1®edepaﬂbﬂoe eocyoapcmeentoe b100xcemHoe HayuHoe yupedicoenue «Becepoccuiickuil nayuno-
uccnedo8amenbCKull UHCMumym poloHo20 xo3siicmea u okearozpaguuy, 2. Mockesa, Poccus,

e-mail: mugue@mail.ru

*The Norwegian Institute of Food, Fisheries and Aquaculture Research, As, Norway
3 ®edepanvroe ocydapemeennoe G10dxrcemnoe 06paZ08aMENbHOE YUPEHCOCHUE BbICULE20 NPOPECCUOHATLHOSO
obpazosanus «llempozasoockuil 2ocyoapcmeennwviil yHusepcumemy, 2. [lemposzageodck, Poccus

ATnanTrueckuii 1ocock Salmo salar — anaapoMHbIi B, HEPECTAIIUIACS Ha TeppuTopuu Poccun
B pekax bapenuesa, bemoro m banrumiickoro mopei. B HekoTopbix o3epax Kapemuum umerorcs
MOMYJISIIUK  03€pHOM  (OPMBI  JIOCOCS, HAryJqUBaIOLIMECs B 03€pax W HEpecTsAlIuecs B peKax.
Jlnist iicceIoBaHusl JIOKAIBHBIX T€HETUYECKUX aJlanTalui, IpruoOpPEeTeHHBIX 03epHOM (HOpMOIi J1ococs
IpU Tepexoje K OOJIUraTHO-IPECHOBOJHOMY 00pa3y >KU3HU, OBLIO MPOBEACHO IMOJHOIK30MHOE
CEKBEHHPOBAaHME BBIOOPOK U3 pek, Broazaoomux B Onexckoe u Jlagoxkckoe o3epa
(6acceitn bantuiickoro mops), u3 HeOOIBIION 03epHON TomynsuK OacceitHa bemoro mops (p. BoxkMa,
03. Ilucro-SIpBu), a Takke W3 aHAAPOMHBIX MOMyIAunid. CpaBHUTENbHBIA OMOWH(GOPMAIIMOHHBIH
aHaJIM3 MCCIIEIOBAHHBIX O3€PHBIX W aHAJAPOMHBIX MOMYJISAIMI BRIABHI HAIUYUE Kak reorpaduueckoit
(6acceitapl bantuiickoro u benoro Mopeii), Tak ¥ TMPEANOIOKHUTEIBHO aAaNTUBHON H3MEHYHUBOCTH.
BoisiBneno Oonee 200 HECMHOHMMHYHBIX 3aMEH B KOJUPYIOIIUX Yy4YacTKax, BKIIOYash TEHBI
OCMOPETYJIISIIUNH, METa0OIN3Ma, IMMYHHOTO OTBETA M Psijia APYTUX PYHKIMOHAIBHBIX KaTETOPHIA.

COMPARATIVE GENOMIC STUDY OF ANADROMOUS AND LAND-LOCKED
SALMON (SALMO SALAR)
N. S. Mugue®, A. M. Krasnov?, N. V. Terekhanova®, A. E. Kuritsin®
'Russian Federal Research Institute of Fisheries and Oceanography, Moscow, Russia,

e-mail: mugue@mail.ru
®The Norwegian Institute of Food, Fisheries and Aquaculture Research (NOFIMA AS), As, Norway

$Petrozavodsk State University, Petrozavodsk, Russia

Atlantic salmon Salmo salar is anadromous species, spawning in the rivers of North-West
Russia, belonging to Barents, White and Baltic Sea basins. Several large lakes in Karelia harbor
land-locked salmon populations. To study local genetic adaptations, gained during formation of lake
resident populations , the whole exome sequence was done for landlocked populations from Ladoga,
Onega, and Pisto-Jarvi Lakes, as well as for anadromous salmons collected in the rivers during
spawning migration. Comparative bioinformatics analysis reveals strong geographic signal (Baltic vs.
White Sea basins), as well as putative adaptive variation for land-locked populations. Over 200
non-synonymous SNPs in protein-coding genes were identified when land-locked populations
were compared with the anadromous ones. Altered genes belong to osmotic regulation, metabolism,
immune response and other functional categories.
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POJIb TUXOOKEAHCKHNX JIOCOCEH B TPO®UYECKOHN CTPYKTYPE HEKTOHHBIX
COOBIIECTB B SIIUMEJATTAJA CEBEPO-3AIIAJTHOM YACTH TUXOI'O OKEAHA
C. B. Haitnenxo
DeoepanvHoe cocyoapcmeeHHoe DI00dcemHoe HayuHoe yupedicoenue « Tuxookeanckui
HAYYHO-UCCIe008aMeNbCKULL PblOOXO3SUCIMBEHHbII YeHmpy, 2. Braousocmok, Poccus, e-mail:
svetlana.naydenko@tinro-center.ru

Tuxookeanckue siococu (p. Oncorhynchus) siBisifoTcst EHHBIMH MPOMBICTIOBBIMH OOBEKTAMHU.
JlonrocpoYHOe M paOHAIBHOE KCIOJIh30BAHME 3aMaCOB ATHX PHIO BO3MOXKHBI TOJBKO HA OCHOBE
3HaHUA 00 MX 3KOJOTMH, B TOM uucie u Tpodonoruu. Ha [lanenem BocToke 3a MHOrme rojsl
UCCIICIOBAaHMs JIOCOCEW, Obula HaKOIUIeHa W OMyOJMKOBaHAa B OOJBIIOM KOJIHYECTBE padoT
3HaYUTENbHAsA HH(OPMAIIKS MO PA3IMYHBIM aCMIEKTaM MUTaHUS 3TUX PHIO.

OrpomHble MaccUBBl JaHHBIX O COCTaBE M BEJIMYMHE PALMOHOB JIOCOCEH, UX HEKTOHHOM
OKpPY>KEHHH, a TAKXKE 3amacax KOPMOBBIX pecypcoB, nosydeHHble B skcneaunusax THUHPO-Llentpa,
MO3BOJIMIIM BHECTU KOPPEKTUBBI B CYHIECTBYIOIIME TPAAMIMOHHBIC MPEICTABICHHUS O TPOHUIECKUX
OTHONICHUAX ATHX BHJOB pPbIO, UX POIM B TPOPHUUECKUX CETAX, O MUIIEBOH O0OECIIEYCHHOCTH
U O BIUSHUM Ha KOPMOBBIE pecypchl. Ponp jococeit B TpoduyecKod CTPYKType BepxHeEH
SMUMeNarvald B MecTaXx HMX OOWUTaHUS 3aBHCUT KaKk OT HUX COOCTBEHHOrO  OOWIIHUs
(1 pU3HOIOTHYECKOTO COCTOSHUS ), TAK U OT OOMIINS APYruX BUAoB HekToHA. Tak B 2000-X rT., B TOABI
MOBBILICHHONW YHCICHHOCTH JIOCOCEH, B THXOOKEaHCKHX Bojax KypHIbCKMX OCTPOBOB M BOCTOYHOM
Kamuarku osnist 3Tux peid B 001IeM BhIEJJAHUH HEKTOHOM IMHUINEBBIX PECYPCOB B paHE-JETHUH MEPUO.
cocraBisuia 5—-31%, a B mo3aHe-neTHU cHKanack A0 0,5%. B 3anmagnol yactu bepuHroa Mopst 3TOT
MoKa3aTesb B JICTHUH neproa u3MeHsics ot 34 1o 65%, a B ocennnii — ot 15 mo 43%. 3umoii B 30He
CyOapkTuueckoro (ppoHTa Ha J0JI0 JIococed mpuxoaunoch 35-68% Bcex pecypcoB, HOTPeOIIIEMBIX
pridamMu U KajgbMapaMu B BepxHel snumnenaruand. llpyu 3ToM He3HauuTENbHOE CHUIKEHUE HEKOTOPBIX
MoKasarejael NHIIeBOH O00eCleYeHHOCTH HEKTOHa OTMEYald B TOJbl KOrja Oblia BBICOKOU
YHCIEHHOCTh HE TOJBKO JIOCOCEH, HO B OONbIlel CTEMeHW IPYTMX BUIOB HEKTOHA, HAMpUMeEp
cyOTpornmyeckux MurpaHtoB (andoyca Engraulis japonicas B 2004 r., wim capausbsl Sardinops
melanostictus, smoHckoi#t 1 rokHOa3MaTCKO ckymOpum Scomber japonicas, S. australasicus, caiips
Cololabis saira B 2013 u 2015 rr.) wim me3onenarndeckux puid B 2007 u 2013 rr. B THXOOKEAHCKUX
Bomax Kypuibckux octpoBoB u Bocrounoit Kamuarkw, mnm muntas (Theragra chalcogramma)
B 3anagHoi yactu bepunrosa mops B 2002—-2003 rr. Ho gake B 3THX ciydasiX YyMEHbIIEHUS BEIUUHUHBI
WIM 3aMETHOTO M3MEHEHHs COCTaBa MMIIEBBIX PALlMOHOB JIOCOCEH HE HaOI0Jaloch. Y CTaHOBJICHO,
YTO JIOCOCSMHU B BEPXHEM CJIO€ 3IUIEIaruail pa3IMuHbIX pallOHOB 3a CYTKHU MOTpeOsieTcss He Oonee
0,01-0,09% o0mux 300MIAHKTOHHBIX pPECYpCcOB, B TO BpeMs Kak, HampuMep, CyOTpomuyeckue
MUTPaHTHI B IPUKYPUIILCKUX BOJaX 3a CYTKH MOT'YT BbleaTh /10 0,6% Onomacchl 300IIaHKTOHA.

IIpu npoBenenuu uccinepoBaHuii B 30He CyOGapKTHyeckoro (GpoHTa OBUIM TaKXKe MOTy4YEHbI
JaHHbIE 00 YCIOBUSX 0OMTaHUA JIOCOCEH B 3UMHE-BECEHHHMM Mepuo/I. Y CTAaHOBJIEHO, UTO IIPU OJHUX U
TeX € YCIOBMAX MHIIEBONH OOECIIEYEeHHOCTH B MecTaX 3MMOBOK, Pa3HbIE BHJIbI JOCOCEH HMMEIOT
pa3Hyl0 aKTUBHOCTb NHUTaHMUS. OTO CBHUJETENILCTBYET O TOM, UTO KOPMOBBIE YCJIOBHUSA
(1axxe TOHIKEHHBIE MO CPAaBHEHMIO C JAPYTUMHM CE30HAMH) HE SIBJISIOTCS MPUYUHON H3MEHEHUS
WHTCHCUBHOCTH MTUTAHUS STHX PBHIO B 3UMHUN mepruo. Pa3muuns B MHTEHCHBHOCTH TIMTAHUS JIOCOCEH
pasHBIX BHUJOB M pa3MepoB, B T€UCHHE 3MMHE-BECEHHEro IepHoja, a TAaKKe B IEJIOM B TEUCHHE
KU3HEHHOTO 1IMKJIa, 00YCIIOBIIEHBI UX )KU3HEHHBIMHU CTPATETUSMHU.

Bce 31Tu u npyrue nosyyeHHble JaHHbIE MMO3BOJIMIIM CAETATh BBIBOJ O TOM, YTO NEPENOIHEHUS
IKOJIOTUYECKONH eMKOCTH ceBepHOoU [lanuduku 3a cyeT MOBBINICHHOW B TOCIEIHHUE JCCITHICTHS
YHUCICHHOCTHU JIOCOCeH (B TOM 4YMCJE 3a CUET MCKYCCTBEHHOI'O BOCIIPOM3BOJICTBA) HE HaOIIOIaeTcs,
a UX BIIMSHHE Ha KOPMOBBIE PECypChl B MeCTaX MX OOMTaHHS 3HAUMUTEIbHO MEHbIlEe, YEM MHOIHMX
JPYTUX BUJOB HEKTOHA.
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THE ROLE OF PACIFIC SALMON IN THE TROPHIC STRUCTURE OF THE NEKTON
COMMUNITIES OF THE UPPER EPIPELAGIC LAYER OF THE NORTH-WEST
PACIFIC OCEAN
S. V. Naydenko
Federal State Budgetary Scientific Institution Pacific Research Fisheries Center, Vladivostok, Russia,
e-mail: svetlana.naydenko@tinro-center.ru

The Pacific salmon (Oncorhynchus) are valuable commercial species. Long-term and rational
using of stocks of these fishes is possible only on the basis of knowledge of their ecology including
trophology. The considerable information on various aspects of salmon feeding has been saved up and
published in a large amount of works for the long period of salmon researches in the Far East.

The huge data arrays about the composition of salmon diets, structure of nekton communities,
and quantity of fodder resources, were collected in expeditions of the TINRO-Center. The new data
allowed to make the adjustments to the existing traditional scientific presentations about the trophic
relations of salmon, their role in the food webs, and their influence on fodder resources. The role
of salmon in trophic structure of the upper epipelagic layer in places of their dwelling depends on their
own abundance (and physiological state), and on abundance of other nekton species. The share
of salmon in the total consumption of food resources by nekton was 5-31% in June-July and 0.5%
in July-August in the Pacific waters of Kuril Islands and Eastern Kamchatka in 2000°. The salmon
abundance was highest in these years. This share changed from 34 to 65% in the summer and from
15 to 43% in autumn in the western part of the Bering Sea, and from 35 to 68% in winter in the
Subarctic frontal zone. The insignificant decrease of some indicators of food supply for nekton was
noted in years when there was high salmon abundance and especially other nekton species, for
example the subtropical migrants (anchovy Engraulis japonicas in 2004, or sardines Sardinops
melanostictus, mackerel Scomber japonicas, S. australasicus, saury Cololabis saira in 2013 and 2015)
or mesopelagic fishes (in 2007 and 2013) in the Pacific waters of the Kuril Islands and East
Kamchatka; or pollock (Theragra chalcogramma) in the western part of the Bering Sea in 2002-2003.
But the noticeable changes of salmon diets were not observed even these years. It was found that
salmon consumed per day only 0,01-0,09% of the total zooplankton resources in the upper pelagic
layer of various areas while, subtropical migrants consumed per day up to 0,6% of zooplankton
biomass in this water layer in the Pacific waters of Kuril Islands and Eastern Kamchatka.

The data about conditions of winter dwelling of Pacific salmon have been collected
in the Subarctic frontal zone. It was established the different salmon species had different feeding
intensity in the same food conditions during their wintering. It demonstrated that food conditions
(even lowered as compared with other seasons) weren't the reason of change of feeding intensity
of Pacific salmon during the winter period. The difference in feeding intensity of salmon species
and their different size groups in winter and spring was predetermined by their life strategies.
The observed variations in feeding intensity and lipid accumulation from autumn to spring were
caused rather by cyclic seasonal changes in physiological processes in salmon than by amount and
availability of food resources.

Based on the data obtained, it was concluded that overflow of carrying capacity Northern Pacific
by Pacific salmon (of natural and also artificial reproduction) isn't observed. The influence of salmon
on fodder resources in places of their dwelling is much less, than many other nekton species.
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METABOJUYECKHUE UBMEHEHUSI B PAHHEM PA3BUTHUU JIOCOCEBBIX Pblb
EBPOIIEMICKOI'O CEBEPA
H. H. Hemoga, C. A. Myp3una, JI. A. JIeicenko, H. I1. Kannieposa, M. B. Uypoga,
O. B. Memepskosa, 3. A. Hedenosa, M. 0. Kpynnosa, C. H. Ilekkoesa, A. E. Becenos,
1. A. Edpemosn

DeoepanvbHoe eocyoapcmeeHHoe bo0xcemHoe yupexcoenue nayku Hucmumym duonozuu Kapenvcroeo
Hayunozo yenmpa Poccuiickoii akademuu nayx, 2. Ilemposzasoock, Poccus, e-mail: nemova@krc.karelia.ru

HccnenoBanus ococeBbiX pbid, oburtatonmx Ha EBporeiickom CeBepe MpeICTaBISIFOT 0COOBIN
UMHTEpeC B IUIaHE IOMCKAa OOIIUMX MEXaHU3MOB U creuu(uyecKkux 0coOeHHOCTeH (opMHUpPOBaHUS
MPUCTIOCOOUTENBHBIX PEAKIMi B paHHEM DPAa3BUTHH, OMPEICISIIONIMX CTPATETHI0 WX JalbHEHIIero
pasButus. [leproa oHTOreHe3a J0COCEBBIX PhIO, MPOXOASIINN B PEUHBIX YCIOBHUSIX, XapaKTepU3yeTCs
CYLIECTBEHHBIMU MOP(hOTOTHIECKUMHU u (yHKIMOHATIBHBIMH npeoOpa30BaHUSIMH,
COINPOBOXKAAIOIIUMHUCA KapIWHAIbHBIMU MEPECTPOMKaMH KJIETOYHOIO MeTaboJu3Ma, HW3MEHEHHEM
PETYIISIMHA CKOPOCTEH M B3aMMOOTHOIICHUSIMU MEXAY Pa3IUYHBIMHU MyTSIMH OOMeHa. BbUTH M3ydeHbI
MeTaboIMuecKue W3MEHEHUS COACpKAHWS — JIUIUIOB, >KUPHBIX KHUCJIOT, aKTUBHOCTU (PepMEHTOB
HHEPreTUYEeCKOr0 OOMEHa M TPOTEOJW3a B pAHHEM pa3BUTHH Yy JIOCOCEBBIX pBIO cemelcTBa
Salmonidae, poa. Salmo (aTmaHTHYeCKOro JOCOCS W KyMIXKH), OOHMTaTeNledl BBICOKHX IIUPOT.
[IpoBeneHbl WCCIEMIOBAaHUS HMKPBI TEpe] HEPeCTOM, B TMEpPHOJ 3MOPHOHAIHHOTO pPa3BUTHSA B
HCKYCCTBEHHBIX U €CTECTBEHHBIX YCJIOBHSX, Y Mojoau Bo3pactoB 0+, 1+, 2+, 3+, 4+ u Ha pa3HbIX
JTanax €€ KM3HEHHOTrO IHMKJa (CEeroJIeTKH, MeCTPSATKH, CMOATH). Ha ocHOBe aHanmm3a cOOCTBEHHBIX U
JTUTEPaTypHBIX JaHHBIX c(opMHpOBaHa, TEOPETHUECKH OOOCHOBaHA U ampoOMpoBaHa CHUCTEMa
nokaszaresyieii OMOXMMHUYECKOTo MeTaboyM3Ma, KOTOpasi TOCTaTOYHO TOJHO OXBATHIBAECT Ba)KHEHIINE
MeTabonuueckue TyTH  OPEeBpalleHHs  MaKpOMOJEKYyJ,  OOecleuyuBarouiue  IMojJiep:KaHue
HEOO0XOMMOTO TOMEOCTa3a MOJIOIM JIOCOCEBBIX pPBIO B Tpoleccax paHHero pasButusa. Cucrema
Mokasarejae OuMoXuMHYEcKoro MeTabonu3MmMa BKJIIOYAEeT MapaMeTpbl JIMIUIHOTO  OOMeHa
(14 nunupoHelx mokazaTened W 21 KUpHasg KHUCIIOTa), SHEPreTHUECKOro W YIiIeBOJHOro oOMeHa
(6 depmeHTOB a3pOOHOIO U aHAIPOOHOTO MeTaboaM3Ma), PEPMEHTOB BHYTPUKIETOYHOTO NPOTEOIN3a
(5 epmMeHTOB pa3iaMyYHBIX MPOTEOJIUTUYECKUX IyTeH), AaKTUBHOCTb (EPMEHTOB JIM30COM
(5 ¢depMeHTOB HYKICOTHAHOTO, YIJIEBOAHOTO OOMEHa), a TaKkKe MOJEKYIIPHO-TEHETHUECKHE
MOKAa3aTeJIH SKCIPECCHH TeHOB TsDKEoN enu muo3una, MyoD, Myf-5, muorenuna u 11O, oTHOeHue
PHK/IHK u conepxanue Oenka. [lokazaHo, 4To MeXaHU3Mbl OMOXMMHUYECKUX aJanTaluii MOJOIU
HCCIIETyeMBIX PBIO K YCIOBHSM CPENbl, CIOXHUBIIMMCS B HCCIEAYEMBbIX OHMOTOIAX, BKIIOYAIOT
W3MEHEHHUS B SHEPTreTHUYECKOM U MIIACTHYECKOM OOMEHE, MPU STOM BEAyIIast POJib OTBOJUTCS UMEHHO
JHEPreTHKe MeTa0OJIMYeCKHX MpoIeccoB. buoxumuueckas pa3HOKAueCTBEHHOCTb, KOTOpas
OOHapy>KUBaeTCs YK€ B 3pelIOi MKpe W B AMOPHOHAX HCCIEAYEMBIX JIOCOCEBBIX PBIO OIMpEnesnseT
crnenuguKy B3aUMOJEHCTBUS JMUYMHOK M MalTbKOB CO Cpeloil OOWTaHHS, WX YCTOHYHBOCTB,
BBDKHBACMOCTh, (DM3MUECKYI0 aKTHBHOCTh, MUTPAIMOHHOE TMOBEJCHUE M aJANTaIlHi0 K Pa3JIMIHBIM
HKOJIOTHUECKUM YCIOBUsAM. [loka3aHbl HEKOTOpbIE pa3Nuyusl B OMOXUMHUYECKOM CTaTyce IMOPHOHOB
JIOCOCS Ha JTale NUTMEHTAllMd TJa3, Pa3BUTHE KOTOPBIX MPOXOJIUIO B HCKYCCTBEHHBIX
U €CTECTBEHHBIX YCIOBHUSX. OCOOCHHOCTH OMOXMMHYECKOTO CTaTyca MOJIOIU JIOCOCEBBIX PBIO M ee
JBUTATEIbHAS AKTUBHOCTH CIIYXaT JICTCPMHUHAHTOH WX JaJbHEHIIEr0 pa3BUTHS W BIUSIOT
Ha (popMHpOBaHHUE IKOIOTUYECKUX TPYMIUPOBOK MOJIOAU phi0. B pe3ynbTare, npu pacnpeaeneHuu us3
HEPECTOBBIX THE3]l YaCTh BBIKIIOHYBIINXCS JIMYMHOK JIOCOCS UMEET ONpe/Ie]ICHHbIE MeTa00InIecKue
MPEUMYIIECTBA,  TMO3BOJSIONIME WM  aKTHMBHO  3aCelsiTh  Jy4yIIME€ BBIPOCTHBIE  yYACTKU
U CHOCOOCTBYIOIIME 00pa30BaHNI0 PEHOTUIMMYECKHUX TPYIII C PA3IMYHBIMUA CPOKAMU CMOJITU(UKALINH.

Paboma evinonnena npu ¢hunancosoti noodepoicke Poccutickoeo Hayunoco ¢onoa, npoexkm

Ne 14-24-00102 «Jlococesvie pwibvr Cegepo-3anada Poccuu: 3K01020-6uoxXumuiecKue MexaHuzmbvl
PAaHHE20 PA3GUMUSLY.
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METABOLIC CHANGES IN THE EARLY DEVELOPMENT OF SALMONID FISH
IN THE EUROPEAN NORTH
N. N. Nemova, S. A. Murzina, L. A. Lysenko, N. P. Kantserova, M. V. Churova,
O. V. Meshcheryakova, Z. A. Nefedova, M. Yu. Krupnova, S. N. Pekkoeva, A. E. Veselov,
D. A. Efremov

Institute of Biology of Karelian Research Centre Russian Academy of Sciences, Petrozavodsk, Russia,
e-mail: nemova@krc.karelia.ru

Studies of salmonid fish in the European North are of particular interest for what they can offer
for the understanding of the general mechanisms and specific features of adaptive responses formation
during early development and their implications for further development strategies. The river life
period of salmonid ontogeny is noted for significant morphological and functional transformations
involving fundamental cell metabolism restructuring, modification of metabolic rate regulation and
ratios between different metabolic pathways. We studied metabolic changes in the content of lipids,
fatty acids, activity of enzymes involved in energy metabolism and proteolysis during early
development in salmonid fish of the family Salmonidae, genus Salmo (Atlantic salmon and brown
trout) living in high latitudes. Eggs were studied prior to spawning, during embryonic development in
farmed and wild fish, in juveniles aged 0+, 1+, 2+, 3+, 4+ and at different stages of the life cycle
(fry, parr, smolts). Having analyzed own and published data we have assembled, substantiated and
tested a system of biochemical metabolism indices covering quite comprehensively the major
metabolic pathways of macromolecule transformations that maintain the requisite homeostasis in early
development processes in juvenile salmonids. This system of biochemical metabolism indices includes
parameters of lipid metabolism (14 lipid indices and 21 fatty acids), energy and carbohydrate
metabolism (6 enzymes of aerobic and anaerobic metabolism), intracellular proteolytic enzymes
(5 enzymes of different proteolytic pathways), activity of lysosomal enzymes (5 enzymes
of nucleotide, carbohydrate metabolism), as well as molecular genetic indices of myosin heavy chain
gene expression, MyoD, Myf-5, myogenin and COX, RNA/DNA ratio, and protein content.
We demonstrate that the mechanisms of biochemical adaptation of the investigated juvenile fish to the
conditions in the habitats include changes in the energy and constructive metabolism, and that the
leading role here belongs to the energy of the metabolic processes. The biochemical differentiation
observed already in mature eggs and in embryos of the investigated salmonids defines how the larvae
and fry will interact with the environment, their resilience, survival, physical activity, migratory
behavior and adaptation to the various ecological conditions. Some differences were found in the
biochemical status of salmon eyed eggs in embryos developing under artificial and natural conditions.
Features of the biochemical status of young salmonids and their locomotor activity are the
determinants of their future development and influence the formation of ecological groupings of
juvenile fish. As a result, some newly hatched salmon fry have certain metabolic advantages for
dispersal from redds, enabling them to actively colonize better nursery grounds and contributing to the
formation of phenotypic groups with different timing of smoltification.

The work was supported by the Russian Science Foundation, project Ne [14-24-00102

“Salmonids of the northwest of Russia: ecological and biochemical mechanisms of early
development”.
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9BOJIIONMSA I'OJbBIOB POAA SALVELINUS: MOJIEKYJIAPHO-TEHETHYECKHUE
JAHHBIE
A.T. OCI/IHOBl, A. A. Bonkos®
Y @edepanvroe 2ocydapcmeennoe G100cemnoe 06paz08amenbHoe yupercoeHe 8biculeco NPOPeccUoOHAIbHO0
obpazosanus «Mockosckuti cocyoapcmeenuviil yHueepcumem umenu M. B. Jlomonocosay, e. Mocksa, Poccus,
e-mail: a-osinov@yandex.ru
2edepanvroe 2ocydapemeennoe Giodxcemnoe Hayuroe yupexcoenue «Beepoccutickuii Hayuno-
UCCe008aAMENbCKUL UHCTHUMYIN PbIOHO20 XO03AUCEA U OKeaHo2Spapuuy,
2. Mockesa, Poccus

Tombiiel poxa Salvelinus siisiroTest ofHON M3 HanboJiee M3MEHUYHMBBIX TPYII JIOCOCEBBIX PBIO.
MHorue BONPOCHL, KacaloUIMecs MPOUCXOXKACHHS, (UIOTCHUM M TAaKCOHOMHHM MHOTOYMCIICHHBIX
IKOJIOTUYECKUX U MOP(OJIOTHUECKUX (POPM, KOTOpBIC BBISIBIICHBI HA OTPOMHOM apeajie, B TOM 4YHCIIe
OOMTAIOIIMX CHMIIATPUYHO BO MHOTHX 03€pax, OCTAIOTCS OTKPBITHIMH. BHYTpH poaa OGOJNBIIMHCTBOM
UCCIieoBaTeNec mpu3Haercss Hamuume 7 «xopommx» BumoB (S. fontinalis, S. namaycush,
S. leucomaenis, S. levanidovi, S. confluentus), a Taxxe S. alpinus u S. malma Bmecre ¢ OM3KUMHU UM
dbopmamu/Bugamu (S.alpinus — S.malma species complex). B koMIiekc BXOAAT U Ba BUA T'OJBLIOB
u3 o3epa OnbreirbITreiH (S. elgiticus, S. boganidae). Tperwmit Bun ronbuma (S. Svetovidovi) us
03. DNBIBITHITIBIH BBIJICICH B OTACbHBINA poa Salvethymus.

Jns  aHanmu3a ¢uioreHud TosbioB  poxa Salvelinus  Obutn  MCHONB30BaHBI  BHIOOPKH
o 7 «xopomum» Buaam, a takxe roner; Ceeropuaosa. S. alpinus — S. malma species complex 6but
Npe/ICTaBICH Pa3HbIMU (opMamu ApKTrudeckoro roybsia EBpaszuu, roneiom TapaHia u 1ByMs BUIAMH
U3 03. DIbTBITBITIBIH, CEBEPHOW W NByMs IOHBIMH (M3 Asum u CeBepHOil AMmepuku) Gopmamu
MaJIbMbl. BpITH mocTpoeHbl reHHble aepeBbs 1o Tpem renam (CR mtDNA, 950 bp; RAG1,899 bp;
ITS1, 581 bp) pa3aenbHO ¥ MPOBEAEH MOUCK BUIOBOTO JEpeBa IO ABYM SIICPHBIM '€HAM M BCEM TPEM
reHaM. BbUTH BBISIBIICHBI pa3Jindusi B TOIOJIOTUH TCHHBIX JIEPEBHEB, B YACTHOCTH MEXIY JICPCBbSIMHU,
nocrpoeHHbiME 110 MTIHK u s/IHK nanHbiM. MuTO — simepHble HECOOTBETCTBHS OBLIM B YACTHOCTH
CBSI3aHBI C ciydasiMu uHTporpeccuu rarmorunoB MTJJHK ceBepHoit hopmbl MaibMbl B OTIEIbHBIE
MOMYJISIUN U TPYIIBI MOMYJISIIUNA apKTHYECKOTO TOJIbIIA U F0XKHON (POPMBI MaJIbMbI, KOTOPbIC UMEIH
MECTO B JIGAHMKOBOE M TMOCJTCICIHUKOBOe Bpems. [lonydeHHble JaHHBIC MOJTBEPIUIN
HPEIONIOKEHHEe O TOM, YTO Ha PaHHMX JTamax JuBepreHiuu BHyTpu S. alpinus — S. malma species
complex mpowusomren 3axBat MT/IHK apkruueckoro ronbia EBpasum ceBepHOit (hopmoil MaibMBbl,
a e¢ HatuBHast MT/IHK BeposITHO MOJIHOCTBIO yTepsiHa. BeposTHO, aHAIOTUYHAST CUTYAIIHsI IPOU30IILIA
u ¢ matuBaoit MT/IHK S. confluentus. He coBcem sicna curyanus ¢ HatuBHOM MT/IHK y roxHO#M
¢dopmbl ManibMbl CeBepHOIT AMEPUKH.

[MonydeHHbIe AaHHBIC €IIe pa3 YKa3blBalOT HA TO, YTO TMOPHIU3AIMS M UHTPOTPECCHS T'€HOB
HEOJTHOKPATHO TPOHMCXOIWIN MEXIY Pa3HbIMU (HIOTEHETUYCCKHUMHU JMHUSIMH W BUIAMHU TOJIBIIOB.
BriosiHe BO3MOXHO, 4TO B psijie CIIy4acB OHU CIIOCOOCTBOBAIH MPOUCXOKICHUIO HOBBIX, B TOM YHUCIIC
U cuMnarpudeckux, popm. Ha BUIOBOM /epeBe, MOCTPOCHHOM II0 JIBYM SIIEPHBIM I'eHaM, Oa3albHOe
nojiokeHune 3anuMaet kimamga S. confluentus (S. leucomaenis, S. levanidovi). lanee pacmosaraercs
knazga (S. fontinalis, S. namaycush). Knaga S. alpinus — S. malma species complex Bkitouaer aBe
cybknanbl. [lepBas — o6beuHseT Tpu GOPMBI MaJbMBbI, @ BTOpas — Bce (hOPMbI/BUIBI APKTHUYECKOTO
ronbia. Jlanueie mo MT/IHK U 1o simepHbIM reHaM yKas3bIBalOT Ha TO, 4TO Tosiel; CBEeTOBHIOBA HIIU
BxoauT B S. alpinus — S. malma species complex uiu siBAsieTCs] CECTPUHCKHM 110 OTHOIICHHIO K HEMY
TaKCOHOM, TaK YTO BBIICJICHHE €T0 B OTIEIBHBINA PO (puiIoreHeTn4ecky He onpaaaHo. [TomydeHHbIe
JIAHHBIE HE PEIIAIOT BCE BOMPOCHI, CBSI3aHHBIC ¢ IBOIIOIMEN U (uitoreHueit ronpioB poaa Salvelinus,
HO MMO3BOJISIIOT YTOYHHUTH HarOOJIee BEPOSTHBIC TAIbl BOJIIOIMH STOM CIIOKHOM JJIsl CHCTEMAaTHKOB U
HMHTEPECHOH JIJIsl 3BOJTIOIMOHHBIX OMOJIOTOB TPYIIbBI pbI0. [IpOHUCX0XkKIeHHEe OCHOBHBIX BHJIOB T'OJIBIIOB
JaTHPYETCs KOHIIOM MHOIICHA — IUTHOIICHOM, a OoJbIIMHCTBA (opM/BHUIOB, BXoasmmx B S. alpinus —
S. malma species complex cBsi3aHO ¢ COOBITUSIMH CEPEIUHBI IUICHCTOIICHA — Havasla TOJIONeHa.
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EVOLUTION OF CHARRS (GENUS SALVELINUS): MOLECULAR-GENETIC DATA
A. G. Osinov!, A. A. Volkov?
'Lomonosov Moscow State University, Moscow, Russia, e-mail: a-osinov@yandex.ru
’Russian Federal Research Institute of Fisheries and Oceanography, Moscow, Russia

Charrs of the genus Salvelinus is one of the most variable groups of salmonid fish. There is still
lack of knowledge on the origin, phylogenetics, and taxonomy of multiple ecological and
morphological forms distributed over a huge area, including those living sympatrically in many lakes.
Seven “good” charr species are acknowledged by the majority of researchers within the genus
(S. fontinalis, S. namaycush, S. leucomaenis, S. levanidovi, S. confluentus, S. alpinus, and S. malma),
and related forms of two latter species are referred to S. alpinus — S. malma species complex.
The complex includes also two charr species from Lake EI’gygytgyn (S. elgiticus and S. boganidae).
The third species (S. svetovidovi) from Lake El’gygytgyn is separated into a distinct
genus Salvethymus.

