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Mopgosioruyeckue aHOMaIUM CKesleTa y Mo10oAu pbio p. Kaun
(0acceiin Cpeanero EHucest) B rpagueHTe TeXHOTeHHON HATPY3KH

Ilpeocmasnenvt dannvie 0 pasHOOOPA3UU U BCMPEUACMOCIU MOPDOLOSUUECKUX
aHoManull 6 pazeumuu Ccxeiema y Moaoou neckaps cubupcrkoeo Gobio gobio
cynocephalus Dybowski, 1869 u convana peunoco Phoxinus phoxinus (L., 1758) ons
yemvipex yuacmkog p. Kauu (baccein Cpeoneco Emnuces). B obweii croxcrHocmu
Quaznocmuposano 95  amomanuu  mMopghonocuu  cKkeiemd, HPUHAONEHCAWUX K
12 munam u 10KaIU308aHHBIX 6 6 OmMOenax ckeiema. Y mMonoou neckapsi 0OHapys’ceHvl
62 anomanuu 7 munos, y Monoou 2oavsina — 33 anomanuu 10 munos. Ommeuennvie
aHoManuy JIOKAIU308ANUCH NPEUMYUIECTNBEHHO 8 X80CMOB0M omoene NO360HOYHUKA
u npedcmagnanu cobol pazHoobpasuvie Oepopmayuu HeGPANLHBLIX U 2EeMATbHbIX
O0ye, maxue Kaxk He3amKHymvle OyeU NO360HKO8, CpawjeHue Oye pPA3HbIX NO360HKOG,
nepemeujenue 0ye Ha coceonue no3eoHKu. Bempeuaemocms anomanuii sapvuposana 6
npedenax om 6,5 00 55,7% y monoou neckaps, om 8,4 0o 75,0% y monoou eonvsna.
Yacmoma ecmpeuaemocmu anomanvhvlx ocodeu cocmasuna 4,6—10,4% ons monoou
neckaps u 7,4—11,7% ons monoou eonvsaua. Jonu msajicenvix popm aHomanuii y Moioou
08X 61006 ObLIU OIUZKU U UBMEHAUCD 6 npedenax om () 0o 80% om éepxHeco meueHus:
pexu K nudxcnemy. Ilpu ananuze ecmpevuaemocmu anomanuil  p. Kaue npocnescusaemes
MmeHOeHYuUsl YBenuyeHUs 4acmoml 6CMpedaemMocniu no mepe yCuieHus aumpono2eHHol
Haepy3Ku Ha 6000MOK. B yenom 3Hauenus nokazamenei 6CmpedaemMocmu aHOMAanull 8
pazeumuu ckerema 8 Hudichem mevenuu p. Kauu 6nusku k wacmomam ecmpeuaemocmu
AHOMANULL NO360HOYHO20 CMOAOA Yy MONIOOU pblh, paHee OMMEYEHHbLIM 6 psoe
npueopooHvIX 8000moxos 2. Kpacnosapcka.

KutoueBble ¢10Ba: onmozenes pwih, MOponrosuieckue aHOMAIuU, mexHOLeHHOe
6o30eticmeue; Phoxinus phoxinus; Gobio gobio cynocephalus.

BBenenune

[peobmanaromast gacTe ManbIx pek Poccun moaBepkeHa aKTHBHOMY TEXHO-
reHHoMY Bo3zelicTButo [1]. Hanbonee KpUTHUHO 3TO MPOSIBISETCS B TOPOACKUX
U TIPUTOPOJHBIX BOAHBIX 00BEKTaX, MPHHUMAIOIINX Ha ce0sl OTPOMHOE KOJIHYe-
CTBO MOJUIIOTAHTOB OPraHUYECKOTO U HEOPraHUYECKOTO IMPOUCXOXKAeHUs [2].
B Oacceiine p. EHnceli spkuM TIpUMEpOM TAaKOTO BO3ICHCTBUS siBisieTcs p. Kaua
(J1IeBoOepexHbIN MPUTOK MEPBOTO MOPSAKA NPOTSHKEHHOCTBI0 102 KM), HIDKHEE
TeYeHHe KOTOPO HaxXoAuTcs B yepTe I. KpacHosipcka u moaBepraeTcs MoCTOsH-



Mopgponozuueckue anomanuu ckenema y mMonoou poio 157

HOMY BO3JICHCTBHUIO TEXHOTEHHBIX 3arpsizauTenei. CornacHo [ocynapcTBeHHOMY
noknany «O cocTosiHUU U 00 oXpaHe OKpyskatouiei cpensl Poccuiickoit denepa-
nuu B 2014 roxy» y4acTok peKu, pacioiioKeHHBIH B uepte T. KpacHosipcka, BHe-
CeH B MepeyeHb HanboJiee 3arpsi3HEHHBIX BOJHBIX 00BEKTOB Ha Tepputopun PO
[3]. Cnucok mommoTanToB B p. Kaue BkItowaer xenes3o, Meib, IUHK, aTFOMIHIH,
mapraten u ¢enonsl [4]. B 2015 . HopMaTuBbI KadecTBa MPEBBIIATN CPEIHE-
TOIOBBIE 3HA4YEeHMsI sl cheayronux mnokazareneit: XIIK (B 1,2 pasa), BHK5 (B
1,1 paza), sxene3o obuiee (4,3 I1JIK), amomunwmii (12 [TAK), mapranen (9 I11K),
menb (2,5 TIAK) [5]. Ha npoTsbkeHUur HEeCKOJIBKUX JIET B PEKe OTMEYaeTCsl TCH-
JICHIIMS YBEIMYEHHS CPEIHET0/IOBBIX KOHIICHTPAIUK METaJIOB (aJIFOMUHUS, Map-
TaHIa, )KeJIe3a) B HaIPaBJICHUH OT UCTOKA K YCTBIO.

