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BBEAEHVE

B nmocaepnue AecstTuAeTHs XX BeKa YMCAEHHOCTBH OCeTPOBHIX B Poccuu
MHOTOKPAaTHO CHH3HMAAQCh B pE‘BYAI)TaTO BOBAEI;'ICTBPIH Ha HMX IOIIyAATHH KOM-
naekca (PakTOpOB, CpPeAd KOTOPHIX HauboAblllee 3HaYeHWE HUMEIOT CoKpalre-
HUe TAOIIAAM AOCTYITHREIX HEPECTUAMIN, BCAEACTBUE CTPOUTEABCTBA MAOTHH, He-
palMOHAABHEIA TIPOMBICEA, YBEAWYEHHEe HEeAeraAbHOro BBIAOBA, 3arpsi3HeHHe
BopoeMoB [Pacnionos, 1992; Bemes, 1995, 1997; Xopopesckas, Hosukosa, 1995;
Baacenko, 1997; Kpacukos, 1997, HoBukoBa, 1997, XopopeBckas u Ap., 1997,
2001, 2002; Py6an, 1999; Meanos, 2000; HoBukosa, Xopopesckasi, 2000; Bees,
2001; Xopopesckasi, 2002]. Pe3koe CHUXXeHUE YHCAEHHOCTH OOABIIMHCTBA TO-
IyASIIIUE OCETPOBBIX IIPUBEAO K HEOOXOAMMOCTH BBEACHUSI IPAKTUYECKU MOBCe-
MECTHOrO Ha TeppuTOpuM Poccum 3ampera IPOMBICAA 3TUX BHAOB, @ B PSAE
CAyuaeB BKAIOYEHMsI OTAEABHBIX BUAOB M momyasnuii B Kpacuyio kuury PO u
KpacHble KHUI'M cyObeKToB Depepaliui.

CHHU)XeHHe MacinTaboB eCTeCTBEHHOTO BOCIIPOU3BOACTBA OCETPOBLIX B pe-
3yAbTaTe COKpAaIlleHUs MAOIIAaAM HepecTUuAMIl B Boare morpeboBaro, HauMHas
¢ koHna 1950-x — navanra 1960-x ropoB, pasBUTHSI HCKYCCTBEHHOTO BOCIIPOM3-
BOACTBA. B mOCAEAyIOI@éM UCKYCCTBEHHOE BOCIHPOM3BOACTBO CTAAO HEOOXOAM-
MBIM M AAS HOAAEPIKAHHUS YUCACHHOCTH APYTMX NONYASIIMH OCETPOBBIX (peK
O6b, Exuce#t, 03. bailkaa u Ap.).

B nocaepHue ropbl OCHOBHBIM MCTOYHUKOM IONOAHEHHUS 3aIlaCOB IOIMYAsi-
UUH OCETPOBHIX, UMEIOIIUX HauOOABIIee XO35IMCTBEHHOe 3HaYeHHe, SIBASeTCs
MX MCKyCCTBeHHOe pa3BepeHue [Xopopesckasi, 1999; Bapannukosa u Ap., 2000;
Kopuuenko, 2000; Maatotus, 2000 u Ap.]. [Tokasano, yro B Boaro-Kacnuiickom
facceliHe Ha AOAIO0 3aBOACKOTO BOCIPOM3BOACTBA OCETPOBBIX IIPHUXOAUTCS Y
Geayru (Huso huso L.) — 99%, pycckoro ocerpa (Acipenser gueldenstaedtii
Br.) — 56%, cespioru (A. stellatus P.) — 36% [XoaopeBckas u aAp., 2000 6]. Oa-
HAKO B IIOCAEAHEE BpeMsi IIPOMCXOAUT CHU)KeHUe MacTaboB 3aBOACKOTO BOC-
IMPOU3BOACTBA OCETPOBBIX, OAHOM U3 INPUYUH KOTOPOTO SIBASIETCS OTCYTCTBUE B
HPOMBICAOBBIX YAOBaX IIPOM3BOAWUTEAEN C BBICOKMMH PBLIOGOBOAHO-TIPOAYKTHB-
HBIMM NOKa3zaTeassMu [BapannukoBa u Ap., 1997; Aosronoa, O3epsinckas, 1997,
JKypasaesa, 2000; 1lleBeaeBa, ApyTionoBa, 2000 u Ap.]. Tak, y npousBopuTe-



A€M CeBpIOrH, UCIOAL30BAaHHLIX Ha OCETPOBLIX PbIOOBOAHBIX 3aBopax (OP3)
AEABTEL BOATH, IPOCAEKUBAETCSA TEHACHINS CHUJKEHUS YMCAA CO3PEeBIINX Ca-
MOK IIOCA€ T'OPMOHAABHOTO BO3peMcTBHUSA: B 1993 — 1994 rr. 0oHO COCTaBASIAO
64—67,7%, B 1995 r. — 47,5%. B TO Xe BpeMd y OeAyru AoOpoKayecTBeHHast
MKpa OblAa moaydeHa oT 96 —98% camok [KamoaukoBa, Kokosa, 1997]. ¥ 3%
camLoB U 28% CaMOK BOAJKCKOHM CeBPIOTHU BBISIBA€HBI HApyIUeHUs] raMeToreHe-
3@, @ TakXKe TI0OKa3aHO yBeAHMYeHHe YHCAA U pasHooOpasust HapylleHUH Ipo-
[JeCCOB raMeToreHes’a y BOAJKCKOIo OCeTpa O3UMOM I'PYIILL B HAYaAe aHAAPOM-
Hou murpanuu [Caenko, 1997 a, 1997 6, 2000].

O heKTUBHOCTE HMCKYCCTBEHHOIO BOCIIPOU3BOACTBA HENOCPEACTBEHHO
CBSI3aHA C KAYeCTBOM MCIOAB3YEeMBIX IOAOBBIX IPOAYKTOB M NOAy4YaeMOH Ha
PBIOOBOAHBIX 3aBOA@X MOAOAU. B HacToslee BpeMst HAKONAEHO MHOTO AQHHEIX,
CBUAETEABCTBYIOIIMX O HAaAMYUM HIMPOKOTO CIHeKTpa aHOMaAWHM B PAa3BUTHU U
(pyHKIJMOHHMPOBAHUM BOCIIPOU3BOAUTEABHON CHCTEMBI OCETPOBBIX B pPa3AMy-
HBIX BOAOEMax, HellOCPEACTBEHHO OTPa’kalolUXCsl Ha KauyeCTBe UKPLl U JKU3-
HecrnmocoOHOCTU 3apoabiiend [Aetaad u Ap., 1981; DanreeBa, 1987; PomaHOB,
1990; PomanoB, AaTydses, 1990, 1992; PomaHOB u Ap., 1990; Pomanos, llle-
BeaeBa, 1993; Akumora, Pyban, 1992, 1996; laTyHOoBCKUH U Ap., 1996 u T.A.].
B ¢Bsi3u € 3TUM OlleHKa KayecTBa MCHIOAbB3yeMOM HUKPBI U MOAYYaeMOM MOAOAM
uMeeT OOAbIIOe 3HayeHHe, OTKAOHEHHUsI OT HOPMBI B Pa3BUTHHU PEIIPOAYKTHB-
HOW CUCTeMBbI pbI6 MOI'yT ObITh UCIIOAB30BaHbl B Ka4eCTBe MHAMKATOpa B Olpe-
AEAEHUH CTENeHU OAAromOAyYHs CYILeCTBOBAHHS PA3AMUYHBIX MUX IMOIYASIUH, B
TOM YHUCAE U OCETPOBBLIX. VCIOABL30BaHUE TPAAMIIMOHHBLIX THCTOAOTHYECKHX
METOAOB MCCACAOBAHUS MO3BOASICT BLISIBUTL PAa3sAUYHBIC: HAPYLICHUS B pa3BH-
THH NOAOBBIX KAETOK U JKeAe3, B TOM YHCAe Te, KOTOphbie BH3YaAbHO ellle He
IPOCAEXHUBAIOTCS. B mporecce MOP(OAOTHYECKOTO UCCAEAOBAHUS Pa3BUTHUA U
(OYHKIIMOHUPOBAHUS PENPOAYKTUBHOU CHUCTEMbI PA3AWYHBIX BUAOB PhIO MOX-
HO HEe TOABKO BBISIBUTH HauyaAbHEIE MOMEHTHI HEOAATOTPUSTHOTO BO3AEHCTBUS
BHEIIHUX (PAaKTOPOB, HO M ONPEAEAUTH XapaKTep U CTelleHb HapyLIeHUH B HUX
TOHAAO- M raMeToreHese, 4TO IO3BOASET OLEHUTH OOIUI BOCIIPOU3BOAUTEADL-
HBIA NOTEHLMaA MONYASLIUN B ONIPEAEA€HHOE BpeMsi U B KOHKPETHBIX YCAOBH-
ax oOuTaHus 3TUX BUAOB [AKuMoOBa, PybGan, 1996].

K HacToOsiieMy BpeMeHH TaKyKe OINHUCaHbl MHOTOYHCA€HHEIE aHOMAaAHWHU B
Pa3BUTUM AMYMHOK U MAaAbKOB OCETPOBBIX, IOAydYaeMEIX Ha OP3 [WrymuoBa u
AP., 1990; IllaraeBa u Ap., 1993; T'optoHoBa u Ap., 1997, 2000, 2004; Aenuauna,
1997, I'opionoBa, CokoaoBa, 2000 u Ap.]. MHOrue U3 3TUX aHOMaAHH CYLeCT-
BEHHO CHMJXAKOT JKU3HECHOCOOHOCTh MOAOAH, @ HEKOTOPEIE SABASIIOTCSI A€TaAb-
HBLIMH.

B cBsi3u ¢ 3TUM OCHOBHAas 3aAavya aBTOPOB IIPU CO3AaHUM HACTOSIIETO HA-
AIOCTPUPOBAHHOTIO ATAAcCa 3aKAIOYAAACh B TOM, YTOOBI MOKa3aTh HapyIIeHUs
B CTPOEHHMM HKPBl, AMUYMHOK M MAaAbKOB, BCTpedaroluuecss B PHIOOBOAHOMN
IIPaKTUKe, KOTOPBIe AOAJKHBI YUUTHIBATHCS IIPU OIleHKe KadecTBa MOTOMCTBA.
Bropas, nopunMHeHHas 3apavya — IIOKa3aTh HAPYILIEHUS B raMeTO- U TOHaAO-
reHese OCeTPOBHLIX, KOTOpPbIE MOTYT ObITh MCIIOAL30BaHbLI IIPU MOHUTOPUHTE
COCTOSIHMSL UX IONYASUMH. DTH BOIPOCH! B HaUOOABIIEH CTENeHH H3YYeHH
Ha cubupckoM oceTpe [AkumoBa, Pyban, 1992, 1996]. OTuM 3apavaM oTBeva-
eT U apXUTEeKTOHUKA aTAaca. B mepBoM ero paspeae, NOCBSANEHHOM Hapyiie-
HUSIM B raMeTO-U IOHAAOTeHe3e OCEeTPOBBIX, CHaYaAd MAAKCTPUPYIOTCH aHO-
MaAUUM B CTPOEHUM 3PEAbIX SNIEKAeTOK BOAJKCKUX OCETPOBEIX, Hamboaee



Ba’KHBLIX 0O'BEKTOB MCKYCCTBEHHOI'O BOCIIPOM3BOACTBA, & 3aTeéM B OTA€ABHOM
MOAPa3AeAe — aHOMAAMM B Pa3BUTHUM MOAOBBIX KAETOK M JKeAae3 CUOHPCKOro
ocerpa, HauMHasi co Il cTapum 3peAaocTu roHap. B mocaeayromux paspenax
AThaca NpUBeAEHBI MAAIOCTPALIMMY HAPYIIeHUW B CTPOEHUH AUYHHOK U MaAb-
KOB BOAJKCKUX OCETPOBBIX.

Huke omnmmcaHbl METOAUYECKHE IIPHUEeMBl M Pe3yAbTaThbI coGCTBeHHHx uc-
CACAOBAHHH aBTOPOB, KOTOPHIE MOI'YT CAYKUTh PYKOBOACTBOM AASI OIIpEAEAe-
HUS KayecTBa MKPBI M MOAOAM OCETPOBHIX KaK B YCAOBHSIX HCKYCCTBEHHOTO
BOCITPOM3BOACTBA, TaK U TP MOHUTOPUHIOBEIX MCCACAOBAHMAX.

*  *
-

Pa6Gora BoIOAHeHa Tpu (HUHAHCOBOU Moppepk ke DepeparbHOro areHT-
crtBa 10 pbiGoroBCTBY (ObIBIIHK ['0cKOMpPBIGOAOBCTBO), DPI'Y CeBracnpbi0-
Bop, OI'Y LIYPOH u PODU (npoekt Ne 02-04-48229).



PYKOBOACTBO
10 OMPEAEAEHNIO KAYECTBA UKPbI U MOAOAU
OCETPOBbBIX

1. MATEPMAA 1 METOABI

1.1. MccaepoBaHue rameTo- ¥ rOHAAOT€He3a OCETPOBBIX

[Npy IOATOTOBKE HACTOSIEro M3AaHUS ObIAM OGOOIEHBI MHOTOAETHHE
AAHHBIE TI0 TaMeTo- M TOHAaAOreHe3y PYCCKOro oceTpa, OeAyrH, CeBpIOrH M
crepasipu (A. ruthenus L.) u3 Hukneit Boaru, cubupckoro ocerpa u3s pek Ae-
Ha, Aapan, Uupurupka, KoasiMa, O6b, ExHucelt, TenmA0OBOAHOTO X03s1cTBa (Ko-
HakoBO, TBepckasi 06AacTh) U cTepasipu u3 Exuces.

Marepuaa 10 BOAKCKHM OCETPOBBLIM ObiA cobpan B 1988 —2001 rr. Ha pa3s-
anuHbIX OP3 Boaxkckoro Gacceiina (BoArorpapackom, AxeKcaHAPOBCKOM, Aebs-
skbeM, Kusanckom, CeprueBckoM, BeprioabckoM, JKutHeHCKOM) U OpAOBCKOM
3aBope (OpaoBckasi 06AacTh). BbIAM MCCAEAOBAHBI 3peAble HeOIIAOAOTBOPEH-
HbIE SHIEKAETKH (B HEKOTOPHIX CAyYasX U IIOCA€ OIAOAOTBOpeHMs) oT 257 ca-
MOK, U3 HUX OT 126 ocobelt ceBpiory, 105 — pycckoro ocerpa, 24 — OeAyru u
ABYX CMelllaHHBIX Npob or crepasau. Kpome Toro, B 1990 r. O6bIAM HCCAEAOBa-
HBI TOHAABI 9 caMIIOB PYCCKOTO oceTpa U 3 CaMIOB CTePASIAU. AAS THCTOAOIH-
YEeCKOro MCCACAOBAHHUS U3 Ka)KAOM NPOOLI UKpHI OpaAu mo 16 AHUIIEeKAeTOK OT
oceTpoB u GeAyr u HO 20 — OT CeBpPIOT U CTepAsIAM. Marepuaa (pUKCUPOBaAA
4%-HBIM (POPMAAMHOM M JXHMAKOCTBIO BysHa. ['Mcroaoruueckyioo o6paboOTKy
MPOBOAMAHU 11O OOLIENPUHATHIM MeToAMKaM [PockuH, AeBuncoH, 1957]. Ilepep
3aAMBKOM B mapaduH SIMIIEeKAETKU BHIAEPKUBAAUM 5 —6 CYTOK B aHMAMHOBOM
Macae. Cpessl TOAIMHON 6 — 10 MKM OKpaliMBasu no Maaaopw.

PaGoTHI 110 M3y4YeHHUIO PA3BUTHUS U (PYHKIMOHMPOBAHHUSI BOCIPOU3BOAM-
TeABHOM CHUCTEeMEI CHOMPCKHUX OCETPOBLIX MPOBOAMAH ¢ 1961 mo 1986 r. Ha pas-
AUYHEIX y4YacTKax AeHBl (BepXHeM, CpepAHeM W HHMJKHEM TeYyeHUH, BKAIoYas
AEABTY), a Takke ee nputoke — Aapate. C 1984 no 1995 r. OuiA coOpaH aHa-
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AOTHYHBIM MaTepHaia U3 Apyrux pek Cubupm — Unpurupku, Koasimer, Enuces
u O6u. Kpome Toro, ¢ 1975 no 1988 r. npoBOAUAM MCCAEAOBAHHS COCTOSTHUS
PENPOAYKTHBHOM CHCTeMBI CUOMPCKOI0 OCceTpa NPHU TENAOBOAHOM BEIpalllMBa-
HUM Ha Gasze KOHAKOBCKOTO MPOU3BOACTBEHHO-IKCIIEPHUMEHTAABLHOTO OTAEAd
BcepoccHMCKOro HayYHO-UCCAEAOBATEABCKOTO HWHCTUTYTa IIPECHOBOAHOTO
peibHoro xossaiicrea (BHUUITPX), kyaa cubupckuit ocetp 6uia 3aBeseH B 1973,
1974 u 1976 rr. B BUAE UKPBI, TOAYYEHHOMN OT IPOM3BOAUTEAECH OCeTpa HUXKHEe-
A€HCKOM TIONYASIIIUY, ¥ BEIPAIIMBAACS TIPU TEMIIepaType BOABI, IIPEBBIIAIONIEH
eCTeCTBEeHHYIO B TedeHHe Bcero ropa Ha 10° C. 3a Bce rOABI MCCAEAOBAaHUM CH-
OUPCKOTO OCeTpa TUCTOAOTHMYECKOMY aHaAu3y OBIAM ITOABEPTHYTHI FOHAALI OT
1601 ocobu pasAMUYHBIX NONYAIUUN U 14 dK3. CUOUPCKOM CcTepAsiAM U3 EHucest.
N3o0pakenne rMCTOAOIMYECKUX CPe30B B 3AEKTPOHHOH (hopMe MOAYYaAAU C
[IOMOILBIO KOMIILIOTEPHON CUCTEMBl aHaAu3a u3zobpakenuit Optimas ¢ aBToMa-
THYECKON BUAeOKamMepon Leica DC npu yBeandeHuu okyaspa 10x u obbekTH-
BoB 10, 20, 40x. Aaa ¢ororpacupoBaHns MUKpOIpENnapaToB HUCHOAB30BaAH
nporpammy DC Viewer, COeAMHEHHYIO C IIPOrpaMMOi peAaKTHPOBAHUST H3006-
pakenuu Photoshop 5.5.

AASI CKaHUPYIOIIeN 3AeKTPOHHOU MUKpocKonuu npobst (200 —300 ukpu-
HOK OT OAHOHW caMKH) (pukcupoBaru B 4% u 10%-nom dopmasrune. [Tpuroros-
AeHHe IpernaparoB IIPOBOAUAOCH 110 OOBIYHON METOAMKE: OTMbIBKA MaTepUaAa,
AMO(pUABHAs CyIIKa, HAKAeHKa Ha IpeAMeTHhIe CTOAWKH, HaIllbIAeHHE 30A0TOM
[Yukau, 1975, Mukopauna, 1987, Shagaeva et al., 1995]. MccaepoBaHa HEOIIAO-
AOTBOpPEHHasl, ONAOAOTBOPEHHAass He OTMBITasl, OMNAOAOTBOPEHHAas OTMBITasl
(obeckaeeHHast) HKpa OT 48 caMOK PyCCKOro ocerpa u ceBpioru. OGecKAenBa-
AM MKPY PeYHbIM MAOM B TedeHHe 45 MUH. Bcero mpuroToBAeHO U POCMOTpE-
HO 366 OOBEKTOB, NPEACTaABASIONUX COOOM IeAble HKPUHKH UAHM CHSTbIe 000-
AoukH. [IpocMOTp 0OBEKTOB NMPOBOAUACA IPU yBeanueHuH ot 200 po 3000 pas
Ha CKaHHUPYIOLIeM 3AeKTPOHHOM MHKpocKoie “JSM 50A".

1.2. UccaepoBaHME AMYMHOK ¥ MAABKOB OCETPOBBIX

[Tpu noproToBKe HacToOsIEero pasaeaa 6bIAM 00001IeHBl MHOMOACTHHUE AQH-
Hble I10 CTPOEHHUIO AMYHHOK PYCCKOI'O oceTpa, GeAYFI/I, CEBPIOTH H CTEePASAH C
1988 nmo 2001 r. na OP3 Boakckoro 6accerHa, yKa3aHHBIX BBIIIE, @ TAKXKe Ha
OpAOBCKOM oceTpoBOM 3aBope. Bcero 6min0 mccaepoBaHo 15833 AMuMHKHM Ha
CTaAMSIX BEIAYTIAGHMS (CTapaust 36), nepexoAa Ha aKTHBHOe IINTaHHe (CTapus 45)
1 HEKOTOPBIX IIPOMEKYTOYHLIX CcTapugax passutus (37, 38, 39, 40, 42). Crapum
PasBUTHS AMMMHOK M MaAbKOB onpepeasiau no T.A. Aeraacd u aAp. [1981]. Au-
YUHOK (PpUKCUpPOBaAM 4%-HBIM (POPMAAMHOM C IIOCAEAYIOlIel mepedukcarue
JKUAKOCTBIO BysHa, yeM AOCTUTAAOCEH OOABIIEE YIAOTHEHHE TKaHEeH W OKpalliu-
BaHHE AMYMHOK B KEATBIM LIBET. DTO AAeT BO3MOXXKHOCThL BBISBUTH aHOMAAUH,
He BHAMMEIE IIPM WX NPO3PAyHbIX IIOKpOBax. AMYMHOK IIPOCMATPUBAAU TIOA
6unokyasspom MBC-1 u dotrorpacdupoBarn Ha ycraHoBke Olympus. Carur-
TaAbHBble M (PPOHTAAbHBIE THMCTOAOTHYECKHE Cpe3bl AMYMHOK H3rOTaBAMBAAMU
TOAIIMHON 6 MKM M OKpalIMBaAu 110 MaAAOpH € AOKPACKOH siAep OOPHBIM Kap-
muHOM [Pomeiic, 1953].

Mopdorornyeckre OTKAOHEHUS UCCAEAYEMBIX AUMUHOK BBISBASIAML ITYTEM
CpaBHEHMSI UX C paHee ONyOAMKOBAHHBIMM MaTepHUaAaMH, UCIOAB3YEMBIMU B
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Kauyectse HopMbl [LLIMaawbraysen, 1951, 1962, 1968, 1971a, 6, B; AparoMupos,
1953a, 6, 1957, 1961; Dettlaff et al., 1993].

MaabKOB GeAyTH, PYCCKOrO OoCceTpa M CeBPIOTH OTOMPAAH AAS HCCAEAOBa-
Hus B 1993 — 2002 rr. Ha ykasaHHBIX Beille OP3, a ctepaspa — Ha OpPAOBCKOM
3aBope (cpepnee TeueHue Oku). [TpobGul oTOMparn BO BpeMsi OOHUTHPOBKU He-
peA BBIIYCKOM MaAbKOB B PeKy (BO3pacT MAaAbKOB 25— 30 cyToK) u (pukcupo-
BaAU 4%-HbIM (popMarnHOM. Beero 6uIA0 uccaepoBaHO 938 sK3eMNASIPOB OeAy-
ru, 1768 — pycckoro ocerpa, 1431 — CeBpIOTH U 159 — CTEpASIAH.

CTpyKTypy TKaHel OpPIOIIHOW CT@HKH MOAOAM PYCCKOTO oceTpa M CeBpIO-
I'M MCCAEAOBAAU THCTOAOTHMYECKUMHU METOAAMHU 110 OOIIENIPUHATOM METOAUKEe
[Pockun, AeBuHCOH, 1957]. THCTOAOrHYECKHE CPe3bl TOAIUHON 7 — 13 MKM OK-
palimMBaAd reMaTOKCUAMHOM 1o Kappauu ¢ AOKPacKoOW 303WHOM.

2. AHOMAAUN B CTPOEHUU
IMOAOBBIX KAETOK U J)KEAE3 OCETPOBbIX

AaHHBIE AUTEpaTyphl U Pe3yAbTaThl COOCTBEHHBIX MCCACAOBAHUM CBUAE-
TEABCTBYIOT O TOM, YTO CIEKTPbl RHOMAAMN B CTPOEHUH IIOAOBBIX KAETOK H JKe-
Ae3 Y PasAMYHBEIX BUAOB OCETPOBLIX OAU3KH, @ CAMU @HOMAAUHU BBITASIAAT CXOA-
HeIMU. [T0o3TOMY B HacTOSUEM U3AAHMU NMPUBOAATCS MAAIOCTPALUMN TUITUYHBIX
AHOMAAWM AMIIEL IO OTA€ABHBIM BUAAM DBIO.

3peAble HEOMAOAOTBOPEHHBIE STUIIEKAETKH OCEeTPOBBIX PBLIO UMEIOT CXOA-
HOe CcTpoeHue. B HopMe OHM MMEIOT OKpYTAyIo dopmy (puc. 1). K MoMeHTy 3a-
BepIIeH!s] UX POCTa U CO3PEBaHMs IIPOMCXOAUT A dhepeHnanus XeATka: Ha
AHUMAABHOM IIOAIOCE PACIOAAraeTCss MEeAKO3EPHUCTHIM KEeATOK, Ha BereTaTus-
HOM — KpYIIHBIE I'PAaHYABI JKEATKQ, CPEAM KOTOPBLIX HAXOASTCS IPAHYABI MEA-
KHUX U CPEAHHX pa3MepoB, a TaKKe JKUPOBBIe BaKyoAu. Ha srame co3peBanust
SIAPO (3apPOABIIIEBBIN MY3BIPEK) Y BCeX SIMIIEKAETOK MHUTPUPYET U3 IeHTPAAb-
HOI'O IOAOKE€HHSI B 30HY aHMMAABLHOTO TIOAIOCA. AaAee IMPOUCXOAAT Ae3UHTEr-
pauusi sIAepHOM MeMOpaHBI U CMeIllMBaHWe KapHUOIMAA3MbI C COAEP’KUMBIM 111~
TOIIA@3Mbl @HUMAABHOTO TIOAIOCA STUIEKAeTKH. He3ap0Aro A0 OBYASILIMM OTMe-
YyaeTcs MepBoe AeAeHHe Mel03a, OHO NIPUBOAMT K BHIAGACHHIO TIEPBOTO HAlpa-
BUTEALHOI'O TeAablla. Ha MeTadase BTOPOTO AeA€HHUs MeHo3a IPOMCXOAUT OBY-
ASIIUSL, T.e. 0cBOOOXAeHUe oonuTa Il mopsipka oT MOAAMKYASIPHOM U COEAMHH-
TeABHOTKAHOM 0OOAOUYeK. 3peAble OBYAMPOBABIINE SIHUIEKAETKH HMEIT 000-
AOYKH: CTYACHUCTYIO (6€CCTPYKTYPHYIO, MAM XOPHUOH) U ABYXCAOMHYIO JKEATOY-
HYIO (AyducTas, AW zona radiata) — HapyXHy(o U BHyTpeHHIOIO. ToAmmuHa
o6oroyek OOBIYHO paBHOMepHass ¢ HeOOABIIAM YTOHBLIIEHHEM CO CTOPOHBI
AHUMAABHOTO MOAKOCA, HX COEAMHEHHE MeKAY cO00M oueHb IAOTHOe [BOTHHOB,
1947, 1963; Kazauckuii, 1953; Capos, 1958, 1963; dareena, 1965; Cakys, byu-
Kasi, 1968; Aeraad u Ap., 1981; Makeesa, 1992 u Ap.|.
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2.1. Tunel aHOMaAMI B CTPOEHUM
3PEABIX SIMLEKAETOK BOAKCKUX OCETPOBBIX

Y IpOU3BOAUTEAEH OCETPOBBLIX, BLIAABAMBAEMBIX B PeKe AAS MCKYCCTBEH-
HOTO Pa3BEeAEHHUs, BCTPEYaeTCsl B OTAEABHBIE TOABI IIHPOKMMU CIEKTP BHUAOB
aHOMAAMM B CTPOEHHUH 3PEAbIX HEONAOAOTBOPEHHBIX SHMI[€KAeTOK, 3aTparusa-
IOIIMX UX BOABIIYIO AOAIO. BCAEACTBHME 3TOro KOAMYECTBO NMOAHOIIEHHOM MKPBI,
[IOAYYaeMOM OT NMPOU3BOAUTEACH, MOKeT CYIeCTBeHHO CHUYKAThCH, HeCMOTPS
Ha COXPaHSIONYIOCS BeAUUYUHY abCOAIOTHON IAOAOBHUTOCTH. AAS OIIeHKHU Kaue-
CTBa MPOU3BOAUTEAEH, UCIIOAB3YEMBbIX NPU MCKYCCTBEHHOM Pa3BEA€HHH OCeT-
POBBIX, HaubOAbIIIEe 3HAUYEHHE UMEIOT BhISBA€HHE aHOMAAWH B CTPOEHUM 3pe-
AOH HEONIAOAOTBOPEHHOHN MKPLI U OLIpEACACHHE AOAM SIMIIEKAETOK aHOMAaABHO-
ro CTPOEHHUS.
K OCHOBHBIM THNaM aHOMaAMH B CTPOCHUM 3PEABIX HEONAOAOTBOPEHHBIX
SAUIEKAETOK BOAJKCKHUX OCETPOBLIX OTHOCSITCS:
1) pAedpopmanius SAUIEKASTOK (pUC. 2);
2) HapylIeHUsI B CTPOEHUU OOOAOYEK: AOKAABHOE PACCAOEHHE, HepaBHO-
MepHast KOaryAsius CTYAeHUCTOUM OOOAOYKM M HaAMYHe B HEH BaKyo-
A€H, a Tak)Xe HepaBHOMepHOe OKpallluBaHHe O000AOYEeK, CHUJKeHUe
[POYHOCTH 0DOAOUEK, IPUBOASIIIee K UX pa3pylleHUIo B Ipoliecce I'u-
crorornyeckom obpaborku (puc. 3 —9);

3) HapylIeHUsT B CTPYKTYpPe KEATKa — HaAUuyHe IIOAOCTeH, 3allOAHeHHbIX
BelleCTBOM HEBBIICHEHHOW MPUPOABI, CPEAHN JKeATKA BereTaTUBHOTO MO-
Atoca (puc. 6);

4) mapTeHOreHeTHYEeCKOe pPasBUTHE SUI[EKAETOK (pHcC. 7);

5) MaccoBas pe30pOIUsa 3peAblX HEeBLEIMETAaHHBLIX SUIEKAETOK (puc. 8);

6) MHO>XeCTBEHHBIE @HOMAAMM: 4aCTO B OAHOU sIMI|eKAeTKe OOHapyXHBa-

eTcAd HeCKOABKO aHOMaAWM YKas3aHHEIX BBILIE TUIOB (puc. 9—11).