To assess phylogeny of the genus Salvelinus, the samples of seven “good” species and
S. svetovidovi were examined. Within the S. alpinus — S. malma complex, the forms of Eurasian Arctic
charr, Taranets charr, two species from Lake EI’gygytgyn, and Dolly Varden (a northern form and two
southern forms from Asia and North America) were used in the analysis. Phylogenetic analysis was
based on three data sets: mtDNA control region (CR, 950 bp), recombination-activating protein 1 gene
exon 2 (RAGL, 899 bp), and internal transcribed spacer 1 (ITS1, 581 bp). The gene trees were
constructed based on each data set separately, and species trees were estimated based on two nuclear
genes and two nuclear genes and CR mtDNA data sets. Distinct tree topologies were revealed
particularly between the trees based on nuclear and mtDNA data sets. A mito-nuclear tree topology
discordance partially can be explained by the introgression of northern Dolly Varden mtDNA
haplotypes into separated populations and groups of populations of Arctic charr and southern Dolly
Varden during the glacial and postglacial periods.

The results confirm an assumption that in the early stages of the divergence within the S. alpinus
— S. malma complex, the capture of the Eurasian Arctic charr mtDNA by the northern Dolly Varden
occurred, and its own mtDNA, most likely, was completely lost. Similar situation could occur with
original mtDNA of S. confluentus. In addition, the evolution of native mtDNA of southern Dolly
Varden in North America is not entirely clear. The data show that hybridization and introgression of
genes took place repeatedly between different phylogenetic lines and charr species and, in certain
cases, the origin of new (including sympatric) forms occurred. The species tree built based on nuclear
genes data set shows the clade S. confluentus (S. leucomaenis, S. levanidovi) at the basal position.
The next clade includes S. fontinalis and S. namaycush. The clade of the S.alpinus—-S.malma species
complex includes two subclades: the first subclade consists of three forms of Dolly Varden, and the
second subclade includes all forms/species of Arctic charr. Different sets of nuclear and mtDNA data
suggest that S. svetovidovi is either a species of the S. alpinus — S. malma species complex, or it is
a sister lineage to this complex. Therefore, a separation of this species into a distinct genus seems not
phylogenetically appropriated. The results of this study do not solve all issues of the evolution and
phylogeny of charrs of the genus Salvelinus. Nevertheless, they clarify the most probable events of the
evolution of this complicated for taxonomists and fascinating for evolutionary biologists group of fish.
The origin of the main charr species is dated to the end of the Miocene — the Pliocene, and the
divergence of the majority of forms/species of the S. alpinus — S. malma species complex are related
to the events of the Middle Pleistocene — early Holocene.
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YPOBEHb MOHOB B KPOBY MOJIOJA YEPHOMOPCKOM KYMXKHA
SALMO TRUTTA LABRAX IPA BHYTPUIIONYJISIUOHHOM NTU®PEPEHIIUALIUA
E. JI. [1aBnog, JI. C. IlaBnoB
DeoepanvHoe cocyoapcmeennoe DI00NCemHoe yupedcoeHue Hayku Mucmumym npobnem sKonoeuu u
asonoyuu umenu A. H. Cesepyosa Poccuiickotl akademuu nayx, Mockea, Poccus,

e-mail: p-a-v@nxt.ru

Jly1 10coCeBBIX CBOMCTBEHHA BHYTPHUIONMYJAUUOHHAS nuddepeHimanus, npu KOTopoil ocodu
BBIOMPAIOT TPOXOJHYIO WM OJKWIYI0 JKM3HEHHBIE CTpaTeruu. BeposTHOCTh 3TOro BbeIOOpa
OTIpe/IeIIsIeTCS PSAOM BHEIIHUX (aKTOPOB, BIUSIOUIMX HA 0c00b. OJTHUM U3 MYCKOBBIX aJIallTUBHBIX
npeoOpa3oBaHUil MPU CMONTH(PHUKAIMHU JIOCOCEBBIX SBISETCS MOIUGUKAIUMSA HMOHHOTO OOMeHa
B OpraHu3Me.

PaGora mpoenena B anpene 2015 1. u B dpeBpane 2016 r. Ha popeneBoaueckom 3aBoze “Amep”
(Kpacnomapckuii kpait). KpoBs orOupanu y ppi6 B Bospacte 10 u 12 mec. U3 XBOCTOBOW BEHBI 3a
aHAJLHBIM IJIABHUKOM WHCYJIMHOBBIM mImpuiioM. UuauBuyansHyto koHieHTpanuto noHoB K, Na, Cl
nu Ca ompenmensuii B IeIbHOM KpOBU MOpTaTuBHBIM mpubopom Abbot i1-STAT 1 c¢ nHabGopom
0JIHOpa30BbIX KapTpumkei. Konnenrpamuo nonos Cl B kpoBU U3MepsuTu TOJIBKO y pbIO B Bo3pacte 10
Mmec. KpoBsb uccrnenoBanu y peid TpéX GEHOTUMUYECKUX TPYII — NecTpITKU (10 popmoodpazoBaHus),
KHJIasi ¥ TPOXOAHAsT (POPMBI.

[To maHHBIM AMCTIEPCHOHHOTO aHaK3a ObLIO YCTAHOBJIEHO, YTO KOHIIEHTPAIUS HCCIEI0BAHHBIX
MOHOB 3aBUCHT OT NPUHAAJICKHOCTH PHIO K TOH HMIM HMHOW (DEHOTUHHMUYECKOW rpymme. Y KyMKH
B Bo3pacte 10 Mec. 3Ta 3aBUCHUMOCTh JOCTOBEpHA TOJBKO i MOHOB xyopa (p<0.05), a y pwi0
Bo3pacte 12 mec. — st moHoB Na, K u Ca (p<0.05).

[Ipu cmonTudukaumu y MoIoAM Kymkd B Bo3pacte 10 Mec. HauMHAIOTCA HW3MEHEHHS
B XJIOPUJHBIX KJIETKaX *alp, 0 4YeM CBUAETEIBCTBYET CHIKEHHE ypoBHs MOHOB Cl B KpOBH y caMOK
CMOJTOB 10 CpPaBHEHUIO ¢ TMecTpsaTkamu. KOHIIeHTpalnus HOHOB XJIOpa y CaMIlOB CMOJITOB
HE U3MEHSETCsI, BEPOSTHO, BBIOOP MPOXOAHOM KUZHEHHOM CTPATErny y HHUX, IPOUCXOTUT MO3KE, YeM
y caMok. OTCyTCTBHE KaKHX-THOO paznmuuuii 1mo ypoBHIO MOHOB K m Na u y caMOK W camIlOB
UCCIICIOBAaHHBIX (EHOTUMHMUYECKUX TPYNI JaeT OCHOBaHME CUUTaTh, YTO B 3TOM BO3pacTe
y UepHOMOPCKOH KyMKH He H3MeHseTcs akTuBHOcTh Na'/K'-ameHosmatpudocdarassr. Bepostho,
UCCIIelyeMblil  3Tanm  CMOJTHU(HUKAIMM YEPHOMOPCKOM KYM)KHM SBJISIETCS CaMbIM  HadaJbHbIM
B OCMOPETYJIATOPHOM MEPECTPONKE OpraHnu3Ma.

VY caMioB cMOATOB B Bo3pacte 12 Mec. CHMXKAETCS KOHILIEHTpaluss HMOHOB Na B KpOBHU
M0 CPaBHEHUIO C OCOOSMH KWJIOH (OPMBI, a KOHIEHTpaIHss HOHOB K TOBBIIAETCS MO CpaBHEHUIO
C caMKaMH XWIOH (GopMbl. Y caMOK CMOJITOB HaOMIOJAeTCA Ta K€ TEHJEHIHs MO KOHIIEHTPALUsIM
STHX WOHOB, HO Pa3Nu4usi HeAocToBepHbI. KoHneHtpamus noHoB Ca y caMOK M CaMIIOB CMOJITOB
HUKE, YeM Y pbIO >KUII0H GOpPMBI.

[To pe3ynmpTaTaM IMpOBEIEHHOTO KJIACTEPHOTO aHAW3a Kujas popMa 1Mo KOHIICHTPALHUSAM Tpex
woros (Na*, K* n Ca?") cosmaer KoMmakTHBIf kiactep. CMonThl 000CO0JIEHBI OT APYTUX TPYIII.
BepositHo, Takoe 060co0ieHre 00yCIOBIEHO TE€M, YTO BHIOOP aHAIPOMHOM >KM3HEHHOH cTpaTeruu
y 4YEpHOMOPCKOW KyMKH MPOUCXOJIUT paHbllle, 4yeM pe3uaeHTHOH. [lecTpsaTku Hanbosee pasHOPOIHBI
10 CPaBHEHUIO C OCOOSMH IPYTUX (POPM.

Takum o00pa3oM, M3MEHEHUS KOHLEHTPAIMM H3YYEHHBIX HMOHOB MPOHMCXOJAT JI0 Iepexoja
CMOJITOB B MOPCKYIO Bojy. CHMKEHHE YPOBHS HOHOB XJIOpPAa B KPOBU MOJIOJIM YEPHOMOPCKON KyMIKH
MO>KHO CUHTATh HAJAEKHBIM MHIUKATOPOM Hayalla mpolecca CMOATH(PHUKAIINH.
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ION CONCENTRATION IN THE BLOOD OF THE BLACK SEA TROUT SALMO TRUTTA
LABRAX DURING ITS INTRAPOPULATION DIFFERENTIATION
E. D. Pavlov, D. S. Pavlov
A. N. Severtsov Institute of Ecology and Evolution of the Russian Academy of Sciences, Moscow, Russia,

e-mail: p-a-v@nxt.ru

Salmonids are characterized by intrapopulation differentiation, at which individuals adopt
anadromous or resident life history strategies. This adoption is determined by environmental factors.
One of the trigger mechanisms for adaptation of salmonids to salt water is the alteration
of ion exchange during the process of parr-smolt transformation.

The work was conducted in April 2015 and in February 2016 on the Adler trout farm
(the Krasnodar Territory). Blood was sampled from the tail vein behind the anal fin using a syringe
(1 cm®) in the Black Sea trout at the age of 10 and 12 months. The individual concentration of K*, Na,
Cl” and Ca** was measured by a portable analyzer “Abbot i-STAT 17 using a set of cartridges
in whole-blood. The concentration of chloride ions (CI") was measured only in brown trout at the age
of 10 months. Blood was analyzed in fishes belonging to three phenotypic groups: parr
(prior to the process of parr-smolt transformation), resident and anadromous phenotypic forms.

Variance analysis showed that the concentration of measured ions differed between
the phenotypic groups of fishes. Thus, for brown trout at the age of 10 months, this relationship was
significant only for chloride ions (Cl") (p<0.05), and for brown trout at the age of 12 months it was
significant for Na*, K*, Ca®* (p<0.05).

Changes in the gill chloride cells during the process of parr-smolt transformation of brown trout
at the age of 10 months were identified by the decreased level of chloride ions (CI") in the blood of
female smolts in comparison with parrs. The concentration of chlorine ions did not changed in male
smolts. Probably, it was related to the fact, that males adopted the anadromous life history strategy
later than females. The absence of any differences in the ion levels of K* and Na* both in females and
males from tested phenotypic groups gave the evidence that Na'/K* —ATPase activity did not change
at this age in the Black Sea trout. Probably, the analyzed period of the process of parr-smolt
transformation of brown trout was the earliest stage in the alteration of osmoregulation in these fishes.

The concentration of Na® in the blood of male smolts at the age of 12 months reduced in
comparison with resident males and females, while the concentration of K* increased in comparison
with resident females. The same tendency by the concentrations of these ions was observed in female
smolts, but these differences were not significant . The concentration of Ca>* were lower in female and
male smolts than in the resident form.

Results of cluster analysis by the concentrations of three ions (Na*, K™ and Ca®*) showed that the
resident form was presented by a compact cluster. Smolts were separated from other groups. Probably,
this separation was determined by the fact that the adoption of the anadromous life history strategy
of the Black Sea trout occurred earlier than the adoption of the resident strategy. Parrs had more
differences in their group in comparison with other forms.

The obtained results showed that changes in the concentration of measured ions occurred earlier
than the entry of smolts into seawater. The reduced level of chlorine ions in the blood of the juvenile
Black Sea trout can be considered as a reliable indicator of the beginning of the process of parr-smolt
transformation.
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YCJI0BHA BOCITPOU3BOACTBA YEPHOMOPCKOM KYMXHA (SALMO TRUTTA
LABRAX) B BACCEUHE PEKU M3bIMTA B CBs131 C OJIMMIIMUCKUM
CTPOUTEJIBCTBOM

J1. C.Tlasnos", A. E. Becenos®, B. B. Koctun', JI. A. Edpemos’, M. A. Pyunes’,
LDedepanvroe 2ocydapcmsentoe Giodicemnoe yupexcdenue nayku Hucmumym npo6iem 5Kono2uu u 360110yull
umenu A. H. Cesepyosa Poccuiickoii akademuu Hayk, 2. Mockea, Poccus, e-mail: acad.pavlov@gmail.com
2@edepanvhoe 2ocyoapcmeentoe 0100xcemHuoe yupexcoerue Hayku Mncmumym 6uonosuu
Kapenvckoeo nayunoeo yenmpa Poccuiickou akademuu nayk, 2. [lemposasoock, Poccus
3®edepanvroe 2ocyoapcmeentoe Grodcemnoe yupescoenue « COUUHCKUL HAYUOHANbHBIT RADKY,

2. Couu, Poccus

IIoporu u nepekarsl INIABHOIO pycila U MPUTOKOB P. M3bIMTa CIy)KaT MECTaMU Pa3MHOKEHUS
npoxoaHoi (3anecenHoit B Kpacuyio kuury P®) u xumoir ¢popM 4epHOMOPCKOW KYMIKH, a TaKKe
y4acTKaMHd OOWTaHUs €€ Mojioau. B cBsi3u ¢ omummnuiickuMm crpoutenbctBoM B 2010-2014 rr.
B IVIABHOM PYCJI€ U YCThX MHOTUX NPUTOKOB ObUIN TPaHC(HOPMHUPOBAHBI OT/AEIbHBIE YUaCTKU PEKU.
31ech U3MEHEeHbI: (PPAKIIMOHHBIN COCTAaB IPYHTA, CKOPOCTh TEUEHUS, CTPYKTYpa HOJPYCI0BOr0 OTOKA
U TayOMHa BOABL. DTO TMPHBEIO K YHUYTOKCHHIO HEPECTOBO-BBIPOCTHBIX Y4acTkoB (HBY)
YEPHOMOPCKOM KyMIKH.

HccnenoBanbl ycinoBUs BOCIIPOU3BOJICTBA U PACHPEEICHUE YEPHOMOPCKONM KyM)KH B IJIaBHOM
pycie W OpUTOKax p. M3bIMTa, HaxoIALIMXCA B €CTECTBEHHOM COCTOSIHUM M I0J BIMSHHEM
AHTPOIIOI€HHOI'O BO3JECHCTBUS; OLIEHEHA BO3MOKHOCTh €CTECTBEHHOT'O BOCCTAaHOBIICHUS [HBY.

VY CTaHOBIIEHO, YTO €CTECTBEHHOE BOCIIPOU3BOICTBO NMPOXOJHON (OPMBI YEPHOMOPCKONH KYM>KU
B OacceiiHe p. M3bIMTa PaKTUYECKU IPEKPATUIIOCH U3-3a HENIPEPHIBHOTO 3arpsi3HEHUS BOJIbI B IIEPUO]L
OJIMMITMHACKOTO CTPOUTENBLCTBA, MEXaHWYECKOro paspyumenus HBY, nerpaganuu KopMoBoi 0a3bl,
OpakoOHbEpPCTBAa H, IO-BHIMMOMY, H3-32 CTPOHMTEIHCTBA MOPCKOTO IMOpTa Ha MYTH HEPECTOBOM
Murpauuu Kymxku. OOmias JuiMHa pa3pylIeHHBIX Y4acTKOB pyciia cocTasisieT 57 kM. B Hacrosiee
BpeMs COXpPAaHWJIOCh €CTECTBEHHOE BOCIPOM3BOJACTBO JKHJIOW (OPMBI YEPHOMOPCKOW KyMIKH
B 19 npurtokax p. M3bIMTa HE 3aTPOHYTHIX OJIMMIIMMCKUM CTPOUTEIBCTBOM, a TAK)KE B TJITaBHOM pycClle
Bbine BrageHus p. [lcayx. M3 364 kM mpoOTSKEHHOCTH BOJIOTOKOB B OacceliHe p. M3bpIMTa MOJIOIb
YepHOMOPCKOM KyM)kH oOOHapyxeHa Juimb Ha 103 kM, Tae e€e IUIOTHOCTb COCTaBJsIeT
13-15 9K3./100 M. OCHOBHBIC IPUTOKK UMEIOT HBY BBICOKOTO KA4ecTBA M JOCTATOUHYIO KOPMOBYIO
0a3y 7151 MOJIOAU KYMIKH.

B rnaBHOM pycne (rae Oputu paspyuiensl HBY) u3-3a cxoja ceneBbIX MOTOKOB Ha HEOOJBIIOM
y4JacTKe HpOTsHKEHHOCThIO 2.5 kM (0T p. Ilcnyx m o moc. Po3a XyTop) mMpoMCXOAUT €CTECTBEHHOE
BOCCTAQHOBJICHHE THUJPOJIOTUYECKON CTPYKTYpbl MOPOroB M INepekaTtoB. B pesynbrare ocoOu >Kuioi
(hOpMBI KyM>KH TIOCTENIEHHO 3aCENSIOT ATH YYaCTKH, HA HUX BO30OHOBUIICS €CTECTBEHHBIN HEPECT.

VY4acTku INIaBHOTO pyciia, pacloiloXeHHbIe HIKe 1oc. Po3a XyTop HyXJIarTcs B ClieHHaIbHON
PEKYJIIbTUBALIMK JUIsI BOCCTAHOBJIEHUSI YKJIOHOB, MOPOXKUCTOW CTPYKTYpPHI pycia U (PpakliMOHHOIO
coCTaBa TPYHTOB, a TakXe JUIsl ONTHUMM3AlMU THJPABIUYECKUX MapamMeTpoB (CKOPOCTh TEUEHUS,
TypOyJIE€HTHOCTB ).

Kpacnonomnstuckas ['9C He uMeeT pBIOONPOIYCKHOTO COOPYXEHHS U SIBJISETCS OCHOBHBIM
MPEMsATCTBUEM JJIi MWUIPAllUd Kak TMPOU3BOAMUTENCH YEpHOMOPCKOM KyM)KHM, TaK W CMOJTOB.
DTO HCKIIOYAET HepecT MPOXOJHBIX 0COOe BbIIIE IUIOTHHBI, I7Ie pacroyiokeHo 49% KauecTBEHHBIX
HBY p. M3pIMTa.

B0300HOBHUTH BOCIIPOM3BOCTBO MPOXOAHONW (POPMBI M YBEIMUYUTH YUCIEHHOCTh BH/1a BO3MOKHO
P NPOBEICHUU KOMILIEKCa MEPOIPUITHI 110 BOCCTAHOBIIEHUIO SKOCUCTEMBI PEKH U CTPOUTENILCTBE
pbIOOIIponycKHOTO coopyskeHus Ha Kpacnononsuckoit I'DC.
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CONDITIONS OF REPRODUCTION BLACK SEA TROUTS (SALMO TRUTTA LABRAX)
IN THE RIVER BASIN MZYMTA DUE TO THE OLYMPIC CONSTRUCTION

D. S. Pavlov', A. E. Veselov?, V. V. Kostin®, D. A. Efremov®, M. A. Ruchyev?,
'A. N. Severtsov Institute of Ecology and Evolution of the Russian Academy of Sciences, Moscow, Russia,
e-mail: acad.pavlov@gmail.com
“Institute of Biology of Karelian Research Centre Russian Academy of Sciences, Petrozavodsk, Russia
33ochi National Park, Sochi, Russia

On thresholds and rifts of the main stream and in inflows of the Mzymta River is reproduced the
Black Sea trout (the Russian Federation included in the Red List). Here its juveniles live. Due to the
Olympic construction in 2010-2014 in the main stream and mouths of many inflows separate sections
of the river were transformed. Here are changed: fractional composition of river bed, current speed,
structure of a flow and depth of water. It led to destruction of the spawning and nursery sites (SNS)
Black Sea trouts.

Conditions of reproduction and distribution Black Sea trouts in the main stream and influxes
of the Mzymta River which are in natural state and under anthropogenous influence are investigated,;
the possibility of natural restoration of SNS is evaluated.

It is set that natural reproduction of the flow form Black Sea trouts in the basin of the Mzymta
River practically stopped because of the continuous pollution of water during the Olympic
construction, mechanical corrupting of SNS, degradation of a food supply, because of construction
of sea way of spawning migration of a trout. The total length of the destroyed sections of the course
makes 57 km. Now natural reproduction of the inhabited form Black Sea trouts in 19 tributary
of the Mzymta River which aren't affected by the Olympic construction remained. Trout it is also
found above inflow Pslukh. From 364 km of expansion of water currents in the basin of the Mzymta
River the juveniles Black Sea trouts are found only on 103 km where its density makes 13-15
copies/100 sg.m. The main inflows have quality SNS and a sufficient food supply for juveniles of a
trout.

In the main bed on the site 2.5 km long (from inflow Pslukh to the settlement of Rosa Khutor)
there is a natural restoration of hydrological structure of thresholds and rifts. As a result of
an individual of the inhabited form of a trout gradually occupy these sections, on them natural
spawning was resumed.

Sections of the main river, located below than the settlement of Rosa Khutor need special
recultivation for restoration of biases, rapids structure and fractional composition of river bed, and also
for optimization of hydraulic parameters (current speed, turbulence).

The Krasnaya Polyana hydroelectric power station has no fish pass construction and is the main
hindrance to migration trouts. It excludes spawning of flow individuals above a dam where 49%
of qualitative SNS of the Mzymta River are located.

To restore reproduction of a trout and to increase the number of a look possibly when carrying
out a complex of actions for restoration of an ecosystem of the river and construction of a fish pass
construction on the Krasnaya Polyana hydroelectric power station.

115


mailto:acad.pavlov@gmail.com

O KAPJIMKOBBIX OCOBSIX YEPHOMOPCKOM KYMKH SALMO TRUTTA LABRAX
B PEKE M3bIMTA
. C. IlaBnos, B. B. Koctun, E. JI. [laBnoB
Dedepanvroe eocydapcmeeHnoe DI00cemHoe yupedcoerue Hayku Mucmumym npobiem 3K0a02uu U 36010YUL
umenu A. H. Cesepyosa Poccutickoii akademuu nayk, 2. Mocksa, Poccus, e-mail: kostin@sevin.ru

PaccmoTpenbl W3MeHEHHs psila  TONYJSIMOHHBIX — IOKa3aTeled IMPEeCHOBOAHBIX  (opMm
yepHomopckoir kymku B 2008-2009 rr. (Pavlov et al., 2010) mo cpaBuenuto ¢ 1987 romom
(Myp3a, Xpucrodopon, 1988). Marepuanpl B oba mepuojia HCCIeAOBaHUN COOpaHbl B paloHE
BrageHus p. Usmxkence B p. M3bIMTy B KOHIe JieTa (aBrycT-ceHTsOpn). 3a 22 roma (tabn. 1)
KaK y CaMIlOB, TaK U y caMok joctoBepHO (p<0.001) yMmMeHbHIMIACh [UIMHA TeNa W YBEIHMYUIIACH
(p<0.001) mons poi6 co 3penbimu ronanamu (IV —V craguu 3penoctu).

Tabnuma 1. J[mvuHa 1 cTaauu 3peioCTH TOHAT YePHOMOPCKOM KYMXKH B p. M3bIMTa
(manusbie 3a 1987 r. mo Myp3sa, Xpuctodopos, 1988)

Jnmuna tena (AC) + Jois pei® ¢ TOHaTaMu
ITon Uwucno poio, 9K3. cpeaHee KBaJgpaTUYHOE IV —V craguu
OTKJIOHEHHE, CM 3penocty, %
1987 1. | 2008-09 rr. | 1987 r. | 2008-09 rr. 1987 r. | 2008-09 rr.
CamMku 51 37 16.242.0 11.5+1.8 0 39.1
CaM1sl 63 44 16.7£1.9 12.3+1.8 0 74.4

[TonpoOusbiii ananu3 kymxu, noimanHoit B 2008—2009 rr. Bo Bceit p. M3bimTa (148 3K3.) U
p. I[Icaxo (67 3K3.), MoKasai, 4To y pbI0 B Bo3pacTe 1+ MosSBUIOCH OOJIBIIOE YHUCIO 0COOCH CO 3pPEIBIMH
roHagami (Tabi. 2), To ecTb 0co0eil, BBIOPaBIIUX KU3ZHEHHYIO CTPATETHIO KapIHKOB.

Tabmuua 2. CteneHp 3peaocTH TOHAJ Y YepHOMOPCKON KyMxkH (aBrycr—ceHTsa0pb 2008—2009 rr.)

Yucno prI0, %
Bo3spacr, | Ywucio
ITon CTazius 3peoCTH TOHA
JeT pBIO, IK3.
I I i v \%
C 1+ 56 28.6 39.3 0 250 | 7.1
Ty 56 0 | 429 | 71 | 500 | 00
Caniil 1+ 57 5.6 22.8 | 194 | 334 | 194
3 2+ 45 0 0 | 0 |533]467
BoiesieHHbI IPUPT — KaPIUKOBBIE OCOOH.

OTH Marepuanbl YKa3bIBAlOT HAa YCKOPEHHE CO3pEBaHMsI YEPHOMOPCKON KymxkH B OacceiiHe
p. M3biMTa. [l KapiMKOB XapakTEpHO paHHEe co3peBaHUE (B Bo3pacTe 1+) mpu umHe Tena a0
16.5 cm. I'mcronmormueckuil aHainu3 MOKa3aj, YTO SUYHUKA M CEMEHHHMKH KapJIMKOBBIX 0coOeit
coJiep’KaT MPAaKTHUECKH CO3PEBILIME IOJOBBIE KIETKH — COOTBETCTBEHHO >KEITKOBBIE OOLUTHI U
criepmaro3ouipl. Hannuue KapiMKOBBIX CAMOK M CaMLOB B p. M3bIMTa MOATBEPXKICHO U Ooiee
no3aHuMu uccinenoBanusiMu 2012-14 rr. (IlaBnoB u ap., 2017). Bonpiioe koau4ecTBO KapiIuKOBBIX
CaMOK OTMEUYEHO BIIEPBBIE HE TOJIBKO JJII MCCIEAYEMOTrO IOJBMA, HO, MO-BUAMMOMY, U JUIS BCETO
BHJIa KYMXH. BO3MOXKHO, 4TO yBEIMYEHHE YUCICHHOCTH KapauKoB oT 1987 r. k 2009 r. u nosiBineHue
KAapJIMKOBBIX CaMOK B 3TOT IEPUOJ CBSI3aHO C YBEJIMYEHHUEM AHTPONOTE€HHOW Harpy3kH, KoTopas
oTMeueHa Juist p. M3biMra (Pemetnukos, lamkos, 2009).
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ON DWARFS OF THE BLACK SEA TROUT SALMO TRUTTA LABRAX IN THE MZYMTA
RIVER
D. S. Pavlov, V. V. Kostin, E. D. Pavlov
A. N. Severtsov Institute of Ecology and Evolution of the Russian Academy of Sciences, Moscow, Russia,
e-mail: kostin@sevin.ru

Some parameters of freshwater forms of the Black Sea trout were studied in 1987
(Murza, Khristoforov, 1988) and in 2008-2009 (Pavlov et al., 2010). Data of these studies were
collected in late summer (August-September) in the region of confluence of two rivers —
the Chvezhipse and the Mzymta. During this twenty-two year period the body length of males
and females of brown trout significantly decreased (p<0.001), and the portion of fish with mature
gonads (stages of maturation 1V — V) significantly increased (p<0.001) (tabl. 1).

Table 1. Body length and gonad maturation stages of the Black Sea trout in the Mzymta River
(data for the year 1987, by Murza, Khristoforov, 1988)

Sex Number of fish, ind. Body length (L) + Portion of fish Wi_th V-V
standard deviation, cm stages of maturation, %
1987 | 2008-2009 1987 2008-09 1987 2008-09.
Females 51 37 16.2+2.0 11.5+1.8 0 39.1
Males 63 44 16.7£1.9 12.3+1.8 0 74.4

The analysis of brown trout caught in 2008-2009 in the Mzymta (148 ind.) and in the Pakho
(67 ind.) rivers showed that a large number of individuals with mature gonads occurred at the age 1+
(tabl. 2). Therefore, these individuals adopted the dwarf life history strategy.

Table 2. Gonad maturity stages of the Black Sea trout (August—September, 2008—2009)

Number | Number of fish, %
Sex Age of fish, Gonad maturity stages
ind. | T 1 v | V
Females 1+ 56 28.6 | 39.3 0 25.0 | 7.1
2+ 56 0 429 | 7.1 | 50.0 | 0.0
. 1+ 57 5.6 22.8 | 194 | 334 | 194
Mails
2+ 45 0 0 0 53.3 | 46.7
Precocious individuals are showed in bold.