[Ipu ompeneneHN 3KOIOTHYECKOTO COCTOSHHSI BOAHBIX SKOCHCTEM HIMPO-
KO MPUMEHSETCS WHIUKAIUS 110 COCTOSHHIO OPraHU3MOB THAPOOHOHTOB [6—7].
OnHy U3 BayKHEHIINX MO3UIUH 3/1€Ch 3aHUMAET PbIOHOE cOO0IIECTBO. DTO CBsI3a-
HO C BBICOKHAM pa3HO00pa3neM 3aHUMAEMBIX PHIOAMH SKOJIOTHUECKUX HHIII, TIPO-
JIOJDKUATENbHBIM JKM3HEHHBIM IIUKJIOM, TJIaBEHCTBYIOIIMM TOJIOKEHUEM B TIHILE-
BBIX IIETISAX U pAIOM JpyruX GpakTopoB [8—10]. PeiObI Haubonee 9yBCTBUTEIBHBI
K BO3JICHCTBHIO MOJITIOTAHTOB TJIABHBIM 00pa30M Ha PaHHUX CTAJUSX OHTOTEHe-
3a, B CBSI3M C HAMMEHBIINM YPOBHEM TOKCHKOPE3UCTEHTHOCTH TI0 CPAaBHEHHUIO C
B3POCJIBIMH 0COOSIMH, a TaK)Ke HEBO3MOKHOCTBIO aKTUBHO YXOJUTh U3 PailoHOB
C BBICOKMM ypoOBHeM 3arpsizHeHus [9]. Ha ocHoBaHMM 3TOTO psifi aBTOPOB B Ka-
YecTBEe KPUTEPHUS OLEHKH KayecTBa BOJ| MpeJIararoT MCIOJIb30BaTh MMOKa3aTeIH
pa3sHoOOpa3us U BCTPEIAEMOCTH MOP(OIOTHYSCKIX aHOMAMA pa3BUTHS JINIU-
HOK U MOJIOJIY PBIO, SBISIOMIMXCS CBO€OOPa3HBIM OTBETOM Ha JICHCTBHE KOMILICK-
ca HeONMaronpusATHBIX (PAKTOPOB AOMOTHYECKOTO TPOHMCXOXKICHHUS, B TOM YHCIIC
IIPUCYTCTBUE B 3KOCHCTeMe Tokcuueckux BemecTs [10—-13]. Hecmotpst Ha oOu-
JIF€ HATYPHBIX M OKCIIEPUMEHTAIBHBIX HCCIICTOBAHUH, TIOCBSAMICHHBIX H3YICHHIO
MOp(hHOPYHKIIMOHATIBHBIX HAPYIIEHUH, BOZHUKAIOMIUX Y PHIO, HACENSIOIUX BO-
ITHBIC OOBEKTHI C Pa3IMIHON CTETIEHBIO aHTPOIIOTCHHON HATPY3KHU, aCTEKTHI H3-
Y4EHHUS] MEXaHU3MOB BO3HUKHOBEHUS MOP(HOJIOTrHUECKUX aHOMAJIMI B HACTOSIIEE
BpeMs HE TEPSIIOT CBOCH aKTyalbHOCTH M UTPAIOT BaXKHYIO POINIb B OIICHKE COCTO-
SIHUS Tonysiuuii pe1o [13-14].

Lenp HacTOsIIIEH pabOTHI — M3ydEHHE Pa3HOOOpa3Hs M BCTPEYaeMOCTH aHOMAJIHI
Pa3BUTHS CKeJeTa y MOJIOAM TOJIbsHA PEYHOTO M TlecKapst cuoupckoro B p. Kaye.

MaTepnam,I U METOAUKHU HCCJTICT0OBAHUS

OOBEKTOM HCCIICOBAHUs SIBJISIACH PA3HOBO3PACTHAS MOJIONIb TOJbSHA
peunoro Phoxinus phoxinus (L., 1758) u meckaps cubupckoro Gobio gobio
cynocephalus Dybowski, 1869 — Hauboiiee pacupoCTpaHEHHBIX 1 MHOTOUHUCIICH-
HBIX BUJIOB PbIO, HaceISIFOINNX OacceiH p. EHncei.

UxTtronorunueckuit Mmarepuain oroupaics B urojae—asrycre 2016 I. Ha yeTbIpex
y4YacTKax peKH, pasiHyarolinXcs YPOBHEM TEXHOTCHHOI HArPY3KU M CIIEKTPOM



158 H.O. Aonokos

3arpsI3HAIONIMX BeliecTB: cranmmst | — B yepte . KpacHosipcka; crannms 2 —
1. dpoxuHo, 1 kM Hike nepeBHu; ctanuus 3 — noc. [lamstu 13 Bopuos, 1 km
Hke nocenka; Cranmus 4 — . Jlecnas, 0,5 kM Hike /1 nonotHa (puc. 1).
[lepeyeHb OCHOBHBIX 3arpsi3HSIONIMX areHTOB, a TAKXKE CBOIHAS MH(OpMAIHs
10 pe3yabTaTaM MOHHTOPHHTA OKPY>KAIOMIEH Cpelbl Ha UCCIEMYEeMBIX ydacTKax
pexu npuBeseHsl B TabI. 1.
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Puc. 1. Kapra-cxema paiiona ucciaenoBaHui
[Fig. 1. Schematic map of the study area]

Ta6nuima 1 [Table 1]

JlaHHbIe MOHMTOPUHIOBBIX HCCJI€0BAHMII B IpeJesiax y4acTKOB 0TOopa npod
[Results of monitoring studies at the sampling sites]

Paccro-
STHUE OT Wnnexc .
- 3
YCTBS, KM Koopzm YKU3B Bynusucca ArpASHAOMIIH
Ne | Meco or6opa b, HATbI iy arent (ILAK_ )
M o [Distance . [YuKIZV] | [Woodiviss can
[Sampling site] [Coordi- L [Pollutant
from the nates] [5] biotic index] (TLV_ )] [5]
river mouth, [15, 16] )]
km]
Al (16,4),
Mn (18,9),
Fe (19,3),
1 Kpacuostpck 1 56°01'06"N| 4a, rpssuass | V rpsasuast | HedTenpomyk-
[Krasnoyarsk] 92°52'44"E|  [4a, dirty] [V dirty] oI (10,2)
[Petroleum prod-
ucts (10,2)],
¢enounsl [Phenols]
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OxkoHnuanue Tab 1 [Table1 (end)]

Paccro-
SIHHE OT Wnnexe o
| e Kooprw= | yieyi3g | Bymusmcea 3arp”3H’H°I'?""
Ne 0TOOpa ) HaTBl [YuKIZV] [Woodiviss arent (ITAK )
[Sampling site] [Distance [Coordi- L [Pollutant
from the nates] [5] biotic index] (TLV ] [5]
river mouth, [15,16] san
km]
v Mn (15,0),
5 JpoxuHO 15 56°05'23"N| 4a, rpsi3uast H:E;T;ZS_ Al (13,4),
[Drokino] 92°48'01"E| [4a.dirty] [IV polluted] (enoubl [Phenols],
Y—rXur [y—hch]
ITamsiTit Al (12,0),
3 | 13 bopuos 65 56°13'20"N| 4a, rpsi3nas | V rpssHas Mn (9,0),
[Pam’yaty 92°20221"E [4a, dirty] [V dirty] Fe(4,3),
13 Bortsov] Cu (2,0)
30, oueHb
JlecHnas 56°06'01"N, | 3arps3HeHHas
4 [Lesnaya] 87 92°09'58"E %)3}3, very B AL(1L0)
polluted]

OOmas BenuurHa MpoObl cocTaBuna 396 3K3., cpeau KOTOPHIX HecKaps CU-
oupckoro — 184 3k3., ronbsiHa pedHoro — 212 3x3. Pa3mepHO0-BO3pacTHBIC Xapak-
TEPUCTHKU MCCIIEJOBAaHHBIX 0CO0ei MpUBeaeHb! B Ta0. 2.