Haauuwue B sifilleKAeTKaX aHOMaAui 1 ¥ 2-rO TUNIOB CBUAETEALCTBYET O Ha-
PYLUIEHUH Typropa ux o0OAOYEK M CHHUXXKEHHM UX NnpodyHocTh. HepaBHOMepHOe
OKpalIuBaHMe 0O0AOUYEK MOKa3bIBaeT Ha U3MeHeHHsl B OHOXUMHYECKHX IIpolec-
cax. IlapreHOreHeTHUECKOE pPa3BUTHE SUIEKAETOK CBHAETEABCTBYET O IpeXk-
AEBpPEMEHHOM UX aKTUBAIIMU U HEeCOCOOHOCTHU K ONAOAOTBOPeHHI0. M3BecTHO,
YTO aKTUBUPOBAHHBIE HEOIIAOAOTBOPEHHEIe sSHIla MOI'YT NPUCTYIIaTh K ApoOAe-
HUIO, HO OHO IIPOTEKaeT pe3Ko aTMIIMYHO, BCKOpe MPHUOCTAHABAMBACTCS, U AHIlad
nocrenenHo rubHyTt [Aetrad u ap., 1981]. Takum ob6pa3oM, MOXHO CUMUTATH,
YTO NMapTeHOreHeTUYeCKW pa3BUBAIOIINECS SUIEKACTKU B AdABHeHIleM 3aBe-
AOMO TIOTHOHYT, TaK JKe Kak U pe3opOupyrommuecs. Bce octarbHBle aHOMAAUHT
He SIBASIIOTCSI A€TAaAbHBIMH, HO CHUXKAIOT KA4eCTBO SHMIIEKAETOK M HUX >KU3He-
CNOCOOHOCTE.

[Mocae ONMAOAOTBOPEHUSI SIMLIEKAETOK aHOMaAuM 1 —3-ro TUNOB COXpaHs-
IOTCsl, @ B HEKOTOPBLIX CAyYasiX OHH ycyrybasrorcs (puc. 12—13).

HaMu OBbIAM BBISIBA€HBI @aHOMAAWM B CTPOEHHUHM SIMIIEKACTOK Y PYCCKOTO
ocerpa u3 Boaru B 6oaee panHHi nepuop ramerorenesa (III crapust 3peaoctH
rOHaA) — AOKaAbHOe paspylleHHe 000AOUeK M HaAWdYHe BaKyoAeH B sIApe —
KapuonukHo3 (puc. 15).

AOAS ANIEKAETOK C @aHOMAAUSIMU B CTPOEHUU U KOAMUYECTBO CaMOK C TaKH-
MU SHLEKAETKaMH HU3MEeHSIOTCSI BO BpeMeHM M Pas3sAMdYalOTCsl B pa3HBbIX IOINY-
ASIIUSIX OCeTPOBLIX. HauaAabHEIe CTAAMM YKa3aHHEBIX HaPYyIIeHUHU OTMEYaAUucCh y
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HeOOABIIOTO YHUCAaA AulleKAeTOK elfe B 1960-e roanl. B 1970-e ropbl 3TH OTKAO-
HeHUs1 cTaau Ooaee BhIpakeHHbIMH (puc. 14) [DanreeBa, 1965; bapanHMKOBa,
1975; Ayounun, Cyxonaposa, 1979; Pomanos, 1979; Pomanos, Aatydnes, 1981;
Illaraesa u Ap. 1989; 1993; 3emkoB, 2KypasaeBa, 1997]. B nepBrie ropbl HalIUX
UCCACAOBAHUN 3PEABIX SIMIEKAETOK BOAKCKHX OceTpoBhIX (1988—1990 rr.)
aHOMaAuM OBIAM OTMEeYeHEl B OCHOBHOM B CTPOEHHUHM UX oboaodek: y 50— 100%
AUIEKAETOK HaOAIOAQAOCH AOKAABHOE MCTOHYEHHE, BIIAOTB A0 HHUTEBHUAHOTO
COCTOSIHUS, YTO BBI3BIBAAO 3HAUYUTEABHYIO AeOpMalvio SSUIeKACTOK U UX pas-
pyleHue npu (UKcauuu. BLIAM BHISBA€HBI TakKKe BAKyOAH B CTYA€HHCTOH
000AOYKE M TTOAOCTH CPEeAr KeATKa BereTaTMBHOrO MOAIOCA, 3allOAHEHHBIe Be-
111€eCTBOM HEeBLISICHEHHOW Npupoabl. B 1990 r. u B nocaeayionige ToOAbBl HCTOH-
yeHue 000AOUYEK OOHAPY’KHBAAOCH AHIIL Y €AMHHYHBIX SHIIEKAETOK, OAHAKO
COXpaHsiAaCh M BO3pacTara TeHAEHIUS Ae(pOpMHMPOBAaHHOCTU SIMIIEKAECTOK H
pa3pbIBOB ux 0boaouek. C 3TOTO JKe ropd CTar0 3HAYUTEABHO YBEAMYMBATBLCS
KOAMYECTBO SHUIIEKAETOK C TIOAOCTSIMHM CPeAM JKeATKa BereTaTHMBHOTO IOAIOCA,
3aNOAHEHHBLIMH BEIeCTBOM HEBBLIACHEHHOHN IPUPOABL, CTAAO BO3PACTaTh M UHC-
AO CaMOK, SMIIEKAETKH KOTOPHIX OBIAM MOABEP’KeHBI 3THM IponeccaMm. Hauu-
Hasg ¢ 1995 r., cnekTpbel MOP(MOAOTHYECKUX AHOMAAMM 3PEeABbIX SUIEeKAeTOK
BOAJKCKHX OCETPOBEIX B OCHOBHOM CTaOMAU3UPOBAAUCH, B Pa3HLIE TOALI U3Me-
HAAOCH AMIIIE MX KOAMYECTBeHHOe COOTHOILIeHHue Y HCCAEAOBAHHBIX BHAOB OCe-
TPOBBIX.

2.2. HapymieHus B yABTPaCTPyKType
060A0YeK SIHLEKAETOK BOAKCKUX OCETPOBBIX

HNccaepoBaHue YABTPACTPYKTYPHI OOOAOYEK 3PEAOM HEeONAOAOTBOPEHHOH
HMKPBI PYCCKOTro oceTpa M ceBpioru B 1988 — 1990 rr. [MccaepoBanme paHHero...,
1993] nokazano caepyroliue MOpP(OAOrHYeCKHe HapylLIeHUs:

1) cuABHOe MeCTHOe yTOHBbIIeHUe JKEeATOUYHBIX 000AOUeK;

2) paccaoeHHe CTYACHUCTOM 0DOAOUKH (puC. 16);

3) 3aKymopKa MHKPOIIUAE.

Y ONAOAOTBOPEHHOU UKPEL OCeTpa U CeBPIOTH B Iipoliecce eé obeckaeuBa-
HHS B 3aBOACKHUX YCAOBHUSX B HEKOTOPBIX YUACTKaX IIPOUCXOAUT pas3bepAuHeHHe
ee JKeATOUHBIX U CTYAGHHUCTON 000AOYEeK ¢ 0Opa3oBaHHMEM IIOAOCTEH pa3AUuy-
HOTO pasMmepa (puc. 17|, KOTOpble y JKUBOM HMKPHI 3allOAHEHBI JKHAKOCTBIO.
HMuorpa Takue IIOAOCTU BCTPEYAIOTCS U MEXKAY CAOSMH JKEeATOYHBIX 000AOUEK
(paccroenre 0boAOUYEK € OOpa3soBaHHMEM MeXKAY HUMH IOAOCTEH MOATBEPIK-
AQeT Pe3yAbTaThl HCCAEAOBAHUSI UKPhl OCETPOBBIX METOAOM CBETOBOM MHUKPO-
CKOIIHUH).

2.3. Tunsl anHoMaAMI B CTPOEHMU AVLLEKAETOK
CUOMPCKUX OCETPOBBIX B Pa3AMYHBIE IEPHOABI TAMETO- M TOHAAOTeHe3a

Kak ObIAO yKa3aHO BHIIIE, OTKAOHEHUS OT HOPMbI B PAa3BUTHUM PEIPOAYK-
TABHOW CUCTEMBI PBIO, B TOM YUCAEe U OCETPOBBIX, MOI'YT OBITH UCIIOAB30BAHEI
B KauecTBe MHAMKATOPA IIPU ONPEACACHHH CTelleHW OAArolnoAy4Yus CyliecTBO-
BaHUS PasAMYHBIX UX HONYASALUM. B 3TOM cAydae HEOOXOAMMO HCCAeAOBaHUE
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COCTOSIHUSI IIOAOBBIX KAETOK M JKeAe3 CaMOK M CaMIOB Ha NPOTSKEeHUU BCeX
EPHOAOB raMeToreHesa.

Ha npumepe cHOMPCKHUX OCETPOBHIX (CHOMPCKHMH OCeTp U CUOHUpCKast
CTEPASIAL) U3 PAa3AHYHBIX €CTeCTBEHHBIX MOMYASIIUM, a TaK)Ke U3 TelAOBOAHBIX
XO3SMCTB IO BHIPAIIMBAHUIO CUOMPCKOTrO oceTpa OBIA BEISBACH KOMIIAGKC aHO-
MaAMi B pa3BUTHM IIOAOBBIX KAETOK M JKeAe3, HauuHast co Il crapuu 3peaoctu
rOHaA, KOTOPLIE CTAaAM NPOCAEKHMBATHCHI HaMu € cepepuHbl 1980-x ropoB.

Y caMOK BBISIBAEHBI CAEAYIOIIHUE OCHOBHBIE THUIIbl aHOMAAHWM:

)

2)

3)

4)

9)

6)

7)

8

—

9)

MaccoBasi AereHeparysi IOAOBBIX KAETOK IIepPHOAA LJUTOIIAA3MATHYECKO-
ro pocra (peku Mupurupka, KoasiMa, Enucei, AeHa U TenmAoBOAHOE XO-
3siicTBO B KoHakoBo) (puc. 19—22);

CKONAeHUsA (POPMEHHBIX SAeMEeHTOB KPOBM, NPUHUMAIOIIUX yuacTHe B
pPe30pOIMOHHBIX IIPOIeccax, IBASIONIUXCS KOCBEHHBIM CBUAETEABCTBOM
MaTOAOTHYECKHUX MPOIECCOB (BCTpeyaroTcss y ocober BO BCeX UCCAEAO-
BAaHHLIX peKax U B TEMAOBOAHOM X03sHicTBe B KoHakoBo) (puc. 23);
aMUTOTHYECKOE AeAeHHEe TOAOBHIX KAETOK (aMUTO3bl) B IIEPUOA LUTO-
IMAA3MaTHYECKOTO POCTa; 3TU MOAOBBIE KAETKH, BEpPOSATHO, HeXKHU3He-
COCOOHBI U ACTEHEPUPYIOT 3aA0ATO A0 OKOHYATEABHOI'O CO3PeBaHMs
(pexu KoawiMma, Enuceit, AeHa U TeIAOBOAHOe X038UCTBO B KOHaKoBo)
(puc. 24 —25);

ACUHXPOHHOCTL B Pa3BUTUU ITIOAOBBIX KAETOK B IepUOA TPOQOIIAd3Ma-
THYeCKOro pocra (B MHAUTHPKe M TEIAOBOAHOM XO03sHcTBe B KoHako-
BO) (puc. 26);

AereHepaiys IIOAOBBLIX KAETOK Mepuopa TpodoIaasMaTHYeCKoOro pocra
(4acTHYHasA U MaccoBas pe3opOIust OOIIUTOB A0 HepecTa, HaAuuue 6oAb-
IIIOr0 KOAWYECTBa pe30pOupYIOILENCcss OCTaTOYHOM HMKPBI IOCAE Hepec-
Ta caMok) (peku Mnpurupka, KoasiMa, Enunceit, Aena, O0Ob U TEIIAOBOA-
HOe x03g¥cTBO B KoHakoBo) (puc. 27 —28),

Aedopmarusi 3peAsix siinekaeTok (peku Mupurupka, Koawima, Exncei
M TenAOBOAHOe x03sHicTBO B Konakono) (puc. 29 — 30);

HapylUIeHHUsI B CTPOEHUU OOOAOUEK 3PEABIX SINIEKAETOK (AOKAABHEIE MC-
TOHYEHUs], YTOAIleHWe, PACCAOeHHe M paspyllieHue, HepaBHOMEpHOe
OKpalllmBaHue ODOAOUYEK, a Takke oOpa3zoBaHUe BaKyOAeM U MOAOCTeH
B cTypAeHUCTOM oboaouke) (peku KoabiMa, Enuceir, O6b U TeIAOBOAHOE
xo03aucTBo B Konakoso) (puc. 31 —37);

CTEPHUALHOCTb CAMOK BCAEACTBHE 3aMelleHUs MeHepaTUBHON TKaHU Io-
HaABI JKUPOBOM, MPOHMU3aHHON COEAMHUTEABHOTKAHBLIMU TSIKaMHU (peka
OO6s) (puc. 38);

OIyXOAeBble 00pa30oBaHus Ha ssMYHUKe (peka OOb) (puc. 39).

Anomaauu 1, 2, 5, 7 THIIOB BCTpevaroTcsi HauboAee 4acTo, YacToTa BCTpe-
4aeMOCTU aHOMaAuM 3, 4, 6 TUIIOB HECKOABKO MeHBIIe, K PeAKUM OTHOCHATCS
aHoMaruu 8 —9 THUIIOB.

2.4. Tune anHoMaAUM
B CTPOEHMUM IIOAOBBIX JKeAe3 CAMIOB OCETPOBBIX

B ronapax caMijoB OCeTpPOBLIX (CHOMPCKOro ocerpa, CHOMPCKON CTEPASIAH,
PYCCKOro oceTpa BOAJKCKOM IMOIYASIIIUM) OOHApy’>KeHO 3HAaUYUTEeABHO MeHblle
aHOMaAWH, 4YeM y CaMoK.
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BEISSBA@HO TpM THUIIA @aHOMAAUU:

1) AOKaAbHEIE paspylleHHs] CeMeHHBIX KaHaAbIeB U 00pa3oBaHUe MEXAY
HUMH IIOAOCTEH; 3TOT NpOoLecC MPOUCXOAUA Y ocober ¢ roHapamu Ha I,
III u IV crapusx 3peaoctu (puc. 40 —41); yacrto BMeCcTe ¢ 3TOM aHOMa-
AHMEH BCTPEYAAUCH CKOIAEHUSI (POPMEHHBLIX 3A€MEeHTOB KPOBH, NPUHU-
MaloIHUX y4acTHe B pereHepalMOHHBIX Ipoleccax (peku Koabima, Enn-
ce#, O6s, Boara);

2) obpa3oBaHue >KUPOBOM TKAHU MeKAY CeMeHHBIMU KaHaAbllaMH (pyc-
ckui oceTp u3 Boarn) (puc. 42); npy HOPMaABHOM Pa3BUTHH I'OHAA CaM-
1IOB OCETPOBHIX PBIO JKHpOBas TKaHb KOHIIEHTPUPYETCS 3a MpeAeAaMH
WX reHepaTMBHOU 4acTH;

3) «npopacraHue» COEAMHUTEABHOTKAHLIX Ts’KeH B IeHepaTHUBHYIO 4acThb
roHapbl (cubupckuit ocetrp u3 Enuces) (puc. 43).

[TepBLIM THII aHOMAaAM# BCTpevaeTcss Hauboaee 4acTo, aHOMAAUM 2 U 3 TH-

[IOB SBASIFOTCS PEAKHMH.

Anaaus ¥ 06001IeHHe MHOTOAETHHX AAHHBIX BEISBHAU PSiA OOLIUX aHOMa-
AMH B CTPOEHHUH ITOAOBBIX KAETOK y PYCCKOTO OCeTpa, CeBploru U Geayru Boa-
ro-Kacnuickoro 6acceiiHa, a Takke CUMOMPCKOTO OCeTpa U CTEPASIAM pa3And-
HBIX ONYASIIHMN. Y CaMOK TaKMMU aHOMAAUSIMHU SABASIOTCS MaccoBasi AereHepa-
1M1 ¥ pe30pOLUs MOAOBBIX KAETOK Mepuopa TpodorAasMaTUYeCcKoro pocra u
HaAMuHe B roHapaxX GOABIIOTO KOAUUYECTBA pe30pOupyroniencs OCTaTOYHOM HK-
pBI [IOCAE HEPEeCTa, pa3AuYHble HapylIeHUs B CTPOEHUU ODOAOYEK SIHIIEKAETOK
¥ UX HepaBHOMEpHOe OKpalluBaHHue, AepopManus SUIeKAETOK, BaKyOAU3aIust
KapHOIIAa3Mbl SHIIEKAETOK, @ Y CaMI]0OB — AOKAAbHLIe Pa3pylIeHHuss CeMeHHBIX
KaHaAblleB U o6pa3oBaHue MEKAY HUMH IIOAOCTEMH.

B AuTEpaTypHLIX MCTOYHUKAX IPUBOAMTCS PsSiA APYTHX BUAOB @HOMAaAHH,
BCTPEUAIMXCst B pa3Hble IEPHOABI F'aMeTO- U TOHAAOTeHe3a OCeTPOBLIX BOA-
ro-Kacnuiickoro, AzoBckoro 6acceitnoB [Pomanos u Ap, 1990; Pomanos, AaTy-
dres, 1992; PomaHog, LlleBeaesa, 1992, 1993; Mouceesa u Ap., 1997; llleBeae-
Ba, Apytionosa, 2000; Kopuuenko, 2000], He BOIIEAIINX B HACTOSIUN ATAQC B
CBSI3U C OTCYTCTBHEM HMX B HAIIUX MaTepHasax.

Bce paccMOTpeHHBIe aHOMAAUM B PENPOAYKTUBHOM CHCTEMe CaMOK U CaM-
IIOB OCETPOBLIX PBIO 3HAUMTEABHO CHMXKAIOT UX BOCIIPOU3BOANTEABHBIN MOTEH-
IHaA.

3. TUTIbl AHOMAAUN
B CTPOEHUU AUMMHOK OCETPOBBIX

O GPeKTUBHOCTh UCKYCCTBEHHOI'O BOCIIPOM3BOACTBA OCETPOBBIX 3aBUCHUT
OT KauecTBa MOAYYaeMOH MOAOAH, KOTOPOE B CBOIO OYE€PEAb OIIPEAEASeTCs: Ha-
AMYMEM HUAM OTCYTCTBHEM TeX WA UHBIX OTKAOHEHMH B PAa3BUTHH. DTH OTKAO-
HEHUsI MOTYT OBITH KaK ATaABHBIMHU, TAK U He A€TAABHBIMH, HO CHUJKAIOIUMU
JKU3HECTOMKOCTD, MlccaepOBaHUSI ANUMHOK OEAYTH, PyCCKOI'0O OCceTpa, CeBpIOru
U CTepAsAM Ha PHIOOBOAHEIX 3aBopax Hrokmen Boarm obHapyKuau OOAbIIOE
KOAMYECTBO pa3HOOOpa3HLIX aHOMAAUN Ha CTAAMSIX BBIAYTIAeHUs (cTapusi 36) u
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nepexoAa Ha akKTHBHOe NHTaHMe (cTapus 45). Pap anoMaauy, oOHapy>KeHHbIX
Y AMMMHOK Ha CTAAMH BBIAYIIA€HHS, COXPaHAeTCs ¥ Ha CTAAMU IIepexoAa Ha ak-
TUBHOE IUTAHUE, & BIOCAEACTBUM MOJKET OLITHL BEISIBAEH Tak’ke U Y MaAbKOB
OCEeTPOBBLIX. YCAOBHO BCe BBISIBA€HHBIE aHOMAAUH Pa3BUTHs OBIAU CIPYIIIHPO-
BaHwl B 6 Tunos [['oproHoBa u Ap., 2000]:

1) anoMaauu HOpPMEI TeAQ;

2) aHOMaAMU B CTPOEHUHM HAPY’KHBIX OPraHOB;

3) aHOMaAMM B CTPOEHWM BHYTPEHHUX OPIaHOB;

4) aHOMaAUHU CTPOEHUS TKAHEeH;

5) PyHKIHMOHAABLHBIE AHOMAAMHU,;

6) MexaHHu4YeCcKue IIOBPERAEHUS.

ViAAtocTpanuu CrpynnupoBaHbl B COOTBETCTBUM C 3TUM AeaeHueM. OpHa-
KO MOCKOABKY AAsi OOABIIMHCTBA MCCAEAOBAHHBIX AMYMHOK XapaKTEepPHO OAHO-
BpeMeHHOe MPUCYTCTBHME HECKOABKHX aHOMAaAMH pasBUTHsS, Ha MAAIOCTPALUASX
W B IIOAIIMCAX K HUM yKa3aHbl U ADYTHe, He IIpUHapAekalue K o0CcyKaaeMbIM
B KOHKpPETHOM pa3pAeAe THIIAM,

3.1. Asomaruu popmsl Tera

OTH aHOMAAMHU BCTPEYAIOTCs Y AMYMHOK OCeTPOBBIX Ha BCEX CTAAUSAX pas-
BUTHUSA (puc. 44, 45). Ha crapuu BeIAyIIAeHUS (cTapusa 36) U Ha cTrapusax 37 — 39
OHM BKAIOYAIOT:

1) u3rubnl 3aAHETYAOBMIIIHOIO OTAE€AA M XBOCTA: AOpcaabHhIe (puc. 44,q,
48,0) m BeHTpaanbHBIE (puc. 44,g, 62) (CKOAMO3), DOKOBbIE (AOPAO3)
BCAEACTBHE HEPAaBUALHOTO IIPHKPENAEHUS NMpeaHaAbHOW MAABHUKOBOH
KauMbl, S-oOpa3Hbie U3rubbl TeAa U3-3a HeIPaBUABHOM (DOPMBI JKEATOY-
HOTO MellKa (puc. 44,B, I), nporu® CIHUHLI U3-3a HapylLIeHUNU B pa3BHU-
THU CIMHHBIX MHOMEpOB (puc. 44,g),

HenpaBUABHAasA (popMa KEATOYHOro MellKa: 1apoobpa3Has (4acTo 1npu-
BOAUT K AyroobpasHOMY HCKPHUBACHMIO TeAa), IPyIIeBUAHASI U Kallae-
BUAHAS], C HECKOABKHMHU IIepeTs’KKaMH, CIIAIOIIeHHass B AOPCO-BEHT-
PaAbHOM HallpaBAeHUHU (pHUC. 44,g); nHOrAa U3MeHeHne (DOPMEI JKEeATOY-
HOTO MeIlIKa BBLI3BIBAETCS ONYXOACBUAHBLIMU y3AaMu (puc. 44,0),

3) aHOMaAMK B CTPOEHUHU IMAABHUKOBOM KaNMBL

A) moAHOe U YaCTHYHOEe OTCYTCTBHE IIAaBHUKOBOM KaWMEI (pHC. 46,6, B;
47,0);

B) HepopasBuTHe nIepepHeH 4acTH CIIMHHOM NAABHUKOBOM KalMEI (puc. 47,1,
50; 72,6, r) 1 npeaHaAbHOM NAABHMKOBOM KaWMeul (puc. 47,g; 71,6);

B) y3kasa mAaBHUKOBAsl KaviMma (puc. 46,6, B; 44,q; 47,r; 57,a),

I') mcronuenne BceU IAABHHUKOBOM KaWMEI MAM ee KpaeBOM YacCTH
(puc. 48, 59, 62, 63); Ha (poTO, cAeAAHHBIX Ha TeMHOM (poHE HMCTOH-
YeHHAas MAGBHUKOBas KalMa BBITASAUT YepPHOM M3-3a IIPOCBEYMuBa-
ouero oHa;

A) BoaHucTas (puc. 47,8B) u ckpydyeHHas (puc. 47,r; 50) nAaBHHKOBas
Kaunma;

E) pa3peIBEI IA@BHUKOBOM KaWMBI M3-3a 3IIUTEAUMAABHBIX HAPOCTOB Ha
HeH (puc. 71,a);

JK) paccroeHre NAABHUKOBOM KaWMbl BCAEACTBUE oOpa3oBaHUs 00-

HIUPHBIX BOASHOYHBLIX ITOAOCTEH;

2

—
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4) usmeHenue (OpPMbI TOAOBBI — €€ yMeHbIIeHHble HAW YBEAMYEHHbBIE
pasmepsl, 6yrpucrocTs (puc. 57,a; 71,g).
Ha cTapuM HadaAa akKTUBHOTO MUTaHUS (45) BHIIBACHBI CA€AYIOIMe aHOMA-

AuM (POPMBEL TeAa:

18

1) AyrooGpasHblii u3ru6 Teaa BBepx (puc. 44,e) nuau BHU3 (puc. 59,a), pes-
KM 13rud KOHIIA XBOCTa BBepX (puc. 44,a); 4aCTO MOCACAHSIA AaHOMAAUS
SIBASIETCSI CAGACTBHEM OIYXOACBHAHBIX pa3pacTaHMH TKaHeW XBOCTa
(puc. 45);

2) uaMeneHnue GOPMBI FTOAOBBI — ee yMeHblleHHbIe (pHUC. 57,a) pasMepsl
ypoaaruBasi popma roroBsl (puc. 53,a, 6; 54,a, 6); yKOpOYeHHOe MAM
HeAOpa3BUTOE, OTOTHYTOe BHU3 PBHIAO M3-3a YPOAAMBBIX OPraHOB 000-
HSHHUSI, COCAMHEHHEIX OOPO3A0M Ha MepepHel IOBEPXHOCTH phIAA
(puc. 53,a, 6; 54,a); OTCyTCTBHE, HEAOPA3BUTUE MAM YPOAAHMBas hopMa
pTa (puc. 54,a, 6);

3) yMeHbIIEeHHE Pa3sMepOB IPYAHBIX, GPIOIIHBIX (PHC. 48, HMKHUH PUCY-
HOK) ¥ aHaAbHOTO (pHc. 49,6) IAGBHUKOB,

4) aHOMaAMM B CTPOEHUHU TAABHMKOBOM KaWuMBbI:

A) y3KMe CIMHHasl, TpeaHaAbHas TAABHUKOBas KalMa M AONACTH
CIIMHHOTO, aHAABHOTO M XBOCTOBOT'O IIA@BHUKOB (pHC. 44,e, HUKHSASA
AMYUHKA);

B) McTOHYeHMEe KpaeB IAABHUKOB (puc. 44.e; 48,a, 6, 1; 49,0);

B) Borayrasi KafiMa CIIMHHOI'O, XBOCTOBOI'O U @HAABHOTO IIAABHUKOB 34
cYeT CTAHYTOCTH ee KpaeB (puc. 49,r), 4TO IPUBOAUT IPH AaAbHEU-
HIeM pocTe K pa3pbiBaM NAABHUKOB (puc. 49,8, I);

I') yacTHYHOEe MAM MOAHOE OTCYTCTBHE ITPeaHaAbHOM NAaBHMKOBOH Kai-
MBI (puc. 48,8, 1);

A) paccroeHMe NAAaBHMKOBOM KavMbl BCAEACTBHE BO3SHHKHOBEHMSA BO-
ASTHOYHBIX TOAOCTEH.