Collected material supported the evidence of the accelerated maturation of the Black Sea trout
in the basin of the Mzymta River. Precocious individuals with the body length up to 16.5 cm
are characterized by early maturation at the age 1+. Histological analysis showed that female and male
gonads of precocious individuals contained almost matured sex cells (yolk oocytes
and spermatozoids). Precocious females and males were found in the Mzymta River in studies
of 2012-2014 (Pavlov et al., 2017). A large number of precocious females was firstly registered in this
subspecies (the Black Sea trout), but, possibly, this could be true for the whole species of the brown
trout too. Probably, the increased number of dwarfs and appearance of precocious females
in investigated period (1987-2009) was determined by the increased anthropogenic activity in the
region of the Mzymta River (Reshetnikov, Pashkov, 2009).
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NAEHTUOUKADNUA PASHBIX ®OPM KPOHOUKHUX I'OJIBI1IOB 1 HPOXOI[HOfI
MAJIBMBbI (SALVELINUS MALMA, SALMONIDAE) U3 PEKU KPOHOLIKAS
(KAMYATKA) 1O YACTOTAM MUKPOKCATEJIJIMTHBIX (MCT-) JIOKYCOB
C. [. [TaBnos, A. JI. Cenuykona, K. B. Ky3umun, M. H. I'py3aesa, H. C. Mrore
DeoepanvHoe eocyoapcmeeHHoe DI00XHCemHoe 00pA308aMeNbHOE YUpeHcOeHUe 8blcUle20 00pA308aAHUsL
«Mockosckuil 2cocyoapcmeenubiti yuusepcumem umenu M. B. Jlomonocosay, . Mocksa, Poccus,
e-mail: serge_pavlov@mail.ru

Tombuer (gen. Salvelinus) ozepro-peunoii cucrembl Kponorkas (Kamyatka) mpenctaBiieHb
dbopmamu c XOpOLIO BBIPaKCHHBIMU MOP(}HOIKOIOTUYECKUMU OTINYUSIMU
U TUCKYCCUOHHBIM TaKCOHOMUYECKUM cTatycoM (BukrtopoBckuii, 1978; Ilasnos u ap., 2013), xopoiio
pa3IMYUMBI TI0 COBOKYITHOCTH reHeTudyeckux mnpuszHakoB (IlaBioB u ap., 2013; CenuykoBa u ap.,
2012, 2013; CenuykoBa, 2014). BpisBIeHHbIE pa3IHyusl MO YaCTOTaM MCT-JOKYCOB Y ISTH (opMm
rojpioB U3 o3epa KpoHolkoe: HOcaToro rojblia, OEIOro roJiblia, peYHONW MallbMbl, KapIHMKOBOIO
rojbla, JJIMHHOTOJIOBOTO TOJblIA, a TAKXKE MPOXOAHON MajabMbl U3 peku KpoHolikas yka3bpIBaroT Ha
OTrpaHUYEHHBIN TeHeTndecknii oOMeH mexay Humu (Cenuykosa, 2014), HecMOTpsi Ha BOJHBIN Oapbep
(moporu) B UCTOKE peku U3 o3epa. OOHAPYKUB HEKYI0 HEOAHOPOJHOCTb y MPOXOJHOW MaJIbMBI 110
QJIJIENIBHBIM 4acTOTaM MCT-JIOKYCOB, MOKHO OBUIO MPEIOJIOKUTh, YTO 3TO SIBISETCS CICACTBUEM €€
HENOJHOM pEenpoAyKTUBHOM H3OJSIIMU OT JAPYTUX TOJIbLOB O3€pHO-pEeYHON cuctembl. OpHako
MIPOBEJICHHBIC JATbHEHUIIINE MCCIEeNOBAHMS MOKa3alH, YTO BIOOPKH U3 peku KpoHolkas cocTosT He
TOJIBKO U3 IPOXOJHOW MaJIbMbl, HO M COJEP>KaT 0coOH, MOP(HOIOrMUECKU CXOAHBIE C HEKOTOPBIMU
o3epHbiMH Gopmamu (I'py3nesa u ap., 2011). ['enetnyeckas uaeHTudUKamus pa3Hbx (Gopm roiaploB B
COOpPHBIX PEYHBIX BBIOOPKAX MOTpeOOoBaja JOMOIHUTEIBLHOTO UCCIIEIOBAHMUS.

JHK  Bbyaensiu  CTaHIApTHBIM  COJEBbIM  MeToaoM  (Aljanabi, Martinez, 1997).
JIiisi MUKpPOCATEIUIMTHOTO aHaln3a HMCIob30Baid 9 McT-mokycoB (Smm3, Smmb, Smm21, Smm22,
Ssal97, SSOSL456, Smm24, Sc0204, Sco205). Peakiuu aMiuimduKanum, 3IeKTPOPOpPETHYECKOE
pasfesieHne MpOAYKTOB MPOBOAWIM 10 MeEToJAuMKaM, onucaHHelM paHee (CeHuykoBa, 2014).
[lo mosydeHHBIM 4YacTOTaM ajiened MCT-IoKycoB, ¢ mnomompio mnporpamMmsel STRUCTURE
(TomyckaroIyo TUOpUIHOE MPOUCXOXKIEHHE O0co0el B aHAIM3UPYEMOH BBIOOPKE U KOPPEISALUIO
aJUIeNIbHBIX YacTOT Cpelu KJacTepoB) MpH uuciie 3afaBaeMblx kiactepoB (K) oT ogHoro mo BocbMu,
OBLIM BBISIBJIEHBI YETHIPE KJIACTEPA, YBEPEHHO XapaKTEPU3YIOLIUE KaXaYyI0 U3 03€pHBIX (JOPM TOJIbIIOB.
Hanee, B cOopHoil peuHoil BbiOopke 2010 r. omepaTopamu ObUIM OIpeleseHbl 00pa3libl, B3SThIE
OT pbl0 MOP(OJIOTMYECKH CXOJHBIX C O3€PHBIMH OEJIbIM TOJBIOM, HOCAaThIM TOJIBLIOM, a TaKke
OT IIPOXOJHOW MajbMbl. Pe3ylbTaTel ncciie10BaHUs HATrJISAHO OTPaKEHbI HA PUCYHKE.

b
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Pucynox 1. I'mcrorpamma, nocrpoernas ¢ nomouisio nporpamvmel STRUCTURE. Ha ocn abenuce 0603Ha4eHBI
aHaJm3upyemblie o0pa3usbl. Ilo ocn opanHaT npeacrapiaeHa BeroﬂTHOCTL COOTBETCTBUA oﬁiazua Kam)mMi u3 4
npeanoJaraeMbix kiaactepoB. O6o3HaueHNE KIaCTEPOB: - IIEPBBI, - BTOPOH, - TPETHI, -
yerBepThIid. BI” — Oenslit roen, HI' — HocaTslit roser.

Ocobu ¢ mopdorunamu Oesnoro ronsua (309, 328, 330) oTHOCATCS KO BTOPOMY M UYETBEPTOMY
KJlacTepaM, MpeACTaBIAIONMX (OpMy B 03€pHBIX BbIOOpKax. OcoOM, BHEIIHE CXOJHBIE C HOCATBIMU
roabiamiu (320, 329, 331), oTHOCSTCS K IEPBOMY U TPEThEMY KiacTepam, XapaKTepHBIM ISl HOCAThIX
TOJIBLIOB B 03€pHBIX cOopax. Ckopee BCEro, 3TO 0COOH, CKaTUBILUECS U3 CAMOT0 03€pa 4epe3 BOJHYIO
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nperpany (moporu) B pexy. [Ipu 3Tom nBa obpasna ¢ MOppoTUIOM MpoxoaHoi manbmbl (312, 313)
MOTYT OBITh OIpPEJIETIeHbl KaK THOPU/IbL, YTO yKa3bIBACT HA OMPEJCICHHBII 00OMEH MEXIy 03epHBIMU
(dhopMaMu ¥ IPOXOTHON MATbLMOU B HIDKHEM TeueHUU peku KpoHorkas.

Paboma noooeporcana Poccutickum ¢pondom pynoamenmanvHulx ucciedosanuti (npoekm 15-29-
024480¢hu_m), epanmom “Bedywue nayunvie wxonwvr” (HII-7894.2016.4), a maxoce epanmom PHD
Ne 14-50-00029 (vacmuunas obpabomka mamepuana).

THE IDENTIFICATION OF THE VARIOUS FORMS OF LACUSTRINE CHARRS FROM
LAKE KRONOTSKOE AND ANADROMOUS DOLLY WARDEN SALVELINUS MALMA
(SALMONIDAE) FROM THE KRONOTSKAYA RIVER BY THE MICROSATELLITE
LOCI FREQUENCIES
S. D. Pavlov, A. L. Senchukova, K. V. Kuzishchin, M. A. Gruzdeva, N. S.Muge
Lomonosov Moscow State University, Moscow, Russia, e-mail: serge_pavlov@mail.ru

Charrs of genus Salvelinus from the riverine-lacustrine system «Lake Kronotskoey
are represented by several forms with distinct morphological and ecological attributes, but their
taxonomic status is a matter of doubt (Viktorovsky, 1978; Pavlov et al., 2013). Also those forms could
be distinguished (Pavlov et al., 2013; Senchukova et al., 2012, 2013; Senchukova, 2014). Differences
that were defined between five forms of lacustrine charrs (“white”, “nose”, “riverine”, “dwarf”
and “longhead”) and anadromous Dolly Warden showed a limited gene flow between all of them
despite the waterfalls on the outlet river (Senchukova, 2014). Thus, having the heterogeneity in the
allelic frequencies in MST-loci we can suppose that there is no absolute reproductive isolation between
all forms. The latter studies demonstrated that in the Kronotskaya River below waterfalls occur not
only anadromous Dolly Warden but specimens with the features of the lacustrine charrs also
(Gruzdeva et al., 2011). That why we conducted addition genetic studies of charrs from Kronotskaya
River.

The DNA extraction was done according to the standard method (Aljanabi, Martinez, 1997).
For microsatellite analysis we used 9 MST-loci (Smm3, Smm5, Smm21, Smm22, Ssal97, SSOSL456,
Smmz24, Sco204, Sco205). Amplification reaction and electrophoretic fractioning of the products were
done by the regular methods (Senchukova, 2014). By the MST-loci frequencies by the software
STRUCTURE with the cluster numbers (K) from 1 to 4 all together four clusters were defined that
characterizing each of lacustrine form of charrs.

In the sample of charrs from Kronotskaya River three groupings were prepared — with the
attributes of 1) typical anadromous Dolly Warden, 2) lacustrine “White” charr and 3) lacustrine
“Nose” charr. All samples were processed by the MST analysis.

The specimens that had features of “White” charr (309, 328, 330) by their MST-loci frequencies
belong to the 2" and 4™ clusters of lacustrine charrs; the specimens with the phenotype of “Nose”
charr belong to 1% and 3" clusters, the same that characterize “nose” charrs in the Lake Kronotskoye.
Thereafter all those fish most likely migrate from the Lake downstream, passed through the waterfall
and live in the river. Two specimens from the sample of typical Dolly Warden (312 and 313) could
define as hybrids that support the hypotheses that there is a gene flow between lacustrine charrs and
anadromous Dolly Warden.

This study was supported by the Russian Foundation for Basic Research (grant no. 15-29-
024480fi_m), Grant of the President of the Russian Federation for Leading Scientific Schools (grant
no. NSh-7894.2016.4) and the Russian Science Foundation (grant no. 14-50-00029) (partial treatment
of the data).

119


mailto:serge_pavlov@mail.ru

HEKOTOPBIE IIOKA3SATEJIA JIUIIUTHOI'O METABOJIN3MA YKA3BIBAIOT HA
DOOPMY — GKUJITYIO» HJIN «[TPOXOAHYI0» KYMKHU P. OP3ET'A
C.H. IlekkoeBa, C.A. Myp3uHna, 3.A. Hedenora, H.H. HemoBa
DeoepanvHoe cocyoapcmeennoe DlodxcemHoe yupedcoenue nayku Mucmumym ouonoeuu Kapenvcroeo
Hayunoeo yewmpa Poccuiickoii akademuu Hayk, 2. [lemposzasoock, Poccus,
e-mail: pek-svetlana@mail.ru

Kymska Salmo trutta L. sBasiercs oguum u3 mpeacraButeneii ceM. Jlococessie (Salmonidae). B
COCTaB €IMHOW TOIMYJSAIMA KYM)XH BXOJSAT «IIPOXOAHAsH, HarymuBaromascs B OHEXKCKOM o3epe, U
«oxunash» ¢hopMel, obpasyrome B peke Op3era equHoe HepecToBoe cTano. McecienoBan JUNUIHBIN U
xupHokuciaotHeiii (JKK) craryc monmomu kymxu (1+, 2+, 3+) u3 p. Opsera (GacceitH OHEXKCKOTO
o3epa) B JISTHUH CE30H. Y CTAaHOBJICH BBICOKUH pocT conepkanus 3anacHeix TAI' m DXC, a takke XC
u unpekcoB cootHomeHuss TAI/@JI u TAI+2XC/DJI+XC y monoau Kymxku Bo3pacta 2+ u 3+, 4To
CBUJCTEIHCTBYET O TOBBIIIEHUH HHTEHCUBHOCTH NUTaHWUS U, KaK CJEICTBUE, — YBEIHMYECHUU
JHEPreTHYECKOr0 TMOTCHIHAMa PhI0. Y MOJOAM KYMXH C BO3PACTOM HE BBISIBJICHO JOCTOBEPHBIX
pasIuuuii o CTENEHUW aKTUBHOCTH MeTaboinyeckux npespamenuid 18:2n-6 u 18:3n-3 KK B ITHXK,
onpexaesitomue KK cocraB nmunuaos mopckoro tuna. [Tokazarenn koHBepTauuu 3cceHunaIbHbIX KK
B ITHXKK, xoTOopbIie BhIpakaroTcst Kod(hduimenTaMmu cooTHornenuit 22:6n-3/18:3n-3 u 20:4n-6/18:2n-
6, y MOJIOJIH B TIPOLIECCE POCTA IOCTOBEPHO HE M3MEHUIINCh, YTO CBHIECTEIBCTBYET O MPUHAIIC)KHOCTH
kKymx#u B p. Opsera k >xuioi dopme. OOpazoBaHue KHIOH (OPMBI KyMXKH SIBISIETCS OAHOW U3
KU3HEGHHBIX CTpPATEeTUH, WMCIONIMX aJanTUBHOE 3HA4YCHHE M (DOPMHPOBAHHUS  CIOXKHOU
CyOnOMyNSIIMOHHON CTPYKTYphl. Pe3ynbTaThl HCCIEAOBaHUN JUMUAHOTO CTAaTyca MOJOIU KYMXKHU
MO3BOJISIIOT pacCMAaTpUBaTh MX B KadecTBE OHMOXMMHUYECKUX WHAMKATOPOB (DU3MOIOTHIECKOTO
COCTOSIHUSI MOJIOJTU JIOCOCEBBIX, ONPEAesis AalbHEHIITYI0O MUTPAIIUIO UIIH €€ OTCYTCTBHE.

Pabora mpoBemeHa C WCIOJNB30BAaHHEM HAaydyHOTO OOOpPYIOBaHHSA IIEHTPA KOJUIEKTUBHOTO
nonib3oBanua «KomriekcHeie ¢yHIaMEHTalbHbIE W TMPUKIAJAHBIE HCCIEIOBaHUS OCOOEHHOCTEH
¢dbyakmonupoBanus xKuBbix cucreM B ycioBusix Cesepay» (LIKIT Ub KapHI[ PAH). Hccreoosanue
8bINOJIHEHO NPU PuHaHco60l noddepicke Poccutickoeo nayunozo ¢ponoa (npoexm Ne 14-24-00102).

SOME PARAMETERS OF LIPID METABOLISM CAN INDICATE THE FORM -
“RESIDENT” OR “MIGRATING” OF BROWN TROUT FROM THE ORZEGA RIVER
S.N. Pekkoeva, S.A. Murzina, Z.A. Nefedova, N.N. Nemova
Institute of Biology of Karelian Research Centre Russian Academy of Sciences, Petrozavodsk, Russia,
e-mail: pek-svetlana@mail.ru

The brown trout Salmo trutta L. is one of the representatives of salmonids (Salmonidae) in a
single population of which includes a "migrating” (in the Onega Lake), and "resident” forms, forming
a single spawning herd in the Orzega River. The lipid and fatty acid status of juvenile’s brown trout
(at 1+, 2+, 3+ age) from the Orzega River (Onega Lake Basin) collected in summer was studied. It was
found a lift of the content of reserve lipids - TAG and ECHOL, and increased level of cholesterol and
TAG/FL and TAG+ ECHOL/FL+CHOL in juvenile brown trout at 2+ and 3+ age; the result shows an
increase in the intensity of food consumption and, as a consequence, the increase of energy potential of
fish. No significant differences were found in the rate of activity of conversions of essential fatty acids
—18:2n-6 and 18:3n-3 in long-chain PUFAsS, last indicates the fatty acid composition of “marine” type
lipids of juvenile brown trout with age. The indexes of conversions of essential fatty acids into long-
chain PUFAs, performed by the ratios 22:6n-3/18:3n-3 and 20:4n-6/18:2n-6 fatty acids, did not vary
significantly during growth of juveniles that pointed to the residential brown trout from of the studied
fish in the Orzega River. Formation of a residential form of trout is one of life strategies that have
adaptive value for the formation of a complex subpopulation structure.

The research was carried out using the facilities of the Equipment Sharing Centre of the Institute
of Biology, KarRC of RAS, Petrozavodsk, Russia. The research was supported by the Russian Science
Foundation, the project No. 14-24-00102.
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COCTOSAHHUE NONyJsAIIUU KYMXHU B BEJIAPYCH
M. B. ITmora, A. B. Jlemenko, B. K. PuzeBckuii
Tocyoapcmeennoe nayuno-npoussodcmeennoe ooveounenue « Hayuno-npaxmuueckuti yenmp Hayuonanvhoi
axademuu nayk benapycu no buopecypcamy, 2. Munck, berapyce, e-mail: micle58@mail.ru

Jlo 50-x romoB mpomuutoro crojerus kymxka Salmo trutta Linnaeus, HarymuBaromiascs
B bantuiickom Mope, mogHuMaliach B peku benapycu Ha Hepect no 3ananHod J[Bune, Hemany u
Bunuu u Obi1a 10CcTaTOYHO OOBIYHBIM BHIOM B 3TuX pekax. [lo manueim I1.U. XKykosa (1958, 1965)
B Oacceiine p. Heman sococeBbie ppIOBI YacTO OTMEYAINCh B yiioBax 110 30-X rogoB XX Beka.

C 50-x romoB 4MCIEHHOCTh KyM>KH IIOBCEMECTHO CHU3MJIAch, B TOM uucie U B bemapycwu.
[IpuunHOil 3TOMY SIBUJIOCH OOMEJICHHE U 3arps3HEHHE BOJOTOKOB, a TAKXKE MOCTPOMKa Ha HUX IJIOTUH
TUIPO3JIEKTPOCTAHIIMM, MperpaguBIIMX IyTH HepecToBbIX murpauuil. C cepenunbl 60-x romos 10
HeZaBHero BpeMeHu B benapycu kymka cunrtaiach HCUE3HYBIIMM BUJIOM. OJTHAKO MPOBEACHHBIE HAMU
B KoHIle 90-x roaoB mnpouuioro Beka uccienopanus (Epmonaes, [lmora, 2002) nokaszaiu, 4To Kymxa
ellle 3aX0UT Ha HepeCT B BOJOTOKH benapycu no p. Bunus, Bnagaromeid B p. HemMan Huke TIOTHHBI
Kaynacckoit I'9C. Hepect mporekaeT B HEOONBLIMX peKax M pyubsX (MpuToku p. Bumms 1-ro
MopsAaKa), a Takxke B camMoil pexe Bumms (puc.). OCHOBHBIE HEPECTOBBIE NPUTOKU KYMKU
pAacIioyio’KeHbl Ha HIKHEM OeJIOpYCCKOM ydacTke p. Bunms. OtaensHbie 0COOM MOAHUMAIOTCS BBILIE
10 TEYCHHIO U IOXOMAT JI0 CaMOM TJIOTHHBI BHiielickoro BoIoXpaHUIIUIIA.

HaGnronenust 3a cocrostHHEM MOmMyisinuu Kymku B bemapycu Hawanu mpoBoauthest ¢ 1999 .
B 2004 r. Obu1 OpraHr30BaH MOCTOSHHBIM MYHKT MOHUTOPUHTrA Ha pydybe TapTak (mputok p. Bumwms),
KOTOPBI MEHee BCero ObUI IMOJBEP)KEH aHTPOIIOTEHHOMY BO3JEHCTBHIO. J[TMHA pydbsl COCTABIISET
4 KM, IPOTSHKEHHOCTh ITYHKTa MOHUTOPUHTA (Ha HUKHEM y4acTKe BOJOTOKA) - 1 KM, mmpuHa pycna 3-
4 M. Ha myHKT€ MOHHUTOPHHTA MPOBOIUTCS y4ET YHCICHHOCTH Monoan Kymxu (0+ — 2+) B ceHTs0pe
(27EKTPOJIOB), a TAK)KE HEPECTOBBIX OYTPOB B iekabpe (BU3yabHO).

B mepBeie ronpl HaOMIOACHUH YMCICHHOCTh HEPECTOBBIX OYrpoB KyM)KH Ha pydbe Taprak He
mpepimana 10 (B8 1999 r. — 7). C 2004 mo 2010 rr. nHabmioganoch cTaOWIbHOE YBEIHMYEHHUE
KOJINYECTBAa HEPECTOBBIX OYyrpoB M, COOTBETCTBEHHO, 3allleAIINX Ha HepecT mpousBoauteneil. Tak,
eciu B 2004 r. 6bu10 oT™MedeHo 20 HepecToBbIX OyrpoB, To B 2008 1. ux yxe 6b110 32, a B 2010 1. —
66. 3aTeM YHCIEHHOCTh HEPECTOBBIX OYrpoB cTaOMIM3UpOBaJIach Ha ypoBHE uyTh Oosiee 50 mTyk Ha 1
KM pycia BOAOTOKa. UHCIEHHOCTh MOJIOJIM KyMJ)KM Ha IYHKTE ydyeTa Takxke Bo3pactana u ¢ 2010 r.
JIEPKUTCSI HA YPOBHE OKOJI0 1 9Kk3./Ha 1 M pyciia BOJOTOKA.

B uenom, Onaromaps HpOBOAMMBIM OXpPAaHHBIM MEPOIPHUATHAM MHPOU3OILIO TMOCTEIEHHOE
YBEJIIMUEHUE YMCIEHHOCTH 3aXO0LIMX Ha HEPECT IPOU3BOJUTENEH, U B HACTOSLIEE BPEMS COCTOSIHHE
NOMYJSAUN KyMKH B benapycu MOXHO oXxapakTepu3oBaTh Kak crabuibHoe. IlomMumo kymxu B
BOJIOTOKH benapycu eMHUYHO 3aX0JMT HA HEpeCT M aTiaHTH4Yeckui jJococh (Salmo salar Linnaeus),
MOMYJISALHUSA KOTOPOTO HAXOJUTCSA B KPUTHUECKOM COCTOSIHUM. B HacTosiee BpemMs mpeAnpruHUMAIOTCS
MepBI 10 MOAJEPKAHUIO U YBEITMUEHUIO €r0 YHCIEHHOCTH.
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Pucynok. Mecra 3axona KymM:KM Ha HEpECT B BOLOTOKH benapycu
[Ipumeuanue: - motunel ['0C; O - MECTa 3aX0/J1a KyMXKH
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STATE OF THE BROWN TROUT POPULATION IN BELARUS
M. V. Pljuta, A. V. Leshchenko, V. K. Rizevsky
State Scientific and Production Amalgamation The Scientific and Practical Center for Bioresources, Minsk,
Belarus, e-mail: micle58@mail.ru

Until the 50s of the last century, brown trout Salmo trutta Linnaeus, which feed in the Baltic Sea,
migrated to Belarus to spawn upstream the rivers Zapadnaya Dvina, Neman and Viliya, and was
a rather common species in these rivers. According to P.I. Zhukov (1958, 1965) salmon fishes were
often recorded in the Neman River basin until the 30s of the XX century.

Since the 1950s the abundance of sea trout has decreased everywhere, as well as in Belarus.
The reason for this was the shallowing and pollution of watercourses, and also the construction of a
hydropower station, which blocked spawning migration routes. From the mid-1960s until recently,
brown trout was considered extinct species in Belarus. However, our researches carried out in the late
90-ies of the last century (Ermolaev, Plyuta, 2002) have shown that trout still migrate to spawn
in the watercourses of Belarus upstream the Viliya river (fig.), which is unregulated by dams of
hydropower station in the lower reaches. Spawning takes place in small rivers and streams (tributaries
to the river Viliya of the 1st order), and also directly in the riverbed of the river Viliya.

Observation of the state of the brown trout population began in 1999. In 2004, a permanent
monitoring point was established at the Tartak brook (tributary to the river Viliya), which was least of
all affected by anthropogenic influences. The length of the stream is 4 km, the length of the monitoring
section is 1 km. On the monitoring point the number of juvenile trout (0+ — 2+) (in September,
by electrofishing) and the number of spawning nests (in December, visually) are studied.

During the first years of observation the number of spawning nests of brown trout at the Tartak
brook did not exceed 10 (7 in 1999). From 2004 to 2010 there was a steady increase in the number
of spawning nests and, of course, spawners. Thus, in 2004 there were 20 spawning nests, in 2008 there
were 32, and in 2008 there were 66. After that the number of spawning nests stabilized at slightly more
than 50 per 1 km of the watercourse riverbed. The number of juvenile trout at the monitoring points
also increased and in 2010 reached to 1.18 individuals per 1 m of the watercourse riverbed.

In general, thanks to the ongoing conservation measures, there is a gradual increase
in the number of spawning individuals, and currently the state of brown trout population can be
characterized as stable. Not only brown trout comes to spawn in the watercourses of Belarus, but also
baltic salmon (Salmo salar Linnaeus), which population is at a critically low level. Currently
conservation measures are undertaken to maintain and increase population of this fish species.
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Figure. Places in Belarus waterways Space through which brown trout comes for spawning
Note: + - hydroelectric dams; O - spawning grounds of brown trout
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JJIATEJBHOCTD BO3JIEVCTBHUSA YCJIOBUH, BJIUSIONINX HA ®OPMUPOBAHUE
"KU3HEHHOM CTPATETMH Y MOJIOJU YEPHOMOPCKOM KYMKHA
SALMO TRUTTA LABRAX
B. 10. [Tonomapesa, B. B. Koctun
Dedepanvroe 2ocyoapcmeeHnoe DI00xHcemHoe yupescoerue Hayku Mucmumym npobiem 3K0102Uu U 3601H0YUL
umenu A. H. Cesepyosa Poccuiickoii akademuu Hayk, Mockea, Poccus, e-mail: ponomareva_ipee@mail.ru

B monynanusx 4epHOMOPCKON KyM)KH, KaK M y JPYTUX JIOCOCEBBIX, BCTPEUAOTCS ABE (HOPMBI
C pa3HbIMU XU3HCHHBIMH CTPATETHsIMU — aHapoMHOU u xwior (bapau, 1952, 1960; ITanos, 1958).
Cpenu OCHOBHBIX MPUYHH (POPMHUPOBAHUS aHAIPOMHOMN )KMU3HEHHON CTPATETHH BBIACISIOT HEJJOCTATOK
YKU3HEHHO HEOOXOIMMBIX pecypcoB, npexze Bcero, nuinu (I1aBios, CaBantosa, 2008; [TaBioB u ap.,
2008; Pavlov et al., 2009). B paboTe 3KkCriepruMeHTaIBHO UCCIICIOBAHBI MHBIE (DaKTOPHI, OKA3bIBAIOIIINE
BIIUSIHUE Ha IMPOLIECC CTAHOBJIEHUS aHAJIPOMHON JKU3HEHHON CTPATETud y TEPPUTOPUATBHON MOJIOIU
YEPHOMOPCKOM KyMIKH, a TAaK)Ke OlIEHEeHa HEOOXOouMast [UTUTEITLHOCTh UX BO3/ICHCTBUSI.

HccnenoBanuss mpopoauau Ha DI'YII «llnemenHoit d¢openeBoaueckuii 3aBoj "Amiep"»
B ampene—centsope 2008-2012 rr., Mooau OBYX BO3PACTHBIX IPYII, KOTOpYIO B TeueHue 1.0 u 3.5
MeC. COJICPIKaIN TP BBICOKUX TUIOTHOCTSX mocaiaku (5.2-9.1 ThIc. 3K3./M2) (B Bo3pacre 3.0 u 5.5 mec.,
cooTBeTCTBeHHO); a Takxke Ha OI'YII ®CI'IP «Pommay» B mae—cenTsiope 2013 r., rae Monoas oduTaia
B 3aBEIOMO HeOJaronpusaTHbIX ycnoBusx B TeueHue 0.5 u 3 mec. (B Bo3pacre 3.0 u 5.5 mecsues,
COOTBETCTBEHHO) — OBLIM TPEBBIINICHBl WM HAXOAWINCh HA TPAaHU MPEACIBbHO JTOMYCTUMBIX TaKHE
MOKa3aTeM BOMABI, KaK KOHIEHTpamus HuTpatoB (14,1 + 1.7 mr/a npu Hopme 9,0 MI/i) U HUTPUTOB
(0.028 £ 0.01 mr/n mpu HOpMme 0.02 mr/im), opranndeckoe 3arpsizHerue BITKS (4.2 £ 0.6 mr O,/ nipu
HopMme 10 2 mrO,/n), ouxpomarnas okucnsiemocts XIIK (11.3 = 11.3 npu Hopme 10 15), Temnepatypa
Bozbl (o0 20 °C  npu Hopme 8-15 °C). Jlo mpoBeneHHs SKCIEPUMEHTOB MEHbBLIAS YacTh MOJIOIN
3aHMMaja JHO, BEIHYXK/Iasi OCTAIbHBIX PbIO OOMTATh B TOJIIE BOJbL. BeposTHOCTH BbIOOpA )KU3HEHHON
cTparerud (aHAAPOMHON WJIM JKUJIOW) OMPENEsUIM B TMOBEICHUYECKHX TECTaX — IO COOTHOIICHUIO
TunoB peopeakiuu pei6 (Iasmos u ap., 2010; [Tonomapesa, 2014).

[Ipy w3ydyeHun TpUYMH, BIUSIOMAX Ha (GOPMHPOBAHHUE AHAAPOMHOMN >KM3HEHHOM CTpaTerwuu,
ObUIO TOKa3aHO, YTO HE TOJBKO HEAOCTATOK KOPMa, HO M HEIOCTaTOK TEPPUTOpUHU (TO €CTh
BBIHY)KJICHHOE OOHWTaHWE B TOJIIE) TPH JOCTAaTOYHOM OOECIEYEeHUH KOPMOM YBEJIMYHUBACT
BEPOSITHOCTh MPOSBIICHUS aHAJAPOMHOMN XKM3HEHHOM cTparterud. [loMruMo HenocTaTka TEPPUTOPUHU Ha
M3y4aeMbIil TIPOLIeCC BIUSIHUE OKA3bIBAIOT U APYTrHe HEOJaronpusTHBIE YCIOBUS COJEPKAHUS, B TOM
grcne GU3NKO-XUMHUECKHUE TOKA3aTeTH BOIBI.

Bpemst mosiBnieHus mepBbIX MOBEACHYECKUX MPU3HAKOB (POPMHUPOBAHMS KU3HEHHOW CTpaTeruu
3aBUCHUT OT MPOJOKUTEILHOCTH BO3JIEHCTBHUS YCIOBUH, €€ BbI3bIBAOMIMX. [Ipy OOMTaHMM KyM>KU
B YCIOBHUSAX HEIOCTaTKa TEPPUTOPUU YBEIWUYEHHWE BEPOATHOCTH (HOPMUPOBAHUSA aHAAPOMHOM
KU3HEHHOW cTpareruu y pui0 mpoucxoaut B mepuon ot 1.0 mo 3.5 mecsnes. [lpu Bo3aeiicTBum
KOMIUIEKCa HeOJaronpusITHBIX YCIIOBUM, HEOOXOQUMas JJINTEIbHOCTh 3TOro Bo3jeicTBus 6omuee 0.5,
HO MeHee 3.0 Mecs1eB.
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THE DURATION OF EXPOSURE TO CONDITIONS ACTIVATING THE
DEVELOPMENT OF THE ALTERNATIVE LIFE HISTORY TACTICS IN JUVENILES OF
THE BLACK SEA TROUT SALMO TRUTTA LABRAX

V. Yu. Ponomareva, V. V. Kostin
A. N. Severtsov Institute of Ecology and Evolution of the Russian Academy of Sciences, Moscow, Russia,
e-mail: ponomareva_ipee@mail.ru

In populations of the Black Sea trout as in other salmonid fishes two forms with alternative life
history tactics can be distinguished: anadromous (migratory) and resident tactics (Barach, 1952, 1960,
Panov, 1958). Among the main factors activating the development of the anadromouse life history
tactic a lack of essentially vital resources, especially food (Pavlov, Savvaitova, 2008;
Pavlov et al., 2008; Pavlov et al., 2009), may be pointed out. In this study we also tested some other
factors that activated the development of the anadromouse life history tactic in resident juveniles
of the Black Sea trout. The necessary exposure duration of these effects was estimated too.

Our tests were conducted at the trout farm "Adler" in April-September 2008-2012 on juveniles
brown trout from two age groups that were kept at high densities (5.2—9.1 thousands of individuals/m?)
during 1.0 and 3.5 months (at the age of 3.0 and 5.5 months, respectively); also our tests were
conducted at the trout farm "Ropsha"” in May—September 2013, juvenile brown trout were kept under
specially created unfavorable conditions during 0.5 and 3 months (at the age of 3.0 and 5.5 months,
respectively). Water quality parameters that exceeded or reached the maximum permissible
concentration levels were the following: concentration of nitrate (14.1 = 1.7 mg/l, the normal level —
9.0 mg/l) and nitrites (0.028 + 0.01, the normal level — 0.02 mg/l); organic contamination
f BOD 5 (biological oxygen demand) (4.2 + 0.6 mg O/l, the normal level — up to 2 mg O/l);
dichromate oxidation of XOD (chemical oxygen demand) (11.3 £+ 11.3, the normal level — up to 15);
water temperature (reached up to 20 °C, the normal level — 8-15 °C). Before tests, fishes were kept
at high densities, and it was the reason of their spatial separation: a smaller portion of juveniles
occupied the bottom, forcing the other fishes to keep in the water column. The potential ability
to adopt the alternative life history tactic (anadromouse or resident tactics) was determined in
behavioral tests by the ratio of the types of rheoreaction of fishes (Pavlov et al., 2010; Ponomareva,
2014).