Ta6nuima 2[Table2]

Pa3mepHoO-BO3pacTHbIE XapaKTEPUCTHKH P06 MoJioau pbid u3 p. Kauu
[Size and age characteristics of juvenile fish samples from the Kacha river]

Cranius, No Bun N, oK3. A6co;nto?l{aﬂ f}[lHHHa’ MM Bo3spact
Station, No] [Species] [Number, ind.] [Total length, mm] [Age]
[ ) ) M<m
Gobio gobio 70 19.9+0,5 0+, 1+
1 cynocephalus
Phoxinus phoxinus 17 22,5+0,6 0+, 1+
Gobio gobio 68 153403 0+
2 cynocephalus
Phoxinus phoxinus 12 17,8 +0,8 0+, 1+
Gobio gobio 46 222+0,6 0+, 1+
3 cynocephalus
Phoxinus phoxinus 95 24,0+0,4 0+, 1+
4 Phoxinus phoxinus 88 16,4 £0,6 0+

Mopdonorudyeckre aHOMaIHN CKeJIeTa M3yUeHBl Ha TperapaTax, MpeaBapu-
TEJNBHO OKpAIlleHHBIX aJM3apUHOBBIM KpacHbIM 1o Metoauke [lortxoda [17], ¢
HCTIONIb30BAHUEM CTEPEOCKONMUIEeCcKoro Mukpockonma MC2-Zoom (Mukpomen,
Poccus) npu ontuueckom ysenamueHuH 40x. OcMOTp MpoOM3BENEH MOCIEA0BA-
TeNBHO B 9 oTnenax ckenera (Tabi. 3). [Ipw 9TOM OCeBOM CKelleT pasjielieH Ha
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YeThIpe OT/IeNA — II03BOHKH BebepoBa ammapara (TiepBble YeThIpe MO3BOHKA U UX MO-
JM(pUIMPOBAHHBIE JIEMEHTHI), TYJOBHIIHbBIC U MEPEXOHbIE TI03BOHKH (II03BOHKH C
OTKPBITOM TeMATLHOM JTyTOi, Hecylpe pedpa WM He3aMKHYTHIC TTaparioQu3bl), XBO-
CTOBBIE TTO3BOHKH (TTO3BOHKH C 3aMKHYTBIMH HEBPAJIbHOW U reMaJIbHOM JyraMH H Bbl-
PaKEHHBIMHI BEPXHUM H HIDKHIM OCTHCTBIMHI OTPOCTKAMH) U TIpEypajIbHBIC TI03BOH-
KU (TpU MOCIETHUX XBOCTOBBIX MO3BOHKA) U ypocTuib [18—19]. Homenkmnarypa
1 mudQepeHIIpPOBKa aHOMAIIHI M0 CTENICHN TSDKECTH MPHUBEICHBI TI0 aHAJIOTHH
¢ paboramu 0.B. YUeborapepoit u K. bornmuone ¢ coasr. [12, 20]. dns onucanus
BHA U PACIIOIOKEHHSI aHOMAJINH HCIONb30Bajach CHCTEMa YCIOBHBIX 0003Ha-
YEeHHH, CONIACHO KOTOPOH Ka)JIOMY OTJIEINly CKeJleTa IpHUCBanuBajics OyKBEHHBIH
WHJICKC, 2 KOHKPETHOMY BHJy aHOMAJIUH YUCIIOBOM (cM. Tab. 3).

TaoOonuma 3 [Table 3]
YenoBHbIe 0003HAYEHHUS OT/IEJIOB CKeJIeTa H THIIOB OTMEYeHHbIX aHOMAJIHii
[Symbols of the skeleton regions and types of observed abnormalities]

O6o3HaYeHNE .
[Symbol] Otnen ckenera [Skeleton region]

ITosBonku Bebeposa anmapara [Vertebrae of the Weberian apparatus]

B TynoBuILHbIE U IEPEXOJHbIE TO3BOHKH [Abdominal vertebrae]

C XBocTOBbIE 1103BOHKH [Caudal vertebrae]

D [IpeypanbHble MO3BOHKHM M YPOCTHIIb [Preural vertebrae and urostile]

E JIyuu rpyasoro nnaBHuKa [Pectoral fin rays]

F AHaJIbHBIN TUIaBHUK [Anal fin]

G XBocToBoi miaBHUK [Caudal fin]

H CruHHO#M 11aBHMK [Dorsal fin]

I Yepen [Cranium]

O6o3HaYcHNE Bun anomanuu
[Symbol] [Abnormality type]

1 CpariieHre IIEHTPOB MO3BOHKOB* [Vertebral fusion]*

2 Jedopmariius rieHTpa mo3ponka* [Vertebral deformation]*

3 Jedopmanus HeBpanbHOM ayru* [Anomalous neural arch]*

4 Jedopmarus remanbHOM 1yru* [Anomalous hemal arch]*
Jedopmanus / Henopa3BUTHE Tyda IIABHUKA
[Anomalous / absent ray]

6 Jedopmarnus rumypanuu [Anomalous hypural]
Ipoenamusm 3y6HOI KOCMU («MONCOBUOHOCHIbY)
[Anomalous dentary (pugheadness)]

8 Hedopmarus pedep [Anomalous ribs]

Ipumeuanue. Kypcueom BbIIENEHBI TSOKENbIC (OPMbI aHOMAIHUH; aHOMAIIUHM, OTMEYCHHBIC
3HAYKOM *, pacCMaTPUBAIIICH KaK TSOKENbBIC, €CITH OTMEUYAITUCh y 0cO0U OoJiee YeM ONTUH pas.
[Note. Severe types of abnormalities are in italics, abnormalities marked by * were considered as severe if
they were observed more than once].