3.2. AHomaAuu B CTPOEHUM HAPYIKHBIX OPraHOB

Ha crapuy BeIAyIAeHHS (36) K 3TUM aHOMAAMSM MOTYT OBITH OTHECEHBL:

1) runeprpodusi KeAe3bl BhIAyNAeHUs (puc. 50), KOTOpas B 3TO BpeMs B
HOpMe ellle BUAHA Ha HYDKHeH MMOBEePXHOCTH IOAOBBI BlIepeAr POTOBOTO
YTAYOAEHUSI B BUAE YTOAIIEHHUSI JKEAE3UCTOTO SIMUTEAUs, HO He BBIAAET-
cs BIEpeA,;

2) aHOMaAMM B CTPOEHHHM OPraHOB OOOHSHHWS HEAOPa3BUTHE HWAW TIUNep-
Tpocpusi OGOHSITEABHBIX MOK; HaAH4YHe OOpPO3ABI Ha nmepepHen ImoBepx-
HOCTHU TOAOBBI, COepAMHSIIONIEN 00e 0OOHSATeALHEIE SIMKH;

3) HeAOpa3BUTHE MAU OTCYTCTBHE OAHOTO MAM ODOHX IAas.

Ha cTapuM repexopa Ha akKTHBHOe NMHUTaHMe (45):
1) aHOMaAMM B CTPOEHUHU OpraHa OOOHSIHUS:
A) HecpallleHHe NepeMblYKi OOOHATEABHOTO opraHa (puc. 51,8, r; 77,8),
B HOpMe (puc. 51,0) cpanjeHue MepeMbBYKY HaYMHAeTCs Ha CTapuu
42 u K crapuu 45 3akanumBaercs [Aparomupos, 1957, lIMarbray-
3eH, 1968];
B) HeaopasBuTHe opraHa OOOHsIHMs, BhIpaKarolieecs B MEHBIIMX ero
pasMepax, 3apacTaHUM 3aAHEro OTBEpCTHUsl IIPM HEIIPaBUABHOM Cpa-



IIeHUU TepeMbIYKH, BUAOU3MEHeHHe TKaHU OOOHATeAbBHLIX po3e-
TOK, @ TAK)Ke OTCYTCTBUE ODOHATEABHBLIX PO3eTOK B OOOHSITEABHOU
Kalcyae.

2) aHOMaAuM B CTPOEHWH T'Aa3:

A) karapakTa (Ha puc. 51,a moKazaHO HOPMaAbHOE CTPOEHHe raasa 6e-
AYTH Ha CTAaAUM 45; Ha HAYaABHOM CTAAMM KAaTapaKThl HaOAIOAAETCs
MOMyTHEeHHe Ha nepudepuu XpycTaAuKa TAa3a B BUAE 0eaoro
oboaka (puc. 51,6), a 3aTeM BeCh XpPyCTaAMK TepsieT IMPO3pavyHOCTb
(puc. 51,8, ; 73,a, g; 74,B), © AMMMHKHM CTAHOBSATCS CAENBIMH; UHO-
raa HaOAOAaeTcs TUnepTpoduss XpyCcTaAMKa, NMOpa’keHHOro KaTa-
pakro# (puc. 50,a));

B) oTcyTCcTBHE OAHOTO UAM OOOMX rAa3 (puc. 52,6); MUHOTAQ BMECTO TAQ-
3a MPUCYTCTBYET MUIMEHTHBIA CTYCTOK OKPYTAOM (hOpMBI (puUC. 52,B);

B) raaza pasHoro pasMepa; y AMYMHKHA OAMH HMAM ofa raasa MoryT
OLITH MAALI UAHM, HA0OOPOT, rUNepTPOOUPOBAHEL;

3) aHOMaAMHM B CTPOEHUHU NHUIIEBAPUTEABHON CHCTEMBI:

A) 3anaspbiBaHUE OTKPLITHS aHAABHOI'O OTBEPCTHS M 3aA€PKKa BLI-
Opoca NUrMeHTHOH NPOOKH (pHc. 49); B HOpMe OTKPLITHE aHAALHO-
ro OTBEpPCTHSI U BBEIOPOC MUTMEHTHOH IIPpOOKM HAuMHAETCsA Ha CTa-
Auu 43;

B) 3aKyImoOpKa aHAALHOrO OTBEPCTUS HAPOCTOM HMHOPOAHOW TKaHU
(puc. 55,6);

4) aHOMaAMM B CTPOEHUH BHCIIEPAABLHOIO alnapara: HepopasBuTHe xxabep-
HEIX KpHIIEK (puc. 54,a), Haanuue Tpex kabepHBIX KphIlieK (puc. 54,0);
5) ucroHyeHHe GPIOUIHONM CTEHKU U ee pasphiBHL (puc. 59,0).

[NpuMeYaTeAbHO, YTO Y BCEX AMUYMHOK Ha CTAaAMU 45 C YPOAAUBLIM CTpOe-
HHMEM TOAOBEIL (puc. 52,a; 53,a; 54,a) caenora COIPOBOKAAETCS AMOO HeAOpas-
BATHEM OpraHoB OOOHsHHS, AHOO HaruuueM OOPO3ABI, COepMHSAIOIIEH 06e
oboHITeABHBIE SIMKH (puc. 53,a; 54,a), AMOO MOAHBIM OTCYTCTBHEM OPraHOB
obousanus (puc. 54,6).

AVYMHKHA OCETPOBBIX Ha CTaAMM 45 4acTO MOTYT MMeTh OAHOBPEMEHHO
HEeCKOALKO aHOMAaAHMM PpasBHUTHs, Ha3BaHHLIX HaMWU MHO’KeCTBeHHLIMM. Ha
puc. 52,B noKazaHa AMYMHKA CEBPIOTH, Y KOTOPOM HAOAIOAQIOTCS OTCYTCTBUE
rAa3, OpraHoB OOOHSIHMSI, HEAOPA3BUTHE YCHMKOB, PTa, PblAa U XabepHbIX
KPBIIIeK.

3.3. AHOMaAMM B CTPOEHMM BHYTPEHHUX OPTaHOB

Ha cTapuy BHIAYIIA€HHS OTMEeYaroTCs:

1) aHoMaAMHM B CTPOEHHMHU CEpPAIld; Ha pHUC. 56 mOKa3aHO HOpMaAbLHOEe CTPO-
eHHe CEepAlld; XapaKTepHBIMU AHOMaAMSMHU SBASIOTCH: HEAOPAa3sBUTHE
cepAevYHOM TPYyOKH, ee y30CTh, OTCyTCTBHe u3ruba (puc. 57), Hepopas-
BUTBHIN JKeAypOuYeK (puc. 56,6, B), A€BOCTODOHHMHM H3THO CepAeYHOM
TpyOKH (puc. 56,8);

2) OTCYTCTBHE YETBEPTOTO JKEAYAOUKA MPOAOATOBATOrO Mo3sra (puc. 57,q)
AnbO MaAble ero pasmepsl (puc. 50);
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3) aHOMAAWM B PasBUTHH MUIEBAPUTEABHOM CHCTeMBbl Ha CTapAuM 45:

A)
B)

B)

HaAMYMe NMEePBUYHON TEPErOPOAKHM MeXAY I'AOTKOM U MHUIEBOAOM
(puc. 55,1);
HeAOpa3BUTHE MedeHu (puc. 58,0, B), HENPABUABHOE ee IIOAOKeHHe

(puc. 57,6);
HeAOPa3BUTHE MHAOPHYECKUX TPUAATKOB (pHC. 57,0);

') yKOpodYeHHe MPOMEXYTOUHOH M CIMPAaAbHON KMLIOK (puc. 57,0);

A)

E)

IPBIKM MPOMEKYTOUHOM M NepepHed YacTH CIHPAABHOM KHIIOK
(puc. 59,q, 6);

HaAUuMe MeperopoAKM MeXAY CIUPAAbHOM M 3aAHeW KHIIKaMH
(puc. 55,r).

3.4. AHOMaAMM B CTPOEHUM TKaHEN

OTy rpyliy HapylleHUH COCTaBASIIOT!
1) aHOMaAMH ITOKPOBHOTO 3IMTEAMs; OHU MPAaKTUYECKU OAMHAKOBBIE Y AU~

YUHOK Ha BCEX CTApAUAX PA3BUTHS:
A) orcaoenwue (puc. 57,a; 83,6), ucronuenue (puc. 69,6) u pa3phIBEL 110~

B)

KpPOBHOTI'O SITUTEeAMS,

SIHUTEeAMaAbHBIE HAaPOCTHI; Ha cTapuax 36 —39 yalle Bcero obHapy-
JKHUBAIOTCS B JIIUTEAUMM KEATOUYHOTO Melnka (puc. 60,a) 1 naaBHHU-
KOBOHM KaWMBbl (puc. 47,r); Ha CTaAMHU MepexoAa Ha aKTUBHOE IHUTa-
HUe (45) sIUTeAMaAbHBIE HaPOCTHI BCTPEYArOTCA Ha BCEH MOBEpX-
HOCTH TeAa AMYMHOK — Ha rOAOBE, XBOCTe, MAaBHUKAX (puc. 60,6, B;
74,8); MeAkue GeAble HaPOCTHI HAa TPYAHBIX MAABHHUKAX (BO3MOXKHO,
BUPYCHOM NMPUPOABI) IPUBOAAT K MX MHOXKECTBEHHBIM PasphiBaM U
OTIIAAEHUIO YacTeM AONAcCTH NAaBHMKa (puc. 60,r);

2) AeeKTbl B CTPOEHUM MBIIIEYHOU TKAHU!
A) onyXoAeBHAHEIE pa3pacTaHusi TKaHe#d TyAOBMINA M XBOCTa (pHC.

B)

61,a, 6); na puc. 61,6 u 71,r OTYETAMBO BUAHA NonepedyHas 60po3-
AQ, TIPOXOAsIIIAsi Yepe3 BCe TyAOBHIle AMYUHKH MO3aAU JKEATOUHO-
I'o MeNIKa; B 3TOM MeCTe IPOHUCXOAUT HEeOOABIIOW MPOrud Melired-
HOM TKAHH, @ B MeCTe COIIPUKOCHOBEHUSI 60PO3ABI C TIAABHMKOBOU
KaiMOM BO3HUKAIOT BOASHOYHEIE IIOAOCTH M HAPY>KHBIM Kpau IIAAB-
HHUKOBOM KalMBI CAETKa BLIrMOaeTCst; 3TO HadyaAbHasi CTapus OMmyXo-
AEBUAHOTO pa3pyllleHusl TKAHEeH, 3aTparuBaioulero He TOAbKO SIH-
TEeAMAAbLHYI0 ¥ MBIIIEYHYIO TKaHH, PaspylIeHHIO INOABeprarTcs
TaKXe XOpAQ, KPOBEHOCHAasl U HepBHAasi CMCTEeMBI; 4allle BCero 3Ta
aHOMAaAHUS TPUBOAUT K YPOAAMBOM (popMe XBOCTa Y BBIKHUBIIMX
AMYMHOK (pHC. 46) MAH K yTpaTe 4acTH TeAa U rubeAr AMYUHKY, I10-
9TOMY Ha CTaAUM 45 AMUMHKH C 9TOU aHOMaAueu BCTPedaroTCs pep-
KO; Ha puc. 65 mpeAcTaBA€Ha AMUMHKA C OITYXOAEBHAHBIM 00pa3o-
BaHVEM B TYAOBHII[HOM OTAeAe, IPUBOAAIINM K HCKPUBACHHUIO XBOC-
Ta B BEHTPAABHOM HallpaBAECHWH,

HaAWYHe IIOAOCTEH B IIONEePEeYHOIOAOCATON MBIIIEYHON TKaHHU; 3Ta
QHOMAAUSI BBEISIBASIETCS Y AHMYHMHOK BCeX HCCAEAOBAHHBIX BUAOB
OCEeTPOBBLIX Ha BCeX CTaAUsAX pasBHTUA (puc. 63; 64; 66,a, 6); Ha ce-
PHMMHBLIX THCTOAOTMYECKUX CArMTTAaALHBLIX M (PPOHTAABHBIX Cpe3ax



(puc. 64,a, 6, B, I, g) NOKa3aHbl U3MEHEHHUS B CTPOEHHUHU MEILICY-
HOM TKAHU AMUYMHOK OCeTPOBBIX Ha cTapuax 36 —37 u 45, HaOAro-
AaBirecs 3a nocaepnue 40— 50 AeT; B mocAepAHHE TOABI, TOMHMO
MHO>XE@CTBEHHBIX IIOAOCTEeH, B MBIILIEYHONH TKaHU OTMeYalOTCs HCTOH-
YeHHe MBLIIIeYHBIX BOAOKOH, HAaAMYHE MEXAY BOAOKHAMU CBOOOA-
HOTO MPOCTPAHCTBA, M30THYTOCTH BOAOKOH, OKaUMASIIOIINX IOAOCTH;
Ha puc. 64,6, r BUAHEI U3MEHEHUS TOAIMHBI MUOMEPOB; Ha (PpOH-
TaAbHBIX Ccpes3ax (puc. 64,r; 66,06) BUAHO, UTO IIOAOCTH MEJKAY MBbI-
HIEYHBIMU BOAOKHaMHM PacHpOCTPAHSIIOTCS Ha BCIO TOAITUHY MHOMe-
pa, a OoTAeAbHBIe hparMeHThl BOAOKOH, BHEAPSIOUIHECS B MMOAOCTh
(puc. 63,6), ABASIOTCS YaCTAMH PACTAHYTHIX U U30THYTBIX BOAOKOH,
OKaUMASIOIINX [OAOCTh; UCCACAOBAHMS MBINICYHOM TKAHU Ha pas-
HBIX CTAAMSAX Pas3sBUTHUSI AMUMHOK OCETPOBBIX IIOKa3aAH, 4YTO BHYT-
PHUMBIILIEYHBIE TIOAOCTH OOPa3yloTCss B pe3yAbTaTe CHUKeHHS TO-
HYCa OKaMMASIIOIIMX WX MBIIIEUYHBIX BOAOKOH M IOTEPU COEAMHM-
TEABHOTKAHBIX CBSI3ed MeXKAYy HHUMH; IOSBA€HME ITIOAOCTeH Ha cTa-
AMM BBIAYIIAEHHMS M UCTOHYEHHUE MBILIEYHBIX BOAOKOH CBUACTEABCT-
BYIOT O HapylUIeHUHU Ipoliecca MUOreHesa elje B 3MOPUOHAABHLIN
MepHUoA Pa3BUTHUS,;

B) HapyuieHue cermMeHTaluu MHOMepoB (puc. 67,6, B);

') orcyTrcTBHE MBIIIEYHBIX BOAOKOH B BUAOM3MEHEHHBIX MUOMepax Ty-
AoBuia (puc. 68,a) n 6pronika (puc. 68,6; 69,6);

A) orcyrcTBHe MHOCeNT B MHOMepax;

E) uzmenenue TOAIIMHBI OTACALHBLIX MHOMEPOB, BCACACTBHE Yero Ha
MMOBEPXHOCTH TeAd OHU BBICTYNAIOT BBIIIE UAU HUJKE COCEAHUX MU-
OMEepOB;

7K) AOKaABHOE YKOpoueHHe MHOMepOoB (puc. 64,g).

YKa3zaHHbBIE aHOMAAWM B CTPOEHUM MbIIIEYHON TKAHU He ABASIOTCS A€TaAb-
HBIMH, HO, HECOMHEHHO, CHMJKAIOT ITAABAaTEABHYIO CIIOCOOHOCTH AMUYMHOK.

3.5. DyHkuMOHAABHbIE AaHOMAAUK B PAa3BUTUM AUYMHOK

K ¢hyHKIIMOHAABHEIM @aHOMAAUAM B PA3BUTHUU AMYUMHOK OTHOCSTCSL:

1) MHOXXeCTBeHHBIe KPOBOU3AUSHUS (reMaTOMbl) B Pa3AMYHBIX OpraHax M
TKaHsAX: B CEpAlle U IepUKapAe, Mo3re, IIOAOCTH TAa3a U MPHUAETAIOIIUX
TKaHAX, IeYeHH, KabepHBIX AyraxXx M A€NeCTKaX, NAAaBHUKOBOM KailMe
(puc. 70); 3TO CBHAETEALCTBYET O HApyLIeHUM NPOHUIIAEMOCTH CTEHOK
KPOBEHOCHEIX COCYAOB, UX IIOBPEXACHUH,

2) HapylleHue BOAHO-COAEBOro oOMeHa:

A) BOASIHKA 4-TO JKeAyAOdKa IPOAOArOBaTOro Mosra (puc. 72,6, B, I1);
B) BopsiHKa >KeATOYHOTO Mellka (puc. 71,a);

B) BopsiHka nepukapaa (puc. 71,6);

I') BoAsSHKA IMAABHUKOBOM Kaumbl (puc. 61,a, 6; 71,B);

A) BOAAHKA IIOKPOBHOTO 3nuTeAus (puc. 71,r, g, e);

E) BoAsiHKa OpromHoi noaoctu (puc. 69,6; 73,a, 6, B).

3) HapylIeHus: AUITMAHOTO OOMeHa: BBIPaykKaloTCd B HAAMYMH KPYIHLIX Ka-
IIeAb JKHpa B IIOAOCTSIX MO3ra, B pOTOBOM U KabepHOM MOAOCTAX, B Ie-
pUKapAe, B OPIOIIHOM IIOAOCTH, B CKONAEHHHU KHpa B IIOAOCTH IIpOMe-
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XKYTOYHOM (puc. 59,6; 73,r, g) ¥ CIMpPaAbHON KMIIOK (puc. 73,r), B mpe-
aHAALHOM IA@BHHUKOBOM KauMe,

HaAumume KaleAb >KUpa B OPIONIHOM MOAOCTH, IIePUKApAe M IpeaHaAbHON
NAQBHUKOBOI KalMe CBUAETEALCTBYET O BBICOKOM IPOHUIAEMOCTH CTEHOK
JKEAYAOUYHO-KHUIIEYHOTO TPAKTa, d MPUCYTCTBHE KUPA B IOAOCTH JKEAYAOYHO-
KHUIIEUHOro TpakTa — O HapyIeHWH Mpoljecca BCackIBaHWs XUpa. B HOpme
pe3epBHbIN JKUP ¥ AHUMHOK OCeTPOBBIX K CTAAMM Havyara aKTHUBHOIO NUTAHUA
HaKalAuBaeTCs B NIeYeHH, B TKaHAX CpeAHeM KHUIIKH, a He B IOAOCTH JKeAYyAOU-
Ho-kumeuHoro tpakra [llImaawraysen, 1968], oTkyaa OH BBIBOAMTCSI HapyXy
nocae BuIOpoca MUrMeHTHOM NpoOKu. Haaruune Xupa BO PTY M TAOTKe CBHAE-
TE@ALCTBYET O 3allOAHEHUH MM TIOAOCTH JKeAyAka. [lepenoarHeHne >KMPOM MpO-
MEXXYTOUYHOH KHUIIKH HEPEAKO IIPUBOAUT K PasphIBY OpIOLIHON CTEHKH.

3.6. Mexannyeckue NoBpeKAEHMUS

MexaHu4yecKne MOBPesKACHUS AMYHMHOK, HaOAIOA@eMBIe ITPU 3aBOACKOM BOC-
[IPOM3BOACTBE OCETPOBBIX, He ABAAIOTCs COOCTBEHHO aHOMAAUAMM MX PAa3BUTHS,
OAHAKO CAYKAT MOKa3aTeAeM HeaAeKBAaTHBIX yCAOBHH PHIOOBOAHOTO mponecca.
K TakuM TOBPEXAEHUSM OTHOCSTCHA Pas’spbiBbl CTEHKH JKEATOYHOTO MeIIKa,
IPUBOASIIHe K rMbeAr AMUMHOK (pHC. 79,a), a TakyKe yKOpOYeHHBIe TPYAHBIE
W XBOCTOBOM IAABHUKM M YCHUKH (pUC. 74,B) BCAEACTBUE OOKYCHIBAHUS APY-
'MMH AMYMHKAMU IPH OTCYTCTBUM KopMa. MHoOrpa OOKyCaHHBIMH OBIBAlOT
TOABKO AOIACTH TPYAHBIX MAAGBHUKOB (pHUC. 74,0), @ MHOTAQ U BeCh NIAABHUK Ile-
AMKOM,

P

AHOMAAUM B CTPOEHUU AMYMHOK OCETPOBBIX PHIO XapaKTepu3yroTcs pas-
HOWM 4aCTOTOH BCTPEUYAEMOCTH, KOTOpasi U3MeHsIeTCsl B pa3Hble ropbl. Ha crapnn
BLIAYIIA€HUS (36) U Ha MOCACAYIOmUX CTapusix (37 —39) MaccOBBIMM aHOMAAHM-
SIMM AMYMHOK, 4acTOTa KOTOPbIX mM3MeHsirachb oT 20 po 100% Ha prIGOBOAHBIX
3aBopax Huskuedn Boaru, ObIAM CAEAYIOLME: AHOMAAMH B CTPOSHUU NAGBHUKO-
BOM KaMMBI (MOAHOE MAM YaCTMYHOE OTCYTCTBHE, CKPYYeHHOCTH, (pecToHdYa-
TOCTh, BOAHUCTOCTD, BOASHKA); BOASIHKA 4-TO JKeAYAOYKa IIPOAOATOBATOrO MO3Ia,
aHOMaAuM (HOPMBI Teaa (M3ruOBI TeAa M XBOCTA, HapylleHue (GOPMbI KEeATOY-
HOTO MeIllKa); HeAOpPa3BUTHE CePALIa; 3MUTEeAUaAbHBIE HAPOCTHI; HEAOPA3BUTHE
raa3 U ODOHSITEeABHBIX SIMOK; BOASIHKA SIIUTEAUS] TOAOBBI; TIOAOCTH B Ioneped-
HOIIOAOCATOM MyCKyAaType; reMaTOMbI; HapyllleHHe AMIIMAHOTO OOMeHa; Hapy-
IeHUsl TPOIecca BHIAYIIACHUSI U ABUTATEeALHOM aKTMBHOCTH. Ha cTapuu Hadva-
A4 @aKTHUBHOTO nUTaHus (45) MacCOBBIMU aHOMAAHMSMHM B PasBUTHA AMYHHOK
ObIAM CACAYIOLHE: IOAOCTH B IIONEPEeYHOIIOAOCATON MYCKYAAType; 3aAepXKa
BEIOpOCA MUTMEHTHON NPOOKH; MEeAKHE SIIMTEeAMAAbHBIe HAPOCThl HAa IPYAHbIX
[IA@BHMKAX M WX pa3pbiBbl; YKOPOYEHHBLIE I'PYAHBI€ TAAGBHUKHU, HCTOHYEHHE
MAAQBHUKOBOHM KalMBbl, HecpalljeHHe mepeMblyek 0O0OHATEeAbHOTO OpraHa; KaTa-
pakTa; UCTOHYeHWEe OPIOIIHOWM CTeHKHM W €€ Pa3phIBbl; HapyIIeHUs AMIMAHOTO
o6MeHa; Pa3pbiBLI MAABHUKOBOM KaWMEI; BOASHKA OpIOLIKa; HapyuieHue ¢op-
MBI TeAd; YKOpoUYeHUe >)KaOepHBIX KPbIIIEK; SIMUTeAWaAbHbIe HAPOCTHI Ha FOAO-
Be ¥ TYAOBHILE; HapyllleHHe CTPYKTYPbl MHOMEPOB; HEAOPA3BUTHE MAABHUKO-
BOM KaMMEI; UCTOHYEHHE IIOKPOBHOrO SIHUTEAHS.
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BLIsiBA€HHLIC aHOMAAMH B CTPOEHHUHM MCCAEAOBAHHBIX BUAOB OCETPOBHIX He
ABASIFOTCS. BUAOCTIIM(DUUHBIMU, BOABIIIAs MX 4acThb He AeTaAbHBI, 3@ UCKAIOYEe-
HUEM aHOMAaAW#M B CTPOEHUHU CepAlla, HapylleHuss AMIUAHOTO oOMeHa, pasphl-
BOB JXKEATOYHOTO Melllka U OPIOUIHOM CTeHKH, HapyIleHUH B CTPOeHUHU Nule-
BApPUTEALHOU CUCTEMHI,

4. TUTIBI AHOMAAUN
B CTPOEHUU MAABKOB OCETPOBbBIX

Y ManbKoB OCeTPOBLIX BCTpe4dYdeTCHd PAA, aﬂomanuﬁ, BBIABAEHHBIX pdHee Y
AVUMHOK Ha CTAAUM HayaAa aKTHBHOTO MUTaHUA. AAS HUX BHE 3aBUCUMOCTH OT
BUAA PLIO XapaKTepHBI OAHU U Te JKe MOP(dOAOTHYeCKHe aHOMaAWuH, KOTOpbIe
MOXXKHO Pa3sAeAUThb Ha 3 TPYIIIBL
1) aHoMaAuM B CTPOEHHWHW HAPY’KHBIX OPraHOB: YKOPOYEHHE PhIAQ, YCUKOB,
IIAABHHUKOB, >kabepHBLIX KphbIlIeK; yMeHbIlleHne pasMepoB rAas, XpycTa-
AMIKa, KaTapakTa; HecpallleHue NepeMbIYKU ODOHATeABHOTO OpraHa; Ha-
pylIeHue CTPYKTyphl OOOHATEABHOI'O Melllka, OOKOBOM AMHHH, HEAOPa3-
BHUTHe XYHeK 1 HU3MeHeHHe HUX CprMI:.I, HapylLIGIIHH B CTpOEHHH POTO-
BOTO alrmaparta; SIIUTEeANaAbHbIe HAPOCThl Ha I'OAOBe, OPIOIIKe U TYAOBH-
11e; HOpMaAbHOE CTPOEHUE I'OAOBEI IOKA3aHO Ha pHC. 75,

2) aHOMaAMM CTPOEHHsI TKaHel: HaAuuue BHYTPUMEBIIIEYHBLIX IIOAOCTEH;
UCTOHYEHUE U pa3phiBbl OPIOIIHOM CTEHKH,

3) dyHKIMOHAABHEIE @HOMAAMU: MHOXXECTBeHHbIe KPOBOMBAMSHUS B PaKo-
He cepalla, OpPIONIKA, MO33aAU PTa M HA XKaOepHBIX KPbINIKAX.