The studying of the effects that activated the development of the anadromouse life history tactic
showed that not only the lack of food, but also the lack of territory (i.e., a forced displacement of a fish
from its territory into the water column) even at sufficient food supplies increased the potential ability
of fishes to develop the anadromouse life history tactic. In addition to the effects of lack of territory,
the other unfavorable conditions under which the tested fishes were kept, including physical
and chemical parameters of water, influenced on this process too.

The appearance of the first behavioral indicators at the initial stages of the development of the
alternative life history tactics depended on the duration of exposure to the unfavorable conditions that
caused this process. When fish were kept under conditions of lack of territory, their potential ability
to adopt the anadromouse life history tactic increased, and this tactic was observed in the range from
1.0 up to 3.5 months. When fish were exposed to a set of unfavorable conditions, the required duration
of this exposure was more than 0.5 but less than 3.0 months.
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COBPEMEHHAS JUATHOCTUKA NTH®EKIIMOHHBIX BOJIE3HEM PhIb
B YCJOBUSIX PBIBHOI'O XO35IiICTBA
B. A. HLIJIBHOBl, H. B. BypnaquKol, E. B. KOTOBaZ, B. C. Konombiies?
LDedepanvroe 2ocydapcmeentoe 6100xrcemnoe nayunoe yupedxcoenue «Beepoccuiickutl nayuHo-
uccnedo8amenbCKuil UHCMumym pulOHO20 X0351cmea u okeanozpaguuy, 2. Mockea, Poccus,
2000 «JTiomakc-mapkemuney, 2. Cankm-ITemep6ype, Poccus, e-mail: gengr@bk.ru

AKBaKynbTypa B TMOCJIEJHHE Tojbl IpuoOperaeT Bce Oosiee 3HAYMMYIO pOJb B Pa3BUTUHU
pBIOOX034HCTBEHHOr0 KOMILUIeKkca. MHaycTpuanpHOE HallpaBIEHUE aKBAaKyJIbTYphbl SBISETCS TOU
COCTaBJIAIOLICH, KOTOpast TOJKHA 1aTh OCHOBHOM IPUPOCT IPOU3BOACTBA NpoAyKunu. CaMo Ha3BaHUE
HaNpaBJICHUs, CBUJCTEIBCTBYET O 3HAYMTEIHHONH MHTEHCU(DHMKALUU MPOU3BOACTBEHHBIX IMPOIECCOB,
OCYILIECTBIISIEMBIX 33 CYET CIIELHUAIN3alui, MHTCHCUBHOTO KOPMJICHUS U YBEIMYEHUs KOHLEHTPALUU
OOBEKTOB aKBaKyJIbTyphl Ha EIWHUILY NIPOM3BOJICTBEHHOH momanu. I[logoOHble ycioBus, B
COYETAHMM C MHOTOYMCICHHBIMU IIEPEBO3KaMH MOCAJ0YHOI0 MaTepuasa, HapyIEeHUSIMU TEXHOJIOTUN
BBIpAIIMBAaHUS, YBEJIMYMBAIOT PHUCKH BO3HUKHOBEHUS M PACIPOCTPAaHEHHS 0C000 OMacHbIX
3a0oneBaHui, BKIIOYas, BUpycHble. OOIIEn3BECTHO, YTO Hamboiee 3PGEKTUBHBIM CHOCOOOM
MIPEIOTBPALLEHUS] BUPYCHBIX 3a00J€BaHUI SBISETCS UX NPOQUIAKTHKA W ONEpaTUBHAs paHHSAA
nuarHoctrka. COOpHUK MHCTPYKIMI 10 6oJe3HsAM pbIO, ucnons3dyemslil B Poccuiickoit denepanyu, u
PykoBoicTBO 10 00JI€3HIM BOAHBIX KHUBOTHBIX MEXKIyHAPOAHOTO MU300TUYECKOTO OIOPO BKITIOYAIOT
OINKMCaHME PA3TUYHBIX MeToJ0B. CeroaHs B 1a0OpaTOPHUIX HAYUYHO-HCCIIENOBATEIbCKUX HHCTUTYTOB
Poccuiickoit ®denepanuy IUarHOCTHYECKUE HCCIEIOBAHMS HA BHUPYCBI JIOCOCEBBIX M OCETPOBBIX
IIPOBOJAT METOJAaMHM BUPYCOBBIIEIEHUS HAa KYyJIbType KIETOK pbIO, B peaklUM HEeUTpaau3anuu, B
peakuuu JaTeKC-arrjioTHHALUY, B HenpsiMOi peakuuu UMMYHO(]ITyOpeCeHIINH,
UMMYHO(EPMEHTHOIO aHajlM3a U [OJMMEpa3Hoi wnenHoM peakuuu. Kaxaplii meron wumeer
OTpeNIeNIEHHYI0 UYYBCTBUTENBHOCTh W CHEHU(PUYHOCTh, TpPeOyeT ONpeAeNEHHBIX YCIOBHHA JUIS
BBINOJIHEHUS] AHAIM30B, MOATOTOBJIEHHOIO MEpCOHaNa, COONIIOJIEHHs MHOTMX CcTaHaaproB. B cuiy
3TOr0 MOJ00HbBIE METO/IbI CJ1a00 NPUMEHUMbI HEMTOCPEICTBEHHO B YCIIOBHSIX PHIOOBOJHBIX X03sCTB. B
TOXKE BpPEMsl, OpraHu3alysl epBOHAYAIbHON U TEKYIIeH AMarHOCTUKU U KOHTPOJIS 3a 3/10pOBbEM phIO
HENOCPEACTBEHHO B XO3AHCTBAaX IO3BOJIAET 3HAYUTENIBHO COKPATUTH CPOKH BBISBICHHS OINACHBIX
MHDEKIHH.

B osTolf cBA3M Hamu npemiokeH skcrnpecc-meron mnposenenuss OT-IILP-PB B ¢opmarte
MUKpPOYHMIIOB, TO3BOJISIONIMK oAaHOBpeMeHHO BbIsBIATH Bupychl WHIT, BI'C u HWHIDK B
naTMarepuane  JOoCOCeBbIX  pblO. MeTtonq  mpeadmonaraeT  MCHOJb30BAHUWE  MHKPOYMUIIOBOTO
amIuiiukaTopa HYKJIEHMHOBBIX KHCIOT B pexume peanbHoro BpemeHu «Apua/[HA»®. Ilpubop
NPEJCTaBIseT COOOH KOMIAKTHYIO YCTaHOBKY, COOTBETCTBYET TpeOOBAaHUSAM  KIACCHYECKHX
CTaH/apTOB M MOXET OBbITh YCTAaHOBJIEH B IIOMEIIEHUU JabOpaTopuu phIOHOTO KOMILIEKCA.
[IpumensieTcss METOA OJHOBPEMEHHOM NETEKIIMM I€HETHMYECKOr0 MaTepuaja Pa3IMYHbBIX BHPYCOB B
natMarepuaie oT pbl0 Ha OCHOBE OOpAaTHOW TPAHCKPHUIIIUU C MOCIEAYIONMEH MOJUMEPa3HON IEMHOM
peaknueit (OT-IILP) ¢ rubpumuzanmonHo-diyopecreHTHOH netekiueidl mpoaykroB I[IIP. Merox
MpeoiaraeT UCoab30BaHue MUKpouuna ¢ guopuinsupoBanHbiMu [I1[P-cmecsimu B MuUKpooOBeMax
syeek. MuHUMalbHas JeTeKTHpyeMas KoHueHTpauus BupycoB BI'C (BupycHas remopparmueckas
centuuemusi), WI'H (undexumonnsiii remomostuueckuit Hekpos), MWIIH (uHpexunoHHBIN
naHkpeaTnueckuil Hekpo3), BBK (BecenHssi Bupemusi kapma) cocrasiser 1 Hr/miu. Peructpanus
PEe3yNbTaTOB aMIUIU(PUKAIIMN TPOUCXOAUT B PEKUME «PEaTbHOrO0 BpeMeHW». M3MeHeHHe YpOBHs
¢nyopecueniuu no kaHanaMm FAM u ROX otoOpaxaercs Ha rpadukax. AHanu3 pe3yibTaToB
MPOBOAUTCS C TIOMOIIbIO MPOrPaMMHOTO  OOecredyeHHs: MHUKPOYHMIIOBOIO  aMIUIM(UKaTopa
HYKJIEMHOBBIX KUCIOT «Apua/[HA»®, B KOTOpPOM 3aJaloTCsl BCe HEOOXOAMMBIE IapamMeTphl IO
TEMIIEPATYPHOMY PEXUMY, KOJIMYECTBY IIUKIIOB U JETEKIUH.

[IpumeHenue pa3pabOTaHHON TeCT-CHCTEMbl Ja€T BO3MOXKHOCTH OBICTPO M C BBICOKOM
CTENEHBIO JIOCTOBEPHOCTH OJHOBpeMeHHO BhIABIATH JIHK Heckompkux Bo3OymuTeneld Ha paHHUX
cragusax Oosne3HHu. Takoi Moaxo[ MO3BOJSET CBOEBPEMEHHO HMPUHUMATh MEpHI MO 3alIUTe 3JI0POBOM
PBIOBI U, KaK CIIEJCTBUE, CHUKATh YKOHOMHUYECKUH yIIepO phIOOBOTIECKUX XO3SHCTB.
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MODERN DIAGNOSIS OF FISH DISEASES IN AQUACULTURE SECTOR
V. A. Pylnov', I. V. Burlachenko, E. V. Kotova?, V. S. Kolomytzcev?
'Russian Federal Research Institute of Fisheries and Oceanography, Moscow, Russia,
2Ltd «Lumex-marketing», St. Petersburg, Russia, e-mail: gengr@bk.ru

Artificial reproduction of hydrobionts by marine culture and aquaculture rapidly replaces their
fisheries and harvesting in the world oceans. Absence of predators consuming diseased fish,
domination of limited number of species, modern rearing biotechniques, international transportation
of stocking materials increase the risk of infection of fish farms with dangerous viruses. Early
diagnosis with up-to-date methods is a milestone of virus disease prevention on fish farms.
A programme on increasing aquaculture salmon production is adopted in the Russian Federation.
Number of small-scale and medium-scale private farms is rapidly increasing.

Diagnosis of fish viral disease implies the usage of various methods according to the
Collection of instructions on fish diseases and the OIE Manual for aquatic animal diseases. In 2017
laboratories of the Russian Federation institutions are able to perform diagnostic tests for salmon and
sturgeon viruses with the following methods: virus isolation in fish cell cultures, neutralization test,
latex agglutination test, indirect immunofluorescence, ELISA and polymerase chain reaction. Each
method has specific sensitivity and specificity requires specific laboratory conditions and personnel
qualifications. Economic opportunities and prudent approach to fish management allow an aquaculture
establishment to establish its own laboratory for initial and routine diagnosis as well as for fish health
control. Use of the above mentioned methods is associated with a number of problems and requires
compliance with many standards that make field testing difficult to perform.

A method for simultaneous screening of genetic material of several viruses in fish testsamples
was developed. The method is based on reverse transcription-polymerase chain reaction (RT-PCR)
with hybridization-fluorescence detection of PCR products using microchip-based real-time PCR
analyzer “AriaDNA®”. The method uses microchips with lyophilized PCR mixtures in reaction
zones. Detection limit for viral haemorrhagic septicaemia, infectious haematopoietic necrosis,
infectious pancreatic necrosis, carp spring viremia viruses is 1ng/ml. Real-time registration of the
amplification results is performed. Changes in fluorescence of channels FAM and ROX are displayed
on graphs. The results are analyzed with microchip-based real-time PCR analyzer “AriaDNA®”
software that enables setting of all required parameters for temperature, number of cycles and
detection. Room for compact equipment installation inaquaculture laboratory meets general standard
requirements.

Thus, a new domestic test system with high analytical and diagnostic sensitivity and specificity
is developed. The said developed test system enables early and high reliable detection of DNA agents.
Such approach allows timely measures for healthy fish protection to be taken and as consequence
economic losses of aquaculture establishments to be decreased.
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JIOCOCEBBIE PbIBBI BOJJOEMOB EBPOIIEMCKOI'O CEBEPO-BOCTOKA
IO. C. Pemetnukos, O. A. ITonosa
Dedepanvroe 2ocyoapcmeeHnoe 0I00xHcemHoe yupescoeHue Hayku Mucmumym npobiem 3K0I02Uu U 3601H0YUU
umenu A. H. Cesepyosa Poccuiickoil akademuu Hayk, 2. Mockea, Poccus, e-mail: ysreshetnikov@gmail.com

CamocrositenbHblll paiioH — «EBponeiickuii CeBepo-Boctok Poccum» umm  cokpaiieHHO
«EBpomnetickuii CeBepo-BocTok» - oxBaThiBaeT OacceliHbl pek oT OHerum Ha 3amane a0 Kapbel Ha
BOCTOKE, JIOCOCEBBIE DBIOBI KOTOPOTO M SABISIOTCS IPEIMETOM HAIIero HccienoBaHusd. Paiion
MpPEJICTaBIsIeT HWHTEpec B 300reorpauuyeckoM IIaHE, TaK Kak 37eCh IPOUCXOJUT BCTpeua
eBpONeickoil u  cubupckux uxtuodayH. 31ech MEPEeKPBIBAIOTCSA  apeaibl  eBPONEHCKOM
(Osmerus eperlanus) u asumarckoii 3ybaroii (O. mordax) Koprolek, a TakKe BCTPEYaroTCs BMECTE
espomneiickuii (Thymallus thymallus) u cubupckwuii (Th. arcticus) xapuycsl. [lociie TasiHusI JICTHUKOB
ceBepHbIM myTeM u3 Cubupu B EBpony momanu omyis (Coregonus autumnalis), cubupckas psmymika
(C. sardinella), wup (C. nasus) u mykcyn (C. Mukun). TlpoBencHHas pEBU3US COBPEMEHHOMN
uxTHO(dayHbl peruoHa MokKa3ana, YTO OHa COCTOMT U3 52 BHUIIOB KPYTJOPOTHIX U PBIO, U3 KOTOPBIX
44 Bupa aBisitOTCA abOpUTeHHBIMU. M3 JTOCOCEBBIX pBHIO 3/1€Ch BCTpedaeTcs 5 BUIOB, U3 CHUTOBBIX
8 1 u3 xapuycoBbix — 2 Buja. OCHOBY pBIOHOTO HaceJeHHs MO OMoMacce U MO YJIOBaM COCTAaBIISIIOT
JIOCOCEBBIE U CUTOBBIE PHIOBI, KOTOPBIE ABJSAIOTCA JOMUHAHTHBIMUA BUJJaMU B OOJIBIIMHCTBE BOJIOEMOB.

3a nmocnennue 50 yeT B cocTaBe PHIOHOTO HACEIEHUS BOJOEMOB MPOUCXOSAT CYIIECTBEHHbIE
M3MEHEHHMS, BBI3BAaHHBIC YXYIIICHHEM OOIIEH SKOJIOTWYECKOH CHTyallud B BOJOEME IIO0J| BIUSHUEM
pasHbIX aHTponoreHHbIX ¢akTtopoB: 1) croku mpombinieHHbIX (LIKB) u  xo3siicTBEHHBIX
NpeanpusaTHil; 2) HeTsHbIE 3arpsA3HEHUS U pa3padOTKa IOJIE3HBIX HCKOIMAEMBIX; 3) 4pe3MepHbIN
BBUIOB DBIOBI (MPOMBICEN IUIIOC HEYYTCHHBIH BBUIOB); 4) aKKIMMAaTHU3alMs, WHTPOAYKIIUS
U caMmopacceneHue pblO. ['JaBHBIMM M3 HHUX SBJSIOTCA UYPE3MEPHBIM IMPOMBICENI U 3arps3HEHHE
BOZI0eMOB. MHoOTHe CTa/la CUTOBBIX pbIO U cémru B Bomoemax EBpomeiickoro Cesepo-BocToka yacto
MIPEJCTABIICHBI BIEPBbIC HEPECTYIOIIMMH PbIOaMU (101 «OCTAaTKa» KaTacTpo(UUYECKH IMajaer), a 1mo
TUIYy BOCIPOM3BOJACTBA OHHU IMPEBPALIAIOTCS B «TUXOOKEAHCKHUX JIOCOCEH» € eIUHOPa30BbIM
MKPOMETAHHUEM 32 BCIO KU3Hb.

OcnabneHHblii opraHu3M peI0 cTanm Oojee BOCHPUMMYWB K Mapa3uTaM. UHCIo 3apaKeHHBIX
oco0eit curoBeix peid B 1980-¢ roasr coctaBmino 8%, B 1990-e — yxe 33% u B 2000-¢ 0HO BO3pOCIIO
10 47%. YBenn4uiaoch BCTPEYaeMOCTh phIO C 3HAOMapa3uTaMu (3a0oneBaHMs JUPUIIOO0TpUO3a U
TETPAKOTHUJIE3a) y PANYLNIKH, CUra M 4Yupa.  3arpsS3HEHUE BOJbl NIPUBOJUT K CEPHE3HBIM
Mop(dororuueckuM aHOMalHsIM, B TOM YHCIE W K aHOMAaJUsM B Pa3BUTHM TOHAJ U CHIKEHHUIO
PENpOyKTUBHOTO TOTEHIMAIa CUTOBBIX pbIO. Tak, anoManuu B 1960-e roasl MpoONLIOTO CTOJIETUS
OTMEYAJIMCh JIMIIb y eTUHUYHBIX ocobeit; B 1970-e —y 5%; B 1980-e — y 64%; B 1990-¢ —y 20% u,
Hakosetl, B 2000-e ux koau4ecTBO BeIpociio A0 20%.

B cBow ouepenp J1OCOCEBbIE M CHIOBBIE DBIOBI, Tepsis YacTb HEPECTOBBIX IJIONIAJEH B
pe3ysbTaTe MX 3arpsA3HEHUs, 3apacTaHus M 3aWJIMBaHUS, MCIBITHIBAIOT BCe OOJIBIIYIO JEMPECCHUIO.
CoBpeMeHHOE COCTOSSHUE pBIOHOTO XO34HCTBA Ha BHYTPEHHUX Bojoemax EBpomelckoro
Ceepo-Bocroka Poccum xapaktepusyercs HEYKIOHHBIM IMaJCHHEM YJIOBOB IMPECHOBOJHOWU PHIOHI,
BBI3BAaHHOE BO3PACTAIOIIMM YpPOBHEM OOIIel 3arpsi3HEHHOCTH BCeW BOAHOHM ceTu peruoHa. Jlana
OLIEHKa OOIIEro COCTOSTHUSI OMOJIOTUYECKUX PECYPCOB U COBPEMEHHOIO Mpombicia peid. PaccmoTpeno
9KOJIOTMYECKOE COCTOSIHUE BOJHBIX PKOCHUCTEM U MPOTHO3 BO3MOJKHBIX DKOJIOTMUECKUX CUTYallUH B
pervoxe.
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BOCITPOU3BO/JICTBO KYM/KH (SALMO TRUTTA L.) BPYUbSX HALTUOHAJIBHOI'O ITAPKA
«OHEXCKOE IIOMOPBE» (APXAHI'EJIbCKAS OBJIACTD)
M. A. Pyuses, A. E. Becenos, 1. A. Eppemon
DeoepanvHoe cocyoapcmeernoe Dl00xcemHoe yupedcoenue nayku Uncmumym duonoeuu Kapenvcrkoeo
Hayunozo yewmpa Poccuiickoti akademuu nayk, 2. Ilemposzasoock, Poccus, e-mail: ruchev_mikhail@list.ru

B nanmonaneHOM napke «OHEXCKOE IIOMOPbE» 00CIIeI0BaHbl YEThIPE PYyUbsl MPOTSHKEHHOCTHIO
ot 6 10 13,6 kM. BeimonHeHa OlleHKa pacpoCTpaHEHUS KYMXKU U yclIoBuUs €€ oOutanusi. OOHapykeHa
MOJIOJIb JKHUJIOM W TPOXOAHOW ¢opmbl Kymku Bo3pacTom oT 0+ mo 6+. IlpemcraBieHbl JaHHBIS
[0 OTHOCHUTEJIBHOM YMCICHHOCTH PAa3HBIX BO3PACTHBIX TPYII KyMXH, ONPEACICHA J0JI1 KapIUKOBBIX
CaMILIOB M IUIOTHOCTH pacHpeieseHus MOJIOJU Pa3HbIX BO3PACTHBIX I'PYMII Ul BCeX 00CIEIOBAHHBIX
pydubeB. BBUIOB KapIMKOBBIX CaMIIOB W KapjiHMKOBOH CaMKH TOATBEP)KIACT BO3MOXKHOCTD
CYIIECTBOBaHMS IPOXOAHBIX M JKWIbIX (opMm B mnpurokax bersoro mops. [Inga coxpaneHus
U YBEJIMYCHHsS YHUCIEHHOCTH KyMXH B py4ybsSiX IapKa CIEAYeT ONpPEIeTUTh CPOKH HEPECTOBOM
MUTpaLMU IPOU3BOIUTENCH KYMKH U YCUIIUTh OXPaHy BOAOTOKOB B 3TOT MEPUO/I.

Hanumonanenseiii napk (HII) «Onexckoe Ilomopbe», pacnonoxern Ha OHEXKCKOM IOJIYyOCTPOBE,
oOranaroieM coOCTBeHHOU ruporpaduueckoil cersto, Britouaromieit 2000 03ép u 95 pek u pyubEB.
Oxono 1/3 BOJOTOKOB MOJHOCTBIO WJIM YacTUYHO TNpoTekarT mo Ttepputopun HII, mpu sTom
B OOJIBIIMHCTBE U3 HUX MPOUCXOAUT BOCIIPOU3BOACTBO JOCOCEBBIX BUI0B pbi0. K ogHOMY 13 00BEKTOB
OXpaHbl HAa TEPPUTOPHUU OTHOCUTCS IICHHBIH BUJ phIOBI — KyMxka oObikHOBeHHas (Salmo trutta L.).
B ycnoBusix aHTPONOreHHOTO BO3ACUCTBUS W HHTEHCHBHOIO HEJIUIIEH3MPYEMOro phIOOJIOBCTBA,
YHCJIEHHOCTh OOBIKHOBEHHOM KYMXH TaK)K€ HEYKJIIOHHO COKpallaeTcs. 3ajaya HEJaBHO CO3JaHHOIO
HII cocrout B mHBeHTapu3auuu (Gopsl U GayHsl B Ipeenax oxpaHseMmoil teppuropuu. Panee pabot
0 UCCIIeI0OBAaHMIO UXTHO(ayHb! pyubeB HII nmpakTruecku He IPOBOJHIIOCE.

Ilenp paboThl — M3Yy4UTh BOCIPOU3BOACTBO KyMmku B pyubsix HII «Onexckoe Ilomopber,
OLIEHUTPH PACIIPOCTPAHEHHUE, ITIOTHOCTH PA3HBIX BO3PACTHBIX TPYIII U YCIOBUS €€ OOMTaHMUS.

Bcero 6buto moiimano 82 ocobu pa3HOBO3pacTHOM MONOAM KyMXH B pyubsx lleprpyueit,
Jlomatka n KoTtoBa. YcTaHOBIEHO, YTO paclpeneseHre MOJOAM KyM)KH U BO3PACTHOM cocTaB pbIO
B pasHbIX pyubsx HII «Onexckoe Ilomopbe» He ogHOponHbI. [lepmpyueii. Bo3pacTHas cTpyKTypa
KyMKH OJTM3Ka K MpaBWILHOW MUpamuje, HanOomipmee gyucio mnectpsatok 0+ — 40,0%, ayre mMeHbIe
1+ — 20,0%, u 2+ — 30,0%. BospactHble rpymnmnsl 3+ u 4+ OTCYTCTBYIOT. bbln moiimMaH oJuH
KAPIMKOBEIH camerl B Bospacte 5+. ILToTHOCTE Kymxnm — 29k3./100 M%. Pyueii Jlonamxa.
VY CTaHOBIIEHO, YTO B HEM BOCIPOU3BOJMUTCSA KyMyKa NMPOXOJHON M KHIJIOW (OpMBbI. BBIIH OTIIOBIIEHBI
KAPJIMKOBBIC CAMIIBI M OJHA KapiuKoBas camka. ILIOTHOCTH Monomgdm — 5-69K3./100 M. Pyueii
Ilapanunckuii. B 5TOM BOJIOTOKE KyMXKy HE YyAaloCh OOHapyKuTb. [lepekaTHble y4acTKH pydbs
3acesieHbl NeCTPATKAMH aTIIaHTUYECKOTO Jiococs U OKyHA. Pyueti Komosa. 31ech MIOTHOCTh MOJIOAU
HU3Kas, Bcero 3 9k3./100 m%. BospacTHast CTPYKTypa COOTBETCTBYET NepeBEPHYTOH mupamuze. Camast
MHOTOUHCIIeHHas Tpymma 2+ — 41%, 4+ — 25%, 3+ — 11%, 1+ — 17% wu ceronerok mumib 2,8%.
bbu1 noliMaH b OJJMH KapJIMKOBBINA caMmell B Bo3pacTe 6+.

B nccnenoBanHbIX HaMU pydbsiXx OOHapykeHa Kymka B Bospacte oT 0+ mo 6+. BospactHas
CTpYKTypa Mojioau Kymxu B pyubsix HII coBmanmaer ¢ Bo3pacTHO#l cTpykTypoit peid Ha Koibckom
nonyoctpose (I"ankus u 1p., 1966; Ilycrep, 1985).

BbUTOB  KapaUKOBBIX CaMIIOB W KapjiMKOBOM camMku B pyuybe JlomaTka MOATBEpKIaeT
BO3MOKHOCTh CYIIECTBOBAHHS NMPOXOTHBIX M JKWIBIX (POPM Ha 3HAYMTEIBHOHN YacTH apeasia KyMXKH,
B TOM 4ucIie U B Oacceline bemoro mopsi.

Paboma ewvinonnena npu urancosoii noooepixcke epanma Poccutickoeo Hayunozo @gonoa
Ne 14-24-00102 no xeomam evinoéa HII "Onesiccroe I[lomopwe". Iloceswaemcs namsamu Oneea
IIpooana, nepsoco oupexmopa HII.
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REPRODUCTION OF THE TROUT (SALMO TRUTTA L.) IN STREAMS OF NATIONAL
PARK "ONEGA COASTAL REGION" (ARKHANGELSK REGION)
M. A. Ruchyev, A. E. Veselov, D. A. Efremov
Institute of Biology of Karelian Research Centre Russian Academy of Sciences, Petrozavodsk, Russia,
e-mail: ruchev_mikhail@list.ru

In national park "Onega coastal region™ four streams from 6 to 13,6 km long are surveyed.
Assessment of distribution of a trout and a condition of its dwelling is executed. The juveniles of an
inhabited and form through passage of a trout by an age from 0+ to 6+ are found. Data on the relative
number of different age groups of a trout are submitted, the share of dwarfish males and a density
function of juveniles of different age groups for all surveyed streams is defined. Catch of dwarfish
males and a dwarfish female confirms a possibility of existence of through passage and inhabited
forms in inflows of the White Sea. For preservation and increase in number of a bull-trout in streams
of the park it is necessary to determine terms of spawning migration of producers of a trout
and to strengthen protection of water currents during this period.

The National Park (NP) "Onega Pomor", is located on the Onega peninsula having characteristic
hydrographic network including 2000 lakes and 95 rivers and streams. About 1/3 water currents
in whole or in part proceed across NP territory, at the same time in most of them there
is a reproduction of salmon species of fish. The valuable species of fish — a trout ordinary belongs
to one of objects of protection in the territory (Salmo trutta L.). In the conditions of anthropogenic
influence and the intensive not licensed fishery, number ordinary bull-trouts also steadily is reduced.
The task of recently created NP consists in inventory of flora and fauna within the protected territory.
Before works on a research of a fish fauna of streams of NP it was practically not carried out.

The work purpose — to study reproduction of a trout in streams of NP Onezhskoye Pomorye,

to estimate distribution, density of different age groups and a condition of its dwelling.
In total 82 individuals of uneven-age juveniles of a bull-trout in streams Pertruchey, the Shovel
and Kotova were caught. It is established that distribution of juveniles of a trout and the age list
of fishes in different streams of NP Onezhskoye Pomorye are not uniform. Pertruchey, the age
structure of a trout is close to the regular pyramid, the greatest number of parrs 0+ — 40,0 of %, slightly
less than 1 + — 20,0%, and 2+ — 30,0 of %. Age groups 3+ and 4 + are absent. One dwarfish male
at the age of 5+ was caught. Density of a trout — 2 copies/100 sg.m. Stream Shovel. It is established
that in it the trout of a through passage and inhabited form is reproduced. Dwarfish males and
one dwarfish female were caught. Juveniles density — 5-6 copies/100 sq.m. Stream Paraninsky. In this
waterway the trout did not manage to be found. Perekatny sites of a stream are populated with parrs of
an Atlantic salmon and a perch. Kotov's stream. Here density of juveniles of low, only 3 copies/100
sg.m. The age structure corresponds to an inverted pyramid. The most numerous group 2+ — 41%, 4+ —
25 of %, 3+ — 11 of %, 1+ — 17 of % and a fingerling of only 2,8%.

Only one dwarfish male at the age of 6+ was caught. In the streams investigated by us it is found
a trout aged from 0+ to 6+. The age structure of juveniles of a trout in streams of NP coincides
with age structure of fishes on the Kola Peninsula (Galkin, etc., 1966; Schuster, 1985).

Catch of dwarfish males and dwarfish female in a stream the Shovel confirms a possibility of existence
of through passage and inhabited forms on the considerable proportion of an area of a bull-trout
including in the basin of the White Sea.

Work is performed with financial support of a grant of the Russian scientific fund No. 14-24—
00102 for quotas of catch of NP Onezhskoye Pomorye. It is devoted to memory of Oleg Prodan, the
first director of NP.
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OUJIOT'EHETUYECKHUE CBSI3U HEMATO/I POJA PHILONEMA (DRACUNCULOIDEA,
PHILONEMATIDAE) OT JIOCOCEBBIX PbIb JJAJIBHEI'O BOCTOKA POCCHUH
C.T. COKOJIOBl, C.B. ManblmeBal, B. B. [locriexoB?

Y ®edepanvroe cocyoapemeennoe Grodocemnoe yupescoenue nayku Hncmumym npo6iem dKo102uu u 360110Yul
umenu A. H. Cesepyosa Poccuiickou axademuu nayk, e. Mockea, Poccus
2Pedepanvhoe 2ocydapcmeentoe G1odicemHoe yupesicoenue Hayku Mucmumym 6uono2uieckux npoonem
Cesepa Jlanbnesocmounoeo omoenenus Poccuiickoil akademuu nayk, e. Maeaoan, Poccus,
e-mail: sokolovsg@mail.ru

Pon Philonema mnpexacraBieH mapa3uTaMu  TOJIOCTH  Tela  JIOCOCEOOPa3HBIX  PBIO
(mpuHAUIEXKHOCTH K JgaHHOMY poxay P. percichthydis or rokHOaMEpHKAaHCKHX OKYHEOOpa3HBIX
coMHUTeNbHA). B ero cocraBe onucano 9 HOMUHAIBHBIX BUA0B (0e3 yuera P. percichthydis), onnako
BaJIMIHBIMH KOHCOJMAMPOBAHO MpPH3HAHBI TONbKO TpH: P. agubernaculum, P. oncorhynchi wu
P. sibirica. Wuentudukamus 3TUX BHUIOB OCHOBaHA, IJIABHBIM 0O0pa3oM, Ha CHCTEMaTHYCCKOU
npuHAUIeKHOCTH X03s¢eB. Cumtaercs, uyro Bua P. agubernaculum mpuypodeH K aMepuKaHCKHM
npezacrasurtesisivm poaos Salvelinus u Parasalmo, P. oncorhynchi — a3uatckim u ceBepoaMepruKaHCKUM
Oncorhynchus spp., u eBpasuiickum Salvelinus spp., P. sibirica — k curossim psidam EBpazun. OaHako
UX KOHCIEM(PUIHOCTH 10 OTHOIIEHHIO K OCTAIbHBIM HOMHHAJIBHBIM BUIaM (DHIIOHEM paHee He Oblia
MOJTBEPIKACHA TTOJIHONECHHBIMA T€HETHYECKUMH H MOPQIIOTHUECKMMH HUCCaeoBaHusIMU. Hamu
MoJTy4YeHbl mocienoBarenbHocTd pparmentoB renoB 18S u 28S pPHK mmmmoit 1800 u 1100 m.H.,
coorBercTBeHHO, 0T Philonema sp.1 u3 Salvelinus albus (Kponomukoe 03., Kamuarka), Philonema sp. 2
u3 Salvelinus leucomaenis (03. Uucroe, Maraganckas 061.), Philonema sp. 3 u3 Oncorhynchus nerka
Ixunoit penorun/ (Kponorkoe 03., Kamuatka) u Philonema sp. 4 u3 O. nerka /mpoxoamoii ¢peHOTHI/
(03. Kucu, Marananckas 0011.).
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Pucynok. @unorenernyeckue OTHOIIEHUsI HeMaTo HajicemeiicTBa Dracunculoidea
(ren 18S pPHK, MeTon MakcUMaIbHOM SKOHOMUH; 00IIIee YHCII0 MPU3HAKoB — 1769)

Ha d¢unorpamme (puc.), moctpoeHHoii mo manHeiM 18S pPHK, wusyuyeHHwle QuiioHeMbl
pacmpenenensl  Mexay 2 ¢uioreHetndeckumu mHuAAMHU.  Salvelinus-lineage, o0wneauHsIOMICH
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napasurtoB Salvelinus spp. (Philonema sp.1 u Philonema sp. 2) u Oncorhynchus-lineage — mapa3utos
Oncorhynchus spp. (Philonema sp. 3, Philonema sp. 4, P. oncorhynchi ot kmxy4a n3 Kanamsr).