OreHka KOJIMYECTBEHHBIX ITOKa3aTeNel MOp(OIOTHIECKUX aHOMAIH CKelre-
Ta MPOBOAMIACH HA OCHOBAHMM YacTOThl BCTPEUAEMOCTH aHOMAaIUil B BBIOOpKE
(omst cirygaeB aHOMAJIBHOTO Pa3BUTHS B BEIOOpKE V), YaCTOTHI BCTPEUACMOCTH



Mopgponozuueckue anomanuu ckenema y mMonoou poio 161

AHOMAJIBHBIX 0co0el (J1oJisl aHOMalIbHBIX 0co0el B BbIOOpKEe N), 00IIero crek-
Tpa aHOMamuil (HabOp pPa3IUYHBIX BHUIOB aHOMAJHH, OOHAPYKHBAEMBIX y BCEX
ocobeii B BBIOOpKE, S,,), dncna aHoManuii Ha 0C00b (KOJTHMYECTBO AHOMAJIHIA,
OTMCUYCHHBIX y OTHOI aHOMAIbHON OCOOM) M OTHOCUTEIBHOH BCTPEUACMOCTH
anomaii (4,). OTHOCHTENbHYIO BCTPEYAEMOCTh AHOMAJIMU PACCUMTHIBAIN KaK
OTHOIIIEHHE OOIIEero YKCiIa aHOMAJUI ONpPEICJICHHOrO THIA K CyMME BCEX 3a-
PETUCTPHPOBAHHEIX CIIydaeB aHOMAaIHid B BeIOOpKe (B %) [21]. KauecTBennas
OLICHKA TIPOBO/IMIIACH HA OCHOBAHUH yUETa JIOJH THKEIBIX (POPM aHOMAIHIA OT UX
o011ero yncia B BEIOOPKE.

Craructuyeckast 00padOTKa JaHHBIX U MMOCTPOCHHUE TpaPUUSCKUX H300paxe-
HUH BBITNIOJIHEHBI ¢ UCITONIb30BaHUEeM TiporpaMM Microsoft Excel u PAST. Jlannbie
0 pPa3MEpHOM COCTaBe PHIO M KOJIMYECTBE aHOMAJIHMN Ha 0COOb MPECTABICHBI B
BHJIE€ CPETHUX apr(METHUECKIX CO CTAaHAAPTHBIMH OIIHOKaMu cperHero. Berpe-
4aeMOCTh QaHOMAJII B BEIOOPKE M YacTOTA BCTPEUAEMOCTH aHOMAJBHBIX 0COOCH
CPaBHHUBAJIUCH Yepe3 TaOIHIIbI CONPSHKEHHOCTH 2*2 ¢ omenkoi ¥ mpu p < 0,01.
OreHKa pa3uyuuil B KOJMYSCTBE aHOMANIMI Ha 0COOb MCCIEIOBAIOCH METOIOM
Kpyckana—Yomneca. Pe3synsrarsl aHanm3a 4acTOTHI BCTPEIaEMOCTH aHOMAIbHBIX
oco0eil 1 MOP(OTOTHUSCKIX aHOMAITHIA MIPEICTABICHBI B BUJEC CPEIHUX aprdMe-
THUYECKUX C JOBEPUTEIFHBIMIA HHTEPBaIaMH. PacueT 1oBepuTEeIHHBIX HHTEPBAIOB
IO YaCTOTE BCTPEYAEMOCTH Ha PA3HBIX CTAHIIMAX BBIIOIHEH METOIOM YHIICOHA.

Pe3y.]'leaTbI HCCJICAOBaAHUA

[Tpu ToTaIBEHOM OCMOTpE CKENETOB MOJIONH PhIO 13 p. Kaun B o01ieit cnoxxHocTn
JIMATHOCTUPOBAHO 95 MOP(OIOrHUECKUX aHOMAUH, IPUHAUISKANTIX K 12 THITaM.

Y Monoau meckaps OTMe4eHO 62 aHOMalluH, MPEACTaBICHHBIC 7 THUIIAMHU.
AHOMAaJIMH JIOKAJIN30BAJIUCH IPEUMYILECTBEHHO B TYJIOBUILHOM M XBOCTOBOM OT-
Jienax Mo3BOHOYHOro cTonba. OCHOBHYIO Maccy COCTaBHJIM TaKHe HapyLICHUS,
Kak jaehopMarisi HeBpaIbHBIX M TeMaNBHBIX JyT XBOCTOBOTO OT/ENAa OCEBOTO
cKkeleTa, AeopMalius HeBpalbHBIX YT TYJIOBHUIIHOTO OTJENIa OCEBOTO CKeleTa.
AHOMaJIMK O3BOHOYHMKA IIPOSIBIISIIMCH B BUJIE HE3aMKHYTHIX HEBPAJIbHbBIX U I'e-
MaJIbHBIX JYT, CPALICHUs FeMaJIbHBIX U HEBPAJIbHBIX IYT Pa3HbBIX MO3BOHKOB, Ie-
peMelleHs] OCHOBaHUM HEBPAJIbHBIX U FeéMajIbHBIX JyT Ha COCEAHUHN MO3BOHOK,
HAJIMYUs JOTIOJTHUTEIbHBIX BETBEH HEBPAJIbHBIX JYT, CPAILIEHUH IIECHTPOB XBOCTO-
BBIX TIO3BOHKOB. TakKe eMHUYHO OTMEUCHBI NCKPHUBICHUE pedep U HeTOopa3BH-
THE Jy4Yel aHaJIbHOTO TIaBHUKA. YKCII0 aHOMalHii Ha 0co0b BapsupoBatio ot 1,1
710 6,5 ¥ yBEIMUNBAIIOCH OT BEPXOBHEB K YCTHIO. BcTpeuaeMoCTh aHOMaNni n3Me-
HsJIach B mpezenax oT 6,5 10 55,7% u Taxke XapakTepu3oBallach yBEITUYCHUEM
JIONY aHOMAJIMK B BEIOOPKE B HIDKHEM TEUCHHH PEeKH. BeTpeuaeMocTh aHOMAIh-
HBIX ocoOeli cocrapisuia 4,4—10,3% ¢ MakCHMaJIbHBIM 3HAYCHHEM Ha CTAHIIMH 2,
MHHUMAaIILHBIM — Ha cTaHuu 3 (Tadm. 4). [IpuMevaTebHbI HAXOIKH JIByX 0Cc00eH
necKapsi, TOIBEP>KEHHBIX MHOTOUMCIIEHHBIM HapyIICHUSM OCEBOTO ckejera (23 u
10 aHomanuit Ha 0co0b), Ha cTannuu 1 (puc. 2).
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Tabnuma 4 [Table 4]
IToxa3are/u BCTpeuaeMOCTH aHOMAJIMIA cKesleTa y M0JIoAH pbid u3 p. Kaun
[Occurrence indicators of skeletal abnormalities in juvenile fish from the Kacha river]

Anomanus

Cranuums 1
[Station 1]

Cranuums 2
[Station 2]

Cranuus 3
[Station 3]

Cranuus 4
[Station 4]

[Abnormality]

s | 4%

ap

S |4.%

ap

s 4%

ap.