HaubGoaee xapaKTepHLIMU aHOMaAUSIMU | ¥ 2-11 TPYIII ABASIFOTCS CAEAYIO-

niue:

1) anoMaAuu B CTPOEHHUH HAPY>KHBIX OPraHOB:
A) ykopouyeHue >kabepHBIX KphillleK (puc. 76), KOTOpHIE He 3aKphiBa-

E)

B)

10T J)XabepHble AYTH, BCAGACTBHE Yero OHHM OKa3bIBAIOTCS He 3alllu-
IIeHHBIMH; TIPA 3TOM XOTHA >KabepHbId annapaT ¥ MOJKET BBIIIOA-
HATH CBOM (PYHKUMU, HO BBUAY €ro He3allHUIeHHOCTH BO3pacTaer
BEpPOSITHOCTH IIOBPEJKACHUS >KaOEepHBIX A€NEeCTKOB M, KAaK CAGACT-
BHUe, THOeAr PBIOHL

aHOMaAWM B CTPOEHUM ODOHSATEALHOro opraHa (puc. 77): Hecpalle-
HHE [eperopopku 0OOHSITEABHOTO OpraHa, OTCYTCTBHe ODOHSTeAb-
HOTO 3IUTEANs, HapylleHHe CTPYKTYpPhLl OOOHATEABHEIX PO3eTOK;
AHOMAAWM B CTPOEHMH TAa3 (puc. 78): yMeHbIlIeHHe pa3MepoB 3pad-
Ka (puc. 78,6, r), AokaAbHast UAM AU y3Hast Karapakra (puc. 78,6, B,
78,r, g, X), IOMyTHeHHe POrOBMIIEI, paspyllleHre XPyCTaArMKa U Ha-
pylIeHHe CTPYKTYyPhl BHYTPEHHUX Y4aCTKOB raasa (puc. 78.e).

2) aHOMaAMHM CTpOeHMs OpPIOUIHONM CTeHKHU (puc. 79— 86).
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YropoueHue >xabepHBIX KpblllIeK BO3HUKaeT Y AMYMHOK yXKe rocie 39—
40-i crapuut paseutus [LIMansrayszen, 1975]. Cunuraercs, 4ToO YKOPOYeHHUe XKa-
OepHBIX AENeCTKOB U >KaGepHBIX KPbIIIEK HECOBMECTUMO C KM3HBIO U ocobu
C 9TOM aHOMaAuel Hen30e>KHO MOTUOHYT. [1PeAlTOAOKUTEeALHO TIPUYHHON 3TOU
aHOMaAMM MOJKeT OBITH BO3AEHCTBHE HA AMYMHOK U MOAOABL 3arpAa3HeHHBIX
BOA, MOCTYNAKILUX B peiboBoAHBIe BopoeMbl [Mrymuosa, 1989].

AnoMaAuM OOOHATEABHOTO OpraHa BCTPeualoTCsi U B eCTeCTBEHHBIX YCAO-
BHUSIX, OAHAKO Yy 3aBOACKOH MOAOAM OHM OTMeualoTcs dalje. K mpuuyumHaM MX
BO3HUKHOBEHHUSI OTHOCAT TOKCHYECKOEe BO3ACHCTBUE U Pe3KUH MOALEM TeMIle-
patypsl BoAbl [Koncrantunos, 1954; Ilmaabraysen, 1973; Kpacnopembckas,
1989]. lNoka3zaHo, YTO TaKHWe aHOMAAMH COKpPAlaioT OOABIIYIO YacTb OOOHS-
TEALHOTI'O 3MHUTEAHS (PEeLieITOPOB), YTO INPUBOAUT K U3MEHEHHUSM IOBeAeHUs
ocobent [Aesunbina, 2004].

Bce ykasaHHBIE HapyLIeHUSI B CTPOEHUHU I'Ad3 MAAbKOB OCETPOBLIX IIPUBO-
MT K ToTepe 3peHHs. ['AazaM OCETPOBBIX PHIO BO BCe NEPUOALI MX JKU3HHU
CBOMCTBEHHBI BBEICOKAsi CBETOYYBCTBUTEABHOCTE M HU3KUHM YPOBEeHbL OCTPOTEI
3peHusa. OCOOEHHOCTH CTPOEHUS I'A@3 OCETPOBLIX M YETKO BBIPAXKEHHOEe COOT-
BETCTBHE 3THUX OCOOEHHOCTEN 3KOAOTHYECKON crenuduke BUAOB MOKA3BIBAIOT,
YTO 3peHHe OCEeTPOBLIX, He UMelolee OOABIIOrO 3HAUYEeHUsI AAS AOOBLIBAHUS TTH-
M, HeOOXOAMMO AASI APYTHIX CBsIzed co cpepodl [Babypuna, 1972]. 3navenue
3PUTEALHON OpHeHTaIllud HeAOCTaTOUHO U3YYeHO, OAHAKO MOXKHO C YBepPeHHO-
CTBIO YTBEPJKAATH, YTO BO BpPeMsi CKaTa MaAbKOB M3 DEKHM B MOPe 3pUTeAbHasl
OpHMEeHTAIlUs MOJKeT HUI'PaTh CYILeCTBEHHYIO POAbL B JKU3HM MAABKOB, TakK Kak
nomoraeT usberaTb BCTPeYXd C XUITHUKOM, COrAaacHO AMTepaTypPHBIM AAHHBIM
[MoaoatioBa, CmupHoBa, 1981], 0OAHOM M3 rAABHbIX IIPHYUH COKPAIEHUS YHC-
A€HHOCTH MaAbKOB OCETPOBBIX PbIO BO BpeMsl peYHON MUTPAlMU ABAACTCS BbI-
eAdaHMe UX XUIHBIMH pbibamu (OepuioM, COMOM), IpUieM HauOOABIIass HHTEH-
CHMBHOCTB 3TOTO IIpoljecca HabAIOAAAACh Ha CIIaAe€ IOAOBOABS M B MeKeHHLIU
IIepUOoA (TO €CTh B TOT II€PHOA, KOTAQ C PBIOOBOAHBIX 3aBOAOB BBHINTYCKAKOT MO-
AOAbL OCETPOBBIX PbIO). Bce 5TH pAaHHBIE CBUAETEABCTBYIOT O TOM, YTO MOTEpst
3peHUsi MAaABKaMH OCETPOBLIX PhIO, BHEITYCKAeMBIX C OCETPOBBLIX PbIOOBOAHBIX
3aBOAOB, OCAOJKHHUT UM aAAITAI[UMIO K HOBBIM YCAOBHAM OOMTAHUS U IIPUBEAET
K CHHJKEHHIO BBIKMUBAEMOCTH BBINYIEHHBIX pbI0. MUKpPOCKONIMYECKOEe HCCAe-
AOBaHHe MMOPaKeHHBIX KAaTapaKTOM I'Ad3 MOAOAU OCETPOBBIX ITOKa3aAo0, YTO B
OOABIIMHCTBE CAy4YaeB KaTapakTa OblAa BEI3BAHA IIOPaKeHUeM XPYCTaAMKa Me-
tTalepkapusMu poaa Diplostomum, KoTOpeie OTHOCATCS K IpPyIille OCHOBHBIX
BO30yAUTEAEH AUIIAOCTOMO30B IPYAOBBIX pI® Poccuum [Illaraesa u Ap., 2000].
B psae cAydaeB IpuU MUKPOCKOMHUYECKOM OOCAEAOBAHMU I'Ad3 OCETPOBBIX, IO-
pa’keHHBIX KaTapaKToM, Napa3uTel He ObIAM OOHapyXeHbl. [IpuyuHbl 3a60Ae-
BaHUS r'Aa3 B 3TOM CAy4Yae He YCTAHOBAEHHI.

Y MaABKOB OCETpPOBLHIX pbIO BCTpeyaeTcsi AOBOABHO 4YaCTO HUCTOHYEHHEe
BCel OPIOIIHOM CTeHKHU (puc. 79,6, B) MAM OTAEABHBIX ee Y4acTKOB (puc. 79,1, g).
WcToHyeHHast OpIoliHasi CTeHKa He MOXKET CAYKHTh HAACKHOM 3alUTOU OT
MeXaHMUYeCKHUX TpaBM, IMO3TOMY y 0coOel ¢ TakoW aHOMaAuel HaOAIOAGAU B OT-
AEABLHEIX CAYYasiXx pa3phIBEI CTeHKH Opromika (puc. 79,e, x). B Hopme GprormHas
CTeHKa MOAOAM OCETPOBBIX AQHHOTO BO3pacTa 0Opa3oBaHa KOXKeHl M MBIIILAMHU.
KoKa cOCTOMT U3 CAOSI SIMMUTEAHUAABHBIX KAETOK U A€PMAAbHOTO CAos (puc. 79,
80). ToAmMHA 3IUTEAUAABHOTO CAOSl YMEHBIIAeTCd K CpepAHed AMHHMH JKHBOTA
1 BOAM3H Hee OCTAITCS TOABKO ABA CAOSI KPOIOIIUX KEAe3UCTHIX KAETOK (OK-
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PYTABIE M YIIAOIIeHHBIE). AepMaAbHBIM CAOU 0Opa30BaH MOIIHEIM CAOEM IAOT-
HOU COEAMHUTEABHOM TKAHU OAMHAKOBOW TOAIIMHBI Ha BCEM NPOTSKEHUM
OpronrHoN cTeHKU. [ToA KOXKeH 3aaeraloT MUOMepHl, 00pa3yioliyue KOChle MbIII-
I[bl JKMBOTA. BhICOTA 3THX MMOMEpPOB YMEHBIIAETCS IO Mepe MPUOAMKEeHUs
K CpepAHer AMHMM JKUBOTaA. BeHTpaAbHble KOHIIBI MBIIIEYHBIX CETMEHTOB, 06pa-
3YIOUUX KOChle MBIIIILI KUBOTA, NPAKTHYECKH AOXOAAT AO CPeAHEeH AWHUU
KUBOTa. HemnocpepACcTBeHHO NOA CPeAHer AMHUeN >KUBOTA IMPOXOAMT OYeHb
TOHKHUM CAOU (COCTOSIIMHI U3 ABYX — TPeX MBIIIE€YHBIX BOAOKOH) NPSMOM MBbIIL-
1Bl J)KUBOTa (puc. 79,a). [1pyu maToAOTHYeCKUX U3MEHEeHHUSIX CTeHKU OpIOMIHOMN
IIOAOCTH HADAIOAQIOTCH U3MEHEeHHUs] KaK KOXXKHOTO, TaK W MBIIIIEYHOTO CAOeB
(puc. 81 —85). B KOJKHOM 3IUTEANH Ha GOABIIOM YAGACHUH OT CPeAHeN AMHUU
JKUBOTA YMEHBIIIAeTCST TOAIIMHA CAOS JKEeAe3UCTHIX KAeTOK. B pesyabraTre GOAL-
miasi MAOIAAbL OPIOIIKa OKa3kIBAeTCs AMILIEHHOM 3alUIUTHOTO CAM3MCTOIO CAOS.
| % ! ABYX CAOEB IIOKPOBHBEIX KAETOK 4HacTO COXpdHseTCsA TOABKO OAUH CAOM OK-
PYTABIX KAETOK. B AepMarbHOM cA0e HaOAIOAQIOTCS pa3pbIXA€HHEe BOAOKOH CO-
€AMHUTEABHON TKAaHW M HEKOTOPOEe yMeHbIIeHUEe TOAIIUHEBI CAOS. MEBIIIeYHbIHI
CAOH MCTOHYEH H3-3a YMEHBIIEeHHA B MUOMepaX KOAMYeCTBa MEIIIEYHBIX BOAO-
KOH. HpI/I 9TOM BeHTpaAbHBIE KOHIIBL TYAOBHUIHBIX MBIIIE€YHBIX CerMeHTOB He
AOXOAAT AO CpeAHeH AMHMH JKUBOTA. MLINIEYHBLIE BOAOKHA MPSAMON MBIIIIIE]
JKUBOTa He oOHapyxxuBarTcs [Esrensesa u ap., 2001]. VcTronyenue GproniHomn
CTEHKH NPUBOAUT K €e Pa3phIBY, BHINAACHHUIO KUIIeYHUKA HapyXYy (puc. 86) u
K ri0eAr MaAbKOB.
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INTRODUCTION

Last decades of the 20" century saw an immense decline in abundance of
sturgeon populations caused by a whole complex of factors. The most detri-
mental ones include reduction in available spawning grounds as a result of
damming, inefficient fisheries, increase in illegal catches, and water pollution
[Raspopov, 1992; Veshchev, 1995; 1997; Khodorevskaya & Novikova, 1995; Vla-
senko, 1997; Krasikov, 1997; Novikova, 1997; Ruban, 1999; Ivanov, 2000; Novi-
kova & Khodorevskaya, 2000; Khodorevskaya et al.,, 1997, 2001, 2002; Veshchev,
2001; Khodorevskaya, 2002]. An abrupt decrease in abundance of most stur-
geon populations practically necessitated a general banning of sturgeon com-
mercial fisheries in Russia and in some cases even listing of certain species and
populations in the RF Red Data Book and in the endangered species invento-
ries of the federal administrative entities.

In the late 1950s and early 1960s decline in natural reproduction of stur-
geons associated with reduction in available spawning grounds of the Volga
River compelled to develop artificial breeding of sturgeons and establish hatche-
ries. Subsequently hatcheries also became important for maintaining abun-
dance of sturgeon populations in other rivers and basins (the Ob River, the
Yenisei River, Baikal Lake etc.).

In recent years sturgeon breeding has been the principal tool to renew
valuable sturgeon stocks [Khodorevskaya, 1999; Barannikova et al., 2000; Kor-
nienko, 2000; Malutin, 2000, etc.]. It is shown that artificial reproduction in the
Volga-Caspian basin accounts for 99% of Beluga (Huso huso L.) stocks, for 56%
of Russian sturgeon (Acipenser gueldenstaedtii Br.) recruits, and for 36% of
Stellate sturgeon (A. stellatus P.) recruits [Khodorevskaya et al., 2000 b]. How-
ever, recently there has been a decrease in sturgeon restocking partly due to
absence of suitable spawners in catches [Barannikova et al., 1997; Dolgopol &
Ozeryanskaya, 1997; Zhuravleva, 2000; Sheveleva & Arutunova, 2000, etc.].
Thus in case of Stellate sturgeon spawners exploited at hatcheries in the Volga
delta there is a tendency of decreasing in ratio of ovulated females after hor-
monal stimulation from 64 —67.7% in 1993 — 1994 to 47.5% in 1995. Meanwhile
96 —98% of Beluga females produced good eggs [Kamolikova and Kokoza,
1997]. In the Volga River males (3%) and females (28%) of Stellate sturgeon

26



revealed abnormalities in gametogenesis; an increase in number and diversity
of the abnormalities was registered in the hiemal group of the Volga Russian
sturgeons in the beginning of downstream migration [Saenko, 1997 a, 1997 b,
2000].

Artificial reproduction efficiency depends on quality of employed repro-
ductive material and the produced fingerlings. According to numerous data,
sturgeons from various basins demonstrate a wide range of abnormalities in
development and functioning of reproductive system that directly influence the
egg quality and embryo survivability [Dettlaff et al., 1981; Faleeva, 1987, Roma-
nov, 1990; Romanov & Altuf'ev, 1990, 1992; Romanov et al., 1990; Romanov &
Sheveleva, 1993; Akimova & Ruban, 1992, 1996; Shatunovsky et al., 1996, etc.].
Therefore quality assessment of employed eggs and produced progeny is a
matter of high importance. Abnormalities in development of the reproductive
system can be used as an biological indicator to assess the state of various fish
populations, including sturgeons. Application of traditional histological tech-
niques allows us to identify various abnormalities in development of gametes
and gonads, including those at early stages when they are not yet visible.
Morphological studies of development and functioning of reproductive system
in various fish species reveal not only the early harmful effects of external fac-
tors but also the nature and degree of abnormalities in development of gametes
and gonads; this helps to assess the total reproductive potential of a popula-
tion at a given time and in a specific habitat [Akimova & Ruban, 1996].

To date there have also been described numerous developmental abnor-
malities in sturgeon larvae and fingerlings produced at sturgeon hatcheries
[lgumnova et al., 1990; Shagayeva et al., 1993; Goriounova et al., 1997, 2000,
2004; Goriounova & Sokolova, 2000; Lepilina, 1997 etc.]. While many of these
abnormalities considerably decrease survival rates of young sturgeons, some of
them are lethal.

Therefore the main task of this illustrated Atlas is to show structural abnor-
malities in eggs, larvae, and fingerlings that occur during artificial reproduc-
tion and should be taken into account during assessment of the progeny qua-
lity. Another task is to show abnormalities in development of gametes and
gonads that could be used to monitor the state of sturgeon populations. These
issues have been largely investigated in the case study of the Siberian sturgeon
[Akimova & Ruban, 1992, 1996]. The Atlas is designed in accordance with these
tasks. The first part is devoted to abnormalities in gameto- and gonadogenesis
of sturgeons and starts with illustrations of structural abnormalities in ripe eggs
of the Volga River sturgeons as the most valuable species in artificial repro-
duction. A separate subsection is devoted to abnormalities in development of
gametes and gonads of the Siberian sturgeon, starting from the stage II in the
gonad maturation. The succeeding sections of the Atlas contain illustrations of
structural abnormalities in larvae and fry of sturgeons from the Volga River.

Below we are going to introduce methods and results of our studies that
could be used as a guide to quality assessment of the sturgeon eqggs and fin-
gerlings both at hatcheries and during implementation of monitoring programs.

This work is done with financial assistance of the Federal Agency for Fi-
sheries (former State Committee for Fisheries of the Russian Federation), the
SevKaspRybvod, TSUREN and the Russian Foundation for Fundamental Inves-
tigations (RFFI) (project No. 02-04-48229).
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GUIDELINES
TO QUALITY ASSESSMENT OF STURGEON
EGGS AND FINGERLINGS

1. MATERIALS AND METHODS

1.1. Studies of gameto- and gonadogenesis of sturgeons

This publication is a generalization of long-term data on gameto- and
gonadogenesis of Russian sturgeon, Beluga, Stellate sturgeon, and Sterlet
(A. ruthenus L.) from the lower reaches of the Volga River; Siberian sturgeon
from the Lena, Aldan, Indigirka, Kolyma, Ob, and Yenisei rivers, as well as from
the warm-water hatchery in Konakovo (the Tver region); and Sterlet from the
Yenisei River.

Materials on the Volga River sturgeons were collected during 1988 —2001
at various hatcheries in the Volga basin (e.g. Volgogradsky, Alexandrovsky,
Lebyazhy, Kizansky, Sergievsky, Bertul'sky, Zhitnensky) and Orlovsky hatche-
ry the Orel region. The studied material comprised mature unfertilized eggs (in
some cases also fertilized) collected from 257 females, including 126 Stellate
sturgeons, 105 Russian sturgeons, 24 Belugas, and two mixed samples collec-
ted from Sterlets. Additionally, in 1990 gonads of nine males of Russian stur-
geon and three males of Sterlet were analyzed. For purposes of histological
analysis, 16 oocytes of Russian sturgeons and Belugas and 20 oocytes of
Stellate sturgeons and Sterlets were taken from each individual. The material
was fixed with formaldehyde (4% solution) and Bouine liquid. The treatment
followed traditional methods (Roskin & Levinson, 1957). Eggs were stored in
aniline oil for five or six days prior to paraffin embedding. Cuts (6 —10 mkm)
were colored in accordance with the Mallory technique.

In 1961 —1986 development and functioning of the Siberian sturgeon
reproductive system were studied in various parts of the Lena River (e.g. upper
reaches, middle reaches, and lower reaches, including the delta), as well as in
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its tributary, the Aldan River. During the period of 1984 — 1995 analogous data
were collected in other Siberian rivers (i.e. the Indigirka, Kolyma, Yenisei, and
Ob rivers). Additionally, in 1975 — 1988 the Siberian sturgeon reproductive sys-
tem was studied in warm-water hatchery of the Konakovo R & D division of the
All-Russia Research Institute of Freshwater Fisheries (VNIIPRKH). In 1973,
1974, and 1976 this hatchery received eggs from the Siberian sturgeon spaw-
ners captured in the lower reaches of the Lena River. Sturgeons were reared
under the water temperature exceeding the natural one by 10° C all year ro-
und. During the years of the Siberian sturgeon studies histological analyses
involved gonads of 1601 individuals from various populations and 14 individu-
als of Siberian Sterlet from the Yenisei River. Electron images of histological
cuts were made with an OPTIMAS computer imaging system equipped with a
LEICA DC automatic video camera (a 10x ocular magnification and 10, 20, 40x
lens magnification. Slices were photographed with a DC VIEWER program
combined with a PHOTOSHOP 5.5 imaging program.

For scanning ultramicroscopy, samples (200—300 eggs from the same
female) were fixed with formaldehyde (4% and 10% solutions). Samples were
prepared according to traditional methods: washing, lyophyl drying, sticking
on sample holders, and gold dusting [Weackley, 1975; Mikodina, 1987; Sha-
gaeva et al., 1995]. Studied samples included unfertilized, fertilized unwashed,
and fertilized demucilaged eggs from 48 females of Russian and Stellate stur-
geons. To demucilage eggs silt deposition was performed for 45 minutes.
Overall, 366 samples were prepared and analyzed. These samples contain
whole eggs or envelopes. Ultramicroscopy was performed with a JSM 50A
scanning electron microscope (200 —3000x magnification).

1.2. Studies of sturgeon larvae and fry

This section sums up long-term data on larval structure of Russian stur-
geon, Beluga, Stellate sturgeon, and Sterlet that were collected at the above
mentioned hatcheries in 1988 —2001. Overall, 15833 larvae were studied at va-
rious stages of development: hatching (stage 36), transition to exogenous feed-
ing (stage 45), and intermediate stages (37, 38, 39, 40, and 42). Development
stages of larvae and fry were determined with a guide prepared by T.A. Dettlaff
et al. [1981]. Larvae were fixed with formaldehyde (4% solution) and subse-
quently refixed with Bouine liquid. This technique provided a better induration
of tissues and yellow coloring of larvae revealing abnormalities that are invisi-
ble when bodies are transparent. Larvae were studied with an MBS-1 binocu-
lar microscope and photographed with the OLYMPUS microscope combined
with camera. Sagittal and frontal histological cuts (6 mkm) of larvae were colo-
red in accordance with the Mallory technique; nuclei were additionally colored
with boric carmine [Romeis, 1953].

Morphological abnormalities were identified through comparison of the stu-
died larvae with published materials used as standards [Schmalhausen, 1951,
1962, 1968, 1971, a, 6, B; Dragomirov, 1953 a, 6, 1957, 1961; Dettlaff et al., 1993].

Juveniles of Beluga, Russian sturgeon, and Stellate sturgeon were collec-
ted at the above mentioned hatcheries in 1993 — 2002, while the Sterlet finger-
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lings were collected at the Orlov hatchery (the midstream of the Oka River).
Sample collection was performed during ordinary juvenile checking before
release (when juveniles were 25—30 days old) and fixed with formaldehyde
(4% solution). Overall, the studies covered: 938 individuals of Beluga, 1768
individuals of Russian sturgeon, 1431 individuals of Stellate sturgeon, and 159
individuals of Sterlet.

The abdominal wall tissue structure of juvenile of the Russian and Stellate
sturgeons was also studied with traditional histological methods [Roskin &
Levinson, 1957]. Cuts (7—13 mkm) were colored with haematoxylin in accor-
dance with the Karrachi technique and additionally colored with eosin.

2. STRUCTURAL ABNORMALITIES
IN GAMETES AND GONADS OF STURGEONS

Our observations and numerous published data indicate that ranges of
structural abnormalities in gametes and gonads of various sturgeon species are
close and the abnormalities themselves are very similar. Therefore this Atlas
only contains illustrations of typical abnormalities in certain sturgeon species.

Mature unfertilized eggs of sturgeon species have a similar structure.
Normal eggs are round in shape (Fig. 1). By the end of oocyte growth and ma-
turation the yolk is differentiated: a fine-grain yolk is located at the animal
pole, while large granules of yolk that incorporate with fine and middle-sized
granules and oil vacuoles are located at the vegetative pole. During the matu-
ration stage the nucleus (germinal vesicle) migrates from the central position
towards the animal pole. Consequently, the nucleus membrane disintegrates
and the karyoplasm mixes with the animal pole cytoplasm of the egg. The se-
cond division of meiosis that occurs shortly before ovulation results in forma-
tion of the second polar body. Ovulation occurs during the metaphase of the
meiosis second division, i.e. the secondary oocyte escapes from follicular and
connective tissue envelopes. Mature ovulated eggs have two envelopes: a
sticky unstuctured envelope (chorion or jelly coat) and a yolk envelope (zona
radiata) — with an external and internal layers. Usually the envelopes are
evenly thick and get only slightly thin on the animal pole; their connection is
very tight [Votinov, 1947, 1963; Kazansky, 1953; Sadov, 1958, 1963; Faleeva,
1965; Sakun & Butskaya, 1968; Dettlaff et al., 1981; Makeeva, 1992 etc.].

2.1. Types of abnormalities
in ripe gametes of sturgeons from the Volga River

From year to year sturgeon spawners captured for artificial reproduction
purposes demonstrate a wide range of structural abnormalities in a mature
unfertilized egg that involve the most part of the egg. As a result, the number
of suitable eggs collected from spawners could considerably decrease, despite
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the stable absolute fecundity. The identification of structural abnormalities in
mature unfertilized eggs and determination of percentage of abnormal eggs is
very important for quality assessment of brood stock exploited in artificial
reproduction of sturgeons.

Principal types of structural abnormalities in mature unfertilized eggs of
sturgeons from the Volga River:

1) oocyte deformation (Fig. 2);

2) structural abnormalities in envelopes: local delamination (exfoliation),
irregular coagulation of chorion with formation of vacuoles, irregular co-
loring (anisochromia) of envelopes, reduction in toughness that results
in envelope decomposition during histological preparations (Fig. 3 —29);

3) structural abnormalities in yolk: the yolk on the vegetative pole reveals
vacuoles filled with substance of unclear nature (Fig. 6);

4) parthenogenetic development of oocytes (Fig. 7);

5) massive resorption of mature unspawned oocytes (Fig. 8);

6) combined abnormalities; one and the same oocyte reveals several types
of the above mentioned abnormalities (Fig. 9—11).

Oocyte abnormalities of the 1% and the 2"¢ types indicate disorders in tur-
gor and reduction in toughness of the envelopes. Anisochromia of envelopes
shows changes in biochemical processes. Parthenogenetic development of
oocytes indicates that they are untimely activated and unsuitable for fertiliza-
tion. It is known that activated unfertilized oocytes can start cleavage, however,
the process is highly abnormal and soon stops; oocytes gradually perish [Dett-
laff et al., 1981]. Consequently, we could consider that oocytes with partheno-
genetic development are doomed to die like resorbed oocytes. The rest abnor-
malities are not lethal, however, they decrease the oocyte quality and survival
rates.

After fertilization abnormalities of types 1—3 persist and in some cases
even get worse (Fig. 12—13).

We have identified structural abnormalities in oocytes of Russian sturgeon
from the Volga River at an earlier period of gametogenesis (the III" stage of
the gonad maturity): local breaking of envelopes and presence of vacuoles in
the nucleus (= cariopyknosis) (Fig. 14).

The percentage of eggs with structural abnormalities and the number of
females with abnormal eggs vary depending on the time and the population.
Early signs of the above mentioned abnormalities were found in a few eggs
already in the 1960s. However, in the 1970s these abnormalities grew promi-
nent (Fig. 15) [Faleeva, 1965; Barannikova, 1975; Dubinin & Sukhoparova, 1979;
Romanov, 1979; Romanov & Altuf'ev, 1981; Shagayeva et al. 1989; 1993;
Zemkov & Zhuravleva, 1997]. During the first years of our studies of mature
eggs in the Volga sturgeons (1988 —1990), we found abnormalities mainly in
the envelope structure: 50 —100% of oocytes had local thinning of envelopes
up to some filamentary structure that caused a considerable deformation of
oocytes and their destruction when fixed. We also found vacuoles in the chori-
on and cavities in the yolk inside the vegetative pole (in the latter case the vac-
uoles were filled with substance of unclear nature). Since 1990 thinning of
envelopes have only been found in individual oocytes, however, the tendency
for oocyte deformation and envelope desruption has persisted and even increa-
sed. Meanwhile the number of oocytes having vacuoles filled with unclear
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substance inside the yolk at the vegetative pole also increased markedly; the
number of females with such eggs also grew. Since 1995 ranges of morpho-
logical abnormalities in mature eggs of the Volga sturgeons have practically
stabilized and only proportion of abnormalities in studied sturgeons have var-
ied.