B cocras Oncorhynchus-lineage taxxe Bomuta Philonema sp., mociemnoBaTensHOCTh KOTOPOit
obuta germonmpoBana B GenBank 6e3 uHbpopmanumun o xo3smHE W Mecre cOopa. I'eHeTmueckas
muBeprennus (p-distance) mexay Philonema sp.1 u Philonema sp. 2 npebimaer 3% 1, HECOMHEHHO,
CBH/ICTEIbCTBYET O BHJOBOM YpPOBHE HMX pasnuyuii. ['eHeTHueckue pasinudus BHyTpu Oncorhynchus-
lineage Boeipaxkens! ciabo (p-distance 0.3-0.5%). YuuTeiBas mperieieHThl HU3KUX Pa3iuuuil MEXITY
Bugamu poxa Philometra us 6amskoro k ¢uimonemam cemeiictBa Philometridae (p-distance mexmy
P. ovata u P. cyprinirutili — 0%, P. sciaenae u P. saltatrix — 0.2%) cunTaeM TaKCOHOMHUYECKYIO
uHTepnperamnuio ctpykrypsl Oncorhynchus-lineage npexaeBpementoii. HeaoctaTtok HaHHBIX MO TeHY
28S pPHK nmns npakyHKyJIOUACH MOMeENIain MPOBEISHUIO MOJHOIICHHOTO (PHIIOTeHETHYEeCKOTrO aHaIn3a
10 ATOMY JIOKyCY. TeM He MeHee, Y UCCIIelyeMbIX 00pa3IiioB BISBICH OUYE€Hb HU3KUI YPOBEHD OTIHYUI
110 MOCJICIOBATEIBHOCTSIM JaHHOTO reHa (5—17 m.H.) B cpaBHenuu ¢ 18S pPHK (4—136 m.H.).

Hccneoosanusn evinonnensvt npu noooepoicke epauma Ne 17-04-00095a Poccutickoco Donoa
Dynoamenmanvuwix Mccneoosanul.
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THE PHYLOGENETIC RELATIONSHIPS WITHIN PHILONEMA GENUS
(DRACUNCULOIDEA, PHILONEMATIDAE) FROM SALMON FISHES
OF THE FAR EAST OF RUSSIA
S. G. Sokolov!, S. V. Malysheva®, V. V. Pospekhov?
'A. N. Severtsov Institute of Ecology and Evolution of the Russian Academy of Sciences, Moscow, Russia
?Institute of the Biological Problems of the North Far-Eastern Branch of the Russian Academy of Sciences,
Magadan, Russia, e-mail: sokolovsg@mail.ru

The genus Philonema is represented by parasites of the body cavity of salmonids (the affiliation
of P. percichthydis from South American perciform fishes to current genus is doubtful). By the time
nine nominal species has been described (excluding P. percichthydis), of them only P. agubernaculum,
P. oncorhynchi and P. sibirica are recognized as consolidated. The identification of these species
is based, mainly, on the systematic affiliation of the hosts. It is considered that P. agubernaculum
mostly occurs in American representatives of the genera Salvelinus and Parasalmo, P. oncorhynchi
occurs in Asian and North American Oncorhynchus spp. and Eurasian Salvelinus spp., P. sibirica —
in the Eurasian coregonid fishes. However, their conspecificity with respect to the other nominal
species of Philonema was not previously confirmed by full genetic and morphological studies. During
the study we obtained the fragments of 18S and 28S rRNA of 1800 bp and 1100 bp long, respectively,
for Philonema sp. 1 from Salvelinus albus (Kronotsky Lake, Kamchatka), Philonema sp. 2 from
Salvelinus leucomaenis (Chistoe Lake, Magadan region), Philonema sp. 3 from Oncorhynchus nerka
[resident phenotype/ (Kronotsky Lake, Kamchatka) and Philonema sp. 4 from O. nerka /anadromous
phenotype/ (Kisi Lake, Magadan region). The phylogram (fig.), constructed from the 18S rRNA data,
demonstrates that studied specimens are distributed between 2 phylogenetic lines: Salvelinus-lineage,
which unites parasites of Salvelinus spp. (Philonema sp.1 and Philonema sp. 2) and Oncorhynchus-
lineage — parasites of Oncorhynchus spp. (Philonema sp.3, Philonema sp. 4 and P. oncorhynchi from
coho salmon from Canada).
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Figure. The phylogenetic relationships within superfamily Dracunculoidea based on 18S rRNA gene
(Maximum Parsimony tree algorithm; total number of characters — 1769)
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The Oncorhynchus-lineage also includes Philonema sp., deposited in GenBank without
information about host and locality. The genetic divergence (p-distance) between Philonema sp.1 and
Philonema sp.2 exceeds 3% and indicates the interspecific level of their differences. Genetic
differences within the Oncorhynchus-lineage are poorly expressed (p-distance 0.3-0.5%). Considering
the precedents of low differences between species of the genus Philometra from the Philometridae
family (p-distance between P. ovata and P. cyprinirutili — 0%, P. sciaenae and P. saltatrix — 0.2%),
we consider the taxonomic interpretation of the Oncorhynchus-lineage structure premature.
The phylogenetic analysis of 285 rRNA data was hampered by the lack of the data for other
representatives of Dracunculoidea. Nevertheless, the analysis of obtained sequences has shown a very
low level of nucleotide differences (5-17 bp) in comparison to that of 18S rRNA (4-136 bp).

The research was supported by grant No. 17-04-00095a from the Russian Foundation for Basic
Research.
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CPABHUTEJIBHASA XAPAKTEPUCTUKA INMIIEBAPUTEJIbBHbIX ®PEPMEHTOB
CUMIIATPUUYECKOM MMTAPBI CUT'OB TEJIEIIKOI'O O3EPA: (I)YHKI_[I/IOHAJII)Hblﬁ
U CTPYKTYPHbBIN AHAJIN3
M. M. COHOBLeBl‘z, E. H. KaIHI/IHCKaSIl, H. A. BquapeBl, E. Gisbert, E. A. Poroxun
l@edepaﬂbnoe 2ocydapcmeennoe 6100cemuoe yupescoenue nayku Mnemumym cucmemMamuxy u 9K0I02uu
arcusommuwix Cubupckozo omoenenus Poccuiickoii akaoemuu Hayk, e. Hogocubupck, Poccus
Zcbeaepaﬂbﬂoe 20Cy0apcmeeHHoe A8MOHOMHOE 00PA308AMENIbHOE YUPEHCOCHUE BbICUUE20 NPOPECCUOHAILHO2O
obpazosanus « Hayuonanvuwiii ucneoosamenvcxuti Tomckuii 20cy0apcmeenHblil YHUBEPCUME »,

2. Tomcx, Poccusa, e-mail: yarmak85@mail.ru

Coregonus lavaretus - mmMpoKo pacHpOCTPaHEHHBI B IMPECHOBOIHBIX BOJOEMAax CEBEPHOIO
nonymapuu BuA. CuMTaeTcsi, YTO Ha MPOTSHKEHHWH CBOEro apeajga CHUr 00pa3yeT MHOXECTBO
sKoJNIorMueckux ¢GopM W MOJABHIOB. B KpyNMHBIX 03epax HWHOrJa BCTpedaroTcsi MOpQOIOTHYECKU
JMCTAaHTHBIE CUMIIaTpUYecKhe mapel curos, XoTs reneruuecku (MTJHK) onm mpentuunsl. OgHa u3
TaKUX CUMIIATPUUYECKUX Tpynn oburtaer B Tenenkom o3epe Oacceitna p. OOb u mpejacraBieHa
TenerkuM MamOTBIMMHKOBBIM (SP.br. 27.0) curom — sBpudarom (MpeUMyIECTBEHHO IUIaHKTO(Ar)
(Coregonus lavaretus pidshian natio smitti, mo HekortopeiM wucrounukam C.  Smitti),
U cpeaHeThluuHKOBBIM (SP.br 34.0) curom IlpaBmuna (Coregonus lavaretus pravdinellus wim
C. pravdinellus) siBasronumest miankrogarom. Ienb paboThI - ONMpPEAETUTh aKTUBHOCTh OCHOBHBIX
TPy TUIIEBAPUTENBHBIX (EPMEHTOB CUMIATPpUUECKUX (PopmM/BUAOB TeNerKux CUTOB U MPOBECTH HX
CTpyKTypHy0  uaeHTH(ukammoo. COop Marepmama TpoBowics Ha  TejrenkoMm — o3epe
(51°79'N; 87°26'E) B centsaope 2012 roga. Beero 0buto uccnenoBano 7 u 10 ocobeit Tenenkoro cura
u cura [IpaBauHa coorBeTcTBeHHO. CUTH JIOBHIIMCH CTaBHBIMHU KabepHbIMU ceTsiMu (20-40 mm), 3aTeM
JOCTABISUIMCH B KOHTEHHEpax ¢ BOJOW JKMBBIMU B J1a0OPATOPHIO, TJE KEIyJOYHO-KAIICYHBIE TPAKTHI
HEMEUICHHO M3BJICKATUCh M 3aMOPAKUBAINCH B JKUIKOM a30T€ O IPOBEICHUS JAIbHEHIIEro
aHanu3a. belTy onpe/enenbl aKkTUBHOCTH MHUIIEBAPUTENBHBIX (JEPMEHTOB, OTBEUYAIOIIHNX 32 MOJIOCTHOE
(anmpa-amminasa, kapookcunenTuaaza A u B, nunasa, menoyHas nporeasa, TPUICUH, XUMOTPHUIICHH)
u npucrteHounoe (N-amuHomenTuaasza, menoyHas Qocdoraza, HecnenudUuueckre 3CTepasbl)
nuieBapeHne. AKTUBHOCTb HMCCIEIyeMBbIX ()EPMEHTOB ONpEeNsiachk B MUIOPUYECKHX MpHUIATKaXx,
NepeHeM, CpeHEM U 3aJHEM OTJeNlaX KHILIEYHUKA. BBIABIEHO, U4TO Bce HCCleayemble (epMEeHTHI
MMEIN CXOJIHBIC U3MEHEHHUS aKTHBHOCTEW 10 OT/IeIIaM JKEITYI0YHO-KHIIIEYHOTO TPAKTa, B TO BPEMS KaK
YPOBEHb AKTUBHOCTH ObUT pa3iuueH. AKTHBHOCTb OOJIbIIEH YacTH IMaHKPEaTUYECKUX (EepMEHTOB
(mesnouHble MpPOTEas3bl, TPUIICHH, XUMOTPHIICHMH, KapOokcunentuiasa A u anbda-amunaza) ObLI
noctoBepHO Bbimie (p<0.05) y Tenernkoro cura mo cpaBHEHUIO ¢ curoMm lIpaBawHa BO BCEX OTaeNax
MUIIEBAPUTEIBHOTO TPAaKTa KPOME 3aJHEro. YPOBEHb AKTUBHOCTH IPHCTEHOYHBIX ()EPMEHTOB B
OOJIBIIMHCTBE OT/IEJIOB KUIIEYHUKA MEXIy curamu He oTiauydaics. C 1eiablo BepOATHOTO 0ObsICHEHUS
BBISIBIICHHBIX  (DYHKIIMOHAJIBHBIX PAa3IMYMid MO AKTUBHOCTH MPEICTaBHTENECH OCHOBHBIX TPYI
MUIIEBapUTEIbHBIX (EPMEHTOB O0OMX CHUTOB Oblla MPOBEAECHA CTPYKTypHas HWIACHTHU(PUKALUSA
HEKOTOPBIX M3 JaHHBIX OenkoB. [lyig pemeHus 3Toi 3amaum ObUTa pa3paboTaHa yHUKalbHas cXema
(paKIMOHUPOBAHUS SKCTPAKTOB M3 MEPEIHEro OT/AeNa KHUIIeYHHMKa OOOMX CHIOB, OCHOBaHHas Ha
COYETaHUM >KHUJIKOCTHOM Xpomarorpaduu BBICOKOTO IaBJICHHUS C MOCIEAYIOLIEH BHU3yaau3anuei
OeIKOBOrO Myna IyTeM NpenapaTUBHOTO  »iekTpodope3a B MOIMAKPWIAMHAHOM  rele
B JICHATYPUPYIOUIMX M BOCCTaHABIMBAIOIIMX YCIOBHAX. B pe3ynbraTe mpoBeIeHHOW KOMOMHALMU
paszeneHus yoajioch TPOBECTH oOoramieHne OeNKoB B o0paslax 1Mo KakJIOMy W3 BHIOB, YTO B
CPaBHUTEIFHOM AacCIIeKTe MO3BOJMIO TOJYYUTh PA3IHMYHYI0 KapTHHY Ha KA4eCTBEHHOM YpPOBHE.
Jlns mpoBeZieHHs JalbHEHIIEro CTPYKTYpHOTO aHaiM3a BCS COBOKYMHOCTh OENKOB IO KaXIOMY
oOpasmy Oplia miepeHeceHa ¢ Tens Ha ruapodobHyro memOpany PVDF ¢ mocnenyromieit
XapaKTePUCTHKON Kakaoro Oenka myreM N-KOHIIEBOTO CEKBEHHpPOBaHHsS Mo DaMmany. [lomydeHHBIE
pe3yabTaThl  MO3BOJIMJIM,  BO-TIEPBBIX,  BIEpPBblE  MJACHTU(DUIUPOBATH  AMHUHOKHCIIOTHBIE
MOCTIeIOBATEIbHOCTH Psifia MHUILEBAPUTENBHBIX (PEPMEHTOB (TPUIICHUH-, XUMOTPUIICHH- U CYOTHUIM3HH-
nmoAgoOHbIe TpoTeasbl, docdonnmaza, JIEHIIMHOBAS AaMUHOMENTHAA3a), a, BO-BTOPBIX, BBISIBUTH
pa3IuyMs 10 UX COCTaBY MEXKY CUTaMM, YTO MOXET MOCIYXHUTh 0OBbICHEHHEM aIallTallii OpraHu3Ma
K OTpeOIsieMbIM KOPMOBBIM 00BbEKTaM Ha MOJIEKYJIIPHOM YPOBHE.
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COMPARATIVE CHARACTERISTIC OF DIGESTIVE ENZYMES OF SYMPATRIC PAIR
OF WHITEFISH FROM TELETSKOYE LAKE: FUNCTIONAL AND STRUCTURAL
ANALYSIS
M. M. Solovyev'?, E. N. Kashinskaya', N. A. Bochkarev?, E. Gisbert, E. A. Rogozhin
YInstitute of Systematics and Ecology of Animals of Siberian Branch of the Russian Academy of Sciences,
Novosibirsk, Russia
Tomsk State University, Tomsk, Russia, e-mail: yarmak85@mail.ru

Coregonus lavaretus — is wildly spread species of whitefish in freshwater of the north
hemisphere. It is known that the species may form different subspecies and ecological forms. In some
large lake there are very different sympatric pairs in terms of morphology whereas genetically
(mtDNA) these fish are identical. One of such pair inhabits in Lake Teletskoye (basin of Ob river).
The sympatric pair is formed by Coregonus lavaretus pidshian natio smitti (or C. smitti) with 27 gill
rakers on the first brachial arch and Coregonus lavaretus pravdinellus (or C. pravdinellus) that has
34 ones. C. I|. pidshian is zoobentivorous whereas C. pravdinellus is omnivorous (mainly
zooplanktivorous). The main aim of the study was to compare activity of digestive enzymes and make
their structural identification in gut of sympatric species/form of whitefish.

Fish were caught in Lake Teletskoye (51°79'N; 87°26'E, Altai region, Russia, September, 2012)
by nets with mesh size 20-40 mm. After their capture, fish (C. I. pidshian n=7, C. pravdinellus n=10)
were dissected and their guts extracted and frozen in liquid nitrogen until their analysis. The activities
of a-amylase, lipase, non-specific esterase, total alkaline proteases, trypsin, chymotrypsin,
carboxypeptidase A and B, aminopeptidase and alkaline phosphatase were assayed. For structural
identification of proteins the anterior part of intestine was chosen. For separation of proteins the
combination of ion-exchange and hydrophobic high pressure liquid chromatography was conducted
and then the collected peaks were run on SDS-PAGE electrophoresis. Then, all obtained bands of
protein were transported on PVDF Immobilon SQ membrane and the sequencing of N-terminal amino
acid (15 residues) was done.

The activity of all studied enzymes had the similar trends throughout the all parts of intestine of
C. I. pidshian and C. pravdinellus, but the level of activities was different depending on the species
considered. Thus, the activities of trypsin, chymotrypsin, carboxypeptidase A, alpha-amylase were
higher in the anterior and middle intestine of C. I. pidshian. We extracted and determinated the
following enzymes: trypsin-, chymotrypsin- and subtilisin-like enzymes, phospholipase like and
leucine-aminopeptidase.
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KOHTPOJIb YUCJIEHHOCTHU «CBEPXY» U «CHU3Y» KAK ®AKTOPbBI CMEPTHOCTHU
I'OPBYLIHA (O. GORBUSCHA) B MOPCKOM NEPUO/] )KU3HHAU
O. C. TemHbIX
DeoepanvHoe cocyoapcmeennoe DI00NHcemHoe HayuHoe yupedicoenue « TUxooKeancKuil HayuHo-
uccnedosamenbCKuil polOOX03AUCMBEHHbII YeHmpy, 2. Biadusocmok, Poccus,
e-mail: olga.temnykh@tinro-center.ru

Ha ocHoBanum aHanmusa JUTEpaTypHBIX JAaHHBIX, a TaKXKe pe3yJlbTaTOB €KEroOJHBIX
MIMPOKOMACIITAOHBIX dKcreauuii, npoBoauMbix THUHPO-LleHTpoM B JaJbHEBOCTOYHBIX MOPSX
u Cesepnoii [lanuduke B nepuon 1986-2016 rr., paccCMOTPEHO BIUSHHE MHUIICBON 00€CIIEYEHHOCTH
(KOHTpPOJIb  YHCIEHHOCTH «CHM3Y») W XUIIHUYECTBA (KOHTPOJb UHUCIEHHOCTH «CBEPXY»)
Ha CMEPTHOCTH TOPOYIIN OXOTOMOPCKUX M OEPUHIOBOMOPCKHX CTaJ Ha PA3IMYHbBIX ITAlax MOPCKOIrO
IIepHoJa KU3HH.

HaubGonee BbICOKME TEeMIIbI CMEPTHOCTH TOpPOYIIM XapaKTEepHbl JUIsl MPECHOBOJHOTO
U pPaHHEMOPCKOTO Iepuoja *u3Hu (10 95% oT uuciieHHOCTH CKaTUBLIMXCS cerojieTok). Ha mecrax
HepecTa BBDKMBAEMOCTh ITOTOMCTBA B MEPBYIO OYEpEdb OIMpPENeseTcs] KIMMAaTO-0KeaHOIOTHYeCKUMHU
yCIIOBUSIMU. B paHHEMOpCKON MepuoJ JKU3HM OCHOBHOE 3HAUEHUE HMEIOT aHOMaJbHbIE
THAPOJIOTUYECKUE YCIOBUA U OuoTHueckue (akTopbl, B MEPBYIO OUYEpeab IpPecc CO CTOPOHBI
XUITHUKOB. CMEPTHOCTH TOPOYIIM OXOTOMOPCKHX CTa[] TIOCJIE BBIXO/Ia MOJIOJIM B MOPCKOE MPHOPEKBE
70 oceHU (mepuoj obutaHus Ha menbde) uameHsercss B auanasone 35,7-94,1% (Pamguenko, 2007).
B nocnenyroumii nmepuos MOpCKOro 3Tama »HU3HU (OCEHb — 3MMOBKA — HA4ajo NpeJaHaJpOMHbBIX
murpaimii B C3TO) cmepTHOCTh BapbupyeT B mpeaenax 36-80 % (B cpemnem — 62%).
Ha nocnenyromeM srane npenaHagpoOMHBIX MUTpaluid (BILIOTH 10 BXOXAECHMSI IPOU3BOAUTENEH B
PEKH) CMEPTHOCTHh TOPOYIIM OXOTOMOPCKHX cTaj 3a 2—3 Mecsiia B cpeaHem coctasiser 49% ot
YPOBHSI YUCIICHHOCTH €€ B NMPUKYPHIBCKMX BOAAX (JMAa3oH MEXrOJ0BbIX H3MeHeHHi 36-60%).
B 1nenoMm xe cMepTHOCTh TOpOYIIM OXOTOMOPCKUX cTaj 3a 10 MecsieB MOPCKOro MepHoja >KU3HU
cocraBisieT 72-90% OT ypOBHSI YMCIEHHOCTH CETrOJIETOK, BBIIICANINX 3a MPEAENbl IeIb(OBBIX 30H.
Jia ropOymu 3anagHOOEpUHIOBOMOPCKUX MMOOEpeknit 3TOT IMOKa3aTeslb BapbUpYeT B Ipejaenax
60-88%.

[Ipoananu3upoBaHO  BIHUSHUE KOPMOBOW  OOECHEYEHHOCTH TOpOyIIM  OXOTOMOPCKHX
1 OEpMHrOBOMOPCKHUX CTaJl Ha €€ BO3MOXKHYIO CMEPTHOCTb B pacCMaTpUBAaeMble MEPHUOIbI MOPCKOTO
U OoKeaHudeckoro oburanus. Ha ocHOBaHMM KOJMYECTBEHHBIX JaHHBIX 10 KOPMOBOI 0a3e ceBepo-
3anaaHoil [Tarmduku (300MIaHKTOH M MENKUI HEKTOH), 00bEMOB MOTPEOJICHUS MUIIM HE TOJIBKO
JIOCOCSIMHU, HO U JAPYTUMHU BUJAaMH HEKTOHA, NIOKa3aHO, YTO HU Ha OJHOM U3 PACCMOTPEHHBIX ATaroB
MOPCKOTO TNepuojia >KU3HM (BKJIIOYas 3MMHHI) KOpMOBas 00ECHEUeHHOCTh HE SBISIETCS (aKkTOpOM,
KECTKO JIMMUTUPYIOIIUM YUCIEHHOCTh HE TOJIBKO ropOyIIM, HO U Apyrux jococeld. Mcxoas uz aroro,
NPEJCTAaBICHUS B COBPEMEHHBIX MYOJIMKAIMiIX O JAeduuure numu (0cOOEHHO B 3UMHMUU MEpHUON)
U JKECTKON BHYTPU- U MEXBUJ0BON KOHKYPEHIIUH, «I10JIaBJIEHHE) TopOyIIel Ipyrux BUIOB JOCOCEH,
OrpaHUYEHHOCTH 3Kosornueckoil emxoctu CepepHoit [lanmbuku ams jgococeil paccMaTpUBaOTCS
C KpPUTHYECKHX MO3UIUMN.

Baxuelimeld OpUYMHOM CMEPTHOCTH TOpOYyIIM B MOPCKOW MepHoA KH3HH (0COOCHHO
B PAaHHEMOPCKOM NMePHOJI )KU3HHU U B MIEPUO]] IPETHEPECTOBBIX MUTPAIIHI1) SBISETCS MPECC CO CTOPOHBI
XHUITHUKOB (PBIOBI, B TOM YHMCIIE JOHHBIE, MOPCKHE MIIEKONHUTarolMe). B pedynprare nccnenoBanuit
THUHPO Opma ompeneneHa YHCIEHHOCTh TOTPEOHWTENCH JIOCOCEH B CEBEpO-3amagHON dYacTH
[Matduky Ha MyTSIX OCEHHHUX, 3UMHUX M JIETHUX MHIPALUi JIOCOCEH, U JaHa OIeHKa MOTpeOsIeHUs
XHUIIHUKAMH JIOCOCEH B MOPCKOM mepuoj KU3HU. MacmraObl NMOoTeph OT XHUIIHUKOB BO3MOXHO
COIOCTABUMBI C IIPOMBICIOBBIMU MOTEPsIMH. CMEPTHOCTH TOPOYIIN OT XUIIIHUKOB B MEPHOJ OOUTAHUS
B OTKPBITBIX BOJAaX MOXeET cocTaBiaTh 25-30% OT 4YHCIIEHHOCTH MOJIOAM 3TOTO BHA
(MenwsHUKOB, 1997).
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"TOP-DOWN™ AND "BOTTOM-UP" ABUNDANCE CONTROL AS FACTORS OF PINK
SALMON (0. GORBUSCHA) MORTALITY IN THE MARINE LIFE PERIOD
O. S. Temnykh
Federal State Budgetary Scientific Institution Pacific Research Fisheries Center, Vladivostok, Russia,
e-mail: olga.temnykh@tinro-center.ru

Based on the literature data, as well as the results of the annual large-scale expeditions conducted
by the TINRO—Center in the Far Eastern Seas and North Pacific in 19862016, the influence of food
supply ("bottom-up" abundance control) and predation (“top-down" abundance control) on mortality
of pink salmon at different stages of the marine life period were considered for the Okhotsk and Bering
sea stocks.

The highest rates of pink salmon mortality are characterized for the freshwater and early marine
life period (up to 95% of the downstream-migrant abundance). The survival rate of generation
is primarily determined by climatic and oceanographic conditions on the spawning grounds. In the
early marine life period, the most important factors are the anomalous hydrological conditions and
biotic factors, mainly the impact of predators. Mortality of pink salmon juveniles during summer-
autumn habitat in the coastal and shelf area of the Okhotsk sea varies in the range of 35.7-94.1%
(Radchenko, 2007). In the subsequent period of marine life (post-catadromous migrations - wintering
- beginning pre-adanadromous migrations in the north-western Pacific) mortality varies from 36%
to 80% (on the average — 62%). In the subsequent 2—3 months of pre -anadromous migrations of pink
salmon in the Okhotsk sea (right up to time when spawners entry into the rivers), the average mortality
was 49% of its abundance level in the Pacific waters of Kuril Islands (the range of interannual changes
was 36-60%). In general, the mortality of pink salmon for 10 months of the marine life period was 72—
90% of the juveniles abundance in the Sea of Okhotsk in fall. For the pink salmon stocks from the
West Bering Sea coasts this indicator varied from 60% to 88%.

The influence of fodder supply on possible marine mortality of pink salmon for the Okhotsk and
Bering Seas stocks was analyzed. On the basis of quantitative data on the food supply (zooplankton
and small nekton) of salmon in the Northwestern Pacific and consumption of food by salmon and other
nekton species, it was shown that fodder supply is not a factor limiting the abundance not only pink
salmon but other species of salmon in none of the marine life stages (including winter). On this basis,
widespread mention in modern publications about the shortage of forage base (especially in winter),
strong inter- and intraspecific food competition, “suppression™ other salmons species by a pink
salmon, limited carrying capacity of the North Pacific for salmon were considered from critical
positions.

The most important cause of pink salmon mortality in the marine life period is predators press
(fishes, including bottom fishes, marine mammals). The abundance of salmon consumers was
determined during autumn, winter and summer migrations in the northwestern part of the Pacific.
The salmon consumption by predators in the marine life period was estimated. The amount of losses
from predators could be compared with the fishery losses. Mortality of pink salmon from predators
during their habitat in open waters could be 25-30% of the juveniles’ abundance (Melnikov, 1997).
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OCOBEHHOCTHU HAKOIUIEHUSA TAXEJBIX METAJIJIOB B OPTAHU3MAX
JJOCOCEBBIX Pblb CEBEPHOM ®EHHOCKAHIUU
I1. M. Tepentres, H. A. Kamrynun
DeoepanvHoe cocyoapcmeernoe D100dcemHoe yupedcoeHue Hayku Mucmumym npooiem npomvlulieHHOU

axonoeuu Cegepa Konvckoeo nayunozo yenmpa Poccutickoil akademuu Hayk, . Anamumul, Poccusi,
e-mail: p_terentjev@inep.ksc.ru

VHTeHCUBHOE pa3BUTHE NPEANPUATHH I[BETHOM METaulypruu OOYCIOBJIMBAET 3HAYUTEIbHYIO
HArpy3Ky TSDKEJIBIX METAJIJIOB Ha Ha3eMHBIE M NPECHOBOJHBIE 3KOCHUCTEMbl MypMaHCKOW 001acTu.
BnusiHue nmpoMBINUIEHHBIX OOBEKTOB, YHEPreTHUECKOro KOMIUIEKCA, TPaHCIOpPTa U JIp., CONPSIKEHO
C TIOCTYIUIEHHEM B atMocepy U BOAHBIE OOBEKTHI COCIMHEHUH KaaMHUsl, CBUHIA, IIMHKA, MapraHia
u pTyTu. [Ipr 3TOM IPUOPUTETHBIMU 3arpA3HSIOIUME BEILECTBAMHU SIBJIIIOTCS HUKENb U MeJlb. PBIOHI,
Y, B YaCTHOCTH, IPEJCTABUTEININ JIOCOCEBBIX - APKTHUYECKHUI ToJiel] U KyMiKa, Kak oOMTaTean BOJHBIX
CHCTE€M, MOTyT OBbITb HCIOJb30BAHbI B KayeCTBE WMHIUKATOPOB IPOMBIIUIEHHOTO 3arps3HEHUs.
WHTEHCUBHOCTD aKKyMYJISILIMU 3arpsi3HSAIOLIMX BELIECTB B OPraHM3Max pbIO IO3BOJISIET OLICHUTH
CTENEHb UX HArPY3KH HAa BOJAHBIE IKOCUCTEMBI B LIEJIOM.

N3ydyenne ocoOEHHOCTEM HAKOIUIEHUS TSKENbIX METAJUIOB MPOBOJMIOCH HA OCHOBE aHalIM3a
MHOT'OJIETHUX J@HHBIX O MX KOHUEHTPAUMSAX B MBIIIEYHOW M KOCTHOM TKaHH, II€YEHH, IOUYKAX
1 jkabpax Trosblia ¥ KyM)KH, OOMTaromei B BojgoeMax MypMaHCKOH 00JIaCTH U CONPEACIbHBIX CTpaH
kpaitnero CeBepo-3anana Poccuu (Hopseruu u @unnsgnaum). [lokazano, 4To HaKOIUIEHUE 3JIEMEHTOB
B OpraHu3Max IPOUCXOIUT HEpaBHOMepHO. Tak, Menp B HamOojiee BBICOKMX KOHIECHTPAIHAX
aKKyMYJIMpYeTCs B IIeUeHH pbl0, HUKEIb U KaAMUN — B IOYKaX, IUHK — B jka0pax, pTyTb — B [I€YEHU U
MOYKax. YCTaHOBJIEHO, YTO HauOoJee BHICOKUE COAEPHKAHUSI HUKENS U MEIU PETUCTPUPYIOTCS Yy pbIO
BOJIOEMOB, PaCIIOJIOKEHHBIX BOIM3M MPEIIPUATHI TOPHO-METAILTYpPru4eckoro komiuiekca. [lpu stom
OTMEYaeTcsl TPaJIMeHTHAasl 3aBUCUMOCTb CHIKEHHMSI Harpy3Kd yKa3aHHBIX METAJUIOB y pbIO IO Mepe
ylaJeHusl OT UCTOYHUKOB IPOMBILIUICHHOTO 3arps3HeHus. OJHAKO, MAKCUMAJIbHO PErMCTpUpyEMbIe
[I0Ka3aTeIN HAaKOIJICHUS TSKENbIX METAJUIOB Yy OTHENIbHBIX 3K3EMIUIIPOB pbIO ObLIM OOHApYKEHBI
B BOJIOEMAaX, HE MCHBITHIBAIOIIMX MPSIMOTO 3arps3HEHUs. Y rojbla U KyMku nodepexns bapeniena
MOpSi MaKCHMaJlbHbl€ BEIUYMHBI HAKOIUIEHUS MeAM B medyeHu mnpesbimann 1300 MKr/r, kaaMmus
Y CBUHIIA B TOYKAaX — CBBINIE 2 MKI/T, IIUHKAa B *abpax — cBbime 190 MKr/r cyxoro Beca. AHaiu3
JAHHBIX 110 HAKOIUICHUIO TSDKENBIX METaUIOB B OpraHu3Max pbl0 B HMCTOPHUYECKOM paspese
MOKa3bIBA€T, YTO CHUXEHHE WHTEHCUBHOCTH IPOMBIIIJIEHHOIO TPOU3BOACTBA M BHEJpPEHUE
IIPUPOJLOOXPAHHBIX TEXHOJOTUN B MOCIEAHUE AECATUIIETHS HE NTPUBEJIO K 3HAYUTEIBHOMY CHHKEHUIO
Harpy3KHy 3arpsi3HSONIMX BEIECTB Ha BOJHBIE IKOCUCTEMbI PErHOHa.