s 4%

ap

Gobio

gobio cynocephalus

B3

8 20,51

9 145,00

B8

1 2,56

Cl1

—

5,00

C2

1 2,56

C3

16 | 41,03

30,00

C4

11 [ 2821

S| |

20,00

F5

1 2,56

KonunuecTBo aHOMaui, IMIT.
[Number of abnormalities]

39

20

Berpeuaemoctsb
aHOMAJIBHBIX 0CO0€iH
[Occurrence of abnormal individuals], %

8,57

10,30

4,35

Berpeuaemocts anHomanuit
[Occurrence of abnormalities], %

55,71

29,41

6,52

Jlomst TSKeNbIX aHOMaui,
[Proportion of severe abnormalities], %

82,05

60,00

0,00

Yucao anomanuii Ha 0Co0b, IIT.
[Number of abnormalities per
individual], M + m

6,5+3,59

3,3£1,94

1,14+0,50

Phoxinus phoxinus

B3

2 (22,20

1 |12,5

[\

18,2

B8

w

37,5

C2

18,2

N

C3

55,60

C4

22,20

—

12,5

36,4

D1

— |

9,1

D2

N

25,0

D4

—1

9,1

Go6

—

17

12,5

1 |91

KonunuectBo anomanuid, mr
[Number of abnormalities]

5

8

11

BerpewaemocTh aHOMaNBHBIX 0cO0CH
[Occurrence of abnormal individuals], %

11,70

8,30

7,36

10,20

Berpeuaemocts anHomanuit
[Occurrence of abnormalities], %

29,41

75,00

8,42

12,50

Jlons TSKeNnbIX aHOMaIHi
[Proportion of severe abnormalities], %

80,00

55,56

0,00

9,09

Yuco aHoOMaHii Ha 0CO0b, IIT.
[Number of abnormalities per

individual], M + m

2,5+1,50

9

1,5+0,14

1,2240,15

IIpumeuanue. S, —oOMMA CHEKTP aHOMANMH; 4 —OTHOCHTEJBHAS BCTPEIAEMOCTh AHOMAIIHH.
[Note. Sap - Total spectrum of abnormalities; 4, - Relative occurrence of abnormalities]
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Puc. 2. AHomanuu ckenera y MOJIOIM TecKapsi CHOMpCKoro (4) u rojbsiHa pedroro (B):
AQHOMAJIMK HEBPAJbHBIX AYT TyTOBUIIHBIX (B5); xBocToBBIX (C5) (@ — HE3aMKHYTbIE
HEBpaJIbHBIC IyTH, b — IOTIONHUTEIbHBIC BETBU HEBPAJIBHOM JyTH) U MPEYpaTbHBIX
n03BoHKOB (D35) (¢ — cpatienue HeBpalbHbBIX YT Pa3HbIX TO3BOHKOB); Ae(opMarius

reMaibHBIX AyT remanbHoro otaena (C6) (d — cpalieHne reMaiabHbIX IyT Pa3HbIX MIO3BOHKOB,
€ — He3aMKHYThIe TeMallbHbIe AyTH); Ae(opMalins Tell T0O3BOHKOB XBOCTOBOTO
otaena (D4). Pasmep macmrabroii nuHeiiku 1 mm. doto aBTOpa
[Fig. 2. Skeletal abnormalities in juveniles of the Siberian gudgeon (A) and the common minnow (B):
abnormalities of neural arches in prehemal (B5), hemal (C5) (a - Unclosed neural

arches, b - Additional branches of the neural arches) and caudal regions (D5) (c - Fusion

of neural arches of different vertebrae), deformation of hemal arches in hemal region (C6)

(d - Fusion of hemal arches of different vertebrae, unclosed hemal arches), vertebral body
deformation in caudal region (D4). Scale bar = 1 mm. Photo is made by NO Yablokov]
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Y Momonu ToNbsSHAa JUATHOCTHPOBAHO 33 aHOMANWH, NpHHAUISKAIINe K
10 tumam. B nenom npeobnasany HapyIieHHs! TYJIOBUIHOTO H XBOCTOBOTO OT-
JIeTIOB OCEeBOTO ckeneTa. Mopdonorndeckre aHOMaJINy MTO3BOHOYHHKA MTPOSIBIIS-
JIMCH B BUjIe JIe(hOpMaIiy ¥ CpallleHHs IEHTPOB TI03BOHKOB, IPUCYTCTBUS HE3aM-
KHYTBHIX HEBPAIBHBIX M TeMaJbHBIX IYT, IEPEMEIICHUSI OCHOBAHNI HEBPAIBHBIX
JyT Ha COCEeTHHI MO3BOHOK. Takke OTMEYEHbI eJMHUYHbIE CITydyan «MOIICOBHU]I-
HOCTH» W Aedopmanun Tumypainnid. KonmuecTBeHHO mpeolafany Takue Hapy-
HIeHHs1, KaK JedopMalis HEBPaJIbHBIX AYT TYJIOBUIIHOIO OT/eNa, JAehopMaIis
HEBpPAIBHBIX U TEMaJIbHBIX TyT XBOCTOBOTO OT/IENa TT03BOHOYHMKA. Hambompmee
YHCIO0 aHOMAJM Ha 0Cco0b cocTaBWiIO 9 aHOManuii, IpU CPEeIHEBLIOOPOUHBIX
3HaueHusX 1,2-9,0. BcrpeuaemocTs aHOMamwii B BEIOOpKaxX BapbUpoBaya oT 8,4
10 75,0%. Haubonpime 3HaU€HUsS BCTPEYaeMOCTH HAOIIONAINCh Ha CTAHIINH 2,
HaMMEHBIIINE — HA CTAaHIUH 3. BCcTpeyaeMOCTh aHOMATBHBIX 0C00eH H3MEeHsIIach
HEe3Ha4YUTENbHO B mpenenax 7,4—11,7%.

Jonu Tsokenpix GopM aHOMAIIU y MOJIONHU JIByX BUIOB ObUTH OJIM3KH M Ba-
peupoBanu B npeaenax oT 0 1o 80%. Haubombliee 4uCcIo TSHKENBIX aHOMAUL
OTMEYAJIOCh Ha MPUYCTHEBOM YIACTKE PEKH, B TO BpEeMs KaK B BEpXHEH U cpeaHeit
YacTAX PEKH JI0JIs PBIO C TSKENBIMU AHOMAITUSIMHU cOCTaBisiia MeHee deM 10% .