2.2. Abnormalities in the oocyte
envelope ultrastructure of the Volga sturgeons

In 1988 — 1990 studies of the envelope ultrastructure of mature unfertilized
oocytes of the Russian and Stellate sturgeons revealed the following morpho-
logical abnormalities (Shagayeva et al., 1993):

1) a prominent local thinning of the yolk envelopes;

2) delamination of the chorion (Fig. 16);

3) plugging of micropyle.

During demucilaging of the fertilized eggs of Russian and Stellate stur-
geons, local disconnection of the yolk envelope and the chorion occurs and
causes formation of cavities of various sizes (Fig. 17); in the live eggs these ca-
vities are filled with liquid. Sometimes they can also be found between layers
of the yolk envelopes (delamination of envelopes with the consequent forma-
tion of cavities/vacuoles are proved by the sturgeon oocyte studies with light
microscopy).

2.3. Types of abnormalities in oocytes
of Siberian sturgeons at various periods of gameto- and gonadogenesis

As it was already shown, abnormalities in development of the reproductive
system can be used as an indicator to assess the health of various fish popula-
tions, including sturgeons. For these purposes it is necessary to study the state
of gametes and gonads of males and females at all the periods of gametoge-
nesis.

The case study of the Siberian sturgeons (Siberian sturgeon Acipenser bae-
rii and Siberian Sterlet Acipenser ruthenus marsiglii) from various wild popula-
tions and warm-water hatcheries specialized in artificial reproduction of Sibe-
rian sturgeons has revealed a complex of abnormalities in development of
gametes and gonads starting from stage II of the gonad maturity. We have
started to found these abnormalities since the mid-1980s.

The following main types of abnormalities are found in the female gonads:

1) massive degeneration of oocytes during the cytoplasmatic growth (the
Indigirka, Kolyma, Yenisei, and Lena rivers; the warm-water hatchery in
Konakovo) (Fig. 18 —22);

2) accumulations of blood cells participating in resorption processes that
are an indirect indicator of pathological processes (this abnormality has
been found in individuals from all the studied rivers and the Konakovo
hatchery) (Fig. 23);

3) amitotic division (amitosis) of oocytes during the cytoplasmatic growth;
these oocytes are probably unviable and degenerate long before the end
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of maturation (the Kolyma, Yenisei, and the Lena rivers; the Konakovo
hatchery) (Fig. 24 —25);

4) asynchronia in development of oocytes during the trophoplasmatic
growth (the Indigirka River and the Konakovo hatchery) (Fig. 26);

5) degeneration of oocytes during the trophoplasmatic growth (partial and
massive resorption of oocytes before spawning; massive remains of
oocytes in the female gonads after spawning) (the Indigirka, Kolyma,
Yenisei, Lena, and Ob rivers; the Konakovo hatchery) (Fig. 27— 28);

6) deformation of mature oocytes (the Indigirka, Kolyma, and Yenisei
rivers; the Konakovo hatchery) (Fig. 29— 30);

7) abnormalities in the mature oocyte envelopes (local thinning, thicken-
ing, delamination and destruction, anisochromia of envelopes, and for-
mation of vacuoles and cavities in the chorion) (the Kolyma, Yenisei,
and Ob rivers; the Konakovo hatchery) (Fig. 31 —37%);

8) sterility of females resulted from substitution of the generative tissue of
the gonads with the adipose tissue bearing connective tissue bands (the
Ob River) (Fig. 38);

9) ovary tumors (the Ob River) (Fig. 39).

Abnormalities of types 1, 2, 5, and 7 occur most frequently; abnormalities

of types 3, 4, and 6 are less frequent; abnormalities of types 8 —9 are rare.

2.4. Types of structural abnormalities in male gonads

Male sturgeons (Siberian sturgeon, Siberian Sterlet, Russian sturgeon from
the Volga population) have demonstrated less abnormalities than the females.

We have identified three types of abnormalities:

1) local deterioration of seminiferous tubules and formation of cavities
between the tubules; this process was found in males with gonads of
maturity stages II, III , and IV (Fig. 40 —41); this type of abnormality is
often accompanied by accumulations of blood cells that participate in
regeneration processes (the Kolyma, Yenisei, Ob, and Volga rivers);

2) development of adipose tissue between seminiferous tubules (Russian
sturgeon from the Volga River) (Fig. 42); in gonads of healthy sturgeon
males, the adipose tissue concentrates outside their generative part;

3) penetration of connective tissue bands into the generative part of the
gonads (Siberian sturgeon from the Yenisei River) (Fig. 43).

The 1! type of abnormality is the most widespread, while abnormalities

2 and 3 are rare.

Analysis and generalization of the long-term observations have revealed a
number of general abnormalities in the gonad structure of Russian and Stellate
sturgeons and Belugas from the Volga-Caspian basin, as well as Siberian stur-
geons and Sterlets from various populations. In females these abnormalities
were as follows: (1) mass degeneration and resorption of oocytes during the
trophoplasmatic growth; (2) remains of numerous resorbed oocytes in gonads
after spawning; (3) various structural abnormalities in the oocyte envelopes and
their anisochromia; (4) deformation of oocytes, and (5) formation of vacuoles
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in the oocyte karyoplasm. As to the males, their abnormalities were represen-
ted by local deterioration of seminiferous tubules with formation of cavities
between the tubules.

There are publications that describe other types of abnormalities found at
various periods of gameto- and gonadogenesis of sturgeons from the Volga-
Caspian basin and the Azov basin [Romanov et al., 1990; Romanov & Altuf'ev,
1992; Romanov & Sheveleva, 1992, 1993; Moiseeva et al., 1997, Sheveleva &
Arutunova, 2000; Kornienko, 2000]. However, this Atlas does not include these
abnormalities because we did not identified them in our samples.

All the discussed abnormalities in the gonads of females and males can
decrease the reproductive potential of sturgeons considerably.

3. TYPES OF STRUCTURAL
ABNORMALITIES IN STURGEON LARVAE

Efficiency of the sturgeon artificial reproduction depends on the quality of
the produced juveniles which in its turn depends on occurrence of various de-
viations in their development. These deviations can be lethal or nonlethal but
decreasing survivability of young sturgeons. Studies of larvae of Belugas, Rus-
sian and Stellate sturgeons, as well as Sterlets at hatcheries of the lower Volga
revealed a large number of various abnormalities at the stage of hatching (sta-
ge 36) and transition to exogenous feeding (stage 45). A number of abnormal-
ities found at the stage of hatching persisted during larval transition to exoge-
nous feeding and later can be identified also in the fingerlings. Arbitrarily, all
the found abnormalities in the larval development were grouped into six types
[Goriounova et al., 2000]:

1) abnormalities in the body shape;

2) structural abnormalities in the external organs;

3) structural abnormalities in the internal organs;

4) abnormalities in the tissue structure;

5) functional abnormalities;

6) mechanical damages.

The illustrations are grouped in accordance with this division. However,
since the majority of studied larvae were characterized by a complex of abnor-
malities in development, the legends to the illustrations also indicate other
abnormalities but the types discussed in any given section.

3.1. Abnormalities in the body shape

These abnormalities have been found in the sturgeon larvae at all the
stages of development (Fig. 44, 45). During hatching (stage 36) and at stages
37 —39 the abnormalities include:

1) curvature of the posterior part of the body and the tail: dorsal (Fig. 44,q,

48,b) and ventral (Fig. 44,e, 62) (scoliosis), lateral curvature (lordosis)
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resulted from anomalous fixture of the preanal fin fold, S-shaped body
curvatures due to anomalous shape of the yolk sack (Fig. 44,c, d), the
dorsal deflection due to abnormalities in development of dorsal myo-
meres (Fig. 44,e);

2) anomalous shape of the yolk sack: a ball-shaped yolk sack (this abnor-
mality often results in a U-shaped curvature of the body), a pear-shaped
or drop-like yolk sack that has several bands and oblates towards the
dorso-ventral direction (Fig. 44,e); sometimes the anomalous shape of
the yolk sack is caused by tumor knots (Fig. 44,b);

3) structural abnormalities in the fin fold:

A) complete or partial absence of fin fold (Fig. 46,b, c¢; 47,b);

B) underdeveloped anterior part of the dorsal fin fold (Fig. 47,d; 50;
72,b, d) and the preanal fin fold (Fig. 47,e; 71,b);

C) a narrow fin fold (Fig. 46,b, c; 44,e; 47,d; 57,a),

D) thinning of the entire fin fold or its edge (Fig. 48, 59, 62, 63, in the
photos, against the dark background the thin fin fold looks black
because of the showing through background);

E) a curly (Fig. 47,c) and twisted (Fig. 47,d; 50) fin fold;

F) the fin fold is torn because of epithelium strumae (Fig. 71,a);

G) delamination of the fin fold due to formation of spacious edemic
(dropsy) cavities;

4) abnormalities in the head shape (an undersized or enlarged head,
tuberosity (Fig. 57,a; 71,e).

During transition to exogenous feeding (stage 45) the following abnorma-

lities in the body shape are found:

1) a U-shaped curvature of the body upwards (Fig. 44,f) or downwards
(Fig. 59,a), an abrupt upward curvature of the tail end (Fig. 44,a); the
latter abnormality often results from tumor proliferation in the caudal
fin tissue (Fig. 45);

2) abnormalities in the head shape: an undersized head (Fig. 49); an abnor-
mal shape of the head (Fig. 53,a, b; 54,a, b); a short or undeveloped
and bent-down rostrum because of the anomalous olfactory organs con-
nected with a sulcus on the anterior part of the rostrum (Fig. 53,a, 6;
54,a); absence, underdevelopment, or anomalous shape of the mouth
(Fig. 54,a, b);

3) decrease in size of the pectoral, ventral (Fig. 48, the lower figure), and
anal (Fig. 49,b) fins;

4) abnormalities in the fin fold structure:

A) a narrow fin fold in the dorsal and preanal areas (Fig. 44,f. the lower
larva) and narrow paddles of the dorsal, anal, and caudal fins;

B) thinning of the fin edges (Fig. 44,f; 48,a, b, d; 49,b);

C) an incurved fold of the dorsal, caudal, and anal fins due to con-
striction of the fold edges (Fig. 49,d), subsequently this abnorma-
lity causes ruptures of the growing fins (Fig. 49,c, d);

D) partial or complete absence of preanal fin fold (Fig. 48,c, d);

E) delamination of the fin fold due to formation of edemic cavities.
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3.2. Structural abnormalities in the external organs

Such abnormalities in the hatching larvae (stage 36) include:

1) hypertrophy of the hatching gland (Fig. 50); at stage 36 the hatching
gland is still visible in healthy larvae as an epithelium bulge on the
lower part of the head in front of the mouth pit; the bulge does not pro-
trude forward,

2) structural abnormalities in the olfactory organs: underdeveloped or
hypertrophic olfactory pits; presence of a sulcus on the anterior part of
the rostrum that connects both the pits;

3) underdevelopment of eyes or absence of one or both eyes.

Structural abnormalities of the external organs at transition to exogenous
feeding (stage 45):

1) structural abnormalities in the olfactory organs:

A) schistasis of the nasal bridge (Fig. 51,¢, d; 77,c¢); in a healthy larva
(Fig. 51,b) the bridge consolidation starts at stage 42 and finishes
by stage 45 [Dragomirov, 1957; Schmalhausen, 1968];

B) underdevelopment of the olfactory organs (smaller size, develop-
ment of a barrier in the hind pore due to the anomalous consolida-
tion of the bridge, tissue modification in the olfactory rosettes, and
absence of the rosettes in the olfactory capsule).

2. structural abnormalities in eyes:

A) cataract (Fig. 51,a illustrates the normal structure of the Beluga eye
at stage 45); at the early stage of cataract there is a peripheral len-
ticular opacity or a white rim (Fig. 51,b), subsequently the whole
lens becomes opaque (Fig. 51,c, d; 73,a, e; 74,c) and the larva goes
blind; sometimes one can see hypertrophy of the cataracted lens
(Fig. 50,a);

B) absence of an eye or both eyes (Fig. 52,b); sometimes the eye is
substituted with a pigment knot round in shape (Fig. 52,c);

C) the eyes are unequal in size; the larva can have one or both eyes
of a small size, or they can be hypertrophic;

3. structural abnormalities in digestive system:

A) delay in the anus opening and expulsion of the pigment plug
(Fig. 49); in a healthy larva the anus opening and expulsion of the
pigment plug start at stage 43;

B) the anus plugged with a struma of foreign tissue (Fig. 55,b);

4. structural abnormalities in the visceral apparatus: undeveloped opercu-

la (Fig. 54,a), presence of three opercula (Fig. 54,b);

5. thinning and ruptures of abdominal wall (Fig. 59,b).

It is noteworthy that in all larvae at stage 45 with the anomalous head
structure (Fig. 52,a; 53,a; 54,a) blindness is accompanied with either under-
developed olfactory organs, or presence of a sulcus connecting both the olfac-
tory pits (Fig. 53,a; 54,a), or even complete absence of the olfactory organs
(Fig. 54,b).

Sturgeon larvae at stage 45 can often have several abnormalities simulta-
neously (multiple abnormality). Fig. 52 shows a larva of Stellate sturgeon cha-
racterized by the absence of eyes and olfactory organs, underdevelopment of
barbels, mouth, rostrum, and opercula.
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3.3 Structural abnormalities of the internal organs

During hatching the following abnormalities can be observed:

1) an anomalous heart structure; Fig. 56 illustrates a normal heart struc-
ture. The most frequent abnormalities include: an underdeveloped he
art tube (narrow, curveless) (Fig. 69,b), an underdeveloped ventricle
(Fig. 56,b, c), or a left curvature of the heart tube (Fig. 56,c);

2) absence of the fourth ventricle of medulla oblongata (myelencephalon
ventricle) (Fig. 57,a), or a small size of the ventricle (Fig. 50);

3) at stage 45 abnormalities in development of digestive system are as fol-
lows:

A) presence of the protoseptum between the larynx and esophagus
(Fig. 55,d);

B) liver underdevelopment (Fig. 58,b, c), or misplacement (Fig. 57,b);

C) underdevelopment of pylorious appendages (Fig. 57,b);

D) shortening of intermediate and spiral intestines (Fig. 57,b);

E) hernias of the intermediate and anterior spiral intestines (Fig. 59,a, b);

F) a barrier between the spiral intestine and proctodaeum (Fig. 55,d).

3.4. Abnormalities in the tissue structure

This group of abnormalities comprises:
1) abnormalities in the tectorial epithelium (actually, these disorders are
similar at all the stages of the larval development):

A) separation (Fig. 57,a; 83,b), thinning (Fig. 57) and ruptures of the
tectorial epithelium;

B) epithelium strumae; at stages 36 — 39 these strumae are most frequ-
ent on the epithelium of the yolk sack (Fig. 60,a) and of the fin fold
(Fig. 47,d); during transition to exogenous feeding (stage 45)
epithelium strumae can be observed all over the larval body, i.e. on
the head, on the tail, and on the fins (Fig. 60,b, c; 74,c); small white
warts on the pectoral fins (possibly caused by a virus disease)
can result in numerous ruptures and disruption of the paddle parts
(Fig. 60,d);

2) structural abnormalities in muscular tissue:

A) tumor-like proliferation of the body and tail tissues (Fig. 61,a, b); in
Fig. 61 b and 71,d one can see a distinct lateral sulcus at the back
of the yolk sack that crosses the entire body of the larva. There is
a slight sagging of the muscular tissue there. On the site where the
sulcus reaches the fin fold there are edemic cavities and the outer
edge of the fin fold slightly curves. This is the initial stage of the
tumor-like destruction of tissues which affects not only the epithe-
lium and muscular tissues, but also the chorda, blood vessels, and
nervous system. Most frequently the abnormality leads to the tail
deformation (in this case larvae survive) (Fig. 46), or to the loss of
some part of the body and death of the larvae, consequently larvae
with this abnormality are rare at stage 45; Fig. 65 illustrates a larva
with a tumor-like masses in the trunk that cause the ventral curva-
ture of the tail;
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B) cavities in the striated muscle tissue. This abnormality can be found

in larvae of all the studied sturgeon species and at all stages of
development (Fig. 63; 64; 66,a, b); series of histological sagittal and
frontal cuts (Fig. 64,a, b, ¢, d, and e) revealed structural changes in
the muscle tissues of sturgeon larvae at stages 36— 37 and 45 that
have persisted in the last four or five decades. In recent years
numerous cavities in muscle tissues have been accompanied by
thinning of muscle fibers, development of gaps between them, cur-
vature of fibers round the muscle cavities. In Fig. 64,b, d one can
see changes in the myomere thickness; the frontal cuts (Fig. 64,d;
66,b) show that the cavities stretch across the myomere, the pro-
truding fragments of the fibers (Fig. 63,b), are parts of long and
twisted fibers that enclose the cavity. Studies of muscle tissues at
various stages of the larval development show that cavities in the
muscle tissue result from decrease in tonus and loss of connections
between the muscle fibers. Development of cavities at the hatching
stage and thinning of muscle fibers reveal abnormality in myoge-
nesis already during the embryonic development;

C) abnormality in the myomeres segmentation (Fig. 67.b, c);
D) absence of muscle fibers in deformed myomeres of the trunk

(Fig. 68,a) and abdomen (Fig. 68,b; 69,b);

E) absence of miosepts in the myomeres;
F) changes in the thickness of some myomeres; as a result, they can

either be higher or lower than the neighboring myomeres, and the
body surface become uneven;

G) local shortening of the myomeres (Fig. 64,e).

The described abnormalities in the muscle tissue structure are not lethal,

however, they definitely decrease swimming abilities of the larvae.

3.5. Functional abnormalities

Functional abnormalities during the larval development comprise:

1) numerous haematomas in various organs and tissues: the heart and peri-
cardium, brain, eye cavity and adjacent tissues, liver, gill arcs and filaments, or
fin fold (Fig. 70); the haematomas indicate impaired permeability and disrup-

tion of vessels;
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2) abnormalities in the water-salt metabolism (edema) in:
A) the fourth ventricle of medulla oblongata (Fig. 72,b, ¢, d);
B) the yolk sack (Fig. 71,a);
C) pericardium (Fig. 71,b);
D) the fin fold (Fig. 61,a, 6; 71,B);
E) tectorial epithelium (Fig. 71,d, e, f);
F) abdomen (Fig. 69,b; 73,a, b, c).

3) Abnormalities in lipid metabolism which manifest themselves: in pres-
ence of large oil drops in the brain cavities, mouth and gill cavities, pe-
ricardium, and abdominal cavity; in accumulation of fat in cavities of
the intermediate intestines (Fig. 59,b; 73,d, e) and spiral intestines

(Fig. 73,d) and in the preanal fin fold.



Presence of oil drops in the abdominal cavity, pericardium, and in the pre-
anal fin fold indicates a high permeability of the gastrointestinal walls, while
presence of fat in the gastrointestinal tract indicates abnormalities in fat ab-
sorption. By the stage of exogenous feeding the lipid reserves of a healthy
sturgeon larvae is accumulated in liver and middle intestine, but not in the gas-
trointestinal tract [Schmalhausen, 1968]. This fat is evacuated after expulsion
of the pigment plug. Fat presence in the mouth and larynx indicates that the
stomach is full with fat. Excessive lipid substance in the intermediate intestines
often causes the abdominal wall rupture.

3.6. Mechanical damages

Mechanical damages of larvae that are observed during the sturgeon arti-
ficial reproduction are not abnormalities as such, however, they indicate ina-
dequate conditions of rearing. Mechanical damages include: ruptures of the
yolk sack leading to the death of the larvae (Fig. 79,a), and short pectoral and
tail fins and barbels (Fig. 74,c) that are bitten by other hungry larvae.
Sometimes, only paddles of the pectoral fins are damaged (Fig. 74,b), and
sometimes, the whole pectoral fin is bitten off.

Structural abnormalities in the sturgeon larvae have different frequency of
occurrence that varies annually. During hatching (stage 36) and the succeed-
ing stages (37— 39) massive abnormalities (with frequency varying in the range
from 20 to 100% at the Lower Volga hatcheries) were as follows: structural
abnormalities in the fin fold (e.g. complete or partial absence; a twisted, fes-
tooned, or curly fold; edema); edema of the fourth ventricle of medulla oblon-
gata; abnormalities in the body shape (e.g. curvature of the body and tail;
anomalous shape of the yolk sack); hypoplasia of heart; epithelium strumae;
underdeveloped eyes and olfactory pits; edema of the head epithelium; cavi-
ties in the striated muscles; haematomas; abnormalities in lipid metabolism;
abnormalities in hatching and moving. At the beginning of exogenous feeding
(stage 45) the following massive abnormalities in the larval development are
observed: cavities in the striated muscles; delay in expulsion of the pigment
plug; small epithelium strumae and ruptures of the pectoral fins; the short pec-
toral fins; tinning of the fin fold; schistasis of the nasal bridge; cataract; tinning
and ruptures of the abdominal wall; abnormalities in the lipid metabolism; rup-
tures of the fin fold; the abdominal edema; the anomalous body shape; short
gill covers; epithelium strumae on the head and trunk; abnormalities in the
myomere structure; an underdeveloped fin fold; and thinning of the tectorial
epithelium.

The identified structural abnormalities in the studied sturgeon species are
not specific. The majority are not lethal, except abnormalities in the heart
structure, anomalous lipid metabolism, ruptures in the yolk sack and the
abdominal wall, and structural abnormalities in the digestive system.
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4. TYPES OF STRUCTURAL
ABNORMALITIES IN JUVENILE STURGEONS

Juvenile sturgeons reveal a number of abnormalities that have been iden-
tified in the larvae at the beginning of the exogenous feeding. Independently
of species, juvenile sturgeons are characterized by the same morphological
abnormalities which can be divided into three groups:

1) Structural abnormalities in the external organs: short rostrum, barbels,
fins, and gill covers; small-sized eyes and eye lens; cataract; schistasis
of the nasal bridge; structural abnormalities in the olfactory sack, late-
ral line, underdevelopment and changes in the shape of scutes, abnorma-
lities in the mouth structure; epithelium strumae on the head, abdomen,
and trunk; normal structure of the head is presented in Fig. 75;

2) Abnormalities in the tissue structure: cavities in the muscle tissue; thin-
ning and ruptures of the abdominal wall;

3) Functional abnormalities: numerous haematomas in the heart area,
abdomen, at the back of the mouth and on the gill covers.

The most frequent abnormalities of groups 1 and 2 include:
1) structural abnormalities in the external organs:

A) short gill covers (Fig. 76); they do not cover the gill arcs and leave
them unprotected; though the gills still perform their functions, the
exposed gill filaments can be damaged and the fish will die;

B) abnormalities in the olfactory organs (Fig. 77): schistasis of the
nasal bridge, absence of the olfactory epithelium, structural abnor-
malities in the olfactory rosettes;

C) abnormalities in the eye structure (Fig. 78): diminished pupil
(Fig. 78,b, d), localized or diffuse cataract (Fig. 78,b, ¢, d, e, g),
corneal turbidity, destruction of the eye lens and structural abnor-
malities in the inner areas of the eye (Fig. 78,).

2) structural abnormalities in the abdominal wall (Fig. 79— 86).

e ek

Short gill covers occur in the larvae after development stages 39 and 40
[Schmalhausen, 1975]. Short gill filaments and covers are thought to be incon-
sistent with life and individuals with these abnormalities are doomed to death.
These abnormalities supposedly result from the impact of polluted water on
larvae and juvenile sturgeons in the rearing basins [[gumnova, 1989].

Abnormalities in the olfactory organ can be found in the wild young fish,
however, they are more frequent in the artificially bred juveniles. The causes
inter alia include toxicity and sharp increases in the water temperature
[Schmalhausen, 1973; Konstantinov, 1954; Krasnodembskaya, 1989]. It is shown
that these abnormalities decrease most of the olfactory epithelium (receptors)
and lead to changes in the individual behavior [Devitsina, 2004].

All the specified abnormalities in the eye structure of sturgeon juveniles
result in blindness. At all the periods of a sturgeon's life, its eyes are charac-
terized by a high photosensitivity and a low level of vision acuity. Peculiarities
of the eye structure and their pronounced correspondence to the particular
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ecology show that being unimportant for feeding, the sturgeon's vision is es-
sential for other activities within the habitat [Baburina, 1972]. The role of visu-
al orientation is studied poorly, however, we can positively state that during
the downstream migration visual orientation of the sturgeon juveniles can play
a decisive role in their life saving the young fish from encounter with preda-
tors (Volga zander and sheatfish). According to publications [Molodtsova &
Smirnova, 1981], one of the principal causes of the juvenile mortality during
the downstream migration is predation, the process is the most intensive at the
end of flood and at the lowest water level period (i.e. times of the sturgeon
release from hatcheries). These data indicate that loss of vision by the released
sturgeon juveniles will complicate their adaptation in the new habitat and
cause decrease in survivability of the released fish. The microscopic examina-
tion of the cataracted eyes of the sturgeon juveniles showed that cataract gene-
rally resulted from the eye lens affection by metacercariae gen. Diplostomum,
one of the main agents of diplostomosis of the pond fish in Russia [Shagayeva
et al.,, 2000]. Some microscopic examinations of the cataracted eyes did not
reveal the parasites. The causes of the eye disease were not found.

Young sturgeons rather often demonstrate thinning of the entire abdomi-
nal wall (Fig. 79,b, c¢) or some of its parts (Fig. 79,d, e). A thin abdominal wall
cannot protect against mechanical traumas, therefore individuals with this ab-
normality sometimes have raptures of the abdominal wall (Fig. 79,f, g). A heal-
thy young sturgeon of this age has the abdominal wall formed of skin and
muscles. The skin consists of a layer of epithelium cells and a dermal layer
(Fig. 79, 80). Thickness of the epithelium layer decreases towards the abdomi-
nal midline next to which there are only two layers of external secretory cells
(round and flat). The derma is formed of a thick layer of connective tissue
which is of the same thickness along the entire abdominal wall. Under the skin
there are myomeres that form the oblique muscles. The myomere height
decreases towards the abdominal midline. The ventral parts of muscle seg-
ments forming the obliques almost reach the abdominal midline. Immediately
under the abdominal midline there is a very thin layer consisted of two or three
muscle fibers, the rectus abdominal muscle (Fig. 79,a). Pathological changes in
the abdominal wall are associated with changes of both the skin and the mus-
cle layers (Fig. 81 —85). The layer of secretory cells in the skin epithelium
located far from the abdominal midline becomes thin. As a result a large area
of the abdomen loses its protective mucus layer. Often, from the two layers of
external cells, only one layer of round cells remains. In the dermal layer one
can notice sponginess of the connective tissue and a certain decrease in the
thickness. The muscle layer is thin due to decrease of the muscle fibers in the
myomeres. The ventral parts of the trunk muscle segments do not reach the
abdominal midline. Muscle fibers are not detectable in the rectus abdominal
muscle [Evgenyeva et al., 2001]. Thinning of the abdominal wall results in its
rupture, prolapse of intestines (Fig. 86), and death of the sturgeon juvenile.
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MAAIOCTPALIM AHOMAAUN
ILLUSTRATIONS OF ABNORMALITIES

AHOMAAUM B CTPOEHUU SIMIEKAETOK
OCETPOBBIX BOATO-KACIIMVICKOTO BACCEMHA

ABNORMALITIES IN THE EGGS
STRUCTURE FOR THE VOLGA-CASPIAN STURGEONS

HopmaasHoe cTpoenne
3peABIX HEOIIAOAOTBOPEHHBIX SML[EKAETOK 0CETPOBBIX

Standard structure of mature unfertilized sturgeon eggs

i B

Puc. 1. HopMaabHOE CTpoeHne 3peaoit sitekaeTkn cespiori: A — yB. 10x5, 5 — 10x10

Fig. 1. Standard structure of mature Stellate sturgeon egg. Magnification (Mag.): A — 10x5,
B — 10x10
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Aedopmanus 3peabix HEONAOAOTBOPEHHBIX SINLEKAETOK

Deformation of ripe unfertilized eggs

Puc. 2.