Oco0yr0 BaXXHOCTh B HacTosIlee BpeMs IpHoOpeTaeT mpobiiemMa PTYTHOTO 3arpsi3HEHMs
BojoeMoB CeBepHOll DeHHOCKaHIWUU. SBISACH 3IEMEHTOM IUIOOANBHOTO 3arpsi3HEHHs, 3a CUeT
MIPOLIECCOB TPAHCTPAHUYHOT'O NEPEHOCA, PTYTh Han0OoJiee MHTEHCUBHO HAKAIIJIMBAETCS B apKTUYECKUX
skocucTeMax. IIpuMepoM ToMy TakXke SIBISETCS PErucTpUpyeMas TEHICHIUS K POCTY COJEp KaHUS
prytn B TkaHix pbl0 CeBepHoil @DEHHOCKAHIUM, BKJIIOYas MpEACTaBUTENEH JIOCOCEBBIX BHJIOB.
VYcTaHOBIEHO, UTO CO/AEpKaHME PTYTH B MBIIIEYHOW TKAaHU pbIO, MpEBBIIIAONIEE YCTAaHOBIECHHBIE
HOpPMAaTHBHbIE MOKa3aTeau (C y4eTOM POCCHMCKHMX M CKaHJAMHABCKUX HOpM — B mpeaenax 0.21-0.5
MKI/T CBIpOTO Beca) XapaKTEpHO [Js BOJOEMOB IIEHTpalibHONW uYacTH MypmaHckoi olmactu, ee
MIPUTPAaHUYHBIX pailoHOB, ceBepHBIX obnacteit Hopserun u OUHISIHANY.

N3ydyeHrne ocoOeHHOCTEN HAKOIUIEHUSI TSDKEIBbIX METAUIOB Y JococeBbIX pbl0 CeBepHOM
@DEHHOCKAHIUHU SBIIAETCA OJHUM W3 MEXAHHW3MOB KOHTPOJIS aHTPONOI€HHON HAarpy3kM Ha BOJHbBIE
9KOCHCTEMBI U JIOJDKHO OBITh HEOTHEMJIEMOM YacThiO MPOrpaMM MOHUTOpUHTa EBpo-ApKTHYecKoro
peruoxa.
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PARTICULARITIES OF HEAVY METALS ACCUMULATION IN SALMONID FISHES
OF THE NORTH FENNOSCANDIA
P. M. Terentjev, N. A. Kashulin
Institute of Industrial Ecology Problems of the North of Kola Science Center of the Russian Academy of
Sciences, Apatity, Russia, e-mail: p_terentjev@inep.ksc.ru

The intensive development of non-ferrous metallurgy enterprises of Murmansk region leads
to a significant heavy metals load on terrestrial and freshwater ecosystems. The influence of industrial
facilities, energy complex, transport, etc., is associated with the entry of Cd, Pb, Zn, Mn and Hg
compounds into the atmosphere and water bodies. But the priority pollutants of the region are Ni
and Cu. Pisces, and in particular, such salmonids as arctic char and trout, as inhabitants of water
systems can be used as indicators of industrial pollution. The intensity of accumulation of pollutants in
fish organisms allows assessing the degree of their load on aquatic ecosystems.

The study of the features of the accumulation of heavy metals was carried out on the basis
of analysis of long-term data on their concentrations in the muscular and bone tissue, liver, kidneys
and gills of the char and the trout inhabiting the reservoirs of the Murmansk region and border
countries of Northwest Russia (Norway and Finland). It is shown that the accumulation of elements
in organisms occurs unevenly. Thus, Cu in the highest concentrations accumulates in the liver of fish,
Ni and Cd in the kidneys, Zn in the gills, Hg in the liver and kidneys. It was established that the
highest levels of Ni and Cu are recorded in fishes of water bodies located near the enterprises of the
mining and metallurgical complex. The gradient dependence of decreasing in the load of these metals
in fish with the distance from sources of industrial pollution is registered. However, the maximum
recorded accumulation of metals in individual fish specimens were found in water bodies that do not
influence direct contamination. The maximum values of accumulation of Cu in the liver in the char
and trout in the coast of the Barents Sea were 1300 ug / g, cadmium and lead in the kidneys - over 2 ug
/g, zinc in the gills - over 190 pg / g dry weight. Analysis of data on the accumulation of heavy metals
in fish organisms in historical terms shows that a decrease in the intensity of industrial production and
the introduction of environmental technologies in recent decades has not led to a significant reduction
in the load of pollutants on the water ecosystems in the region.

At present one of the most important problems is of Hg contamination in the reservoirs of North
Fennoscandia. Being an element of global pollution, due to the processes of transboundary transport,
Hg most intensively accumulates in the Arctic ecosystems. As an example of this is also the registered
tendency to increase the mercury content in the fish tissues of North Fennoscandia, including the
salmonid species. It was established that the Hg content in the muscle tissue of fish exceeding the
established normative indices (taking into account Russian and Scandinavian norms - within 0.21-0.5
ug/g wet weight) is characteristic for water bodies in the central part of the Murmansk region, its
border areas, the northern regions of Norway and Finland.

The study of the peculiarities of the accumulation of heavy metals in salmonids in Northern
Fennoscandia is one of the mechanisms for controlling anthropogenic pressure on aquatic ecosystems
and should be an integral part of monitoring programs for the Euro-Arctic region.
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PACIIPOCTPAHEHME KYMKHU SALMO TRUTTA L. B BOOJOEMAX
HOBI'OPOJCKOM OBJIACTH
C. @. Turos, C. B. Muxenscon, M. B. bapabanosa, A. A. Ycnenckuii, J{. C. Cenaex
DeoepanvHoe cocyoapcmeerHoe DI00CemHoe HayuHoe yupedicoerue «1 ocyoapcmeenubiil HayYHO-
UCCIe008aMENbCKULL UHCTUMYM 03ePHO20 U peuno2o xozsucmea umenu JI. C. bepeay, o. Cankm-Ilemepoype,
Poccus, e-mail: monitory.fish@gmail.com

Wsyuenne mnomymsuuii kymku Salmo trutta L. ma tepputopum Hosropomackoit obmactu
npoBogmwioch B mepuon 2013-2016 rr. B xome wuccnemoBaHWil ObUTH TIPOBEACHBI OOJOBBI
(c WCTmoNB30BaHMEM DJICKTPOJIOBA) Ha 56 pekax, OTHOCAmUXCS K Oacceitny banrmiickoro mops —
®dunckoro 3anuBa (peka Jlyra u ee mputokn), Jlagosxxckoro ozepa (mputoku peku Csch) u 03. MibmeHb
(mpuroku pexk ITona, Kyubs, Mcra).

B Oacceitne o3epa MabMeHb nonyssiiuu pydbeBoit openu Salmo trutta trutta m. fario L. 6su1m
oOHapyeHbl BO MHOTMX pekax, sBigomuxcs mnpurokamud pp. [loas, Kyweu wu  McThl:
pa3HOBO3pacTHas MOJIOb JTOrO BUAa Obuta OTJOBIeHa B mojoBuHe (14 u3 28) oOciemoBaHHBIX
BOJIOTOKOB (pHLC.).

Pucynoxk. Kapra o6cnenoBannbix pek HoBropockoi 061acTu: *KeaThIM 1IBETOM 0003HAUYECHBI
MecTa OOMTaHUSI KyMKH; KPAaCHbIE TOUKH — CTAHI[UU HCCIIEI0BaHUS

B GonbmMHCTBE M3YyYEHHBIX PEK YMCICHHOCTh MOJIOJM KYMKHM OKa3alach OYeHb HEBBICOKOM:
IJIOTHOCTh pacIpeesieHus] pa3HOBO3PACTHOW MOJIOAM Ha 00JI0BIeHHBIX ydacTkax HBY, kak mpasuio,
He mnpeblmana 1-3 5k3./100 M2, Jlnus B pexax Mucunka (mpurok p. Kynsn), llebepexa (mputok
p. [lonsl) u benas ¢ nmputokamu (MPUTOKU p. MCTHI) MIOTHOCTH pacHpelesieHus pbI0 JOCTHTaIH
sHaueHnit 6-12 k3./100M%, uTO CBHUJIETENILCTBYET 00 OTHOCHUTEIBHO OJIArOMNOJIYYHOM COCTOSTHUM
JIOKQJIBbHBIX TMONYJISIUN KyMXM B 3THX BOJOTOKax. VIMEHHO B 3THUX peKaX CErojeTkd KyMXKH —
BO3pacTHas Trpynma, ompenensoomas >(PpQPeKTUBHOCTh HepecTa 3TOr0 BHJIA — COCTaBISUIU
3HaYUTENBbHYIO JTOMTE0 (710 70-90 %) oT 0011ero KoJIM4ecTBa BEUIOBICHHBIX PHIO.

Kymka Obima Takxke oOHapyxkeHa B peke Csch (Oacceitn Jlamoskckoro osepa) U Tpex ee
MpUTOKaxX (pUCYHOK). IT0 moarBepxaaeT nanaple Mocudea A.Il. (1911) o HaMuuu KymM>Kd B 3TOU
yactu HoBropojackoil o6nactu. BbuloBIeHHBIE AK3EMIUIPHl KYM)KH OBLTH TPEACTABICHBI KHUION
¢dopmoit storo Buaa. [lo-BunuMomy, mpoxoanas o3epHas ¢opma, MPOU3BOJUTENM KOTOPOW paHee
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MOTJIM 3aXOJUTh Ha HepecT u3 JIamoKCKoro o3zepa, B HACTOAIIEE BpeMsl Ha TEPPUTOPHH OOJIACTU HE
BCTpeuaeTcs (ONpOoCHbIE JaHHbIE PhIOAKOB U MECTHBIX JKUTEJIEH).

Heo06xonuMo OTMETHTH, YTO KyMka HE Obula OOHapy)XeHa HaMHM HH B IPUTOKAaX BEPXHEro
teyeHust Bonru (mputoku p. Moinora), HU B pUTOKax peku JIyru, pacronokeHHbIX He TePPUTOPUU
Hogropoackoii o6mactu. Ha Tepputopun cocenneit ¢ HoBropoackoit JIeHMHrpaackoi odmacTa Kymka
oOuTaeT B OOJIBIIMHCTBE MPAaBOOEPEKHBIX IPUTOKOB peku Jlyra.

BROWN TROUT SALMO TRUTTA L. DISTRIBUTION IN THE WATER BODIES
OF THE NOVGOROD REGION
S. F. Titov, S. V. Mikhelson, M. V. Barabanova, A. A. Uspensky, D. S. Sendek
Federal State Budgetary Scientific Establishment "Berg State Research Institute on Lake and River Fisheries",
St. Petersburg, Russia, e-mail: monitory.fish@gmail.com

Brown trout Salmo trutta L. populations in the Novgorod Region was studied in 2013-2016.
Electrofishing on 56 rivers of Gulf of Finland basin (the Luga River and its tributaries), Lake Ladoga
(Syas River tributaries) and Lake Ilmen (Pola, Kunya and Msta river tributaries) was conducted.

In the llmen Lake basin, resident brown trout Salmo trutta trutta m. fario L. populations were
revealed in many rivers, the tributaries of the Pola, Kunya and Msta rivers: different-aged parr of this
species were caught in 14 out of 28 streams studied (fig.).

Figure. Map of the rivers studied in the Novgorod Region: brown trout habitats are shown in yellow
and monitoring sites by red dots

The abundance of brown trout in most of the rivers studied was very low: the parr densities at the
sites covered by catching was no more than 1-3 inds./100 m?. Values of 6-12 inds./100 m?, showing a
relatively good state of local brown trout populations in these streams, were obtained only for the
River Misinka (Kunya River tributary), the River Shcheberekha (Pola River tributary) and the River
Belaya with tributaries (Msta River basin). It is in these rivers 0+ trout parr, an age group
“responsible” for the spawning efficiency of this species, made up 70-90% of the total amount of fish
caught.
Brown trout was also reported from the River Syas (Ladoga Lake basin) and its three tributaries
(fig.). The above data are supported by the study of brown trout in this part of the Novgorod Region
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conducted by A. P. Mosichev (1911). The brown trout individuals caught were represented
by a resident form of this species. It seems that an anadromous lake migratory form, whose spawners
could not come from Lake Ladoga for spawning, does not occur now in the region, as fishers and local
residents say.

It should be noted that we did not find brown trout either in the tributaries of the upper reaches
of the Volga (Mologa River tributaries), or in the Luga River tributaries located in the Novgorod
Region. In the Leningrad Region, which is adjacent to the Novgorod Region, resident or sea migratory
trout inhabits most of right-hand Luga River tributaries.
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ATJAHTHUYECKHAM JIOCOCH PEKH JIYT'A: COCTOSSHUE ECTECTBEHHOI'O
3ABOACKOI'O BOCITPOU3BOJACTBA
C. @. Turos, /1. C. Cenzek, C. B. Muxenscon, M. B. bapabanoBa, A. A. YcneHcKui,
K. 1O. JTomOGpoBckuii
DeoepanvHoe eocyoapcmeeHHoe DI00xicemHoe HayuHoe yupedcoerue «I ocyoapcmeenubili HAYUHO-
UCCAEA08AMENLCKULL UHCIMUMYT 03€PHO20 U peuro20 xo3saticmea umenu JI. C. bepeay, 2. Cankm-Ilemepoype,
Poccus, e-mail: monitory.fish@gmail.com

Peka Jlyra, mporekatomass mo Teppuropun HoBroponckoit u JIeHMHrpajackod oOriactei,
B HACTOsIIEE BpPEeMs SIBIAETCS €IUHCTBEHHOW pPEKOM B poccuiickoill vactu bantuiickoro mops, B
KOTOPOM COXpPaHUJIOCh €CTECTBEHHOE BOCIPOM3BOJICTBO aTJIAHTHYECKOro Jiococs. C  1elbio
COXpaHEHHUs M BOCCTAHOBJICHHS YHCIICHHOCTH OOMTAIOIICH B pEKe MPUPOJTHOMN MOMYJISAIIMU 3TOTO BUA,
B KoHue 90-x TOZOB MNpOHUIOro CcTojieThss Obul mocTpoeH JIyXKCKHil SKCHepUMEHTAIbHO-
MIPOM3BOJICTBEHHBIN PHIOOBOJIHBIN 3aBOJI, BBIPAIMBAIOIIMN ¥ BBITYCKarONid B JIyry TrolOBHKOB
JIococs.

ExerogHplii  MXTHOJOTMYECKUM MOHMTOPHUHI, MNpoBOAUMBIM corpynHukamu ['ocHMOPX
B Oacceitne peku Jlyru B Teuenue nocneaanx 20 JIeT, TO3BOJIWI MOTYIUTh JAHHBIE O COBPEMEHHOM
COCTOSIHUM OOUTAIONIe 37ech MPUPOTHON MOMYJSIUU JIOCOCS M OLEHUTh 3(h(HEKTUBHOCTH PabOTHI
JIykcKkoro perI0OBOHOTO 3aBOJIA.

B pesynbrate uccnenoBaHuii, TPOBOAUMBIX HAa HEPECTOBO-BHIPOCTHBIX ydacTkax (HBY) peku
Jlyra u ee MPUTOKOB, YCTAHOBJIEHO, YTO IJIOTHOCTH PACIPEICIICHHUS HATryJIbHOM MOJIOJU JIOCOCS Ha
HBY ne npeBbimaroT Beaudunsl 1-4 3x3./100 MZ, YTO, KAK MUHUMYM, Ha MOPSAJI0K HUKE MAKCUMAJIbHO
BO3MOXKHOH YHCJICHHOCTH MOJIOIH.

BeiBog 0 KpailHE HEYAOBIETBOPUTEIBHOM COCTOSSHUM TONYJALMM  JUKOTO  JOCOCS
MOATBEPKIAETCA pe3yJbTaTaMi MHOTOJIETHUX HCCIICIOBAHUN MOKATHOM MUTPALIMKA MOJIOAH JIOCOCS U3
pexu B JIyxckyro ry0y ®uHckoro 3anuBa. YHCIEHHOCTh «IUKHX» CMOJTOB, CKaThIBAIOIINXCS U3 PEKH
B MOpE, BapbHUPYET B pa3HbIC TOJbl OT 2 10 8 THICSY IK3eMIUIAPOB (puc. 1).
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Pucynok 1. UHCIIEHHOCTBH CMOJITOB JIOCOCS! €CTECTBEHHOTO MPOUCXOKAEHUS, CKaTUBIIUXCS U3 p. Jlyrn
B Mope (nanuble 2002-2016 ).

ExxerogHo B peky Belmyckaercs okojio 100 ThICSY TOJOBHKOB JIOCOCS, BBIPAIllMBAEMbIX Ha
Jlys)xckoMm peiOoBOogHOM 3aBoje. OO0 3(PGEeKTHBHOCTH ITHUX BBITYCKOB IO3BOJIIOT CYAUTH JaHHBIEC,
MoJTy4aeMble B XO/1€ U3YUEHHUsI BCE TOW K€ MOKATHOM MHUIpalliy MOJIOJH JIOCOCS. Y CTaHOBJIEHO, UYTO B
MoOpe cKaTbIBaeTcsl B cpeiHeM He Oosee 15% oT 0o01ero Koau4ecTBa BhITyCKaeMOM 3aBOJIOM MOJIOAH

(puc. 2).
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Pucynok 2. O0beMBI BBIITYCKOB MOJIOJIU JIOCOCS JIy)KCKUM JIOCOCEBBIM 3aBOJIOM U YHCIEHHOCTh
CKaTUBIIUXCS U3 PEKH B MOPE 3aBOJICKUX CMOJITOB Jiococs (manubie 2002—-2016 rr.).

ATLANTIC SALMON SALMO SALAR L. FROM THE LUGA RIVER: CURRENT STATE OF
NATURAL AND HATCHERY REPRODUCTION
S. F. Titov, D. S. Sendek, S. V. Mikhelson, M. V. Barabanova, A. A. Uspensky,
K. Yu. Dombrovsky
Federal State Budgetary Scientific Establishment "Berg State Research Institute on Lake and River Fisheries",
St. Petersburg, Russia, e-mail: monitory.fish@gmail.com

The Luga River, flowing across the Novgorod and Leningrad Regions, is now the only stream in
the Russian territory of the Baltic Sea, where natural Atlantic salmon reproduction is maintained.
To restore and maintain the abundance of a natural Atlantic salmon population in the river, a hatchery,
rearing one-year-old salmon and releasing them into the Luga River, was built in the late 1990s.

Annual ichthyological monitoring has been conducted by GosNIORH staff members in the Luga
River basin over the past 20 years. The data obtained on the current state of the local salmon
population were analyzed and the production efficiency of Luga hatchery was assessed.

The studies, carried out at spawning sites in the Luga River and its tributaries, show that
the mean parr densities are no more than 1-4 inds./100 m”. These values are smaller by at least
an order of magnitude than the maximum possible abundance of juveniles.

A conclusion about the extremely unsatisfactory state of the wild salmon population is supported
by the results of the long-term study of salmon smolts run in the Luga River. The abundance of such
wild smolts, migrating downstream into the sea, varies from 2000 to 8000 individuals, depending on
year (fig. 1).
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Figure 1. Abundance of wild salmon smolts migrating down the Luga River into the sea
(2002-2016 data)
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About 100000 salmon, reared at Luga hatchery, are released annually in the river. The
efficiency of releases is indicated by downstream salmon migration data. No more than 15% of the
total number of the salmon released migrate downstream as “smolts” (fig. 2).
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Figure 2. Amounts of salmon released by Luga hatchery and the abundance of reared smolts migrating
downstream in to the sea (2002-2016 data)
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nonyjasaiuu JIOCOCEBBIX Pblb B CUCTEME PEK BYPHAS-BYOKCA
C. @. Turos, /I. C. Cennek, C. B. Muxenscon, M. B. bapabanosa
DeoepanvHoe eocyoapcmeeHHoe DI00xHcemHoe HayuHoe yupedcoerue «I ocyoapcmeenubili HayUHO-
UCCAEA08AMENLCKULL UHCIMUMYM 03ePHO20 U peuno2o xo3saticmea umenu JI. C. bepeay, 2. Cankm-Ilemepoype,
Poccus, e-mail: monitory.fish@gmail.com

Cucrema pexk byphnas — Byokca, Hapsay c¢ pekoir CBHUpb, SBISETCS OAHUM W3 KPYHHEHIINX
JI0OCOCEBBIX BOAOeMOB OacceiiHa Jlamoxkckoro o3epa. B pesynbrate mnpupomonpeodpasyromieit
NESTEIbHOCTH 4eJIoBeKa (IpOophITHE KaHAOB Mexay o3epoMm CyxononbckuM u Jlagoroit m mexay
pekoii Byokcoit u o3epom CyBanto) B XIX Beke Oosbiias 4acTh cTOKa BYOKCHHCKOW 03€pHO-pEUHOM
CUCTEMBI CTajla IocTynarb B Jlajo)kckoe 03epo MO HOBOMY pycily (coBpeMeHHas peka bypnas).
Ot0, nmo mHeHuto Banerosa B. A. (1999), npuBeno k 00pa30BaHUIO CaMOCTOSITEILHOTO «HEPECTOBOTO
cTaza» jococsi B peke bypnas. VIMeHHO 31ech B HacTosiiee BpeMs pacloyiaraloTcsi OCHOBHbBIE
HepecTUMIIa 3Toro Buja. Jlo HelaBHEro BpeMEHU KakKuX-THOO IUIAHOMEPHBIX HCCIIEJOBAHUMA
aTJIAaHTUYECKOI0 JI0COCs B cucTeMe pek bypHas-Byokca He mpoBoAMIIOCH.

B 2011-2015 B OacceifHe yKka3aHHBIX pEK HAMU ObUIM MPOBEACHBI MOJEBBIE MCCIEAOBAHUS C
LEeNbl0  M3yYEHHUS  MONYJSLUUH  JIOCOCEBBIX  PbIO — QTJIAHTUYECKOTO  JIOCOCSI U KYMXKH.
C ucnonb30BaHUEM 3JIEKTPOJIOBA ObLITH 00JIOBIEHBI YYaCTKH OCHOBHOTO pyciia cUucTeMbl pek bypHas —
Byokca (B paiione moporoB «llamynen» u «JloceBckuii») M MX TpPaBOOEPEKHBIX MPUTOKOB —
pp. Brion, JloceBka, Bomubs u pyd. UUCTBIN.

ATnaHThyeckuil Jiococh ObUT OOHapyXKe€H B OCHOBHOM pycie peku bypHas, Ha 2-X
BBHIIICYIIOMAHYTBIX Toporax. Pa3sHoBo3pactHas Monoab (Bo3pacT BapeupoBan ot 0+ mo 3+)
OoTMEYaJlach B YJIOBaX €XeroaHo. [IJIoTHOCTH pacrpeneneHuss MECTPSITOK Ha pa3HbIX YdacTKax
BapbupoBaia ot 3,3-4,8 »k3./100 M2 B 2011 roxy ao 25,3-38,3 7x3./100 M2 B 2015 rony. CeroneTku —
BO3pacTHasl IPpyIa, CBUAETEIbCTBYOMAsA 00 3 (PEKTUBHOCTh HEPECTA JIOCOCS — COCTABJIAIIU B pa3HbIe
roael oT 25% 110 52% oT 00111ero KOJIMYecTBa BHIJIOBIEHHBIX PbIO, YTO KOCBEHHO SIBJISIETCS MPU3HAKOM
CTaOUJIBHOTO U €XKET0IHOTO BOCIIPOU3BOJICTBA ATOTO BUJIa B OCHOBHOM pYyciie peku bypHasi.

Mounonp ococs He ObUIa OTMEYEHA HU B OJJHOM M3 OOJIOBJIIEHHBIX MPUTOKOB CUCTEMbI bypHas —
Byokca. B nByx u3 4erslpex npuTOoKOB — peke JloceBka u pyube UnCTBIN — ObUT OOHApYXKEH Apyron
BH/I JIOCOCEBBIX phIO — Kymka. B peke JloceBka MIOTHOCTH pacnpeiesieHHs] pa3HOBO3PACTHON MOJIOIN
ATOr0 BUJA Ha OOJIOBJICHHBIX ydJacTkaxX Oblia HEBBICOKON u coctamisuia 4,6-10,0 5k3./100 M2, Jons
ceroieTkoB (pwIOBI B Bo3pacTe 0+) coctaBisima 6omee 50 % oT oOmiero KoJn4yecTBa BBIJIOBJICHHBIX
pBIO, YTO CBUAETENBCTBYET O CTAOMIBHOM XapaKTepe BOCIHPOM3BOJCTBA 3TOr0 BHJA B BojxoeMe. B
pyube UMCTBIM MIIOTHOCTU pacupeneeHHus pa3HOBO3PACTHOM MOJIOAM KyM)KHM ObUIa ellle HM)KEe M He
npeBbllana 3HaueHuit 2—-3 5k3./100 M. B BEPXOBBAX Pyudbs JOJS CETOJIETKOB B YJIOBax JIOCTHUraa
100%, uTo yka3bIBaeT Ha TO, YTO UMEHHO Ha 3THUX y4YacTKaX NMPOMCXOIUT HepecT Kymxu. Ha ydacTkax
HIDKHETO TEUCHMsI pydbsl OTMEUalach MCKIIOYUTEIBHO MOJIOAb Oojiee CTapUIMX BO3PACTHBIX KIACCOB
(ot 1+ 10 3+).

B xoze nmpoBeneHus ucciaenoBaHuid Ha 00JOBIEHHBIX y4acTKax B cucteme pek bypnas — Byokca,
KpOMe MOJIOAM JIOCOCS M KyMXH, ObLTM OOHapy»KEeHbI Takke IpeiacTaBuTenu eme 14 BUIOB pbIO U
Kpyraopoteix: psmymika Coregonus albula L., xapuyc Thymallus thymallus L., myxa Esox lucius L.,
ykietika Alburnus alburnus L., meckaps Gobio gobio L., exerr Leuciscus leuciscus L., mmorsa Rutilus
rutilus L., xpacmonépka Scardinius erythrophthalmus L., ronen ycareiii Barbatula barbatula L.,
namum Lota lota L., xomromka nesstuurias Pungitius pungitius L., oxyns Perca fluviatus L.,
noJIkaMeHIIMK oObikHOBeHHBIN Cottus gobio L., munora pyuseBas Lampetra planeri Bloch.
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SALMONIDAE POPULATIONS IN THE BURNAYA-VUOKSA RIVER SYSTEM
S. F. Titov, D. S. Sendek, S. V. Mikhelson, M. V. Barabanova
Federal State Budgetary Scientific Establishment "Berg State Research Institute on Lake and River Fisheries",
St. Petersburg, Russia, e-mail: monitory.fish@gmail.com

The Burnaya-Vuoksa river system, together with the River Svir, is one of the largest
Salmonidae-inhabited water bodies in the Ladoga Lake basin. As a result of human nature-
transforming activities (digging-out canals between lakes Sukhodolskoye and Ladoga and between the
River Vuoksa and Lake Suvanto), most of the Vuoksa lake-river system’s run-off in the 19" century
began to flow into Lake Ladoga along a new channel (presently the River Burnaya). V. A.Valetov
(1999) suggests that this triggered the formation of an independent Atlantic salmon “spawning stock”
in the River Burnaya. It is here that the main spawning grounds of this species are located.
Until recently, no systematic studies of Atlantic salmon in the Burnaya-Vuoksa river system have been
conducted.

In 20112015, the field study of Salmonidae populations, such as Atlantic salmon and lake trout,
were carried out in the above river basins. The main channel sections of the Burnaya-Vuoksa river
system (near “Padunets” and “Losevsky” Rapids) and their right-hand tributaries, the rivers Vyun,
Losevka, Volchya and Chistyi Brook, were fished by electrofishing.

Atlantic salmon was revealed in the main Burnaya River channel, at the above two rapids.
Juveniles, ranging in age from 0+ to 3+, were found in catches every year. The parr density
distribution in various river sections varied from 3.3-4.8 inds/100m? in 2011
to 25.3-38.3 inds./100 m? in 2015. Fingerlings (fish aged 0+), an age group indicative of salmon
spawning efficiency, made up 25% to 52% of the total amount of fish caught, indicating a stable
annual Atlantic salmon reproduction in the main Burnaya River channel.

Salmon juveniles were not reported from any of the tributaries of the Burnaya-Vuoksa river
system studied by electrofishing. Another Salmonidae species, lake trout, was revealed in two out
of four tributaries: the River Losevka and Chistyi Brook. The parr density in the Losevka River
sections was as low as 4.6-10.0 inds./100 m?. Fingerlings (fish aged 0+) made up over 50% of the total
amount of fish caught, indicating a stable trout reproduction in the water body. The parr density in
Chistyi Brook was as low as 2-3 inds./100 m?. Fingerlings (fish aged 0+) in the upper reaches of the
brook made up 100 % of catches, indicating that it is these river sections that trout uses for spawning.
Parr, revealed in the lower reaches of the brook, were exclusively of older (+1 to +3) age classes.

In addition to juvenile salmon and trout, the study of the fished-off river sections in the Burnaya-
Vuoksa river system also revealed another 14 fish and cyclostome species such as: vendace Coregonus
albula L., grayling Thymallus thymallus L., pike Esox lucius L., bleak Alburnus alburnus L., gudgeon
Gobio gobio L., dace Leuciscus leuciscus L., roach Rutilus rutilusL., redfin Scardinius
erythrophthalmus L., bearded stone loach Barbatula barbatula L., burbot Lota lota L., ninespine
stickleback Pungitius pungitius L., perch Perca fluviatus L., bullhead Cottus gobio L. and brook
lamprey Lampetra planeri Bloch.
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VJIBTPACTPYKTYPA ME3OHE®POCA ITIOKATHOHN MOJIOJIHU BAJITHHUCKOI'O
JIOCOCH (SALMO SALAR) 1 KYMXKHU (SALMO TRUTTA) PEKH JIYT' A
JJEHUHI PAJICKOH OBJIACTH
E.A. ®aeposa
DeoepanvHoe eocyoapcmeeHHoe DI00XHCemMHoe 00pA308aMeENbHOE YUpeHcOeHUe 8blCUe20 00PA308aAHUSL
«Apocnasckas 20cy0apcmeenas cenbCKOX03UCMBenHAsl akademusty, 2. Apocnasnw, Poccus,
e-mail: katarinum@mail.ru

Tepmun "cmontudukanus" oObEAUHSIET IIUPOKUNH KPYT (U3HOJIOTUYECKHX TEPECTPOEK
OpraHu3Ma JIOCOCEBBIX PbIO, MPEIIIECTBYIOLUIUX U COMYTCTBYIOIIMX MHIPAllMd W3 PEKU B MODE.
Hecmotpss Ha o0OuMIME THUCTOIOTHYECKMX pPA0OT, TOCBSIIEHHBIX BOMPOCAM CMOJTHU(GUKAINN
JIOCOCEBBIX, Mpeo0iaNarolee HUX YUCIO OrPaHUYUBAIOCH JIMIIb H3YYeHHEM (YHKIIMOHAIbHBIX
MIEPECTPOEK MPOUCXOASIIINX B )KaOepHOM armmapare.

Lenp — u3y4uTh CTPYKTYpy IIOYEK IOKATHOM MOJIOAM OalTUHCKOTO JIOCOCS U KyMXKU
oburaromux B p. Jlyra.