Orenka 3HAYUMOCTH Pa3INInil MEX Ty BCTPEUAEMOCTHI0 aHOMAINI Ha YETHI-
pEX CTaHIHsX, BBIIOIHEHHAS TIOCPEACTBOM KPUTEPHSI )%, IOKa3ana HaludHe CTa-
TUCTUYECKU 3HAYUMBIX Pa3IHYIMi KaK Ul MOJIOAM TECKapsl, TaK U IS MOJIOIH
ronbsiHa. [Ipu ypoBHe 3HaunMocTd p < 0,01 3HaYeHHs KpHTEpHs ¥* COCTABUIIH
30,952 y meckaps (ipu le(pm': 9,21) 1 39,051 y rosipsiHa (ipu szpm= 11,345). Tlpu
OLICHKE JIOBEPUTEJILHBIX HHTEPBAJIOB JUIS YaCTOTHI BCTPEYaeMOCTH aHOMAJIMH Ha
TpeX M3YUYECHHBIX CTAHINIX OOHAPYKCHBI PA3IAIHs MEXKIY BHIOOPKAMH MOJIOIH
neckaps. Y MOJIOAM TOJibsiHA OOHAPYXKEHBI CTATHCTHYECKH 3HAYUMbIE Pa3JIndus
MeXy cTaniuel 2 u ctanmusvu 3 u 4 (puc. 3, A).

[pn aHaNOrMYHON OLICHKE 3HAYMMOCTH DPA3IMYUi MEXITY BCTPEYaeMOCTHIO
AHOMAJIBHBIX 0CO0EH pasiuuus He OTMedeHbI (puc. 3, B).

[pu onieHKe pa3nnuyuuii B KOJIMYECTBE aHOMAJIMH Ha 0CO0b Y MOJIOAHN PBIO, OTO-
OpaHHOM C YETHIpEX MCCIECIOBAHHBIX CTAHIIUH, pa3nuins He oOHapy)KeHBI. 3Ha-
YHUMBIE Pa3JINYMs B KOJTMYECTBE aHOMAJINIT MEXK/y BUIAaMHU TaKKe OTCYTCTBOBAJIH.

O06cyxneHne pe3yabTaTOB HCCJIET0BAHMUS

AHaNIM3 KOJIMYECTBEHHBIX M Kaue€CTBEHHBIX XapaKTEpPUCTUK Mopdoioruye-
CKUX aHOMAIIMIl CKelleTa y MOJIOJH MecKapsi CHOMPCKOTO U TONbSHA PEYHOTO U3
p- Kauu npogemMoHCTpupoBa 3HaYUTENIbHBIE PACXOXKICHHS IO PAy TIOKa3aTenen
B Pa3JINYHbBIX yYaCTKaX PEKU.

B wactHOCTH, pH aHalM3e BCTpeuaeMOCTH aHoMalwuii B p. Kade nmpocnexu-
BACTCS TCHICHIINS YBEITMICHHUS YaCTOTHI BCTPEIAEMOCTH MOP(OTOTHIECKHUX aHO-
MaJMi CKeJeTa OT BEPXHEro ydacTKa PeKH K HWKHeMy. HanOonplmmm duciom
AQHOMAJINH XapaKTePH3YIOTCS PHIOBI C YIACTKOB PEKH, PACTIONIOKCHHBIX B UEpPTE T.



Mopgponozuueckue anomanuu ckenema y mMonoou poio 165

Kpacnosipcka u Hrke 1. JIpoKiHO, 9eTo HeIb3s1 CKa3aTh O 9aCTOTE BCTPEUIAeMOCTH
aHOMaJIbHBIX 0co0eii. KonebaHus B 4acToTe BCTpEUaeMOCTH aHOMAJIBHBIX 0C00ei
W3MEHSIIOTCS B mipenenax ot 4,6 mo 10,4% mns monoau neckaps u ot 7,4 no 11,7%
Juis Mostonu ronbsiHa. OfHako, cortacHo padoram B.C. KupnuynukoBa, B ecre-
CTBEHHBIX OMYIISIHUAX PHIO, HE MCITBITHIBAIOIINX 3HAYUTEIHFHOM aHTPOITOTCHHON
Harpy3KH, IPOIEHT aHOMaIIbHBIX 0CO0eii He JOJDKeH mpeBbImaTh 5% [22]. [Tomy-
YCHHBIC 3HAUYCHHS BCTPEIYAEMOCTH aHOMAIIBHBIX 0CO0CH, 3a HCKITIOYEHUEM MOJIO-
JI1 rieckapsi, oouratomieid B paitone noc. [Tamaru 13 Bopuos, B monTopa-asa pasza
BBIIIE JIOMYCTAMOW BETHINHEL.

100 mm e e

o0
(=]
I

YacToTa BCTPEaeMOCTH aHOMAIHH,

Crannmsa 1 Cranmms 2 Cranmusa 3 Crannmsa 4
[Station 1] [Station 1] [Station 3] [Station 4]
A
= SO T
=
g 40 -
z
£ 30 -
é \ce 20 -
*
o O
S 310
& [=]
2 0
E Cranmusa 1 Crannus 2 Crannus 3 Crannns 4
£ [Station 1] [Station 1] [Station 3] [Station 4]
[
- B Gobio gobio cynocephalus Phoxinus phoximis
B

Puc. 3. Yactora BcTpedaeMoCTH aHOMaJIHH (4) 1 aHOMaNIbHBIX 0cobei (B)
y Monoau peI6 u3 p. Kaun. [Inmanku norpenHocTeld mpeacTaBiaeHbl
B BU/IE IOBEPUTENBHBIX MHTEPBAJIOB 110 YUIICOHY
[Fig. 3. Frequency of abnormalities (A) and abnormal individuals (B) in juvenile
fish from the Kacha river. On the X-axis - Sampling sites; on the Y-axis -
Occurrence of abnormalities (A) and occurrence of abnormal individuals (B).
Error bars are presented as Wilson confidence intervals]
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Taxoxe ciemyeT OTMETUTh, YTO 3HAYEHHS IMMOKA3aTelel BCTPEUaeMOCTH aHO-
MaJMii B pa3BUTHH CKeJIeTa B HIDKHEM TedeHuW p. Kauum ONMu3ku K 4YacToTe
BCTPEUAEMOCTH aHOMAJIHNH IT03BOHOYHOTO CTOJ0A Y MOJIOJH PHIO, HACEISIOMINX
MIPUYCTHEBBIE YYAaCTKH HEKOTOPBIX MPHUTOPOAHBIX BOJOTOKOB I. KpacHospcka,
TTO/IBEPKEHHBIX aHTPOTIOTEHHOM Harpy3ke [23].

[Ipu xayecTBEHHOH OLIEHKE OTMEUEHHBIX AHOMAIUi CTOMT OOpaTUTh BHU-
MaHHe Ha OOINBIIOE KOJMYECTBO TSDKENBIX (POPM aHOMAIIMH B HIDKHHX ydacTKaxX
pexu, cocrapisronux 80-50% ot oOmero uncna aHomanuid. IlpucyrcrBue nan-
HBIX TPYTIIT aHOMAJIMH B €CTECTBCHHBIX MOIYJIIINAX HanOoJIee KpUTUIHO, TaK KaK
HaMpsIMyI0 CBA3aHO C XKHU3HECIIOCOOHOCTHIO PBIOBI.