Fig. 2.

b (B)

dparMenThl AePOPMUPOBAHHEIX SATEKACTOK: A — ceppiora; b — pycckuit ocerp,
BUAHBI Takyke AOKaAbHOE paspyiieHue o000Aodek ([) M MOAOCTH CPEAM JKeATKA
BEreTaTHBHOTO MOAIOCA, 3allOAHEHHBIe BELeCTBOM HEBBISCHEHHOH IIPUPOABL (2).
Y. 10x5

Fragments of deformed mature unfertilized eggs: A — Stellale sturgeon, B — Rus-
sian sturgeon. The local rupture of egg envelopes (1) and cavities among yolk of
vegetative pole filled by the unclear substance (2). Mag.: 10x5

AnomaAumM B cTpoeHny 060A09€eK 3peABIX HEOTIAOAOTBOPEHHbIX SAMIEKAETOK

Abnormalities in envelope structure of mature unfertilized eggs

Puc. 3.

Fig. 3.

b (B)

AHOMAAUU B CTPOEHNUH 3PEABLIX HCOIAOAOTBOPEHHBIX SUIIEKACTOK DEAYTH U CTepAs-
AM: A — BaKyOAM B CTYA@HHUCTOH 000AOYKE SHIIEKACTOK DEeAYTH (YKa3aHo CTPeAKa-
mu). ¥8. 10x20; b — AOKAALIOE OTCAOEHHE CTYACHHCTOH 0BOAOYKH (1), AOKaALHOE
paspylieHne JKeATOUHBIX 060A0UeK (2) pAePOPMUPOBAHHDLIX SHIIEKACTOK CTCPAAAU.
¥B. 10x5

Structure abnormalities of mature unfertilized eggs in Beluga and Sterlet: A — va-
cuoles in jelly coat of Beluga eggs (arrows). Mag.: 10x20; B — local separation
of jelly coat (1), local breaking of yolk envelopes (2) in deformed Sterlet eggs.
Mag.: 10x5
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Puc. 4. @parMenthl SANEKACTOK pycckoro ocetpa (A, b, B) u cespioru (I'): A — AOKaALHOE
paspyiieHie CTYACHUCTON ODOAOUKH (YKasaHo CTpeAKamu). YB. 10x5; b — wucron-
yeHne W pa3peis 060AOUEK (yKasaHO crpeakod). ¥YB. 10x5; B — nepasHoMepHasd
KOAryAsIIIHs CTYACHHCTOI 0BOAOUKHM (YKa3aHo CTPEAKOH). ¥YB. 10x10; I' — paccaoe-
HUe BCexX OBOAOYCK (YKa3aHo CTPEAKAMH) y 3PEAOH HEOBYAMPOBABIIEH SHIICKACT-
ku. ¥YB. 10x20

Fig. 4. Fragments of Russian sturgeon (A—C) and Stellate sturgeon (D) eggs: A — local
rapture of jelly coat (arrows). Mag.: 10x5; B — thinning and rupture of envelopes
(artow). Mag.: 10x5; C — irregular coagulation of jelly coat (arrow). Mag.: 10x10;
D — exfoliation of all envelopes (arrows) in mature non-ovulated oocyte. Mag.:
10x20

A b (B)

Puc. 5. OparMedThl SULICKACTOK ¢ HEPaBHOMEPHLIM OKpalnuBaniem HAPYKHOH JKeATOUHOH
0BOAOUKM ¥ BeAYTH (A) 1 CTYAGHHCTONH — y pycckoro ocetpa (b). Yo, 10x20

Fig. 5. Fragments of eggs with anisochromia (arrows) external yolk envelope for Belu-
ga (A), and jelly coat one in Russian sturgeon (B). Mag.: 10x20

44



cxq1 “Bey ebneg — O ‘01x0] PBeN uoabinis urissny — g

'01x01 BRIy ‘uoobIimis ae[els — Vv :(smole) odurisqns eapun ayy Aq paf[y ofod aaneiebea jo yjoh Buowe saniaed yim sbba jo sjuswbely -9 *big
cXQ] ‘9K BlAveg — g '01X0] ‘94 ‘dieoo mmooAd — g {0[xQ] 9K eloidaed — v oi(uwedvadid

[gHPERYA) PDOIVOIl OJOHEVMIPIAISE ©MLVEM HVadd ‘MYodudll MOHHSHOKIMYOH WOLLIDIOS MWITHHOHVOLRE 'MINKLDOVOI D MOLOWNONHNE MiHswiedd '9 oud

D) g

21Nn1oNnJis v——Oh Jo sadueqanisi(q

edLvax adAriAdid g suuamAdey

45



HapTeHOI‘EHETH‘lECKOQ pasBurue ﬂﬁHeKAeTOK

Parthenogenetic development of eggs

A b (B)

Puc. 7. @parMenTsl SHLIEKACTOK: A — Havyar0 NMapTeHOTeHEeTHUECKOro pPasBUTHS sHlle-
KAaeTEH Geayrd (/) u HepasHoMepHoOe OKpalmueanue ee oboarodek (2). ¥Ye. 10x10;
b — mapreHoreHeTHUeCKOe pasBUTHE AHIEKACTKH CEeBPIOrM (YKa3aHo CTPeAKOH).
Ve, 10x10

Fig. 7. Fragments of eggs: A — beginning of parthenogenetic development of Beluga
egqg (!) and anisochromia of its envelopes (2). Mag.: 10x10; B — parthenogenetic
development of Stellate sturgeon egg (arrow). Mag.: 10x10

MaccoBas pe3op0Ouus 3peAbIX HeBHIMETaHHBIX SIMILEKAETOK

Mass resorption of mature non-ovulated eggs

Puc. 8. MaccoBasi pe3opbIiyst 3peAblX HeBLIMETAHHBIX AHIIEKACTOK y PYCCKOIO oceTpa us3
Boarm (ykazaHa crpeakavu). Y. 10x10

Fig. 8. Mass resorption (arrows) of mature non-ovulated eggs in Russian sturgeon from the
Volga River. Mag.: 10x10
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MHO3KeCcTBeHHbIE aHOMAAUYU B CTPOEHUN SNIIEKAETOK

Multiple abnormalities in the egg structure

Puc. 9.

Fig. 9.

A ) b (B)

B (C) | I (D)

MparMeHTh SHIEKACTOK CeBPIOrH: A — IMOAOCTE, 3allOAHeHHas BeHeCTBOM HEeBbI-
SICHOHHOT TIPUPOABI, CPEAH JKEATKA BETeTaTUBHOTO MOAOCA (1), AOKaABHOE paccaoe-
HHe KeATOUHBIX (2) ¥ HepaBHOMEpHOe OKpallHBaHue CTYACHHCTOH (3) 000AOHeK.
VB, 10x10; 5 — AOKaABHOE pacCAOeHHe JKeATOUHBIX ([), AOKaAbHoe pazpylieHde cTy-
ACHUCTOH (2) 0BOAOYEK M HepaBHOMepHOe X okpamupanue. YB. 10x10; B — mnap-
TEHOreHETHYECKOe PasBUTHE SHTIEKACTKU ([), AOKaABHOE pacCAOeHHe W HepaBHO-
MepHoe oKpallluBaHue Bcex oboaouek (2). VB, 10x5; I' — slerAeTkr AethopMupo-
BaHBI, AOKAALHOE paspyllerne Bcex 000A0UeK (YKazaHo CTpeAkoi). YB. 10x5
Fragments of Stellate sturgeon eggs: A — cavity filled by the unclear substance
among yolk of vegetative pole (1), local exfoliation of yolk envelopes (2} and
anisochromia of jelly coat (3). Mag.: 10x10; B — local exfoliation of yolk envelo-
pe (1) and local breaking of jelly coat (2) and their anisochromia. Mag.: 10x10;
C — parthenogenetic egg development (), local exfoliation and ani-sochromia of
all envelopes (2). Mag.: 10x5; D — deformed eggs, local breaking of all envelopes
(arrow). Mag.: 10x5
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Puc. 10.

Fig. 10.

MparMeHTH SHIEKACTOK PYCCKOro oceTpa: A — AOKaAbLHOE paspylieHHe CTYASHH-
cToi 0BoAOuKH (), BAKYOAH B Hel (2) W paspylieHue KeATOYHBIX 0BoAoueK (3).
YB. 10x20; 5 — HepaBHOMEpHas KOaryasiiiust CTYACHUCTOM ODOAOUKM (YKasaHo
CTPeAKaMi) M HepaBHOMEPHOEe OKPAalluBaHue KeATOUHBIX oboaouek. Y. 10x10;
B — napreHoreHeTHUeCKH Pas’BUBaIOIMecs SHIIeKATKH, MHOMKECTBeHHOe OTCAO-
CHHE CTYACHHCTON 0B0AOUKH (yKasano cTpeakoit). ¥B. 10x5; I' — AokaabHoe pas-
pymieHue gineBbix 000A0YeK (1) M TOAOCTE, 3allOAHEeHHas BEIeCTROM HeBhISCHEeH-
HOW TIPHPOABL, CPEAN JKEATKa BereTaTHBHOTO moatoca (2). ¥u, 10x10

Fragments of Russian sturgeon eggs: A — local breaking of jelly coat (1), vacuoles
inside it (2), and breaking of yolk envelopes (3). Mag.: 10x20; B — irregular coa-
gulation of jelly coat (arrows) and anisochromia of yolk envelopes. Mag.: 10x10;
C — parthenogenetic development of egg; multiple separation of jelly coat (arrow).
Mag.: 10x5; D — local breaking of egg envelopes (1) and cavity filled by the unclear
substance among yolk of vegelalive pole (2). Mag.: 10x10



Puc. 11.

Fig. 11.

b (B)

B (C) I (D)

OparmenTsl stinekaeTok 6eayru (A, b, B) u crepasian (I'): A — AOKaAbHOE paccao-
erue peex 0DoAOUeK SIUIeKACTKH (1), HepaBHOMEpHOe OKpalluBaHue BHYTPeHHeN
FKEATOUHON ODOAOYKH M TTOAOCTB, 3allOAHEeHHas BelleCTBOM HEeBBISCHeHHOH NpH-
POABI, CPeAN JKEeATKa BereTaTWBHOTO nmoatoca (2). ¥e. — 10x10; 5 — noaocTs, 3a-
MOAHEHHAd BeleCTBOM HEeBRIACHEHHOH HpHpOAbI, CPeAr KeATKd BereTaTHuBHOIO
MOAIOCE (YKA3aHO CTPEAKOM) M HePAaBHOMEPHOEe OKPAIIMBAHHE JKEATOUHBLIX 0D0A0-
ek, ¥p. — 10x10; B — maprenoreHeTHYeckKoe pasBUTHe SHICKACTKH ([) U paspuib
ee oboaouek (2). ¥Ye. — 10x10; I' — naprenoreneTuieckoe pasBuTHe SUIeKACTKA
(1), AOKaAbHOEe OTCAOCHHE ee CTYACHUCTOH 0O0AOYKH (2) U HepaBHOMepHOe OKpa-
IMUBAHHE HAPYKHON KeATOYHON oboaouku (3); ¥B. — 10x20

Fragments of Beluga (A—C) and Sterlet (D) eggs: A — local exfoliation of all egqg
envelopes (I), anisochromia of internal yolk envelope and cavity filled with the
unclear substance among yolk of vegetative pole (2). Mag.: 10x10; B — cavity
filled with the unclear substance among yolk of vegetative pole (arrow) and
anisochromia of yolk envelopes. Mag.: 10x10; C — parthenogenetic egg develop-
ment (f) and disruption of its envelopes (2). Mag.: 10x10; D — parthenogenetic
egg development (1), local separation of its jelly coat (2) and anisochromia of
external yolk envelope (3). Mag.: 10x20
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AHoMaAMM B CTPOEHMM ANLEKAECTOK MOCAE OMAOAOTBOPEHMS

Abnormalities in egg structure after fertilization

b (B)

Puc. 12. ®parMedTh SIHIEKAETOK CeBPIOrM: A — AOKaAbHOe paspymenude (I) v yToalne-
nue (2) crypenuctoi o6oaouku. Y8, — 10x10; b — AOKanbHOE OTCAOCHHE CTYAE-
HHCTOH 0BOAOUKHM (YKazaHo cTpeakamu). ¥B. 10x10

Fig. 12. Fragments of Stellate sturgeon eggs: A — local breaking (/) and thickening (2) of
jelly coat. Mag.: 10x10; B — local separation of jelly coat (arrows). Mag.: 10x10

Puc. 13. ®parMenTsl siilIEKAETOK pycckoro ocerpa, 1972 r. AoKaabHOE OTCAOEHUE () n
paspyuierue (2) CTyACHHCTOH ODOAOUKH Y SIHTIEKAETOK IOCAE OTAOAOTBOPEHHS.

¥B. 10x10
Fig. 13. Fragments of Russian sturgeon eggs, 1972. Local separation (1) and breaking of

jelly coat (2) in an egq after fertilization. Mag.: 10x10
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Puc. 14.

Fig. 14.

@parMeHThl SHIEKACTOK PYCcCKoro ocerpa: A — McToHYeHHe 0BOAOYEK CO CTOPOHBI
BEreTaTMBHOIO MOAIOCA (YKaszaHo cTpeakol). ¥, — 10x10; b — paspylienue cryae-
HUCTOM 0DOAOYKH (YKazaHo cTpeakamu). YB. — 10x10; B — Boanucras dopma 060-
AOUEK SHITEKAETKH, HEPAaBHOMEPHOE MX OKPAIlIUBAHUE, COXPAHUBIIASICS IOAOCTDL C
REIIECTBOM HEBBISICHEHHOH MPUPOAB], CPEAH JKEATKd BereTaTUBHOro MoAloca sire-
KAETKHM (yKazaHbl cTpeakoit). ¥e. — 10x10; I' — ncTOHYeHHe CTYyAeHUCTOM ([) 1
paccaoeHune scex oboaouek (2). ¥e. — 10x10

Fragments of Russian sturgeon eggs: A — envelope thinning from the vegetative
pole side (arrow). Mag.: 10x10; B — breaking of jelly coat (arrows). Mag.: 10x10;
C — undulated form of egg envelopes, their anisochromia, remaining cavity with
the unclear substance among yolk of vegetative pole (arrow). Mag.: 10x10;
D — thinning of the jelly coat (1) and exfoliation of all envelopes (2). Mag.: 10x10
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AHOMaAMM B CTPOEHUM
sIM1eKAeTOK pycckoro ocerpa Ha III crapuu 3peaocTu ronap

Abnormalities
in the Russian sturgeon egg structure at the III stage of gonad maturity

A b (B)

Puc. 15. OparventTsl sifillekAeTOK: A — AOKaAbHOE PpaspylieHue 0D0OAOUEK SHICKACTKH
(vkazato crpeakoit). ¥u. 10x10; b — BaKyOAM B SIAPE SHIICKACTKH (YKa3aHbl CTPeA-
Koi). ¥YB. 10x10

Fig. 15. Fragments of eggs: A — local breaking of egg envelopes (arrow). Mag.: 10x10;
B — vacuoles inside the egg nucleus (arrow). Mag.: 10x10

HapymeHnus: yAbTPacTPYKTYpPbl 000A0UEK 3PEABIX SMLEKAETOK OCETPOBBIX

Disturbances of ultrastructure in the envelopes of mature egg sturgeon

Puc. 16. YARTpacTpykTypa 000A0UEK 3PEAOH HEONACAOTEOPEHHON HKPBI PYCCKOTO OCeTpa:
paccaoenue HabyXIIeH CTYACHHCTONH O0OAOUKM (YKasaHo crpeAkamu). ¥YB. x600

Fig. 16. The ultrastucture of envelopes in the Russian sturgeon mature unfertilized egg:
lamination of swollen jelly coat (arrows). Mag.: x600
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Puc. 17. YanrpacTpykrypa o0DOAOYEK ONAOAOTBOPEHHOH OO0ecKAeeHHOW WKPBI PYyCCKOTO
ocerpa. Paccaoenue >ReaTouHo# (1) w cryperucroit (2) oboaodek: A — yB. x500,
b — yB. x150

Fig. 17. The ultrastructure of fertilized unsticked eggs of Russian sturgeon: exfoliation of
yolk envelope (1) and jelly coal (2). A — Mag.: x500, B — x150

AHOMAAUU B CTPOEHUM SIMLUEKAETOK CUBUPCKUX
OCETPOBBIX B PASAMYHBIE NEPUOABI TAMETOT'EHE3A

ABNORMALITIES
IN THE EGGS STRUCTURE OF STURGEONS FROM SIBERIA
DURING THE DIFFERENT PERIODS OF GAMETOGENESIS

Aerenepanus siiuekAeTOK
y CaMOK CMOMPCKOro oceTpa B MEePHOA UTONAAZMATUIECKOT'O pOCcTa

Degeneration of eggs
for Siberian sturgeon females in the period of cytoplasmatic growth

Puc. 18. HopMaablioe cTpoeHHe SHIIEKAETOK y cHOUpCcKoro ocerpa u3. Muaurupku. Ye. 10x5
Fig. 18. Standard structure of oocytes in Siberian sturgeon from the Indigirka River.
Mag.: 10x5
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Puc. 19. Maccopas aperenepariusi SHIIEKAETOK B HadaAe LUTOIAA3ZMATHYECKOro pocta y
cubHpCcKoro ocetpa n3 MHAMIMPKHU (yKaszaHa crpeakamu). ¥B. 10x20

Fig. 19. Mass degeneration of oocytes in the beginning of cytoplasmatic growth in Siberian
sturgeon from the Indigirka River (arrows). Mag.: 10x20

Puc. 20. MaccoBasg aereHepaniis SHUIeKAeTOK y cubupckoro ocetpa u3 Mupurupku (ykasa-
Ha cTpeakamu). YB., 10x10
Fig. 20. Mass degeneration of oocytes of Siberian female sturgeon from the Indigirka River

(arrows). Mag.: 10x10

Puc. 21. OparMenTsl aTpeTHIecKiX (DOAATKYAOB, CBHAETEALCTBYIONIHE 0 KOHeYHBIX (hazax
Pe30pObITHN YacTu AHIIEKASTOK ¥ CMOMPCKOro oceTpa U3 Enuces (yKasanbl CTPeA-
KaMu). Y. 10x20

Fig. 21. Fragments of atretic follicles indicating the final phases of resorption of a part of
oocytes in Siberian sturgeon from the Yenisei River (arrows). Mag.: 10x20



Puc. 22. Aerenepanys 3HaYUTEABHON 4aCTH AHLEKACTOK Yy CHOMPCKOIO OCeTpa M3 ASABTEL
Aennl (ykazana crpeakamu). ¥Ye. 10x10

Fig. 22. Degeneration of the substantial part of oocytes in Siberian sturgeon from the mo-
uth of the Lena River (arrows). Mag.: 10x10

Cronaenus GOpMeHHBIX IAEMEHTOB KPOBM B TOHAAAX

Aggregations of blood cells in gonads

Puc. 23. Ckonaenus (pOPMEHHBIX DAEMEHTOB KPOBH, [IPUHUMAIONIHX ydacTHe B pe3opOiiu-
OHHBIX Npolleccax, B TOHapax caMKu cubupckoro ocerpa u3 Exmces (yKasanbl
crpeakamu). ¥YB. 10x10

Fig. 23. Aggregations of blood cells participating in resorption processes in gonads of Sibe-
rian sturgeon female from the Yenisei River (arrows). Mag.: 10x10
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AmuroTnyeckoe pAeAeHne (aMUTO3) SNLEKACTOK
cHOUPCKOro oceTpa B MEPUOA LUTONAAIMATUYECKOrO POCTa

Amitotic division (amitosis) of Siberian
sturgeon oocytes during the period of cytoplasmatic growth

A b (B)
B (C) I (D)

Puc. 24. Pasanunblie hasbl aMHTO3a SSHIEKACTOK cubupckoro ocetpa (A —1T') TpH TENAOBOA-
oM seipamusanun (Konakoso, Teepckas 00A.) (ykasaHel cTpeakamu). YB. 10x20

Fig. 24. Dilferent phases of amitosis of Siberian sturgeon (A — D) oocytes at the warm-water
hatchery, Konakovo, Tver region (arrows). Mag.: 10x20

Puc. 25. AMMTO3 ABYX SHIEKACTOK CHOMPCKO-
ro ocetpa u3 Exnces (yKasan cTpea-
Kamu). ¥B. 10x10

Fig. 25. Amitosis of two oocytes in Siberian
sturgeon from the Yenisei River (ar-
rows). Mag.: 10x10
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AcuHXpOHHOE pa3BUTHE SLEKAETOK
cMbupCcKOro ocetpa B mepuoa TpodonAa3MaTUIECKOTO POCTA

Asynchronous development of Siberian
sturgeon oocytes in the period of trophoplasmatic growth

Puc. 26. Acuuxponnoe paspuTHe SHIEKACTOR CHMOMpCKOTO oceTpa u3 Mupurupku B nepu-
oA, TpohonaasMaTUiecKoro pocra (ykasamo crpeakamu). ¥Ye. 10x10

Fig. 26. Asynchronous development of Siberian sturgeon oocytes from the Indigirka River
during the period of trophoplasmatic growth (arrows). Mag.: 10x10

Aerenepanus u pe3opOuus sfEKAETOK
y cuGMPCKOro ocerpa B MepnoA Tpodonia3MaTnyeckoro pocra

Degeneration and resorption of Siberian
sturgeon oocytes in the period of trophoplasmatic growth

Puc. 27. ®parMeHTsl Tpex SHIIEKAETOK, OAHa
M3 KOTOPBLIX pes3opbupyercs (ykasa-
Ha CTPeAKoH), y cubupckoro ocerpa
13 Koapimel, ¥, 10x10

Fig. 27. Fragmenis of three oocytes, one of
which is resorbing, in Siberian stur-
geon from the Kolyma River (arrow).
Mag.: 10x10

Puc. 28. @parMenTsl  SIHNEKACTOK, pesopb-
LM ABYX M3 HUX Yy CUOMPCKOro oce-
Tpa W3 OOM (yrazaHa CTpeAKamu).
¥B. 10x5

Fig. 28. Fragments of oocytes, with resorp-
tion of two of them, in Siberian stur-
geon from the Ob River (arrows).
Mag.: 10x5
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Aedopmanus 3peAblx SMLEKAETOK Y CMOMPCKUX OCETPOBBIX

Deformation of definitive oocytes in sturgeons from Siberia

Puc. 29. OparmMenTsl ABYX Ae(DOPMHPOBAHHBIX AHIEKACTOK CHOMPCKOTO oceTpa U3 KOAbI-
Mel. ¥YB, 10x10

Fig. 29. Fragments of two deformed oocytes in Siberian sturgeon from the Kolyma River.
Mag.: 10x10

Puc. 30. ®parment AehopMUPOBAHHON SHIIEKASTKY CTePASAW U3 EHnces, AOKaALHBIN pas-
PBIB M paccAaoenue oboaoUer (yKazaHbl crpeakoi). ¥, 10x10

Fig. 30. Fragment of deformed oocyte in Sterlet from the Yenisei River, local disruption
and exfoliation of envelopes (arrow). Mag.: 10x10



AHOMaAMM B CTPOEHUM
060A09€eK 3PEADBIX SMEKAETOK ¥ CMOMPCKMUX OCETPOBBIX

Abnormalities in the structure
of envelopes in Siberian sturgeon definitive oocytes

Puc. 31. DparMeHTs TPeX AHIEKACTOK CUBMPCKOro ocerpa U3 KoABIMEL, AOKaABHOE UCTOH-
YeHHME CTYACHHCTONH W JKEATOYHOH 0DOAOUYeK Y OAHOH M3 HUX W BBHIIYUBALIAC Ha
CTYAGHUCTOM 0DOAOUKE — Y APYTO# (yKaszaHbl cTpeAkamu). YB. 10x10

Fig. 31. Fragments of three oocytes of Siberian sturgeon from the Kolyma River: local thin-
ning of jelly coat and yolk envelope in one of them, and protrusion on the jelly
coat in the other. Mag.: 10x10

Puc. 32. ®@parMenTnl ABYX AUIEKAETOK CHOMPCKOro ocerpa U3 KOABIMBI, B CTYACHHCTOM
0BOAOUKE KOTOPBIX BHAHBI BAKYOAW (yKasaHbl cTrpeakavu). ¥u. 10x10

Fig. 32. Fragments of two oocytes in Siberian sturgeon from the Kolyma River, with vac-
uoles in jelly coat in each of them (arrows). Mag.: 10x10
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Puc. 33. @parMenT sifnekaetkn cubupckoro ocerpa u3 OOU ¢ AOKAALHBIM PaCCAOCHHEM
JKEATOUHBIX 060AOUeK (yKazal cTpeakoi). ¥Ye. 10x20

Fig. 33. Oocyte fragment in Siberian sturgeon from the Ob River with the local exfoliation
of yolk envelopes (arrow). Mag.: 10x20

Puc. 34. @parMenTsl ABYX SHIIEKACTOK CUBUPCKOTO oceTpa W3 Enuces, AOKaAbHBIE HCTOH-
yerust (“BEIEMKH") CTYACHHCTOH OGOAOYKH ¥ OAHOM M3 HUX M HEPABHOMEPHOE OK-
pammBanue Bcex 060AOYeK (yKazaHbl cTpeAkamu). YB. 10x10

Fig. 34. Two oocyte fragments of Siberian sturgeon from the Yenisei River: local thinning
("excisions”) of jelly coat in one of them and anisochromia of all envelopes
(arrows). Mag.: 10x10

Puc. 35. OparMenThl ABYX SHIEKACTOK CTEPASAM 13 EHuces, AOKaAbHOe paspylinenue 06o-
AOYEK ¥ OAHOU M3 HUX (yKaszaHo cTpeakon). ¥s. 10x10

Fig. 35. Two oocyte fragments of Yenisei Sterlet: local breaking of envelopes (arrow) in one
of them. Mag.: 10x10



Puc. 36. @parmMenTnl SANEKATOK CHOUPCKOTO
oceTpa M3 TeMAOBOAHOTO X03dKUCTBa
(KoHakoBO), AOKaabHOE HCTOHUEHHEe
W “BBRIEMKH" CTYACHUCTOH 0BOAOYKH
(ykaszaHel crpeakamu). ¥Ye. 10x10

Fig. 36. Oocyte fragments of Siberian sturge-
on from warm-water hatchery (Kona-
kovo): local thinning and “excisions”
of jelly coat (arrows). Mag.: 10x10

Puc. 37. Oparment SALEKACTKH CHOMPCKOTro
ocerpa M3 TEMAOBOAHOTO XO34HCTBA
(KonakoBo), TOAOCTH B CTYAEHHC-
TOM ODOAOUKE (YKasaHbl CTPEeAKAMH).
¥, 10x20

Fig. 37. Oocyte fragment of Siberian sturgeon
from warm-water hatchery (Konako-
vo): cavities in the jelly coat (arrows).
Mag.: 10x20

Apyrue aHoMaAnu B SMYHMKAX U SILEKAETKAX CUOMPCKUX OCETPOBBIX

Other abnormalities in ovaries and oocytes in Siberian sturgeons

Puc. 38. CrpykTypa sIMYHHKA CTEPUABHON caMKH cubUpCKoro ocerpa ui O6H, B KOTOPOI
rerepaTHBHas TKaHb 3aMelieHa JXKUPOBOH, HPOHU3AHHON COCANHUTEABHOTKaHBIMK
TSDKaMH (YKazamo cTpeakamu). YB. 10x20

Fig. 38. Ovary structure of sterile Siberian sturgeon female from the Ob River; the gene-
rative tissue is substituted with the adipose tissue bearing connective tissue bands
(arrows). Mag.: 10x20
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Puc. 39. CTpyKTypa OMyXOAEBOH TKaHHW Ha AMUYHHUKE CTEPUABHOM CaMKH CMOUPCKOro ocet-
pa u3 O6u. ¥e. 10x20

Fig. 39. Structure of tumor tissue on the ovary in sterile Siberian sturgeon female from
the Ob River. Mag.: 10x20

AHOMAAUN B CTPOEHUUA
ITOAOBBIX )KEAE3 CAMIJOB OCETPOBBIX

ABNORMALITIES IN THE STRUCTURE OF STURGEON TESTES

Puc. 40. PaspyuieHue ceMeHHBIX KaHaAblleB W oOpasoBaHMe MeXAY HUMH MOAOCTeH ¥
pycckoro ocerpa u3 Boaru (Il crapus sperocTH ronap) (yKasaHo CTPeAKAMH).
¥B. 10x20

Fig. 40. Breakage ol seminiferous tubules with formation of cavities between them in Rus-
sian sturgeon from the Volga River (Il stage of maturity) (arrows). Mag.: 10x20
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Puc. 41. AoKarbHBIE TIOAOCTH MEXKAY CEMeHHLIMH KaHaAbIlAMH, COAEPIKallliMHK CHEepPMaTo-
30MABI (YKazaHEl cTpeAKaMH), v crepasan u3 Ennces (IV crapus speaocrtu rouaa).
¥B. 10x10

Fig. 41. Local cavities between seminiferous tubules containing spermatozoids in Sterlet
from the Yenisei River (IV stage of maturity) (arrows). Mag.: 10x10

Puc. 42. JKupoBas TKaHb (yKasaHa CTPEAKAMH) MEXXAY CeMCHHBLIMM KaHaAbLIAMH CCMeHHH-
Ka y pycckoro ocerpa u3 Boaru (II crapus speaoctu romap). ¥s. 10x10

Fig. 42. Adipose tissue (arrows) between seminiferous tubules in Russian sturgeon from
the Volga River (Il stage of maturity). Mag.: 10x10

b

Puc. 43. AoKaAabHOe paspylleHde CeMeHHBIX KaHaAblleB U 0DpasoBaHue moaocTel (1) mMex-
AY HUMH, & Takoke "npopacraHue’ COeAMHUTEABHOTKAHEIX TsoKeH (Z) B reHepaTus-
HYIO MaCThb TOHaAB ¥ crepasau u3 Enuces (Il crapus 3peaoctn rodaa). YB. 10x20

Fig. 43. Local breakage of seminiferous tubules and formation of cavities (1) between them,
and penetration of connective tissue bands into the generative part of the tes-
tes (2) in Sterlet from the Yenisei River (Il stage of maturity). Mag.: 10x20
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AHOMAAUN B CTPOEHUN
AMYMHOK OCETPOBBIX BOATO-KACIIMIMCKOI'O BACCEMHA

LARVAE STRUCTURE ABNORMALITIES
IN STURGEON FROM THE VOLGA-CASPIAN BASIN

Anomarun Gopmsl Tera

Abnormalities in the body shape

B (C)

b (B)

I (D)
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Puc. 44.