OtnoB Ganruiickoro yococs (Salmo salar) u kymxku (Salmo trutta) Benu na p. Jlyra B pamMkax
HccaeoBaHui J1abopatopun MOHUTOpUHTra momyisuuid jococeBbix pri0 GI'BHY «"ocHUOPX»
no y4éry mokaTHOW Mosoau. B paboTe HCIONB30BaHBI CMOJTHI €CTECTBEHHOI'O MPOUCXOXKICHHUS.
TynoBumHbIE MOYKK MCCEKATH, (GUKCUPOBAIM M HMCCIECIOBAIM MO CTAHAAPTHOM JUISA DJIEKTPOHHOM
MUKPOCKOIIUHA METOTUKE.

[IpoBeneHHBIM IUTOJIOTMYECKUN aHAIW3 Me30Heppoca JIOCOCS W KyM)KH IOKazaj, dYTo
TUMQOIMTHI, IUIa3MaTHUYECKUE KIETKH, Makpodard, HEUTpoPHUIbl, 303MHOGUIBI U  KIETKH
C paauaTbHO-PACHOJOXKCHHBIMH BE3UKYJaMH HWMEIOT eIWHBIA IUIaH CTPOSHHs C  paHee
UCCJIEIOBAaHHBIMU  MPECHOBOJHBIMU  KOCTUCTHIMH  pblOamu. I[IpumeuaTenbHO, dYTO  pa3Mepsl
MEPEYHCICHHBIX KIETOK, a TaK)Ke YHCIO MHUTOXOHJAPHA Ha cpe3ax KIETOK ONMKe K MOPCKHM
KOCTHUCTBIM PbIOaM.

Otnenbl HepOHA: TOUEHHOE TEJbIIE, AIMUTEIUOIHTHI | THIIA MPOKCHMAIBHOTO OT/ETa KaHaJbIIa,
snutenuonuthl |l THma mpokcHManIbHOrO OTAeNa KaHalblld, SMUTENUONMUTH JUCTAILHOTO OT/ENa
KaHAJbI[a TIOCTPOSHO IO €IUHOMY MPHUHIUNY C MPECHOBOJIHBIMH KOCTUCTBIMU pbibamMu. OTMeueHO,
YTO KOJIMYECTBO MHTOXOHAPUN B KIETKAaX UCTAIBHOTO OT/AeNa KaHAIBIEB MPEBOCXOASIT ATOT
MOKa3arejdb HE TOJILKO PaHEe HWCCIICOBAHHBIX IMMPECHOBOIHBIX KOCTHCTBIX PBIO, HO M HEKOTOPBIX
BUJIOB, obuTamux B YepHom mMope.

Bmecte ¢ Tem, aHanM3 TOJYYEHHBIX PE3YJbTAaTOB  OJHO3HAYHO  CBUETEIBCTBYET
00 0COOEHHOCTSIX CTPYKTYpHI TKaHEW U KJIETOK Me30He(poca MOIOIN OANTUICKOTO JTOCOCS U KYMKHU
HaXOJAIIMXCS Ha cTaauu cMmontudukanuu. Tem HE MEeHee, /IS ONpeeIeHUs CTETICHH 3aBUCUMOCTH
OMMCAHHBIX CTPYKTYPHBIX OCOOEHHOCTEH OT BHJIOBBIX OCOOCHHOCTEH M CTaJuU OHTOTEHE3a BHJIOB,
a TaKXe TOCTPOSHUS 00IIEeH MOJICTN CTPYKTYPHBIX U3MEHEHUH, TPOUCXOISIINX B MOYKAX JIOCOCEBBIX,
B pa3IMYHbIC IEPHO/IbI OHTOT€HE3a HEOOXO0IMMO MPOBEICHNE JOMOIHUTENBHBIX UCCIIETOBAHHI.

Paboma evinonnena npu  ¢unancosot noodepoicke epawma PODH  16-04-00650 A
"Mopgoghyrrxyuonanvras opeanuzayus me3oneppoca iococeobpasmvix”

Asmop evipadicaem 2nyO0Ky0 061A200aAPHOCMb COMPYOHUKAM 1aO0Opamopuu MOHUMOPUHSA
nonynayuu 1ococesvix poio PI'BHY «'ocHUOPX» 3a nomow 6 coope mamepuaa.
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ULTRASTRUCTURE OF MESONEFROS OF SMOLTS SALMO SALAR
AND SALMO TRUTTA LUGA RIVER OF THE LENINGRAD REGION
E. A. Flerova
Yaroslavl State Agricultural Academy, Yaroslavl, Russia, e-mail: katarinum@mail.ru

The term "smoltification" unites a wide range of physiological reconstructions of the organism
of salmonids, preceding and accompanying migration from the river to the sea. Despite the abundance
of histological studies devoted to the problems of salmonification, the prevailing number of them was
limited only to the study of functional rearrangements occurring in the branchial apparatus.

The aim is to study the trunk kidneys structure of Salmo salar and Salmo trutta smolts of Luga
river.

Catching of the Salmo salar and Salmo trutta was conducted on the Luga river in the framework
of the research of the laboratory for monitoring salmonid fish populations of the FSBSI “GosNIORH”
for registration smolts. In this work, natural-type smolts are used. The trunk kidneys were excised,
fixed and examined according to a standard for electron microscopy method.

The cytological analysis of mesonephros of Salmo salar and Salmo trutta has shown that
lymphocytes, plasmacytes, macrophages, neutrophils, eosinophils and cells with a radial vesicle array
have a single plan of structure with previously studied freshwater bony fishes. It is noteworthy that the
dimensions of these cells, as well as the number of mitochondria on cell sections, are closer to marine
bony fishes.

The departments of the nephron: the renal corpuscle, the epitheliocytes of type | of the proximal
tubule, the epitheliocytes of the Il type of the proximal tubule, the epitheliocytes of the distal tubule
are built on a single principle with freshwater bony fishes. It is noted that the number of mitochondria
in the cells of the distal tubules exceeds this indicator not only of previously studied freshwater teleost
fish, but also of some species found in the Black Sea.

At the same time, the analysis of the obtained results unequivocally testifies to the peculiarities
of the structure of tissues and mesonephros cells of the young Salmo salar and Salmo trutta
are in the stage of smoltification. Nevertheless, in order to determine the degree of dependence
of the described structural features on the specific features and the stage of ontogenesis of species, as
well as the construction of a general model of structural changes occurring in salmonid kidneys,
additional studies are needed at different periods of ontogenesis.

The work was carried out with the financial support of the RFBR grant 16-04-00650 A
"Morphofunctional organization of the Salmoniformes mesonephros".

The author expresses deep gratitude to the collaborator of the laboratory for monitoring
salmonid fish populations of FSBSI “GosNIORH” for their assistance in collecting the material.
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NOJIMMOP®U3M I'N'TABHOI'O KOMIIVIEKCA THCTOCOBMECTUMOCTHU (MHC)
O OJJHOHYKJIEOTUJHBIM 3AMEHAM B NONYJISAIIUSAX ASUATCKON HEPKH
ONCORHYNCHUS NERKA
A. M. XpyCTaneBal, E. B. HOHOMapeBaZ, M. B. HOHOMapeBaZ, E. A. Hly61/IHa2
L Deoepanvroe 2ocyoapemeennoe G1odicemnoe nayunoe yupesncoenue «Beepoccuiickuii nayuno-
UCCNEA08AMENLCKULL UHCIUMYM PLOH020 X033Ucmea u okeanozpaguuy, 2. Mocksa, Poccus,
e-mail: mailfed@mail.ru
2 @edepanvhoe 2ocydapemeennoe G100xrcemnoe 06paz08ameibHOe YUpescOeHUe BbICULE20 NPOPECCUOHATbHOSO
obpazosanus «Mockosckutl 2ocyoapcmeennbiii yHueepcumem umenu M. B. Jlomonocosay, e. Mockea, Poccus

[IpoBenen aHanM3 WM3MEHYMBOCTH JBYX JIOKYCOB OJHOHYKJICOTHIHOTO NOJMMOp(du3Ma
(OHIT mau SNP), MHC2_190v2 u MHC2_251v2, pacroyio;keHHBIX B I'eHE, KOIUPYIOIIEM [-IIelb
IJIAaBHOTO KOMILIEKca rucrocopmectuMoct kiacca II (Major Histocompatibility Complex, class II,
nmu MHCII) vepku Ha oOmmpHON YacTtu ee apeana B Asuu, oT Uykorku no FOxubix Kypriibckux
ocTpoBOoB. MetogoM aenb-crienupuyaeckoit [P mpoananmmsupoBano 6omee 1100 obpasmos JTHK
Hepku u3 15 nokanbHOcTeld (21 BhIOOpKa) Ha Tepputopuu lanpHero Bocroka Poccuu. Kpome Toro,
NPUBJICYCHBl  OTKPBITHIC  JIAHHBIC (http://www.tandfonline.com/  doi/suppl/10.1577/T09-
149.17scroll=top) nmo wu3MeHYMBOCTH OOOMX JIOKYCOB B TOMYJSAIMSIX HEPKH W3 9 03epHO-PEUHBIX
cucteM (22 BBIOOPKH) a3MATCKO-THUXOOKEAHCKOTO MoOepexbs (cymmapHo 19 mokampHOCTEH
1 43 BBIOOPKH).

Jlokyc MHC2_190v2 pacmnonoxeH B dK30HEe [/, KoAupyroomem Hauboiiee BapHaOelbHBIN
N konieBoii gomeH f-uenu, sokyc MHC2_251v2 — na pacctosHuu 61 IM.H. OT HEro B HMHTPOHE.
1 sx308 MHC knacca Il TpanciupyeTcst B aHTUTeH CBsi3bIBaromue oodnactu (peptidebinding region,
PBR) na memOpane B-kimetok u MakpodaroB u TakuM 00pa3oM ydacTByeT B (OPMUPOBAHUU
HMMYHHMTETAa K OJKcTpaue/untoispHbiM naroreHaMm. ['eust MHC kmacca II — omgHM U3  cambIx
NOJUMOP(HBIX Yy IIO3BOHOYHBIX, MpHYEeM HauOoJblIee KOJIUYECTBO HECHMHOHMMUYHBIX 3aMEH
CKOHIICHTPUPOBAHO UMEHHO B NenTua-cBsa3biBaromieM peruone (PBR). [lockonbky oTaenpHble amienu
renoB MHCII acconuupoBaHbl ¢ YCTOHYMBOCTBbIO OpraHuM3Ma K OINpENeNeHHOW HH(pEKUUH WIN
MapasuTy, BBICOKMH YpPOBEHb MOJUMOp(GU3Ma B HUX HOJAECPKHUBACTCS OallaHCUPYIOLUIUM OTOOPOM.
OnHako, B OTIENbHBIX JIOKAIBHOCTAX BO3MOXKHO [EHCTBHE HANpaBlIEHHOIO OTOOpa B MOJb3Y
HEKOTOPBIX aJUIeIeH.

[Tockonbky o00a JIOKyca HaxXxoAATCS B HEMOCPEACTBEHHOM OMU30CTH JApYyr OT Jpyra,
TO 1IeJIeco00pa3Ho WX OO0BEIWHUTH M paccMmaTtpuBaTh Kak 4 MynbTH-OHII «ramnorumnay (amienbHbIX
Bapuanta). B 10 BbiOopkax u3 43 oOHapyXeHO CTaTUCTUYECKH 3HAYMMOE HECOOTBETCTBUE
Ha0JII0/IaeMBIX U OXKHUAAEMBIX MpPU paBHOBECHM Xapau—BaiiHOepra 4acTOT ramjoTUIIOB IO JaHHOMY
JOKyCy. B miectn m3 HMX pacxok[eHus ObUIM CBsI3aHBlI C M30BITKOM reTepo3uroT. Huskue oneHku
BHYTPUIIOMYJISIIUOHHOTO pa3HooOpa3us (He 1 Ny) 0TMedaroTcs B HEKOTOPBIX BBIOOPKAaX W3 MPUTOKOB
p. Kamuarka, a Taxxe B BbIOOpKax u3 pek Jlaryna-Anana u Anyka (CeBepo-Bocrounas Kamuatka),
B p. Oxora u Ha o. Hlymmy (03.-p. cucrema berroOy). B nmonasnstonieM OOJIBIIMHCTBE TECTOB Ha
FalIOTUNMYECKYI0O M TeHOTHNHYecKylo auddepeHunanuio ObIIM BbISBICHBI Pa3IMUUS  MEXIY
BHIOODKAMU U3 pa3HbIX pEYHbIX OacceiiHOB, WCKJIIOYEHHE COCTABWJIM JIUMIIb  BBIOOPKU
u3 reorpaduyeckn Omu3kux pek Ilaxawa m Amyka (mobepexwse OmroTopckoro 3anuBa, CeBepo-
Bocrounas Kamuarka) m pek FOro-3amamnoit Kamuarku (p. bombmrass Boposckas, p. bombmas, p.
Omnana). MexBBIOOPOYHOE T'€HETHYECKOE pPa3HOOOpas3ue, OLEHEHHOe BeNIWYMHOM Fst, cocTaBuiio B
cpennem 0.234 (p = 0). ITo ontenkam mapHbix Fst Hepka pek [lamana (3amananas Kamuartka), Jlaryna-
Amnana, u Ulymuas (Gaceiin o03. I'myxoe, o-B I[lapamymup) B HaumOousiblIeld CTENEHH OTIMYAIUCH
OT BCEX OCTaJIbHBIX BbIOOpOK. [uddepennnanuu BIOOPOK, COOpaHHBIX Ha Pa3IMYHBIX HEPECTHIIMIIAX
(TUTOpaNBHBIX M PEUHBIX) U B pa3HOe Bpems B OacceitHe 03. Kypuibckoe (p. O3epHas), Mo yacToTam
rartotunoB jiokyca MHCII He BBISIBI€HO, YTO TOBOPUT OO0 OJHOPOJHOCTH YCIOBHM B JAHHOM
BojioeMe. HampoTuB, BBHIOOpKH, cOOpaHHbIE B IpPUTOKAaX cpeaHero TeyeHus p. Kamuarka 3HaYMMO
pa3iauyaignch, 4YTO, OYEBHIHO, CBS3aHO C pa3jMYMsiIMU IO YPOBHIO IAaTOT€HHON Harpy3sku B
CyOnonyssIMsIX HEPKU JaHHOT'O PeYHOro OacceiiHa.
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SINGLE NUCLEOTIDE MAJOR HISTOCOMPATIBILITY COMPLEX (MHC)
POLYMORPHISM IN ASIAN SOCKEYE SALMON POPULATIONS
ONCORHYNCHUS NERKA
A. M. Khrustaleval, E. V. Ponomareva?, M. V. Ponomareva?, E. A. Shubina?
'Russian Federal Research Institute of Fisheries and Oceanography, Moscow, Russia,
e-mail: mailfed@mail.ru
Lomonosov Moscow State University, Moscow, Russia

The variability of two single nucleotide polymorphism (SNP) loci (MHC2_190v2
and MHC2 251v2) located in the gene coding for the B-chain of the main histocompatibility complex,
class Il (MHCII) of sockeye salmon from a large part of its range in Asia from Chukotka to the South
Kuril Islands was analyzed. Over 1100 sockeye salmon specimens from 15 localities (21 samples)
from the Russian Far East were analyzed by allele-specific PCR. In addition, open data
(http://www.tandfonline.com/doi/suppl/10.1577/T09-149.1?scroll=top) of the loci variability
in sockeye salmon populations from 9 lacustrine-river systems (22 samples) from the Asia Pacific
coast were included (in total, 19 localities and 43 samples).

MHC2_190v2 is located in the exon B1 coding for the most variable N-terminal domain of
B chain. MHC2 251v2 is located in the intron, 61 bp away from the first locus. The B1 exon of the
MHC class Il genes is translated into the peptide-binding region (PBR) on the membranes of B cells
and macrophages, thereby participating in the formation of the immune response to the action
of extracellular pathogens. MHC class Il genes are highly polymorphic in vertebrates; moreover, the
highest number of non-synonymous substitutions is concentrated in the peptide-binding region (PBR).
A high level of polymorphism in the MHCII genes is maintained by balancing selection because
distinct alleles of them are associated with the organism's resistance to a specific infection
or a parasite. However, the directional selection influence in favor of some alleles is possible in some
localities.

Because both loci are located in immediate proximity to each other there is sufficient reasons
for combining them and future consideration as four multi-SNP haplotypes (allelic variants).
Significant irrelevance of observed and expected under Hardy-Weinberg equilibrium haplotypes
frequencies in this locus was observed in 10 samples from 43. In six of them the deviations were
associated with heterozygote excess. Low intrapopulation diversity estimates (He u n,) were registered
in some samples from Kamchatka R. tributaries, as well as in samples from Anana Lagoon R.
and Apuka R. (North-East Kamchatka), Okhota R. and Shumshu Island (Bettobu lake-river system).
In the vast majority of tests on haplotypic and genotypic differentiation significant differences between
the samples from different river watersheds were revealed. The exclusions are samples geographical
proximate Pakhacha R. and Apuka R. (Olyutorsky Bay coast, North-East Kamchatka), and South-
Weast Kamchatka rivers (Bolshaya Vorovskaya R., Bolshaya R., Opala R.). Between-sample genetic
diversity assessed by Fst was on the average 0.234 (p = 0). Sockeye salmon from Palana R.
(East Kamchatka), Anana Lagoon R., and Shumnaya R. (Glukhoye Lake, Paramushir Island) were
the most different from the other samples by pairwise Fsr. Samples collected in distinct spawning sites
(littoral and riverine) and at various times in Kurilskoye Lake watershed (Ozernaya R.) didn’t differ
significantly by the haplotypes of MHCII locus. It means that the pathogenic conditions
in the watershed are homogenous. On the contrary samples collected in the middle flow tributaries
of Kamchatka R. sufficiently differed. It is obvious that the reason for the diversity is the difference in
pathogenic load in sockeye salmon subpopulations in this river.
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TEMIIEPATYPHBIE YCJIOBUSI OBUTAHUS ABUATCKOM I'OPBYIIIN
B CEBEPO-3ATTATHOM YACTHU TUXOI'O OKEAHA (C3TO) B 3MMHUM NEPUO/I
2001-2016 I'T. HA OCHOBE CIIYTHUKOBBIX JTAHHBIX
B. A. lapesa, I'. I1. Bantommn, M. FO. Kpyxkanos
DeoepanvHoe eocyoapcmeeHHoe DI00XHCemHoe HayuHoe yupedicoenue « Bcepoccutickuti
HAYYHO-UCCAEO08AMENbCKUL UHCIMUMYM PbIOHO20 X034tcmea u oxeanozpaguuy, 2. Mockea, Poccus,

e-mail: ladimon@mail.ru

Jis TopOyIy TeMIepaTypHbIE YCIOBUS 3UMHETO OOUTAHUS CYIIECTBEHHBI, TaK KaK I HEE 3TO
€IMHCTBEHHAas 3MMa B OKeaHe. B 3uMHMII mepuoj a3zuaTckas ropOyma oOuTaeT B aKBATOPUSIX
ceBepHoll [lanmduku, BKIOUas 30Hy cydoapkrudeckoro Gpponta Ha riayoune ~ 0-100 m. st oneHku
TEeMIIEpaTyPHBIX YCIOBHH B 3UMHUI Tiepro] Obuta BeIOpaHa B oTKpbITON yactu C3TO penepHas 30Ha
¢ koopauHatamu (47 — 49°N; 171° — 174°E).

Pesynbrarel anammza mexromoBoit m3meHunBocTH TIIO m anomammit TIIO (oTHOCHTENHHO
kimmara 1971-2000 rr., ¢ pacuetom mo 0,1 °C, mo xBampatam 1°x1°) ocpenHEHHBIX 3a TEPHON
sHBapb-MapT B 2001-2016 rr. npeacrapiaeHsl Ha pucyHke. [l 3Toro aHajinsa UCIOIb30BAIUCH KAPThI
TIIO HepenbHOW AMCKPETHOCTH, MOCTPOSHHBIE MO €XeaHeBHBIM naHHbIM ¢ MC3 cepuii: GOES-W
(CIIA), MTSAT (Anonus) u HIMAWARI (Smonmst), a Takke KBa3MCHHXPOHHBIX CYIOBBIX
U OyMKOBBIX M3MEPEHUI TeMIepaTrypsl BOjbI «iN Situ», momydenusie u3 "T'umpomeriientpa Poccuu"
(MockBa) B pealbHOM MacIITabe BpeMEHHU.

B uérapie rompr € 2002 1. mo 2016 r. xom 3Hauenmii anHomaimmii TIIO, mnokazan
UX MEepUOANYHOCTh. Boinenstorcs nsa cxoxux nepuoga: 2002—-2006 rr. u 2008-2014 rr. Anomanus
TIIO B 2016 r. cHOBa pe3ko onyctunack 10 -1,37°C, 4ro, BO3BMOXKHO, MOKET O3HA4YaeT Hauyajao HOBOTO
nepuoza (puc.).
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Pucynok. Pacnpenenenue cpennux 3nauenuid u anomanuit TI1O (Tcep u Tan) 3a stHBapb-MapT B
penepHoii 30He 3uMHero obutanus ropoymu B C3TO 3a mepuonx 2001-2016 rr.
(110 4€THBIM M HEYETHBIM T'0J1aM)

B HeuéTtHble rombl B xoAe u3MeHeHUs 3HaueHui aHomanuit TIIO Takas mepuOaUYHOCTH HE
orMmeueHa. Tak, oTpurnarenbHbie 3Ha4eHUsT aHoManuii TIIO mocnmenoBaTenbHO yMEHbIIATUCH ¢ -1,54
°C (2001 r.) mo -0,11 °C (2009 r.) u B nanpHeitmeMm B 2011 r., B 2013 r. u B 2015 1. numenu 3HaUeHUs
Oomm3kue K kaumatudeckoit Hopme (£0,2 °C).

[Ipu moucke «roJOB-aHAIOTOB» MO OJM3KUM TEeMIMEpPaTypHBIM YCIOBUSM 3MMOBKH TOpOyIIU
B niepuoa 2001-2016 rtr. ObUT KCIONB30BAaH KPUTEPHH, COTVIACHO KOTOPOMY IOMYyCTUMasl pa3HUIlA
B 3HaueHMUsX aHomanuit He mpesbimana AT= +0,3°C. [{ns 4y€THBIX JeT TaHHOMY KpUTepHIo Hanbolee
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COOTBETCTBYIOT Ipymnmbl «roja — ananoru»: (2002 r., 2004 r., 2010 r.) u (2006 r., 2012 r., 2014 1.),
a JUId HeY€THBIX JIET — «roja — aHajgorumy»: (2005 r.,2007 r., 2015 r.) m (2009 ., 2011 r., 2013 1.).

TemmneparypHble yciaoBus 3UMOBKK azuarckoil ropoymu B C3TO B 3umuue ce3onsr 2001 r.
n 2016 r. romoB MOXHO OLEHUTh, KaK OJHM M3 CaMbIX AHOMAJIbHO XOJOJHBIX 32 BCE TIOJIbI
paccMaTpuBaeMoro 1nepuo/ia, Ha OCHOBAaHUHU JaHHbBIX CIIyTHUKOBOro MoHuTOpHHra TIIO.

B cepenune nepuoga 2001 r. - 2016 1. 0TMEUYEHO MPUHITUITUAIBHOE PACXOKICHUE B XapaKTepe
U3MEHEHUH X0Ja 3UMHMX 3HaueHUU TemnepaTypbl v aHoManuil TI1O mexny yéTHBIMU U HEUETHBIMU
rojiamu, KOTopoe cTajo o4eBUaHbIM C 2008 T.

TEMPERATURE CONDITIONS OF THE HABITAT OF THE ASIAN PINK SALMON
IN THE NORTH-WESTERN PACIFIC OCEAN (NWPO) DURING THE WINTER PERIOD
2001-2016 YEARS BASED ON SATELLITE DATA
V. A. Tsareva, G. P. Vanyushin, M. Yu. Kruzhalov
Russian Federal Research Institute of Fisheries and Oceanography, Moscow, Russia,
e-mail: ladimon@mail.ru

Temperature of winter habitat conditions for pink salmon is essential, because it is it's only
winter in the ocean. In winter asian pink salmon inhabit the North Pacific Ocean waters, including
subarctic front area at depth of 0—100 m. Reference area with coordinates (47 — 49°N; 171° to 174°E)
in open part of NWPO has been selected for winter temperature conditions estimation.

In figure there is presented analysis on inter-annual variability of surface temperature values and
anomalies of SST analysis (regarding climate 1971-2000, to the calculation maximum 0.1°, squares
1°x1°), that were averaged for the period of January-March 2001-2016 years. For this analysis we used
SST-week discrete maps, created on daily data of satellite series: GOES-W (USA), MTSAT (Japan)
and HIMAWARI (Japan), as well as quasisynchronous on-board and buoy measurements of water
temperature «in situy», received from Hydrometcentre of Russia (Moscow) in real time.

In even years (2002—2016) diagram of SST anomalies showed it’s periodicity. There are two
similar periods: 2002-2006, 2008-2014. In 2016 SST anomaly dropped sharply again, to -1.37°C, that
could mean the beginning of new period (fig).
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Figure. The distribution of mean values and anomalies of SST (SST and Anomaly) for
January-March in the reference area is winter habitat for asian pink salmon in NWPO
for the period 2001-2016 (for even and odd years)

In odd years such periodicity wasn’t noted during changed of SST anomalies value.
Thus, negative SST anomalies were consistently decreasing from -1,54 °C (in 2001) to -0,11 °C
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(2009). Since then in 2011, 2013 and 2015 values of SST anomalies were closed to the climate norm
(£0,2 °C).

While searching «analogue years» according to similar temperature conditions of salmon
wintering from 2001 to 2016 there was used the criterion by which the difference in the anomalies
does not exceed AT=%0,3 °C. For even years criterion conforms to analogue years group:
(2002, 2004, 2010) and (2006, 2012, 2014), and for odd years criterion conforms to analogue years:
(2005, 2007, 2015) and (2009, 2011, 2013).

According to SST satellite monitoring, temperature conditions of asian pink salmon wintering in

NWPO during 2001 and 2016 winter seasons can be determine as one of the most anomalously cold in
all the years of the considered period.

In the middle of 2001-2016 there has been pointed out principle difference in nature of changes
of winter temperature values diagram and anomalies of SST between even and odd years, it became
evident since 2008.
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CPABHUTEJIBHASA XAPAKTEPUCTHUKA ITAPASUTO®AYHBI PAITYIHIKHA
CUBUPCKOM COREGONUS SARDINELLA VALENCIENNES, 1848 B PASBHOTHUITHBIX
BOJOEMAX APKTUYECKOM 30HBI
IO. K. Uyrynosa
Dedepanvroe eocyoapcmeeHHoe DI00XHcemHoe HayuHoe yupedicoenue « HayuyHo-uccieoosamenbeKull UHCMumym
9KONI02UU PLIOOXO3ANUCMBEHHBIX 6000eM08y, 2. Kpacnosipck, Poccus,
e-mail: jhermann@mail.ru

[IpoBeneHbl Mapa3sUTONOTUYECKHE HCCIEOBAHUS PSMYIIKH CHOUPCKOM p. XaraHru
(71" 59°00""c.mr.) (Gacceitn mopst Jlanrebix) u Kypeiickoro Bomoxpanwmma (66 55007 c.m.)
(p. Kypeiika — mpaBbeiii nputok p. Enuces, Oacceitn Kapckoro mops). Psmymka B p. Xartanre
Mpe/iCTaBjlIeHa MOJYNPOXOAHONH (OpMOM, KOTOpas HaryiauBaeTcsi B 3aiuBe Mops JlanreBbix
U NOJHUMAETCA Ha HepecT B p. Xery, a panymka Kypelckoro BOJOXpaHUIUIIA SBIAECTCS KWION
hopmoid.

VY psimymiku p. XaTanra u3 13 oOHapyXeHHBIX BHJOB Mapa3uTOB C OpraHM3MaMH 300IUIAHKTOHA
npoucxoaut 3apaxenue: Diphyllobothrium ditremum (80%), D. dendriticum (53,3), Philonema
sibirica (53,3%), Proteocephalus longicollis (33,3%) u Triaenophorus crassus (6,6%). Ilutanue
3apakKCHHBIMU OEHTOCHBIMU OECIIO3BOHOUHBIMH OOYCIIaBIMBAaeT HalMUuue B mapasutodayHe pbid
unemaron Cystidicola farionis (26,6%), Raphidascaris acus (larva) (20%), ckpe6ueir Echinorhynchus
salmonis (20,0%), Neoechinorhynchus rutili (6,6%) u tnecrox Cyathocephalus truncatus (6,6%).
Muxkcocnopuaun  Henneguya zschokkei (20%), pakooGpasubie Coregonicola orientalis (20,0%)
u Salmincola sp. (6,6%) pa3BuBatoTCsi 0e3 CMEHBI X03s€B. Payok KOpEroHHWKOJIa BCTpPEYAeTCS Y
CHTOBBIX PBIO B COJOHOBATHIX BOJAX 3aJIMBa M 3aHOCUTCS B p. XaTaHTy BO BpeMsi HEPECTOBOM
MUTPALIH.

CocraB mapasutodaynsl psanymkd Kypeiickoro BomoxpaHwimmia Bkiodaer 10 BuIoOB
Mapa3uToB, MOJOBUHA U3 HUX TAKXKE CBS3aHA C IUIAHKTOHHBIM THIOM nuTanus. Haubonee MaccoBbiM
BUJIOM 371eCh siBisieTcst T. crassus (pl.), sKCTeHCHBHOCTh MHBa3MHM KOTOPbIM cocTaBisuia 100% mpu
cpenHeil uncneHHoctu 20,3 3K3. mapasuToOB. Y OTAEIBHBIX PHIO KOJMYECTBO IUIEPOLIEPKOUIOB B
MYCKyJaType AOCTUrano 73 3K3., IPU 3TOM Yy OOJBIIMHCTBA TEJIBMUHTOB COEJUHHUTEIbHO-TKAHHAS
Karcyjga He oO0pa3oBbIBajiach. BBICOKas 3apaKCHHOCTh PBIO OTMedeHa Iecromamu D. ditremum
(66,6%) u P. longicollis (53,3%), B menbmieii crenern - D. dendriticum (33,3%) u Ph. sibirica
(20,0%), a R. acus (6,6%) oTHOCHUTCS K pEAKUM BHJaM. TOJIKO y PhIO BOJOXpAHIIHIIA B COCTaBE
napasutodaynbl ormeueHbl: Capriniana piscium (13,3%), Apiosoma sp. (6,6%), criennbuydHbie 115
curoBeix Discocotyle sagittata (6,6%) wu Chloromyxum coregoni (53,3%). Bcrpedaemocts
U 3apaK€HHOCTh STUMHU BHJIAMH Mapa3sUTOB XapaKTEPHU3YeT CKIAJbIBAIOIIMICA B BOJOXPaHUIIUIIE
03epHbIl 00Uk ¢ayHbl. Tpanchopmanusi napasuTodayHbl pANYIIKH B pe3yiapTaTe 00pa3zoBaHUs
BOJIOXPAHHJIMIIA IPUBOIUT K SMU300TUYECKOM 3apakeHHOCTH pbIO mmectomamu T. crassus (pl.).

[IpoBeneHHbIE HCcaeI0BAaHUS MTOKA3aIH, YTO Pa3IuuUsl CTPYKTYpPHI (payHbI Mapa3uToB U YPOBEHb
3apakeHHOCTH psAnymku p. Xaranru u Kypeickoro BomoxpaHwiMia 0OyCIIOBIEHBI cHelH(UKO
OoOUTaHUS WX TMOMYJSIHUN B YCIOBUSX PEKM M BOAOXPAHWIIMING, a TaKKe TPOPUYECKHUM CTaTyCcCOM
BOJHBIX OOBEKTOB.
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THE COMPARATIVE CHARACTERISTIC OF COREGONUS SARDINELLA
VALENCIENNES, 1848 PARASITE FAUNA IN POLYTYPIC RESERVOIRS
OF THE ARCTIC ZONE
Y. K. Chugunova
Federal State Budgetary Scientific Establishment Scientific Research Institute of Ecology of Fishery
Reservoirs, Krasnoyarsk, Russia, e-mail: jhermann@mail.ru

The parasite fauna of Khatanga’s vendace (710 59°00"" N) (the Laptev Sea basin) and vendace of
the Kureiskoye reservoir (66 55°00"" N) (the Kureika river is a right-bank tributary of the Enysei river,
located in the Kara Sea basin) wad studied. Khatanga’s vendace is anadromous fish (it feeds in the
Laptev Sea’s bay) and the vendace of the Kureiskoye reservoir is a landlocked form.