JuarHoctupoBaHHBIE B Tpo0Oax BHIBI aHOMAIHN NPEUMYIIECTBCHHO MpEa-
CTaBIISIIOT cO00 pazHOOOpa3HbIe JAePOopMallii HEBPAJIbHBIX U IeMajbHbBIX YT,
TaKkie KaK HE3aMKHYTBHIC TYT'H MO3BOHKOB, CPAICHHWE OYT PAa3HBIX ITO3BOHKOB,
NepeMelIeHre Iyr Ha COCeIHUE MO3BOHKH. AHOMAJIUH JIOKAJIN30BAJIUCH, IPEKIC
BCETO, B XBOCTOBOM OT/IeJI€ TTIO3BOHOYHHKA W, B MEHBINCH CTENCHHU, B TYIOBHIII-
HOM OTJeJIe.

Cxoxwue Tpynmbsl aHOMAJMid, B YaCTHOCTH HE3aMKHYTHIE TYTH IT03BOHKOB,
CpalleHue IyT pa3HbIX MMO3BOHKOB, HAJHYHUE JOTIOJIHUTEIbHBIX HEBPAJIbHBIX YT,
MepeMenieHrne Iyr Ha COCeHUE MO3BOHKH, oTMedanuch HO.B. UebGorapeBoit y
ceroneTok MoTBel Rutilus rutilus (L., 1758) npu skcnepuMeHTaIbHOM BO3JEii-
CTBUH Ha MKPY MaJbIX 703 Xjopodoca u N-MeTuia-N’-HUTpO-N-HUTPO30TyaIiHA
(MNNGQG) [12]. MHOXXeCTBEHHbIE aHOMAaJMHM MO3BOHOYHOTO CTO0JI0a, Takhe Kak
CpaIleHHs TeN W AYT MO3BOHKOB, HE3aMKHYTHIC AYTH MO3BOHKOB, HAJIMYUE JIO-
MIOJTHUTEIILHBIX HEBPAJIbHBIX AYT, EpeMEIIeHUe AyT Ha COCEeHUE TO3BOHKH, C
yacTtoToil BcTpedyaemoctu 94-97% ormeuanucs M.I. borynxkoii ¢ coaBsr. y mior-
BBl B OKPECTHBIX BOAHBIX O0BEKTaX MPOU3BOJICTBEHHOTO 0ObeIMHEHUS «Mask
[19]. AHOMamu MOpP(HOJIOTHH TTO3BOHKOB PETHCTPUPYIOTCS Y B3POCIBIX 0co0ei
U MoJtou TWiAnuu Oreochromis spp. B HECKOJIBKUX 3arps3HEHHBIX BOJOTOKAX Ha
foro-3amaje TaiiBans [24]. Takue HapymeHns, KAk MOTICOBH/IHOCTh U CpallleHNE
LIEHTPOB MMO3BOHKOB, OTMEUAJIKCh Y TIOJOBO3PEIBIX 0COOEH CHIOBBIX B 03€pax
Hopuno-IIscunckoil BOGHOUM CUCTEMBI, B 30HE BO3AeicTBUA Hopuiibckoro rop-
HO-METaJTypru4ecKkoro komounara [25], a Taxke y nema Abramis brama (L.,
1758) B IByX TEXHOTCHHO 3arps3HCHHBIX BOJTHBIX 00BEKTaxX B OacceiiHe Peitna
[26]. J.U. CokozoB (1998) oTMeuaeT MONICOBUHOCTh U UCKPUBJICHHE TO3BOHOY-
HUKA y TIPEeACTaBUTENCH UXTHO(AYHBI p. MOCKBHBI: IUIOTBBI, CEpeOPSHOTO Kapacs
Carassius gibelio (Bloch, 1782), newa, cynaka Sander lucioperca (L., 1758), oxy-
Hs1 Perca fluviatilis L., 1758 [27]. AHaJIOTHYHBIC aHOMAJIMK TUATHOCTUPOBAHBI Y
MOJIOAU OKyHs B 03. MnmbMeHckom [11].

B mHacrosmee BpeMst M3BECTHO MHOKECTBO IPUMEPOB MHTHOMPOBAHUS II0-
IJIOIICHHUS KaJIbIHsI PU BBICOKUX COJIEPIKAHMSIX B BOJIE KaJMHs, CBUHIIA, INHKA,
CTPOHIHSA, alfOMUHHS [28—29]. B psiyie paboT MOHBI AFOMUHKS U CTPOHIIHS OT-
MEUalOTCSl B KauecTBe (PaKTOPOB, MHAYLHUPYIOIIUX HAPYIIEeHU KalblU(UKAITUN
CKeJIeTa, B JaTbHEUIIIEM MPOSBILIOMNECS B BUIC NCKPUBICHHHN IIO3BOHOYHNKA
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octeorioposa [30-31]. Hapymenne XuMuaecKoro coctaBa KOCTHOW TKaHU, BO3-
HUKHOBEHHE HAPYUIEHUH B CTPOCHUHU OCEBOTO CKeNleTa TAK¥Ke PErUCTPUPYIOTCS
y pBIO, MOABEP)KCHHBIX BIHMSHHUIO PA3IMYHBIX XJIOPOPTAaHHMYCCKHUX IECTHIIUIOB
[32-33].

Crcok MoJUTIOTaHTOB B p. Kade BkiTogaeT MIMPOKHUIl CIIEKTP BEIIECTB Op-
TaHUYECKON U HEOpraHM4YecKod mpupojsl. O4eBUIHO, YTO TaKOe MHOrooOpasue
3arpsI3HAIONINX areHTOB CIYKUT NPUINHON Pa3IMYHBIX CTPYKTYPHBIX M (DYHK-
LIMOHAJILHBIX M3MEHEHUH B cOOOMIeCTBE PbIO, B TOM YMCJIE€ W BO3SHUKHOBEHHS
MOP(OIOTHIECKUX HAPYIICHUH B MPOIECcaX WHANBUIYaIbHOTO pa3BUTHA. [lo-
JOOHBIE CITy4au XOPOIIO U3BECTHBI IS psijia IPUTOPOTHBIX BOAHBIX OOBEKTOB B
HaIllel cTpaHe u 3a pyoesxxom [24, 27, 34].