Fig. 44.

W3ru6 Teaa U XBocta BEepx (A), pycCcKuil ocerp, cTapus 37, ONyXOACBHAHLIA y3eA
B GOKOBOM YacTH KEATOUHOro Melnka (b5), n3aMeHUuBIINA (OpMY JKEeATOUHOIO Mel-
Ka, ceppiora, crapust 36; HerpaBHABHas (popMa JKeATOYHOro Mellka, S-00pasHbii
narub Teaa (B), cespiora, crapms 36; I' — Ta e AMUWHKA, BUA cHusy; A — nporut
CTIMHBI, PYCCKUI oceTp, cTapus 36; E — HopMaabHas (opma Teaa (BBEpXy), Ayro-
06pazHo M30THYTOE TEAO (BHU3Y), PYyCCKui oceTp, cTapms 45. Auneika — 1 MM
Upward body and tail curvatures (A), Russian sturgeon, stage 37; tumour knols in
the lateral side of yolk sack with its deformation (B), Stellate sturgeon, stage 36;
irreqular shape of yolk sack, S-shaped body curvature (C), Stellate sturgeon, stage
36: D — the same larvae, ventral view; £ — dorsal deflection, Russian sturgeon,
stage 36; FF — normal body shape (above), arc-shaped body (below), Russian stur-
geon, stage 45. Scale — 1 mm



Puc. 45. M3rub xBoCTOBOro OTACAA BBEPX BCACACTBHE OIYXOAEBHAHOTO paspacTaHds TKa-
e, cepprora, craaus 45. Aunefika — 1 MM

Fig. 45. Upward caudal curvature caused by tumour tissue growth, Stellate sturgeon, stage
45. Scale — 1 mm

B (C)

Puc. 46. HopMaabHBIN pasMep MAaBHUKOBOW KalMbl (A) U pazandHas cTenedh ee pepyk-
uu (b, B) y AHMMHOK OCEeTpPOBBLIX Ha CTAAMM BLIAYNAeHHA (cTapust 36). Auneil-

Ka — 1 Mm
Fig. 46. Standard size of fin fold (A) and different degree of its reduction (B, C) at hat-

ching of sturgeon larva (stage 36). Scale — 1 mm
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A (E)

Puc. 47. HopMaAbHOE CTpOEHHe TeAa U HAGBHUKOBOH KaiMbl, PyCCKUit oceTp, crapns 38 (A);
y3Kas NAABHUKOBas KaiiMa, PYyCCKMEI OCeTp, M3TH6 KOHLA XBOCTOBOTO CTeOAS
BHu3, crapust 37 (B); BOAHMCTOCTH TAGBHUKOBOW KaiMbl, Geayra, crapus 38 (B);
CKpyueHHas U y3Kas [MAaBHUKOBast Kaiima, ceppirora, craaust 36 (I); HepopaspuTHE
IipeaHaALHON MAGBHUKOBOM KaliMel, ceBpiora, craaus 36 (A). Annerika — 1 MM

Fig. 47. Standard body shape and fin fold, Russian sturgeon, stage 38 (A); narrow fin fold,
Russian sturgeon, curvature of the caudal peduncle downward, stage 37 (B); undu-
lation of Beluga fin fold, stage 38 (C); twisted and narrow fin fold, Stellate stur-
geon, stage 36 (D); underdevelopment of preanal fin fold, Stellate sturgeon, stage
36 (E). Scale — 1 mm

M

Puc. 48. HopMaALHoOe CTPOeHHE IPYAHEIX W OPIOLINLIX TAABHUKOB (BBEPXY) M UX HEAOPAs-
BUTHE (BHH3Y), ceBpiora, ctapus 45. Aupeika — | MM

Fig. 48. Standard structure of pectoral and abdominal fins (above) and their underdeve-
lopment (below), Stellate sturgeon, stage 45. Scale — 1 mm
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B (C)

Puc. 49.

Fig. 49.

HopMaabHoe crpoenue CIHHHOTO, aHAaALHOIO M XBOCTOBOTO TIAGBHUKOB, Oeayra,
craprst 45 (A); BolpaKeHHBIH H3rub KOHIIa XBOCTOBOIO CTeOAS, CKAGAUATOCTE TIAGB-
HUKOBOH KalMbl, MCTOHUEHWE KpaeB [AABHUKOBOHM KaiMeul, Beayra, crapus 45 (b)),
PaspeIBbl KAUMBI CIIMHHOTO, AHAABHOT'O U XBOCTOBOTO MAABHHUKOB, PYCCKUN OCETP,
crapus 45 (B); MCTOHYEHHAas, BOTHYTasl U CTAHYTasd KakiMa CIMHHOT0 M aHAaABHOTO
TAQBHUKOB, OTCYTCTBHE TTPEAHAABLHON LAABHUKOBOH KaWMBI, PyCCKUN oceTp, cTa-
aust 45 (. Amnelika — 1 MM

Standard structure of dorsal, anal and caudal fins, Beluga, stage 45 (A}); clear cur-
vature of caudal peduncle, folding of fin fold, thinning of the fin fold edges, Be-
luga, stage 45 (B); ruptures of dorsal, anal and caudal fin folds, Russian sturgeon,
stage 45 (C); curly, twisted and turned fold of dorsal, anal and caudal fins, absence
of preanal fin fold, Russian sturgeon, stage 45 (D). Scale — 1 mm

AHOMaAUM B CTPOEHUM HAPYIKHBIX OPTaHOB

Abnormalities in structure of external organs

Puc. 50.

Fig. 50.

TunepTpors KEAC3LI BHIAYVIIAGHHS (YKasdHa CTPEeAKOH), HeAOPa3BHUTHEe ITepeAHen
YACTH CIMHHOH [MAABHHUKOBOH KalMbl, cespiora, craaus 36, Annelka — 1 MM
Hypertrophy of hatching gland (arrow) and underdevelopment anterior part of
dorsal fin fold in Stellate sturgeon, stage 36. Scale — 1 mm
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b (B)

I (D)

Puc. 51. HopMaanHoe cTpoeHnre TAaza, beayra, crapust 45 (A); pasauunasi crerneHb pa3gu-
TS KaTapakThl, Oeayra, crapus 45 (B, B, T'); MaAreHbKUH ypopauBwii thaas (1)
HOpMAaALHOe CTpoeHue OOOHATCALHOTO opraHa (b); Hecpaiienue nepemMbiuku 06o-
uareAbHoTo oprana (A, B, I') (ykasaHno crpeakoit). Aunefika — 1 MM

Fig. 51. Standard eye structure, Beluga, stage 45 (A); different degree of cataract devel-
opment, Beluga, stage 45 (B—D); small teratoid eye (D); standard structure of ol-
factory organ (B); schistasis of nasal bridge of olfactory organ (A, C, D) (arrow).
Scale — 1 mm



b (B)

B (C)

g

Puc. 52. AHOMaAWM 3PUTEABHBIX OpPraHoB: A — rUIepTpo@UpoBaHHBIH XPYCTAAMK TAasd,
KaTapakTa, pyCCKUH ocerp, craaus 46; 5 — orcyrersie obOMX rAas (Caesa) U npa-
BOTO I'Ad3a (crpasa), KaTapakTa Ae@BOTO TAasa, PyCCKHH ocetp, crapus 46; B — o1-
CYTCTBHE IAaza U IUIMECHTHOE [STHO Ha ero MecTe, ceBpiora, crapus 46. Aupei-
Ka — 1 MM

Fig. 52. Abnormalilies in eye structure: A — hypertrophic eye-lens, cataract, Russian stur-
geon, stage 46; B — absence of the both eyes (left), right eye (right), cataract of
left eye, Russian sturgeon, stage 46; C — absence of eye and pigment spot instead
it, Stellate sturgeon, stage 46. Scale — | mm
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Puc. 53.

Fig. 53.

M

AHOMaAUM OpraHoB 3peHusi U 000HSIHUS: A — OTCYTCTBHE rAa3 U 0O0HATEABHOTO
opraHa, BMECTO KOTOPOTO Ha NepeAHed MOBepXHOCTH TPUCYTCTBYET OTKpLITasd
Bopo3Aa (yKaszaHa CTPEAKOH), cesplora, cTapust 45; b — yPOAAMBBIC OpPraHbl 0b0o-
HAHUS, COCAMHEHHBIC DOPO3A0H Ha NePEAHEH IIOBEPXHOCTH PhiAd (YKa3aHbl CTPEA-
KOf1), HadaAbHas CTaAMsi KaTapaKThl PAA3a, PyCCKHIA OCeTp, CTapus 46. Aunedka —
1 MM

Abnormalities in structure of eye and olfactory organs: A — absence of eyes and
olfactory organ, instead of it there is an open sulcus on the anterior surface
(arrow); Stellate surgeon, stage 45; B — teratoid olfactory organs connected by sul-
cus on the anterior rostrum surface (arrow), initial stage of cataract development,
Russian sturgeon, stage 46. Scale — 1 mm

Puc. 54.

Fig. 54.

M

AHOMAAUH B CTPOEHHM TOAOBBI A — HEAOPA3BUTHE PTa M YCUKOB, OTCYTCTBHEC Op-
raHoB OGOMSINS, 3aMELLCHHBIX HIHPOKOH KOPOTKOH GOPO3A0H Ha mepeated mo-
BEPXHOCTH phira (1), AechopMupoBanHoe pPBIAO OTOTHYTO BHHU3 (2), yKOpOYeHHBIe
skabGepHbIe KPLITKH, CeBplora, crapus 45 b — ypoAAnBas ronoBa ¢ Tpems Kabep-
HBEIMH KPBIITKAMH (YKa3aHbl CTPEAKAMH), OPratbl 3peHust U OOOHAHUA OTCYTCTBY-
10T, ceBplora, craaus 45. Auneiika — | MM

Abnormalities in head structure: A — underdevelopment of mouth and barbels,
absence of olfactory organs replaced by the wide short sulcus on the anterior sur-
face of rostrum (1), deformed rostrum turned downward (2}, shortened opercula,
Stellate sturgeon, stage 45; B — teratoid head with three opercula (arrows), eye
and olfactory organs are absent, Stellate sturgeon, stage 45. Scale — 1 mm
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AHoMaAuM B CTPOEHMM BHYTPEHHUX OPraHOB

Abnormalities in the internal organ structure

Puc. 56.

Fig. 56.

A b (B) B (C)

| P |

Hopyaabioe crpoenne cepaua (A), cepprora, crapus 36 H aHOMaAMH B €ro cTpoe-
Huu: b — HepOpPasBUTHE JKEAYAOUKA cepala, crapus 37, B — AeBOCTOPOHHWNA W3-
rub ceppeuHO TPYOKM M HEAOPA3BUTHE JKEAYAOUKA cepala, crapus 36; cesprora.
Auneiika — 1 MM

Standard heart structure (A), Stellate sturgeon, stage 36 and abnormalitis in ifs
structure: B — underdevelopment of cardiac ventricle, stage 37; C — left-side cur-
vature of heart tube and underdevelopment of cardiac ventricle, stage 36, Stellate
sturgeon. Scale — 1 mm
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Puc. 57.

Fig. 57.

AHOMAAMH B CTPOCHUM I'OAOBEI, OPTaHOR GPIOIIHON MOAOCTH, CepAlla ¥ Ap.: A — o1~
CYTCTBME UYETBEPTOTO JKEAYAOUKA MPOAOATOBATOTO MO3rd (YKasaHO CTPeAKOH),
HEAOPA3BUTHE TOAOBBI, OTCAOEHHE MOKPOBHOTO IMUTEAUs!, CeBpiora, crapus 36,
5 — BopsiKa nepukapad (1) u OpomHoi noAocTd (2], HCTOHYeHHE [HOKPOBHOTO
AMUTEAUs], aHOMaAbLHOEe MOAOKeHnHe meueHu (J3), pacnoAOKeHHOH BeHTPaAbHO 110
OTHOIIEHMIO K JKEAYAKY, YKOPOUCHHE TPOMEKYTOUHOH KKK (4), 3al0AHeHHON
JKUPOM, HEAOPa3BUTHE CepPALA (5) ¥ rPYAHBIX ITA@BHWKOB, MTHAOPHYECKHE TTPHAAT-
KU HEAOPasBUTHL, cepplora, crapust 45, Auneiika — 1 MM

Abnormalitis in structure of head, abdominal organs, heart and others: A — absen-
ce of the fourth ventricle of medulla oblongata (myelencephalon ventricle) (arrow),
underdevelopment of head, separation of tectorial epithelium, Stellate sturgeon,
stage 36; B — dropsy of pericardium () and abdominal cavity (2), thinning of tec-
torial epithelium, abnormal liver position located ventrally against gaster (3), shorte-
ning of intermediate intestine filled with the fat (4), underdevelopment of heart (5)
and pectoral fins, pyloric appendages are rudimentary, Stellate sturgeon, stage 45.
Scale — 1 mm



Puc. 58.

Fig. 58.

HopMaabHLIl pasmep nedenu (A) ¥ pasanuHas creledb ee peayknuu (5, B) v
AMUMHOK OCETPOBHIX Ha CTAAMM IEPexXoAd Ha akTHBHoe NHUTaHue (crapust 45):
1 — cepane, 2 — TeueHb

Standard liver size (A) and different degree of its reduction (B, C) in sturge-
on larva at the stage of transition to the exogenous feeding, stage 45: I — heart,
2 — liver

b (B)

Puc. 59.

Fig. 59.

AHOMaAMH MPOMEKYTOTHON KHIIKU: A — rpbiKa NPOMesKyTOUHOH KHITKHK (yKasa-
Ha CTPEeAKOI), ceBpiora, crapust 45; 6 — NpopeiB OPIONIHON CTEHKH W BBITAACHHC
HacTH l'lp(]M{-.‘.)Ky'I‘()'ll—lOﬁ KHIITKH, 3aMmoOAHEHHON AHUpPpoOM H IMHIMeHTOM [yﬁa:sauu
CTPeAKOIl), pycckuil ocerp, crapust 45. Aunedika — 1 MM

Abnormalities of intermediate intestine structure: A — hernia of infermediate
intestine (arrow), Stellate sturgeon, stage 45; B — rupture ol abdominal wall and
prolapse of a part of intermediate intestine filled with fal and pigments (arrow),
Russian sturgeon, stage 45. Scale — 1 mm
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AHOMaAMM B CTPOEHUM TKaHeMH

Abnormalities in tissue structure

B (C)

Puc. 60.

Fig. 60.

B (B)

T (D)

DIUTEAMAABHLIC HAPOCTHE: A — Ha KEATOYHOM MelIKe U [PeaHarbHOH TAAGBHUKO-
BOIl KaliMe (yKasaHbl CTPEAKAMH), CeBprora, CTaAMs 36; b, B — Ha ClIIUHHOM IAdB-
HUKe, CTIMHHON W GPIOHIHON MOBEPXHOCTSX TeAd M JKabepHOM KpHILIKe (yKa3aHbl
CTpeAKaMM), PYCCKHE OCeTp, CTaapus 45; I’ — MeAKne SIUTeAHaAbHBIC HAPOCTEL Ha
AOMACTSIX 'PYAHBIX [AGBHMKOB M MX PA3pbIBbl B OTMX MECTAX, CeBpIOra, CTaaus 46.
Anneiika — 1 MM

Epithelial strumae: A — at the yolk sack and preanal fin fold (arrows), Stellate
sturgeon, stage 36; B,C — at the dorsal fin, dorsal and abdominal body surfaces,
and opercula (arrows), Russian sturgeon, stage 45, D — small epithelial strumae
on pectoral fin paddles and their ruptures in those places, Stellate sturgeon, sta-
ge 46. Scale — 1 mm

Puc. 61.

Fig. 61.
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e g

ONyxXoAeBUAHOE pazpacTanue TKaHei Ha XBOCTOBOM crebae (1), HayarbHad CTapMsg
9TOrO Mporecca (2), BOASHKA IAABHUKOBOM KalMBbl, PYCCKMI OCETP, CTapns 39. An-
Heiika — | Mv. A — yB. x7, 5 — yB. x15

Tumour-like enlargements of tissues on the caudal peduncle (I), initial stage
of this process (2), dropsy of fin fold, Russian sturgeon, stage 39. Scale — 1 mm.
A — mag.: x7, B — x15



Puc. 62. [ToArocTH B NONEpevHONOAOCATON MBITEYHOM TKAHHW (YKAa3aHbl CTPEAKAMM)], HCTOH-
JeHHe BCeH MAaBHMKOBOH KaWMbl, PycCKUH ocerp, craaus 36. Aunelika — 1 MM

Fig. 62. Cavities in cross-striped muscle tissue (arrows), thinning of the whole fin fold,
Russian sturgeon, stage 36. Scale I mm

b (B)

Puc. 63. AHOMaAMM B CTPOEHUH MBILICUHON TKauu: A — MHOTOYUCACHHBIE TIOAOCTH B TTOTIe-
PEYHOMOAOCATOH MBIIETHON TKaHHW (YKd3aHbl CTPEAKAMH) M MCTOHYCHHEe MBIITed-
HBEIX BOAOKOH, HOPMA@ABHAS CEIMEHTALUs MUOMEPOB, PYCCKUI oceTp, crapus 46;
b — MHOroYMCAEHHLIC [MOAOCTH B OPIONIHONW MYCKyAAQType (YKasaHbl CTPEeAKaMH),
cepplora, crapus 45, Avnelika — | MM

Fig. 63. Abnormalities in muscle tissue structure: A — multiple cavities in the cross-striped
muscle tissue (arrows) and thinning of muscle fibers, standard segmentation of
myomeres, Russian sturgeon, stage 46; B — multiple cavities in abdominal mus-
cles (arrows), Stellate sturgeon, stage 45. Scale — 1 mm
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Puc. 64.

Fig. 64.

MUKPOCTPYKTYpPa MBIIIEYHON TKAITH AMUHHOK OCETPOBBIX: A — HOPMAAbHOE CTPO-
GHHE TONEePeYHONOAOCATON MBIIIEYHOM TKal#l, pycckuil ocerp, 1950-e roal, cTa-
Ausi 36, CarmTTaAbHBIA cpes; b — HOPMaAkHOE CTPOeHHe TOTNepeyHonoA0CaTon
MBIITEYHON TKaHW, pycckuii ocerp, 1950-e roan, crapus 37, GPOHTAABHBIH CPes;
B — [MOAOCTH B HOHEPEYHOMOAOCATON MBITIEUHON TKAHM (YKasaHbl CTPEAKOI), pyc-
ckuit ocerp, 1995 r., crapust 37, caruTTaABHBIA cpes; I — MOAOCTU B MOTIePEUHO-
MOAOCATON MBIIIEYHOH TKaHM (YKasaHbl CTPEAKOR), pycckuit ocetp, 1995 r., cra-
Aust 37, PpPOHTAABHEIH cpe3; A — MOAOCTH B IOIEPEYHOMOAOCATOH MBINIEYHON
TKaHW (yKasaunl cTpeakoi), beayra, 1995 r., crapus 37, CaruTTaALHBIA cped. AH-
Heika — 0,1 MM

Microstructure of muscle tissue of sturgeon larva: A — standard structure of the
cross-striped muscle tissue, Russian sturgeon, the 1950s, stage 36, sagittal cut;
B — standard structure of the cross-striped muscle tissue, Russian sturgeon, the
1950s, stage 37, frontal cut; C — cavities in the cross-striped muscle tissue (arrow),
Russian sturgeon, 1995, stage 37, sagittal cut; D — cavilies in the cross-striped
muscle tissue (arrow), Russian sturgeon, 1995, stage 37, frontal cul; E — cavities
in the cross-striped muscle tissue (arrow), Beluga, 1995, slage 37, sagittal cul. Sca-
le — 0.1 mm



Puc. 65. HopMaabHOe cTpoeHne NnolnepeyHolioAnoCaTol MbILIEeYHOR TKaHH, PYyCCKUN ocerTp,
1950-e roanr, crapust 45, (hpouTasblbiid cpes (A); MOAOCTH B HOTIEPETHOMOAOCA-
TOW MBIIIEYHON TKaHM (yKasaHbl CTPeAKaMH), pycckuid ocerp, 1993 r., crapus 45,
(bpoHTaABLHEIA cpes (6); MOAOCTH B NONEPeYHONOAOCATON MBIIIEMHON TKaHK (yKa-
3aHbl cTpeakamu), cesprora, 1990 r., crapma 45, caruTraabdeId cpes (B). Aunei-
Ka — 0,1 mm

Fig. 65. Standard structure of the cross-striped muscle tissue, Russian sturgeon, the 1950s,
stage 45, frontal cut (A); cavities in the cross-striped muscle tissue (arrows), Rus-
sian sturgeon, 1993, stage 45, frontal cut (B); cavities in the cross-striped muscle
tissue (arrows), Stellate sturgeon, 1990, stage 45, sagittal cut (C). Scale — 0.1 mm

Puc. 66. Onyxoan Ha XBOCTOBOM OTAEAE, HCKPUBACHHE XBOCTA BHWU3, UCTOHUYECHHUE TAABHH-
KOBOH KalMBbl, ceBpiora, ctapusa 37. Amneiika — 1 MM

Fig. 66. Tumours on caudal peduncle, downward tail curvature, thinning of fin folds,
Stellate sturgeon, stage 37. Scale 1T mm
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Puc. 67. AHOMAAMH B CeTMEHTALlMU MHOMEPOB: A — HOpMaAbHash CerMeHTarnuda MUOMEepon,
cepprora, crapus 46; b — Hapyuienue cerMeHTalii MHOMEPOB (yKasaHo cTpeaka-
MH), ceBpiora, crapust 45, B — To e, crapus 36. Aupeiika — 1 MM

Fig. 67. Abnormalities in myomere segmentation: A — standard myomere segmentation,
Stellate sturgeon, stage 46; B — disturbance of myomere segmentation (arrows),
Stellate sturgeon, stage 45; C — disturbance of myomere segmentation (arrows),
Stellate sturgeon, stage 36. Scale — 1 mm
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b (B)

Puc. 68. Hapyimenue cerMeHTallMM MHOMEPOB M OTCYTCTBUC MbIILICUHBIX BOAOKOH B BHAO-
U3MEeHEeHHBIX CerMeHTax (yKasaHbl CTPeAKaMM) y cesplorn, ctapmus 45 (A) u y Oe-
Ayry, crapust 45 (B). Aupeiika — 1 MM

Fig. 68. Disturbance of myomere segmentation and absence of muscle fibers in the altered
segments (arrows), Stellate sturgeon, stage 45 (A); the same, Beluga, stage 45 (B).
Scale — 1 mm
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b (B)

—

Puc. 69. HopMaALnas cerMenTanus MHOMepoB GpIOIIHON MycKyaaTyphl (A, 1), Hapylienue
cerMeHTanui MHOMEPOB € OTCYTCTBHEM MBIIIEYHBIX BOAOKOH B BHAOW3MEHCHHBLIX
cermenTax (A, 2), cespiora, ctapus 45 5 — HepOpa3BUTHC MBIIIEYHBIX BOAOKOH B
OpPIONTHEIX MUOMepax (YKaszaHo CTPeAKaMH), CHABHO BbIPaKeHHas BOAANKA Oprot-
HOM TOAOCTH, WUCTOIYEHHE MOKPOBOB, CeBPIOTd, crapus 45, AuHelka — 1 MM

Fig. 69. Standard segmentation of myomeres of abdominal muscles (A, ), disturbance of
myomere segmentation with the absence of muscle fibers in the altered segments
(A, 2), Stellate sturgeon, stage 45; B — underdevelopment of muscle fibers in the
abdominal myomeres (arrows), dropsy of abdominal cavity, thinning of integu-
ment, Stellate sturgeon, stage 45. Scale — 1 mm
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(DYHKLU-‘IO HaAbHbBIE AHOMAAWUU

Functional abnormalities

B (C)

-

7~ R —
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Puc. 70. KpoBOM3AMSAHUSA B PA3AMYHEIX OPraHax M TKAHAX AMUMHIOK OCeTPOBBIX Ha CTAAMAX
43—45. A — BUA CO CITHHHONH CTOPOHLL; b — BUA ¢ OPIONIHONI CTOPOHBL; B — BHA,

cOoky. Auneika — 1 MM
Fig. 70. Haematomas in the varions organs and lissues of sturgeon larva at stages 43 —45:
A — dorsal view; B — ventral view; C — lateral view. Scale — 1 mm
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I (D)

E (F)

| EROE—

Puc. 71.

Fig. 71.

BoapsTHKA JKEATOUHOTO MelllKd, Pycckui ocerp, crapus 38 (A); BOASIHKaE NepuKapaa
(yKaszaHa CTPEeAKOM), aHOMAALHO BLITAHYTOE Cepalle, HeAOPasBUTHEe TpedHarbHOl
MAGBHHKOBOH KalMbl, ceBplora, ctapams 36 (B); BOASIHKA MAGBHUKOBOW KaWMHBI (YKa-
3aHa cTpeAkaMu) (B); BOASHKA SIMHUTEAHMS JKEATOUHOTO MelllKd, HAaBHHKOBON Kafi-
MBL M TYAOBHIIA (yKasaHa CTPeAKaMH), pycckui ocerp, crapust 38 (), Bopsiika
SIUTEAUS] XKEATOYHOTrO MellKa B paiioHe cepilia (ykazaHa CTPeAkoil), Oyrpucras
roaosa, Beayra, crapusg 38 (A); BOASHKA MOKPOBHOTO 3nuTeAus DOKOBOH HoBepx-
HOCTH TYAOBHIIa U OpIONMIKa (yKazaHa CTPEAKOH), pyccKuil ocerp, crapus 45 (E).
Aunneiika — 1 MM

Dropsy of yolk sack, Russian sturgeon, stage 38 (A); pericardium dropsy (arrow),
abnormally elongated heart, underdevelopment of preanal fin fold, Stellate stur-
geon, stage 36 (B); dropsy of fin fold (arrows) (C); dropsy of yolk sack epithelium,
fin fold and body (arrows), Russian sturgeon, stage 38 (D); dropsy of yolk sack epi-
thelium near the heart (arrow), tuberous head, Beluga, stage 38 (E); dropsy ol the
tectorial epithelium of lateral body surface and abdomen (arrow), Russian stur-
geon, stage 45 (F). Scale — 1 mm



B (C)

Puc. 72.