Khatanga’s vendace has 13 parasite species. Organisms of zooplankton are intermediate hosts
for Diphyllobothrium ditremum (80%), D. dendriticum (53,3), Philonema sibirica (53,3%),
Proteocephalus longicollis (33,3%) and Triaenophorus crassus (6,6%). The fish feeding on benthic
invertebrates leads to their invasion by nematodes, cestodes and acanthocephales: Cystidicola farionis
(26,6%), Raphidascaris acus (larva) (20%), Cyathocephalus truncatus (6,6%), Echinorhynchus
salmonis  (20,0%), Neoechinorhynchus rutili (6,6%). Henneguya zschokkei (20%), Coregonicola
orientalis (20,0%) and Salmincola sp. (6,6%) have the simple life cycle without intermediate hosts.
The crustacean C. orientalis infects whitefishes in brackish water of the bay and fishes bring it in the
Khatanga River in the course of spawning migration.

The vendace of the Kureiskoye reservoir has 10 species of parasites, half of them connected with
planktonic intermediate host. The most spread specie is T. crassus (pl.) (100%, mean abundance
is 20,3) here. Some fishes have 73 plerocercoids in the muscles. Worm’s connective-tissue capsule is
not formed. Cestodes D. ditremum (66,6%) and P. longicollis (53,3%) have high prevalence.
D. dendriticum (33,3%) and Ph. sibirica (20,0%) have average prevalence. Nematode R. acus (6,6%)
is a rare type. Capriniana piscium (13,3%), Apiosoma sp. (6,6%), Discocotyle sagittata (6,6%) and
Chloromyxum coregoni (53,3%) check in only for fishes from the reservoir. The creation of reservoir
changes vendace’s parasite fauna. The vendace has a high prevalence of the T. crassus (pl.) now.

A trophic status of the Khatanga River and the Kureiskoye reservoir, specific habitats of river’s
and reservoir’s vendace populations determine a structure of the parasite fauna and the prevalence’s
degree of the vendace.
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AKTUBHOCTDHb ®EPMEHTOB DQHEPTETHYECKOI'O OBMEHA U YPOBEHb
IKCHIPECCHUHU 'EHOB MBIHIEYHbIX BEJIKOB Y MOJIOAU ATIAHTHYECKOI'O
JOCOCH SALMO SALAR L. 1 KYMKH SALMO TRUTTA L. PABHBIX BO3PACTHBIX

I'PYIIII
M. B. Uyposa, O. B. Mewuepsixosa, H. H. HemoBa
DeoepanvHoe cocyoapcmeennoe blodxcemHoe yupedcoenue nayku Uucmumym duonoeuu Kapenvcrxoeo
Hayuno2o yenmpa Poccuiickoil akademuu Hayk, 2. [lempozasoock, Poccus,
e-mail: mchurova@yandex.ru

JKu3HEHHBIN LMK JIOCOCEBBIX PHIO BKJIIOYAET PAa3HOOOpPA3HBbIE ATAlbl PA3BUTHUSI CO CIOKHOU
cucteMoil amanramuii. Cpeaw ocoOel OJHOW TeHepalud MOXKET HaOMI0AaThCsl 3HAYUTEIbHAS
middepeHnmanus peld MO pa3MepaM W TEMIaM pOCTa, BIMAONIAs HA BO3pacT Havaia
CMONTU(UKALIMY, YTO TPUBOAUT K (POPMUPOBAHUIO CIIOKHOM BO3PACTHOM CTPYKTYpPHI MOITYJISILIUU 10
JUTMTENIFHOCTH PEYHOro mepuona Xu3HH. [Ipu 3ToM Kakaash BO3pacTHAs TpyNNa pel0 MMEET CBOU
0COOCHHOCTH OOMEHa BEUIECTB, CBSI3aHHbIE C U3MEHEHHEM o0Opa3a *KH3HHU, PACIIONIOKEHHS B MOTOKE,
TUTIA U PEKUMA TUTAHUS, IBUTATEIIBHON aKTUBHOCTH M HA4aJIOM CMOJITU(UKAITUH.

BaxkupiMu  XapakTepUCTHKaMH OpraHu3Ma, HMEIOIIMMU BO3PACTHBIE OCOOCHHOCTH U
OTpaKaroIIue COCTOSTHUE 0co0el M BCeH MOIMYJSIUH B IEJIOM, SIBIISIIOTCSI YPOBEHBb YHEPTETUYECKOTO
oOMeHa u Temnbl pocTa peid. C 1enbl0 U3yueHUs: 0COOCHHOCTEH PHEPreTUYECKOr0 U YIIeBOIHOTO
OOMEHa M TIPOLIECCOB PETY/SIUN MBIIIEYHOTO pOCTa B OHTOTE€HE3€ JIOCOCEBBIX IPOBEACHO
UCCIIeIOBaHNE  aKTMBHOCTH  (EPMEHTOB  JHepreruyeckoro  (uuroxpomokcumasel  LO,
nakrataeruaporenassl JIJII') u yriieBogHoro ooOMeHa (ampaoma3sl, TIK030-6-hocdaTaeruaporenassl,
1-rnunepodocdarneruaporeHasbl) B O€NbIX MBIIIIAX U MedeHu U ypoBHs dkcrpeccun MPHK renos
MBIIIeYHBIX OenkoB (Tspkenod nenu muo3duHa MyHC, mmocratmra MSTN u TpaHCKpUNIIMOHHBIX
dbaxTopoB peryisiuu muoreHesa MyoD, Myf5, Muorenuna) y mecTpsATOK W CMOJITOB aTJaHTHYECKOTO
nococs (Salmo salar L.) u kymxu (Salmo trutta L) pasueix Bo3pactabix rpymnm (0+, 1+, 2+, 3+) u3 pek
Wunnepa u Kpusoii pyueit (Konbckuit moiayocTpos).

YcTaHOBIIEHBI KaK OOIIME TEHICHIIMH, TaK W Pa3In4Ms B XapaKTepe M3MEHEHUS UCCIEeIyEeMbIX
nokaszaTesiel y MOJIOAM JIOCOCS U KYMXKH Pa3HbIX BO3PACTHBIX TPYMI M MpPU CPAaBHEHUU CMOJITOB U
nectpsaTok. Kak [uis jmococst, Tak ¥ JUIst KyYM)KH BBICOKHMN ypoBeHBb akTHBHOCTH L[O ObLT ycTaHOBIIEH
s ceroietok. AktuBHOCTh JIJII' yBenmnuuBamach B BO3PAacCTHOM psily y JOCOoced, a Mexay
BO3PACTHBIMU TPYIIIaMU KyMXH pa3M4did B 3HAYCHWW OTOTO TIOKa3aTesis HE YCTAaHOBJICHO.
JUis mecTpsATOK JIococsl M KyMKM HauOosiee BBICOKHI ypoBeHb skcnpeccuu reHa MyHC Obun y
nByxierok 1+. OmnHako, m3meHeHwe B ypoBHe 3kcrupeccun MPHK rema MyHC y jnococs Owuio
conpspkeHo ¢ u3menenueM yposHs MPHK MyoD u muocenuna, a y KyM>u — ¢ ©3MEHHEM 3KCIIPECCUU
MPHK Myf5. Beicokuii Yposens skcnpeccurt MPHK rera MSTN  cooTBeTCTBOBal BRICOKOMY YPOBHIO
skcnpeccun MPHK MyHC B Bozpacte 1+ y 5ococss U KymKu. Y CMOJTOB JIOCOCS M KYMXKH IO
CPaBHEHHIO C TECTPATKAMH CHIDKAIACh aKTHBHOCTh (PEPMEHTOB YTIIEBOJAHOTO OOMEHa B IEYCHHU.
Y nococs yposenb skcnpeccun MPHK MyHC, MyoD u muocenuna y cMONTOB OBLT HUXKE
M0 CPaBHEHUIO C MECTPITKAMH; & Y CMOJITOB KyMmH cHikaicst ypoBeHb MPHK MyHC, MSTN, Myf5,
a akcripeccust MPHK muocenuna m MyoD1c Obuia BbIle 0 CpaBHEHUIO C MECTPSATKAMH.

CpaBHHTENBHBIE HCCIEOBAHUS JIOCOCS M KYM)KM DPa3HBIX BO3PACTHBIX TPYIII, IECTPATOK
U CMOJITOB JEMOHCTPUPYIOT MEXBHJIOBBIE CXOJCTBA W PA3IMuYUsl B IMapaMeTpax JHEPreTUYecKOro
oOMeHa U peryisinuy Muorenesza. CXoaHast TEHISHINS 00yCIIOBIIEHA MPHHAICKHOCTHIO 3THX BHJIOB K
OTHOMY CeMEMCTBY M OOUTaHMIO B OTHOCHUTEIBHO CXOJHBIX OKOJOTHYECKUX  YCIOBMSX,
a oOHapyXeHHBIE pa3IN4Msi, BEPOSTHO, OINPENENSIOTCS BHIOBBIMH OCOOCHHOCTSIMH MeTaboiu3Ma
B (DOPMUPOBAHUH A/TANITUBHOM CTPATErny POCTA, PA3BUTHUS U BEKUBAHUS OCOOEH.

WccnenoBanus BeInoiaHeHb! Ipu prHaHcoBOM noaaepxkke rpanta PH® no npoekry «Jlococesbie
pb10bl CeBepo-3anana Poccun: 3K0710ro-OMOXMMHYECKHE MEXAaHHU3Mbl paHHEro pasBuTHs» Nel4-24-
00102.

157


mailto:mchurova@yandex.ru

AGE-DEPENDENT VARIATIONS OF METABOLIC ENZYMES ACTIVITIES
AND MUSCLE-SPECIFIC GENE EXPRESSION IN ATLANTIC SALMON SALMO SALAR L.
AND BROWN TROUT SALMO TRUTTA L
M. V. Churova, O. V. Meshcheryakova, N. N. Nemova
Institute of Biology of Karelian Research Center Russian Academy of Science, Petrozavodsk, Russia,
e-mail: mchurova@yandex.ru

The life cycle of Salmonidae includes various developmental stages with a complex system of
adaptations. Individuals of the same generation can differ significantly based on their size and growth
rates, which influences the onset of smoltification at different ages. The process resulted in formation
of complex age structure of population on duration of river life period. Each age group of young fishes
is characterized by features in metabolism related to changes of stream location, feeding type
and regime, activity and beginning of smoltification.

The most important parameters, which have age-related variations and determine the state
of individuals and the population as a whole are energy metabolism and growth. This study was
conducted to characterize the energy metabolism level and the features of muscle growth regulation
during the development of young Atlantic salmon Salmo salar L. and brown trout Salmo trutta L.
inhabiting the Indera River and Krivoy ruchey (Kola Peninsula, Russia). The activities of aerobic and
anaerobic enzymes (cytochrome ¢ oxidase, COX, and lactate dehydrogenase, LDH) and carbohydrate
metabolism enzymes (glucose-6-phosphate dehydrogenase, glycerol-3-phosphate dehydrogenase
and aldolase) in muscle and liver tissue, and gene expression levels of myosin heavy chain (MyHC),
myostatin (MSTN), myogenic regulatory factors (MRFs — MyoD1, Myf5, myogenin) in the white
muscles of young salmon and brown trout of ages 0+, 1+, 2+, 3+ were measured.

Both general trends and differences in the character of the changes in the studied parameters
in salmon and trout juveniles of different age groups and in comparison of smolts and parr were
revealed. The COX activity was higher in muscles of yearlings (1+) in both salmon and brown trout.
The activity of LDH increased with age in salmon, but there was no differences between age groups in
trout. In salmon as in brown trout MyHC expression level was the highest in 1+ parr. But high MyHC
MRNA levels in salmon parr at age 1+ corresponded with the high expression levels of MyoD1
and myogenin, and in trout - with Myf5 expression. The high levels of MyHC expression in yearlings
(1+) was accompanied by high MSTN mRNA level both in trout and salmon. In smolts of salmon
and brown trout the activity of carbohydrate metabolism enzymes was decreased in livers
in comparison to parr. In salmon the expression levels of MyHC, MyoD1 and myogenin were lower
in smolts compared to parr. In trout expression levels of MSTN, MyHC, Myf5 was lower in smolts than
in parr, but in contrast, the myogenin mRNA levels was higher in smolts.

Comparative studies of salmon and brown trout of different age groups, parrs and smolts
demonstrated inter-species similarities and differences in the parameters of energy metabolism and
regulation of myogenesis. A similar trend in age- and stage- specific changes is due to the fact that
these species belong to the same family and live in relatively similar ecological conditions.
The observed differences are, probably, determined by the species-specific features of metabolism
in the formation of an adaptive growth, development and survival strategy for individuals.

This study was carried out at the Scientific Center of Collective Usage Platform of the Institute
of Biology of the Karelian Research Centre of the Russian Academy of Sciences. Salmonid fish catch
and study were conducted in the accordance with a resolution no. 51 2015 03 0119 by Barentsevo-
Belomorskoye territorial department of the Federal Agency for Fisheries. The study was supported by
the grant of Russian Science Foundation (project Ne 14-24-00102).
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O IIEPBBIX PE3YJIbTATAX IPUMEHEHUA METOAUKHU YYETA HEPECTOBbBIX
I'HE3 ATJTAHTUYECKOI'O JIOCOCHA P. ME3SEHb
H. W. [IIunos
Komu pezuonanvuwiii nexommepueckutl pono « Cepebpsinas maiear, 2. Coikmuliexkap, Poccus, e-mail:
NShilov@komimodelforest.ru

ATIaHTUYECKUH JIOCOCh SIBISIETCS OAHMM W3 LIEHHBIX BHUIOB pbIO OacceitHa p. MeseHb.
TpaauumMoHHO €ro BBUIABIMBAIM Ha NPOTSDKEHHMH BCEH pEKH, a Takke B MeseHCKoil ryoe.
OOpbIBOYHBIE CBelEHHUS 00 o00beMax U3BITHS BCTpedaroTcss ¢ mnepBoit mojoBuHbl XVIII B.,
HeTpepbIBHBIE HAOIIOACHUS 32 COCTOSIHMEM 3TOrO BHJa B p. Me3eHb B BHJIE PHIOOIPOMBICIOBOTO
MOHHUTOpHHra Hadaiuch B XX B. [lpu 3TOoM, MO MHEHMIO psia 3apyOeKHBIX U OTEYECTBEHHBIX
HXTHOJIOIOB, HEPECTO-BBIPOCTHBIE YTO/1bsI JIOCOCS HAXOASTCS B YAOBIETBOPUTEIBLHOM COCTOSIHUU U HE
HY)KJAIOTCS B BOCCTAaHOBJIEHMU. B Hacrosiee BpeMsi Ha ydacTKe BEpXHEro TeuyeHus p. MeseHb
COXpaHSeTCs BOCIPOU3BOJCTBO aTIAHTUYECKOTrO Jiococs. OO0 3TOM CBHIETENBCTBYET MPHUCYTCTBUE B
HEBOJIHBIX yJIOBaX MOJOIHU JIOCOCA M KapiIHKOBBIX caMIlOoB. C MOMEHTa 3aKpPBITHS MPOMBIIIEHHOTO
goBa B Hayane 1980-x romoB u3-3a CHUXKEHHMS €ro peHTa0EIbHOCTH, HCTOYHHKOM JTAHHBIX
MIPOMBICIIOBOM  CTaTUCTUKU OCTAIOTCS JaHHbIE O JIIOOUTENbCKOM JIMIEH3UOHHOM JIOBE Ha
pBIOONPOMBICIIOBBIX YuacTkax Jlemykonckoro u Mesenckoro paiioHoB. B 2011 r. ®ong «Cepebpsinas
taiiray coBmecTHO ¢ DPI'BY «KomupeibBog» u HMuctutyrom Omonmoruu Komu HI[ YpO PAH
OpraHU30BaJl MOHUTOPUHI CEMI'M, OCHOBHAs 11€J1b KOTOPOT'O — OLIEHKA COCTOSIHUSI IIOMYJIALIUKA CEMTU U
BOCIIPOU3BOJICTBA TPYNIUPOBOK JAHHOTO BHJA METOJOM YydeTa HEpeCTOBBIX THE3]l aTIAaHTUYECKOIrO
Jococs. YyacTKaMu ITPOBEIEHUSI MOHUTOPUHTa BbIOpaHbl p. Me3eHb oT noc. BepxHeMe3eHCeK 10 yCThs
p.- YBbro, yuactku pp. Hwxknsasa Ilysna, Bepxusasa Ilysna, Ileicca u EnBa-Me3eHckas cymMapHOU
npotrskeHHocThi0 Oosee 200 kM. Pe3ynbrarhl mepBbIX JIET BEIEHUS MOHUTOPUHIA YKa3blBalOT Ha
MaKCHMaJbHOE KOJMYECTBO 3aperuCTpUpPOBaHHBIX THe3x B 2016 r., 4TO MO3BOJSET OICHUTH
HauOOJBIIYI0 YHCICHHOCTh HEpeCcTyIHMX camok B mpeaenax 50-80 k3. Ha uccimenoBanHbeix HBY

(puc.).

JlnHaMMKa KOJIMYECTBA THE3 JIOCOCS

150 T
LA

2011 2012 2013 2014 2015 2016
T'oxer HAaOMrOMEHMI

a1
o

KomnuuecTBo rHE3

o

Pucynok. JluHamrka KoJIM4eCTBa THE3]T JIOCOCS

Ha TeKyHII/II\/II MOMCHT MOHHUTOPHHT OXBAaTbIBACT IICPUOJ XKHU3HCHHOI'O HHKJIA 0 BIICPBLIC
HEpecTYIOMMX 0coOel 1 He MO3BOJISIET OLIEHUTh TUHAMUKY U3MEHEHHS YHCICHHOCTH CTajia B MOTHOU
Mepe. TeM He MeHee, HaMEUEHO YBEJIMUYCHHE HepecTyromux ocobeir B mepuon 2015-2016 rr.
MunumanbHOe 3HaYeHHE 3aperUCTPUPOBAHHBIX THE3[ Jiococs oTMeueHo B 2011 1., 4To MokeT OBITh
00yCIIOBJIEHO aHOMAJIbHO BBICOKMMHU TEMIIEpaTypaMu BOJbI B MPUTOKaX p. Me3eHb U CABUTOM CPOKOB
HepecTa.
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ABOUT PRELIMINARY RESULTS OF ESTIMATION METHODS OF ATLANTIC
SALMON SPAWNING REDDS IN THE MEZEN RIVER
N. I. Shilov
Komi Regional Non-Profit Foundation "Silver Taiga", Syktyvkar, Russia,
e-mail: NShilov@komimodelforest.ru

The Atlantic salmon is one of the most valuable fish species in the basin of the Mezen River and
traditionally it has been fishing out in all areas of the River as well as in the Mezen Bay.
In the beginning of XVIII century there were some records about the volume of the caught fish but
continuous and sustainable Atlantic salmon fishing monitoring has started since XX century only.
According to some foreign and Russian ichthyologists estimations spawning grounds of salmon are in
good conditions and don’t require rehabilitation. Nowadays there is Atlantic salmon spawning in the
upstream of the Mezen River, this fact can be proved by observation of salmon juveniles and
precocious male salmon in seining. Since commercial fishing stopped in the beginning of the 1980s
due to decrease of its profitability, the statistic data was based on nonprofessional licensed fishing
at 3 fishing areas in Leshukonsky and Mezensky districts. In 2011 «Silver Taiga» Foundation, Federal
State Budget Organization «Komirybvod» and the Institute of Biology of the Komi Scientific Center
of the Ural branch of the Russian Academy of Sciences started salmon monitoring, when the main goal
has been estimation of salmon population condition and its regeneration by means of the estimation
method of the Atlantic salmon spawning redds. The monitoring areas were selected on the Mezen
River from the settlement Verkhnemezensk till the mouth of the Uvju River and on the rivers
Nizhnaya Puzla, Verkhnaya Puzla, Pyssa and Elva-Mezenskaya with the total length of 200 km.
The results of the first monitoring data showed the maximum amount of registered redds in 2016,
so we can convert up to the 50-80 female salmon spawners in the monitored areas (fig.).

Spawning redds dynamics
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Figure. Spawning redds dynamics

This data is incomplete to give the full estimation dynamics of changes in the population.

Nevertheless we have observed the increased number of spawners within the period of 2015—
2016. The least number of registered spawning redds was traced in 2011 and can be explained by
abnormal high temperatures of water in the Mezen River tributaries and by the shift in the spawning
period.
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HNUCITOJBb30BAHUE 'OPMOHAJIBHOI'O KOHTPOJISA BOCITIPOU3BOACTBA
JIOCOCEBBIX Pblb B KAYECTBE HHCTPYMEHTA 2®@®EKTUBHOI'O YIIPABJIEHUSA
NHKYBAIIMOHHBIX HEXOB
S1. Koypsxwun, I1. [Toaropen
Yuueepcumem IOoxcnoti bocemuu ¢ Yecke-byodeésuye, FOxcnouewckuii HayuHOU Yenmp aK8axKyibmypsl u
buopasnoobpasus 2udpoyenosa, 2. decke-byoeésuye, Yexus, e-mail: kouril@frov.jcu.cz

JlococeBble phIOBI SABISAIOTCS IKOHOMUYECKU OYEHb BaXHOW Ipynoil pbl0 B Mupe. MHOrue Bubl
U3 HUX SBISIOTCS TMPHUOPUTETHBIM MPEAMETOM IIHUPOKUX KOMEPUYECKUX AaKBaKyJIbTyp, BHIbI
C TPOMBICHOBHBIM M CIIOPTHUBHBIM 3HAUYE€HHEM M BHJbI, KOTOPBIE HCCHOJB3YIOTCS B HAyYHBIX
UCCIIEIOBaHMAX. AKBaKyJbTypa JIOCOCEBBIX, B IEPBYIO Oue€pelb O5TO AaTJIaHTUYECKHH JI0COCh
(Salmo salar), pamyxnas ¢opens (Oncorhynchus mykiss) u nmanHeBocTOuYHBIE JO0cOocH (poja
Oncorhynchus), manpaee  Anbnuiickuit/Apktudeckuii  rombubl — (Savelinus  alpinus/umbla),
Awmepukanckuii roner (Salvenilus fontinalis), rudpun romsia (S. alpinus x S. fontinalis), kymka
(Salmo trutta fario) u [lymaiickuii Taiimenbp (Hucho hucho). A Ttaxke Moryt ObITh 100aBICHBI
Hekoropbie xapuychl (Thymallus thymallus) u curu (Coregonus lavaretus u C. peled). 3naunrensHoe
yBEJIMYECHNE HMHTEHCHUBHOM aKBaKyJIbTypbl MPOXOAMT B TEUYEHHE MOCIEAHHMX AecaTtuneTuit. OmHO
U3 TIPEATOJIOKEHUH yCTOWMYMBOW aKBaKyJIbTYPHI JOCOCEBBIX, SIBISIETCS CIIOCOOHOCTH YIPaBIICHUS
MIPOLIECCOM BOCTIPOM3BOJACTBA PHIO, BHIPAIICHHBIX B AKBAKYJIbTYPHBIX YCIOBUAX, YTOOBI MOJYYHUTH
BBICOKOE Ka4eCTBO IOCATO0YHOTr0 MaTepHaia Ui IPOAYKIIMH TOBAPHON PHIOBL.

['opMOHaIbHBIA KOHTPOJIb OBYJSIIUU Y JIOCOCEBBIX PHIO, YTBEPKACHHBIX OBITH 3((HEKTUBHBIM
WHCTPYMEHTOM, YTOOBI MIOMOYb YIIYYIIUTh YIPABICHUE MAaTOYHOTO CTaJga B WHKYOAIIMOHHBIX II€Xax.
Tem He MeHee, BCE TOPMOHAIbHbIC MAHHUMYJSIIIMM B AaKBaKyJIbType JIOCOCEBBIX PBIO cleayeT
paccMaTpuBaTh, Kak  IEPCIEKTUBHBIE  METOJbI  BOCHPOM3BOJICTBA.  YUHUTHIBAS  XapakTep
PENPOAYKTUBHON ITUCHYHKIIMH M TPOAODKUTEIBHOCTH CE30Ha BOCIPOHM3BOJACTBA JIOCOCEBBIX PHIO
TOPMOHAJIFHO KOHTPOJIMPYEMOE DPa3MHOKEHHE Yy STHX BHJIOB JIOJDKHO OBITH B TEPBYIO OUYEpPEIb:
1) cuHXpoHU3alMel M BpPEMEHEM 3a4YMCTKH B Oojiee KOPOTKMX HUHTEpBajax Jake IpH MeHee
MOAXOALINX YCIOBUSIX (TIOBBIIIEHHON TeMmmeparype); 2) orpaHu4eHHe oOpaOOTKM M HaIpsKEHUs
MaTOYHOTO CTaJa, KOTOpbl€ YMEHBLIAIOT CMEPTHOCT; 3) moBblmeHHe 3(deKTuBHON paboTHI
WHKYOAIIMOHHBIX 11eX0B; 4) HE YMEHBUINTH KOJMYECTBO M KA4eCTBO TIOJOBBIX MPOAYKTOB;
5) u, creaoBaTeNbHO, HE MMEET HEraTUBHOE BIMSHUE HAa MOTOMCTBO. [IprMeHeHHe ropMOHaIbHBIX
MPErapaToB JOMKHO OBITh XOPOIIO OOOCHOBAaHHBIM BBHINICYMOMSHYTHIMH ITYHKTAMH, WHA4e €ro
ucrnoinb30BaHue Oyaet Hed(HEKTUBHBIM.

Hacrosmas pabora 00001IaeT MOJIOXKUTEIbHBIE PE3YJIbTAaThl COOCTBEHHBIX HKCIEPUMEHTOB
C TOPMOHAJIBHOW MHIYKLHEH OBYISILMU Yy paxyKHOW Qopenu, AMEpUKAHCKOTO ToJbla, KyMXKH,
EBpomneiickoro u ApKTHYECKOTO XapUyCOB M cCUTa, Nemsau. sl CHHXpOHW3WPOBAaHUS OBYIISLIUU
U YCKOPEHHUsl BpEMEHHM JIATeHTHIUH HCToyIb30Banuch ynctbie GnRHa nnn komMepueckue npenaparsl,
conepxamre GnRH, B HEKOTOPBIX CiydasiX UX BBOJWJIM BMECTE C HEMOJIHBIM aJibloBaHTOM DpeitHaa

(FIA).
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USING OF HORMONALLY STIMULATED OVULATION IN SALMONID FISH
AS A POSSIBLE HIGH EFFECTIVE TOOL OF BROODSTOCK MANAGEMENT
J. Kouril, P. Podhorec
University of South Bohemia in Ceske Budejovice, Ceske- Budejovice, Czech Republic;
South Bohemian Research Center of Aquaculture and Biodiversity of Hydrocenoses, Ceske-Budejovice, Czech
Republic, e-mail: kouril@frov.jcu.cz

Salmonids fish are economically very important fish family in the world. Many species of them
are a priority subject of widespread comercial aquaculture, sport and scientific research. In Europe,
South and North America, the salmonid aquaculture is primarily aimed at Atlantic salmon
(Salmo salar), rainbow trout (Oncorhynchus mykiss), Pacific salmon species (genus Oncorhynchus),
arctic and Alpine charr (Salvelinus alpinus/umbla), brook charr (Salvelinus fontinalis), Elsdsser charr
(hybrid S. alpinus x S. fontinalis) and Danube huchen (Hucho hucho). And also some thymalid
and coregonid species may be added the European grayling (Thymallus thymallus), and European
and northern whitefish (Coregonus lavaretus and C. peled). A large increase of intensive aquaculture
has been recorded during the last decades. One of the assumptions of sustainable aquacultural
production is the ability of the reproduction process control of fishes reared in captivity to obtain high
quality seed for successive market fish aquaculture.

The hormonal control of ovulation in salmonid fishes approved to be an effective tool to help
to improve broodstock management at hatcheries. Nevertheless the whole hormonal manipulation in
salmonid aquaculture has to be seen as realistic as possible. Considering the nature of reproductive
dysfunction and duration of spawing season in salmonid fish, hormonally controlled reproduction
in these species must be primarily dealt with: 1) synchronization and timing of stripping into as short
as possible intervals even under less suitable conditions (elevated temperature); 2) limitation
of handling and stress of the broodstock to a minimum to reduce the postspawing, resp. prespawing
mortality; 3) enhancement of the work efficiacy at hatcheries; 4) not to decrease the quality and
quantity of the obtained eggs or milt; 5) and consequently not to have a negative influence
on the progeny. The use of hormonal preparations must be well-founded by above mentioned counts,
otherwise its utilization lacks the effectiveness.

The present work summarizes the positive results of own experiments with hormonal induction
of ovulation in rainbow trout (Oncorhynchus mykiss), brook charr (Salvelinus fontinalis), brown trout
(Salmo trutta fario), European and Arctic grayling (Thymallus thymallus arcticus and T. thymallus)
and Northern whitefish (Coregonus peled). To synchronized ovulation and a shortening of the latency
time were used pure GnRHa or commercial preparate containing GnRHa, in some cases administered
with Freund's incomplete adjuvant (FIA).
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GENETIC DIFFERENTIATION AND HISTORY OF COREGONUS ALBULA (L.)
POPULATIONS IN LATVIAN LAKES
J. Oreha, N. Shkute
Daugavpils University, Daugavpils, Latvia, e-mail: jelena.oreha@du.lv

The European vendace (Coregonus albula (L.)) is a widespread species in the waters
of the Holarctic, however in Latvian lakes its share in the fishery is not big, and the catch is
insignificant and unstable.

The artificial reproduction of vendace began in the territory of Latvia since at least 1888.
At the beginning of the last century, the vendace was introduced from lakes Ladoga (Russia)
and Peipus (Estonia) to more than 30 Latvian lakes. In the 30s of the last century these species
was registered in about 30 Latvian lakes. Industrial catch of vendace in the 1930s reached 13 tonnes
from one lake. In the period since the 1950’s the vendace populations were subjected to intensive
industrial fishing and this distribution of this species in Latvian lakes has diminished. Later in the 60s
of the last century vendace was registered in 11 lakes. Vendace have been found only in 13 lakes after
1990 (Aleksejevs, Birzaks, 2012). So it is included in a list of specially protected species with
restricted use in Latvia in 2000. Presently vendace is found in nine Latvian lakes (according to our
data).

Nowadays the populations of West and East European vendace are relatively well investigated
by using various morphological features and molecular genetic markers (Vuorinen, 1984; Sendek,
2002, 2011; Huuskonen et al., 2004; Schulz et al., 2006; Boposukora, 2009). Until recently the studies
of the morphometric properties of the vendace populations in Latvian lakes were carried out
in 1950s-1960s. Analysis of changes of morphometric properties in vendace populations in some
Latvian lakes for the last 50 years was conducted in 2009 (Oreha, Shkute, 2009). The genetic
polymorphism was not studied at all until 2006.

Microsatellite markers are widely used in the studies of the population structure of whitefish all

over the world, although there are few similar studies on European vendace (Huuskonen et al., 2004;
Schulz et al., 2006; Prebel et al., 2013). The results of our study offer data about genetic
differentiation of the vendace populations in nine Latvian lakes using microsatellite markers.
The indices of genetic differentiation (Fst) among the pairs of the studied vendace populations range
rather broadly (0.053 - 0.192). There is an opinion that the values of genetic differentiation (Fsr)
of 0.14-0.16 are typical among vendace populations in postglacial period in Northern Fennoskandia
(Praebel et al., 2013). Consequently, it can be assumed that in our study, the populations, among which
a rather high level of differentiation was found, mainly contain those genotypes that are characteristic
to the local populations, though the high Fst values could also appear as the result of rapid fluctuations
of the number of the populations (i.e. the bottleneck effect, the founder effect).

The genetic differentiation of the studied vendace populations was analysed also by combining

other approaches. By using the UPGMA tree and the Bayesian approach (STRUCTURE),
the homogeneity of the two vendace populations was shown, but the other seven vendace populations
were extracted in another cluster. The principal component analysis (PCA) confirms the separation
of the studied vendace populations into two genetic groups.
The discovered level of genetic differentiation differs among the studied populations. The cause
of the differences in genetic differentiation among the various populations may be the consequences
of the introduction and genetic drift, which influence the allele frequencies in different ways.
The genetic differentiation of the studied populations can indicate the result of the acclimatization
of the imported genotype, i.e. the founder effect; the interaction of the introduced genotypes with
the indigenous genotypes; the expansion of the hybrid genotypes due to the fact that during
the introduction activities the vendace from Lakes Ladoga and Peipus, the ripus from Lake Ladoga
and whitefish and vendace hybrids were introduced in various lakes.
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