Takum 00pa3zoM, BeIHMKa BEPOSATHOCTh TOTO, YTO BBICOKASI BCTPEYAEMOCTh MOP-
(oJornUIecKnX aHOMAJINH B HIKHEM TEUCHUH p. Kaun cBs3aHa IMEHHO ¢ BO3/IEHi-
CTBHEM OIPENEICHHBIX TPy TOKCUKaHTOB. OJHAKO B CBSI3U C pa3HOOOpa3ueM
3arpsI3HAIONINX BEIISCTB B PEKE M HEAOCTATOUHON M3YUYEHHOCTHIO MEXaHU3MOB
(hopMUpOBaHUS pa3TUUHBIX (JOPM OTKIIOHEHUH Pa3BUTHS BBISBIEHUE KOHKPETHO-
ro (hakTopa BO3ICHCTBISI HA OHTOTCHE3 PHIO HA JAHHOM JTalle He MPEACTaBIICTCS
BO3MOXHBIM.

3akirouenne

[IpoBeneHa konmuuecTBEHHAs M KaueCTBEHHAS OLleHKa MOP(OIOTHUECKUX aHO-
MaJIMi CKeJIeTa y MOJIOJU TIeCKapsi CHOUPCKOTO U TOJIbSHA PEYHOTO, OOUTAIOIINX
B p. Kaue. Bcero oO6HapyxeHo 95 aHOMauui, NpuHAUIekKaIUX K 12 TUnam u Jio-
KaJIM30BaHHBIX B 6 oThenax ckenera. Cpeau HUX y MOJIOAM TecKkapst — 62 anoma-
UM 7 TUTOB, y MOJIOJH ToJbsiHa — 33 anomanuu 10 Tunos. [Ipu ananuze yactot
BCTPEYACMOCTH aHOMalui B p. Kaue mpociexuBaercs TEHICHIUS YBEIMUSHHS
BCTPEYAEMOCTH MOP(]OIOTHYECKUX aHOMANUK CKeJleTa OT BEPXHEro ydacTKa
PEKH K HIDKHEMY TI0 Mepe pOoCTa TEXHOTCHHOTO BO3JCHCTBUS HA BOJOTOK. 3Ha-
YeHHs NIOKa3aTesiell BCTpeyaeMOCTH aHOMAJIMK B HXKHEM TedeHud p. Kaun O6mus3-
KM K 9aCTOTaM BCTPEYaEMOCTH aHOMAJIMH MTO3BOHOYHOTO CTOJIOA Y MOJIOJIH PHIO,
paHee OTMEYEHHBIM JJIsl HEKOTOPBIX MPHUTOPOAHBIX BOMOTOKOB TI. KpacHosipcka,
MTOJIBEPIKCHHBIX aHTPOITIOTEHHON Harpy3Ke.
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Morphological abnormalities in the skeleton of juvenile fish from the Kacha
river (Middle Yenisei system) in the gradient of anthropogenic impact

The predominant part of small rivers of Russia is subject to active technogenic
impact. The most critical is manifested in urban and suburban water bodies, taking
on a huge number of organic and inorganic pollutants. The striking example of such
impact in the Yenisei river basin is the Kacha river (64°00'S8"N, 92°53'32"E), the lower
course of which is located within the city of Krasnoyarsk and constantly exposed to
technogenic pollutants. The intensive technogenic load, as a rule, negatively affects
the communities of hydrobionts, including juvenile fish, which have the lowest level of
toxic resistance in comparison with adults and are also unable to actively leave areas
with high levels of pollution. One of the responses of the fish community to the effect
of'a complex of unfavorable factors caused by the anthropogenic load on water bodies,
including the presence of toxic substances in the ecosystem can be the emergence of
various morphological abnormalities. This fact makes it possible to use the indicators
of occurrence and diversity of morphological abnormalities as criteria for water quality
assessment.

The aim of this research was to evaluate the diversity and the occurrence of skeletal
abnormalities in juvenile Siberian gudgeon Gobio gobio cynocephalus Dybowski, 1869
and common minnow Phoxinus phoxinus (L., 1758) from the Kacha river (Middle
Yenisei system). The material for the study was selected in July-August 2016, at four
sites of the river differing in the level of technogenic pressure and the spectrum of
pollutants (See Fig.1). The list of the main polluting agents, as well as the summary
information on the environmental monitoring results at the investigated sites of the
river are given in Table 1. In total, 184 Siberian gudgeons and 212 common minnows
were examined. The size and age characteristics of the studied individuals are shown
in Table 2. Abnormalities were studied in specimens previously cleared of soft tissues
and stained with alizarin red according to the Potthoff method with a 40x increase.
The examination was carried out in 9 parts of the skeleton, successively (See Table 3).
Nomenclature and differentiation of abnormalities in terms of severity are given
according to Chebotareva (2009) and Boglione et al (2002). To describe the type and
location of the abnormality, a system of symbols was used according to which each
part of the skeleton was assigned an alphabetical index; a particular abnormality type
got a numerical index (See Table 3). The frequency of abnormal specimens, the total
spectrum of abnormalities, the frequency of abnormalities, the relative occurrence of
abnormalities, the number of abnormalities in an individual, and the load of severe
abnormalities were studied. The incidence of abnormalities and occurrence of abnormal
specimens were compared using contingency tables 2x2 with an estimate by Chi-
squared test with p <0.01. Confidence intervals for occurrence at different sites were
calculated using Wilson method. Differences in the number of abnormalities were
investigated by the Kruskal-Wallis test.

In total, 95 abnormalities belonging to 12 types were detected. Among them,
62 abnormalities belonging to 7 types in juvenile gudgeons and 33 abnormalities
belonging to 10 types in juvenile minnows were identified (See Tables). Abnormalities
were localized predominantly in the abdominal part of the vertebral spine and presented
a variety of neural and hemal arch deformation, such as unclosed vertebral arches, fusion
of vertebral arches and displacement of arches to adjacent vertebrae. The incidence of
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abnormalities varied from 6.5 to 55.7% in juvenile gudgeons and from 8.4 to 75.0% in
juvenile minnows. The incidence of abnormal specimens was 4.6-10.4% for gudgeons
and 7.4-11.7% for minnows. Proportions of severe abnormalities in juveniles of two
species were similar and ranged from 80 to 0% from the upper reaches of the river to the
lower. When analyzing the occurrence of abnormalities in the Kacha river, a tendency
to increase the frequency of occurrence was witnessed as the anthropogenic load on the
watercourse increased. In general, the occurrence of skeletal abnormalities in the Kacha
River lower reaches was close to the occurrence of the vertebral spine abnormalities in
juvenile fish, previously noted in a few suburban waterways near Krasnoyarsk.

The paper contains 3 Figures, 4 Tables and 34 References.

Key words: fish ontogenesis; morphological abnormalities; technogenic influence;
Phoxinus phoxinus; Gobio gobio cynocephalus.
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