Fig. 72.

Hopmaaniioe crpoeiive roaoBsl, ceppiora, crapust 36 (A) 1 anomaanu: b — CHABL-
HO BhIpaXKeHHasd BOASTHEA 4-ro AEeAYVAOTKA TTPOAOATORATOrO MO3Td [YKaBdHa crpea-
KOH), HeAOPasBUTHE MepeAHed YacTH CNHUHHOW ITAABHUKOBOHW KaWMbl, CeBPIOrd,
crapma 37; B — BOASHKA NepeaHell 4acTH FOAOBBL M 4-T0 JKeAypAOUuKa IIPOAOAIOBA-
TOrO MO3ra (yKasaHa CTPeAKaMmu), ceeplora, crapusi 37, [7 — BopsiKa HepepHeid 1
CpeAHel 4acTel r'oAOBBI U 4-T0 JKeAYAOUKA TPOAOATOBATOIO MO3Ta (YKa3aHa CTpea-
KaMH), HEAOPA3BHTHE MEePEeAHeH YacTh CINUMHHOW MAABHHUKOBOW KaWMBI, CEeBPIOTA,
crapmst 36, Aunerika — 1 mm

Standard head structure, Stellate sturgeon, stage 36 (A) and its abnormalities:
B — dropsy of the the fourth ventricle of medulla oblongata (myelencephalon ven-
tricle) (arrow), underdevelopment of the anterior part of the dorsal fin fold, Stellate
sturgeon, stage 37; C — dropsy of the anterior part of the head and of the fourth
ventricle of medulla oblongata (arrows), Stellate sturgeon, stage 37; D — dropsy
ol the anterior and medium parts of the head and the fourth ventricle of medulla
oblongata (arrows), underdevelopment of the anterior part of the dorsal fin fold,
Stellate sturgeon, stage 36. Scale — 1 mm
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B (C)

A (E)

84

Puc. 73.

Fig. 73.

T (D)

AHOMaAAWH B CTPOEHHH OPIONTHOTO OTAGAA: A — HEe3HAUHUTEALHAS BOASLKA oproi-
HOH TIOAOCTH (yKaszana CTPeAKOi), HCToHdeHHas OpromiHas CTeHKa, PYCCKHIA
oceTp, crapust 46; b, B — CHABHO BhIpaykeHHds BOASTHKA OPIONTHOM IOAOCTH (YKa-
3aHa CTPeAKaMM), ceppiora, crapus 45; I' — CKONMAeHHE JKHUPa B HPOMEKYTOTHOM
OTAEAE CPEAIEH KHMIIKM (YKasaHo CTPEAKOH), ceppiora, crapus 45 A — Xup B
GprOMHOI 1oAOCTH (1), NCTOHUEHNE 3apHEeH CTeHKH OpIoliKa (2), pycckmit ocerp,
crapmas 46, AuHeiika — 1 MM

Abnormalities in abdomen structure: A — slight dropsy of abdominal cavity (ar-
row), thinned abdominal wall, Russian sturgeon, stage 46; B, C — dropsy of ab-
dominal cavity (arrows), Stellate sturgeon, stage 45; D — fat aggregation in the
intermediate part of mid-intestine (arrow), Stellate sturgeon, stage 45; E — fat in
abdominal cavity (1), thinning of posterior abdomen wall (2), Russian sturgeon, sta-
ge 46, Scale — | mm



Mexanuyeckue TIOBPEKACHMA

Mechanical damages

e

Puc. 74. PaspuiB CTEHKH JKEATOUHOTO MelllKa (yKasaH CTPeAKo#), cesprora, ctapus 36 (A);
YKOPOYEHHBIE TPYAHBIE TMAGBHWUKH (YKasaHbl CTpeAKaMH), PYCCKMIA oceTp, cTa-
A 46 (B); yKOPOUEeHHEIN HAPYKHBIM YCUK ([), 3TTUTeAHaABHBIA HAPOCT B TIPEAPO-
ToBOH obaacTn (2), pycckuil ocerp, crapus 46 (B). Auneiika — 1 MM

Fig. 74. Disruption of yolk sack wall (arrow), Stellate sturgeon, stage 36 (A); shortened pec-
toral tins (arrows), Russian sturgeon, stage 46 (B); shortened external barbel (1), epi-
thelial struma in the preoral area (2), Russian sturgeon, stage 46 (C). Scale — 1 mm

AHOMAAUN B CTPOEHUU MAABKOB
OCETPOBBIX BOATO-KACIIMCKOT'O BACCEVIHA

ABNORMALITIES IN STRUCTURE OF STURGEON
FINGERLINGS FROM THE VOLGA-CASPIAN BASIN

Puc. 75. HopmaasHOe BHellIHee CTpOeHHe TOAOBH MaAbKa OCeTPOBLIX (Deayra)
Fig. 75. Standard external structure of sturgeon fingerling head (Beluga)



AHOMaAMM B CTPOEHMM HAPYIKHBIX OPraHOB

Abnormalities in structure of external organs

Puc. 76. YKopouetue )KaGepHol KPBILIKH Pa3ANTHON CTeIIeHH Yy MaAbKoB Deayru: | — xa-
Oepuasl KpeIKa, 2 — >KabepHbie AeTecTKH

Fig. 76. Different degree ol opercula shortening for Beluga fingerlings: I — opercula,
2 — gill filaments
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Puc. 77. OG0HATEALHEIT Opran (HO3APS) MaABKOB OCETPOBBIX: A, b — HOPMaabHOE CTpoe-
Hue; B — Hecpallenie neperopoAkn 000HATEABHOTO opraHd (YKasaHo CTPEeAKOM),
OBOHATEALHBIE MEITKH H CKAGAKM O00OHATEABHOI'O JITHTEeANs HOPMaAbHO PasBUThHL
I — B 0BOHATEARHOM Oprafe OTCYTCTBYIOT ePerOPOAKa, ODOHATEALHBIC MELIKH 1
OBOHSTEABHBIH oMUTeAnil; | — 0DOHATeABHAs NePErOPOAKa; 2 — CKAAAKH 00OHS-
TEABHOI'O DTTUTEAHS

Fig. 77. Sturgeon fingerlings olfactory organ (naris): A, B — standard structure; C — schis-
tasis of nasal bridge (arrow), olfactory sacks and folds of olfactory epithelium
developed normally; D — absence of nasal bridge, olfactory sacks and olfactory
epithelium: { — nasal bridge; 2 — folds of olfactory epithelium
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I (D)

Puc. 78.

Fig. 78.

K (G)

HopMaAsHOe CTPOeHHEe rAasa ¥ MaAbKoB OCeTPOBRIX pPHIO (A) U aHOMAAHW B ero
CTPOEHMH: KaTapakTd KOPTUKAALHOW W SACPHOR YacTeil XpPyCTaAnka HOPMaAbHO-
ro (b) m ymennientoro (B, I') pasMepop; KarapakTa XpyCTaAluKa ¢ ero AOKaAbHBIM
noMyTHeHHeM (A}, paspylieHde XpycraiMka W HapylleHHe CTPYKTYPbI BHYTDEH-
HHUX YIaCcTKOB raasa (E); rAas ¢ CHABHO BLIPaKEHHOHU KaTapakTOW U TeMHBIM BKAIO-
YeHHeM HEBBISCHEHHON IPUPOAR! (AK)

Normal eye structure in sturgeon fingerlings (A) and its abnormalities: cataract of
cortical and nuclear lens parts of normal (B) and reduced (C, D) sizes: lens calaract
with a local opacity (E); lens breakage and structural disturbances of the internal
parts of eye (F); eye with the pronounced cataract and dark inclusion of the un-
clear nature (G)



AHOMaAMK B CTPOCHUM TKaHEN

Abnormalities in tissue structure

B (C)

I (D) A (E) (E(F) XK (G)

Puc. 79. Ctenka GpIOUIHON NOAOCTH MAALKOB OCETPOBLIX. A — nopma; b—A — paszanuHas
cTenenk ee UCTOHUYEHHs (yKasaHa crpeakamu); E, /K — paspbiBbl CTCHKH Opron-
HOM [IOAOCTH (YKa3anbl CTPEeAKO): | — HMCTOHYEHNHEe CTEHKH OPIOLITON IIOAOCTH;
2 — paspeiB OPIOIIHON CTEHKH

Fig. 79. Abdominal wall of sturgeon fingerlings: A — standard structure; B—F — different
degree of its thinning (arrows); F, G — disruptions of abdominal wall (arrow]: 11—
thinning of abdominal wall; 2 — disruption of abdominal wall
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Puc. 80.

Fig. 80.

Puc. 81.

Fig. 81.

Cxemal (Scheme I) Cxema [T (Scheme IT)

Crpoenye CTeHKH OPIOUIHONH MOAOCTH MaAbKa PyCCKOTO oceTpa B HopMe (cxema l)
U 1pH natororun (cxema II): [ — cAOll DIUTEAHAABHBIX KACTOK KOMKHOTO HOKPO-
Ba, 2 — ACPMAALHLIA CAOW KOJKHOIO HOKPOBa, 3 — MBILIEYHEIH CAOH (MHOMEPEI)
Abdominal wall structure in Russian sturgeon — standard structure (scheme I) and
disturbed one (scheme 11): I — tectorial epithelial layer of skin, 2 — dermal layer,
3 — muscle layer (myomeres)

HopMaabHas cTpyKTypa OPIOMHON CTeHKH: | — TOKPOBHEIN SIHUTEAR C Pa3BH-
THIMH CAMBUCTEIMHA KACTKAMM, 2 — MOIIHBIA CAOH COEAMHHUTEALHON TKaHW (Aep-
Ma); 3 — IIMPOKHWI CAOH MBINII, AOXOAHIIHUIA A0 cpeaHed aunuu Gpronika; 4 —
(pparment Kumevnuka. Aupeitka — 0,1 MM

Standard structure of abdominal wall: I — teclorial epithelium with the developed
mucus cells, 2 — thick layer of connective tissue (derma), 3 — wide muscle layer
reaching the abdomen midline, 4 — intestine fragmenl. Scale — 0.1 mm



Puc. 82.

Fig. 82.

Hapyuenust B crpoeHun 6pIOLIHON CTEHKH MAABKOB OCETPOBRLIX: | — MOKPOBHLIH
STUTEANH, COXPAHUBIIMACH AOCTATOYHO XOPOIIO, HO OTMEUaloTCsd OTACALILIC pas-
PBIBBL; 2 — AEPMAABHBIM CAOH HMCTOHYEH [PUMepHO B 2 pasa; 3 — MBIIeuHEi
CAOH IIOUTH AOXOAWT AO CPeAHeH AMHWH OpIONIKa, MLIIIeUHBLIe BOAOKHA HUCTOHUYE-
HBI, MUOCEIITHI [IAOXO BBIPA’KeHEBI, MHOTO PBIXAOH COCAMHUTEALHON TKAHM MEKAY
MBIIIEUHLIMHA BOAOKHAMK; 4 — hparMeHT Kuilednuka, Auneitka — 0,1 MM

Disturbances in the abdominal wall structure of sturgeon fingerlings: I — tectori-
al epithelium is conserved rather good but with some disruptions; 2 — dermal lay-
er is thinned by about 2 times, 3 — muscle layer almost reaches the abdomen mid-
line, muscle fibers are thinned, myosepta are underdeveloped, there is much loose
connective tissue between muscle fibers; 4 — intestine fragment. Scale — 0.1 mm

Puc. 83.

Fig. 83.

Hapytenust B cTpoetuu OplolHoil CTeHKH MaAbBKOB OCETPOBLIX: | — ITOKPOBHLIH
BHHTEJ‘\Hﬁ, ero IeAOCTHOCTL napymeﬁa, KOAMYeCTEO BHAHMEIX BaKYOA(‘.l:I YMCHBITE-
HO; 2 — ACPMAABHBIN CAOH MOYTH HOPMAALHON TOAIIMHEI, €T0 TIAOTHOCTH YMeHb-
mieHa; 3 — MBIIEYHBIT CAOH He AOXOAUT A0 CPeAHeH AMHHK Oploika. Muieu-
HBbIe BOAOKHA MUMEIT AaMeTp B 2—3 pasa MeHbile HOpMbl, AuHedka — 0,1 MM
Disturbances in the abdominal wall structure of sturgeon fingerlings: | — tectori-
al epithelium, is broken, number of visible vacuoles is decreased; 2 — dermal layer
is about normal thickness, its density is decreased; 3 — muscle layer does not
reach the abdomen midline. Muscle fibers have a diameter by 2—3 times lower
than normal. Scale — 0.1 mm
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Puc. 84.

Fig. 84.

Puc. 85.

Fig. 85.

Hapyuienus B CTpOeHHH OPIONIION CTEHKW MAABKOB OCETPOBBIX: 1 — TOKpPOBIHLIA
SHUTEAME, ero MeAOCTHOCTE HapylieHa, Kak Ha puc. 83; 2 — AepMaABHEIA CAOH,
€10 TIAOTHOCTH HECKOABKO YMEHBIIEeHa; 3 — MbIIIEYHbIH CAOH He AOXOAUT AO CPeA-
Hell AMHUM OpIOIIKa, AMaMeTp BOAOKOH MEHBIIC HOPMbL U MEKAY HHMH OoABIIOE
KOAMUECTBO KOAAATEHOBLIX BOAOKOH, AnHelika — 0,1 mm

Disturbances in the abdominal wall structure of sturgeon fingerlings: I — tectori-
al epithelium is broken, as in Fig. 83; 2 — dermal layer, its density is slightly
decreased; 3 — muscle layer does not reach the abdomen midline, a diameter of
fibers is smaller than normal with a large number of collagen fibers between them.
Scale — 0.1 mm

| I

Hapyuienust B CTpoeHrH OPIOMIHON CTEHKH MAALKOB OCETPOBRIX! I — TIOKPOBHHIN
SHUTEARI, €ro eAOCTHOCTL HAPYIIeHd, BAKYOAH JKEAE3UCTRIX KACTOK XOPOIIO Bbl-
pakeHbl; 2 — ACPMAABHEIN CAOH, €ro MAOTHOCTb 3HAYUTEABHO yMEHBIICHA, 3 —
MBITETHEI CAOH HE AOXOANT AO CPepHeill AMHUM Opionika (3), OTACABHBIC MBITIet-
HBLIe BOAOKHA AM3UPOBAHBI, AQKE PaspylieHbl MeAble MHOCEHThH, COAUTUTEALHO
TKaHasi 0BOAOUKA MHOCEIIT COXpaHseTcs; 4 — dparMeHT KulleyHnka. AuHenka —
0,1 Mmm

Disturbances in the abdominal wall structure of sturgeon fingerlings: / — tectori-
al epithelium is broken, vacuoles in secretory cells are clearly seen; 2 — dermal
layer, its density is decreased considerably; 3 — muscle layer does not reach the
abdomen midline (3), some muscle fibers are lyzed, the entire myosepta are bro-
ken, connective tissue envelope of myosepta is kept; 4 — intestine fragment. Sca-
le — 0.1 mm



Puc. 86. 'peka, BEICTYyHAIOUAs B paspbiB Oprominod crenku (1); dpparMenTsl OPIONTHBIX
MAABHHUKOB (2); (bparmenTsl kuimeunnka (3). Amneiika — 0,1 MM

Fig. 86. Hernia penetrating the abdomen wall disruption (!); fragments of abdominal
fins (2); intestine fragments (3). Scale — 0.1 mm
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INDEX

A
abdominal 38, 39
cavity 38, 39, 72, 80, 84
fin 66, 93
midline 41
muscle 41, 80
organ 72
wall 30, 36, 40, 41, 73, 84, 90—92
rupture 38 —40
thinning 38, 40, 41, 84
abnormalities 27, 29— 35, 40, 42
egg 42
eyes 36, 40
functional 34, 38, 40
lethal 27, 31, 34
morphological 27, 29, 32, 40
multiple 36, 47
structural 30, 31, 33, 35, 36, 39
body 34, 35
organ 34,
olfactory 36, 40
tissue 34, 37, 40
tipical 30
types 31—234, 40
accumulation of fat
intermediate intestine 38
preanal fin fold 38
spiral intestine 38
anisochromia 31, 33, 46—49, 51
amitosis 32, 56
amitotic division 32, 56
asynchronia 33
asynchronous 57

B

Baikal Lake 26

basin 26, 27, 40
Azov 34
Volga-Caspian 26, 33, 34, 64, 85
Volga's 28

blood cells 32, 33, 55
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body 30, 24, 35, 37, 38, 74, 82
shape 34, 35, 39, 64, 66
upward 35, 64

C

cataract 36, 39—41, 68, 70, 88

cariopyknosis 31

chorion 30-—33

curvature 34, 35, 37—39, 64—67, 72
arc-shaped 64
caudal peduncle 67
dorsal 34
dorso-ventral 35
lateral 34
S-shaped 35, 64
tail 39, 64
upward 35, 65
U-shaped 35
ventral 34, 37

D
deformation 31, 33, 37, 43, 58, 64
degeneration 32, 33, 53 —55, 57
dermal layer 41, 90—92
destruction 31, 33, 37, 40
development 27—29, 32— 39, 46, 68, 70
asinchronia 33, 57
embrionic 38,
parthenogenetic 31, 46, 49
stage 29, 34, 38, 40
deviation 34,
lethal 2%, 31, 34
nonlethal 31, 34, 38, 39
various 34
differentiation
yolk 30
digestive system 36, 37, 39
anus 36
plugged 36
opening 36
barrier between the spiral intestine and proctodaeum 37
delay in the anus opening 36
expulsion of the pigment plug 36, 39
hernia 37
protoseptum between the larynx and esophagus 37
shortening 37
intermediate infestine 37
spiral intestine 37
underdevelopment of pylorious appendages 37
diplostomosis 41
disturbance 52, 88, 91, 92
blood vessel 37
lipid metabolism 38, 39
myomere 78, 80
water-salt metabolism 38
ultrastructure 52
division 29, 30, 32, 34, 56
dorsal deflection 35, 64
dropsy 35
abdominal cavity 72, 80, 84
head 83
fin fold 82
fourth ventricle of medulla oblongata 83
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pericardium 72, 82
tectorial epithelium 82
“yolk sack 82

E
edema 38, 39
abdominal 39
head epithelium 39
4" ventricle of medulla oblongata 39, 82
edemic cavity 35, 37
egg 26-—32, 43, 44, 46, 47, 50— 53
remain 33, 41
ripe 27
egg envelope 30—32, 42, 43, 45, 49, 51, 52
anisochromia 44, 46, 47, 49, 51
cavity 48
deformed 47
delamination 31
jelly coat 30, 44, 47, 48, 50, 51, 53
structure 47
rupture 44
thickening 50
vacuole 48, 52
yolk envelope 30, 44, 47, 48, 53,
zona radiata 30
exfoliation 44, 47, 49, 51, 53
thinning 44
epithelium 36, 37, 41
cells 41
dermal 41, 90—92
olfactory 40, 87
tectorial 37, 38, 39, 72, 82, 90—92
thinning 39, 72
epithelium strumae 35, 37, 39, 40, 74
body surface 37, 82
head 39, 40, 82
trunk 39, 40
yolk sack 37, 82
eye 36, 38—41, 68—70, 88

F
fecundity 31
female 26, 28, 29, 31 —34, 53—155
fertilization 31, 50
fibre 38, 41, 92
muscle 38, 41, 75, 79, 80, 88, 91, 92
curvature 38
thinning 38, 80, 91
underdevelopment 80, 91
fin 39, 67, 74
caudal 67
pectoral 39, 74
thinning 67
fin fold 35, 37—239, 65, 74, 82
absence 35, 39
partial 39
curly 35, 37, 39, 66
delamination 35
dorsal 35, 83
edema 35, 37, 39
festooned 39
narrow 35, 66
preanal 35, 38, 39, 66, 67, 74, 82
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rupture 39
structure 66
thinning 35, 39, 75
twisted 35, 39, 66
whole 75
underdevelopment 35, 39, 82, 83
fingerling 27, 28, 29, 34, 58 —89, 91, 92

G
gamete 27, 30, 32
gametogenesis 27, 28, 31, 32, 34, 53
germinal vesicle 30
gland
hatching 36, 67
gonad 27, 29-—34, 52, 55
abnormality 33, 34
female 32—34
male 28, 32, 33
gonadogenesis 27, 28, 31, 32, 34

H
haematoma 38, 39,
abdomen 40
brain 38
eyes cavity 38
fin fold 38
gill arc 38
gill cover (opercula) 40
gill filament 38
heart 38, 40
juvenile 40
larvae 39, 81
liver 38
mouth 40
organ 81
pericardium 38
tissue 81
head 35-—37, 39, 40, 72, 82, 83
heart 37—40, 72, 73, 82
heart tube 37
curveless 37
left curvature 37, 72
narrow 37
underdevelopement 37
histology 27—31, 38
hypertrophy
hatching gland 36, 68
lens 36
olfactory pit 36
indicator 27, 32
irregular coagulation 31, 44

K
Konakovo 28, 29, 32, 33, 56, 61

L

large oil drops in the cavities
abdominal 39, 84
brain 38
fin fold 39
gill 38
mouth 38
pericardium 38, 39
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larva 27, 29, 34—40, 64, 65, 73, 81
larynx 37, 39
liquid 32
Bouine 28, 29
liver 38, 39, 72, 73
misplacement 37
reduction 73
underdevelopment 37
lordosis 34

M
male 26, 28, 32—34
male gonads
deterioration 33
seminiferous tubules 33, 34
spermatozoid 63
mature oocyte 31—33, 44
maturation 27, 30—33
maturity of gonads
stage Il 27, 32, 33, 62, 63
stage III 31, 33, 52
stage IV 33, 63
meiosis
division 30
second 30
polar body 30
membrane
nucleus 30
metacercaria 41
method 27—30
micropyle 32
microscopy 29, 41
light 32
electron 29
mouth 36, 38 —40
absence 35
anomalous shape 35
stomach 37
structure 40
underdevelopment 35, 36
myomere 38, 41, 80, 90
abnormalities of segmentation 38, 78, 79
absence of miosepte 38
myogenesis 38
shortening 38
structure 39
thinning of muscle fibers 79
thickeness 38

N
nucleus 30, 31, 52

0

olfactory organ 35, 36, 87
abnormality 35, 36, 40, 70
absence 36, 40, 70
absence of the rosettes in the olfactory capsule 36, 40
barrier in the hind pore due to the anomalous consolidation of the bridge 36
schistasis of the nasal bridge 36, 68, 87
tissue modification in the olfactory rosettes 36
underdevelopment 35, 36

olfactory pit 39
hypertrophy 36
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sulcus on the anterior part of the rostrum that connects both the pits 35

underdevelopment 36
oocyte 28, 30—34, 44, 54, 56, 57, 59— 61
degeneration 32, 33, 54, 55, 57
deformation 31, 33, 58
mature 31—33, 44
unspawn 31
opercula 36, 74
shortening 86
three 36
underdeveloped 36
organ 72, 81
abnormality 34, 36, 38, 40, 70, 72, 86
external 34, 36, 40, 67, 86
internal 34, 37, 72
mechanical damages 34, 39, 85
ovary 33, 61

P
paddle 37
fin 35

anal 35
caudal 35
dorsal 35
pectoral 37, 39, 74
tail 39

part 27, 28, 30, 33—37, 54, 55, 73, 83, 84
dorsal 67, 83
period 29, 31, 32, 34, 40, 41, 53
growth
cytoplasmatic 53, 56
trophoplasmatic 57
plug
pigment 36, 39
micropyle 32
pole
animal 30
vegetative 30—32, 43, 47 —49, 51
process 31, 33, 41
biochemical 31
pathologic 32
regeneration 33
resorption 32, 55

R
region
Orel 28
Tver 28, 56
remain 41
oocytes 33

reproductive system 27—29, 32
resorption 32, 46, 55, 57

oocytes
massive 31, 33
partial 54
ripe egg 27
river 26, 32
Aldan 28, 29

Indigirka 28, 29, 32, 33, 54, 57
Kolyma 28, 29, 32, 33, 57— 59
Lena 28, 29, 32, 33, 55

Volga 26—28, 30, 31, 33, 46, 62, 63
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Yenisei 26, 28, 29, 32, 33, 54— 56, 58 —60, 63
Ob 26, 28, 29, 33, 57, 59, 61, 62
Oka 30
rostrum 70
bent-down 35
sulcus on the anterior part 35, 36
short 35, 40
underdevelopment 35, 36
rupture 37, 43, 67
fin 35, 37, 39
wall
abdominal 36, 39—41
-~ yolk sack 39

S
scoliosis 34
scute
change in the shape 40
underdevelopment 40
segmentation 38, 41, 78 —80
shape 30, 34, 39, 64, 66
head 36
abnormality 35
knots 36
underdevelopment 35
yolk sack 35, 39, 64
ball-shaped 35
bands 35
drop-like 35
knots 35
oblate 35
pear-shaped 35
short 30
barbel 39, 40, 85
fin 39, 40, 85
pectoral 39
tail 39
gill cover 39, 40
intestine 37, 72,
myomere 38
rostrum 35, 40
spawn 26, 29, 30, 33
spermatozoid 63
stage 27, 29—34, 36, 37, 39, 52, 62, 63, 74
development 34, 37, 38, 70
stage 36 29, 37, 38, 65
stage 37—39 29, 34, 37, 64—66
stage 39—40 29, 39, 40
stage 42 29
stage 45 29, 37, 38, 68
stage 46 70
hatching 29, 34, 36, 38, 39, 65, 67
transition to exogenous feeding 29, 34—37, 39, 73
sterility 33
sturgeon 26—34, 36, 38 —42, 65, 73, 81, 85, 87 —89, 91, 92
Beluga 43, 45, 46, 49, 50, 66 —68, 76, 79, 82, 85, 86
sturgeon
Russian 43—45, 48, 51 —153, 62—64, 66, 67, 69, 70, 73—77, 82, 83,
85, 90
Siberian 53 —62
Stellate 42, 44—47, 50— 53, 64—67, 69—75, 77—80, 82—85
Sterlet 43, 49, 58, 60, 63
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structure 27, 29—31, 33—40, 42, 43, 47, 49, 52, 53, 59, 62, 64, 66, 67, 72, 83, 84, 86, 90

eye 36, 40, 68, 70, 88
cataract 36, 41, 88
diffuse 40
local 40, 88
hypertrophy 36,
abnormalities in inner ares 40
normal 36, 88
absence of one or two eyes 36, 70
pigment knot 36
opacity 36
lens 40, 41
blind 36
small 36, 40, 68
standard 68
gonad 33
fingerling 85, 87, 88, 91, 92
tissue 34, 37, 40, 73, 77, 89

T

tissue 29, 30, 34 —38, 41, 63, 74, 81, 89
adipose 33
connective 33, 90 —92
generafive 33
muscular 37, 38, 40, 75, 77
striate 38, 39
stripe 75—77
tumof(u)r 65, 74

trunk 37 —41

tumo(u)r 33, 35, 37, 64, 65, 74

turgor 31

U

ultrastructure 32, 52, 53
underdevelopment 35—237, 40, 66, 67, 72, 80, 82, 83

v
vacuole 30—33, 48, 52, 59, 91, 92
ventricle 37
heart
underdevelopment 37, 72
normal structure 37
4t of medulla oblongata 37— 39, 72, 83

Y

yolk 30—32, 35, 37—39, 43, 47—49, 51, 53, 59, 60, 64, 74, 82, 85
fine-grain 30
large granules 30
structure 31
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