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Barents Sea

N — C. nasus

MU — C. muksun

P —C. lavaretus pidschian
AU - C. autumnalis =
SA - C. sardinella =
PE= €: peled,

SN — Stenodus leucichthys nelma
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Poccuitckoe MHpopmauoHHoOe areHTCTBo

Ha Bcein Obu oKkoHUYaTenLHO 3anpeTunu

BbINIOB MYKCYHa W HENbMbI

22:37 Ha Ypane coTpyaHWK aBTOMOWKA Ha

KMUEHTCKOM aBTO HacMepTh 3agaBun
#eHwwmHy. BUOEO

22:23 Banepwa noxanoeanacs Ha

PYXHYBLLYH SKOHOMUWKY. «HeT aeHer B

woy-Bu3Hece, U 0TKyda UM B3ATLCA-TO?»
1

2218 B lNeHTaroHe oueHunu
npoeccnoHan3mM pOCCUMACKMX BOEHHbIX
B Cupuu

T'ybepnamop Kytieawes
nocmasum 8 Cnucok
Ha Topdymy cmapozo

es) _’_ mosapuuia

22:12 JIOHZOHCKWI cya apecToBarn
ObiBLIYK AXTY ABpamoBuya | 1

21:49 TMapku «Poccus — Moa uctopua»
NoCTaBWUNM PEKOPA MO KONMWYecTsy
nocetutenein. Ocobo otnuyunca Ypan

1

21:44 [1OPOKHUKM NPUTPO3NNK NOCAaNTL
5e30UNEeTHUKOB Ha Kene3Hble KOmMbA.
$0OTO

LT

Bce pervioHbl

.‘O:. Mocksa +13° $ 60,86 v € 7540 v Mognmwucs Ha URARU: ] §) ©

Mocksa Caepanosckas oon. YenabuHckas obn. KypraHckas obn. TromeHcKas 0

Ha Bcett Obu 0KOHYATENHHO 3aIIPETUIN
BBIJIOB MYKCYHa ¥ HeJIbMbI

3anpert Ha BbINTOB MyKcyHa 1 HenbMbl B O6u BBEayT

B NpaBuna pbibonoscTBa Ha heaepanbHOM YPOBHE.
[enaetcs 310 ANs Toro, YTobbl EXErofHO He NpoaneBaTb
3anpeTuTebHble Mepbl. Paspelar BbifioB LIEHHON phibbl
TONbKO TOraa, Korga ctabunuaupyetcs ee nonynsuus,
pacckasan nepBbli 3aMecTuTeNb AMpeKTopa AManbCKoro
fenaptamenTta AlK Avapeit Py6atunH.

MocTosAHHbIN 3anpeT Ha BbiNoB «3TO KOMNPOMUCCHOE peLleHne [NPUHATO] ANs Toro, YToObI
BEHHENFIOPOR PLISLI TPOMARYT B UCKIIOYNTL BHECEHME 3TWX BMAOB B KpacHyto KHUTY, 4T
npasunax pbi6oroBcTBa

Ob1n0 Obl YpeBaTO PAAOM TSKESNbIX NOCNEACTBUN, B NEPBYHO
oyepeab AN MECTHOrO HaceneHns, Ans KOPEHHbIX,
KOTOpble laxe NyTemM, MOXET He YMbILLNEHHOTO NOoBa,
a npunosa, Ho MOIMU UM 3TV BUAbI NonagaTbes Npu
OCYLLECTBEeHUN TPaAULMOHHOIO pPLIBONOBCTBay, — ckasarn
AHppeit PybalmH Ha 3aceganum komuteta no AlNK
OKpYxHOro 3akcobpaHus.

OH oTMeTuN, YTO 3a Tpu roda 3anpeTa Ha BbINTOB MyKCyHa
1 Ba rofga 3arnperta Ha BblJIOB HeJlbMbl CUTYauUWA

Ha HMaJIe HPOIJ;BeTaeT He yny4ywunnach, a axe HeEMHOro yxyawunacs.
YepHBIN PhIHOK Herolt
DBI6BI «Reo napun niALAMIAES RIANAA UMAAT ANNAananauuyvin
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O6BLEKTHI Pa3BeAeHNs U
dKBaKYJIbTYpb!

MeTepdenba, 2015

BonsmepeueHckuii PB3

Pucynok 1.4 - Cxema pacmonoxeHIIs ppIO0OBOIHBIX 3aB010B balikama

C3 EBp. yactn PO,
Ob6b, bankan

BespblbHble 03€Epa
FOXKHOIo 3ayparsibs
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dyHAaMeHTaJIbLHOHN
A NPUKJIATHOU
HAYKH
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PaspaboTarh METO/Abl FEHETUYECKON NAEHTH(OUKAIINNA BU/I0B,
FAOPU/I0B, HOMYJISIIAN 1 CY OOy AN

Heobx0Mbl SBHAHVSA 0 TAKCOHOMUYECKOM IOJI0KEHNUM,
OUIOTEHUN, QUIOFEOrPAGUM U HOMYISIINOHHO-TEHETHYECKOU
CTPYKTYPE BHUAOB CATIOBBIX

9T IO3BOJINT BLIABUTE EIMHUIIbI 3al1aca, COXPAHEHNS
FEHOPOH/IOB 1 palliOHAIEHON SKCILIyaTallu PECYPCOB

BoccTranaBiMBaTh CTaja ¢ Y4ETOM ECTECTBEHHOM
HONYISAIINOHHO-TEHETUYECKOU CTPYKTYPhI 9
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(CblyeBckas, 1988)
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OcHoBHble MECTOHAXOX/ICHUA HCKOMaeMuIX curoshix (cem. Coregonidae)

(cem. Salmonidae) T'onapKTHKH
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Salmonidae

Eosalmo driftwoodensis Wilson . N - - _
E. kamchikensis Sytchevskiya - - - = + . = x
Brachymystax bikinensis Sytchevskaya - - - - + e - X > = =
Salmo cenoclope Smith - - = . 3 . - = 3 + e _
S. esmeralda Smith = - : - - . ke & + < 2
S. derzhavini Viadimirov - - + - . = = ; ey . §
S. clurki Smith - . : . . - y - - a2 + +
Rhabdofario carinatum Kimmel = & > L = x u - = + a
Rh, lacustris Cope - - - . - = + -
Hucho (Palscolox) larsoni Kimmel - - ; = = = =% P
Oncorhynchus masou Tomoda - = . ~ -
0. rhodurus Tomoda - > + = z = = = i ot
O. salax Smith - - - - . . e . - . + >
Smilodanichthys rostrosus Cavender, Miller < : z . = S = = = g X +
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Coregonidae

Prosopium prolixus Smith - g - - = == < a - - + +

P. gemmiferum (Snyder) - . - . - . . . s £ +
P. spllonotus (Snyder) . = = : x = : = T X s = = A +
Stenodus sp. - i) - - - R — - o e e =
Coregonidae gen, indet, = e S R i e e o

. b
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Basal Phylogeny of Coregonids

Stenodus
(1-2sp.)

Coregonus
(14 - 100+ spp.)

Prosopium
(6 spp.)



Eurasia

N. America

Basal Phylogeny of Coregonids - Prosopiuim

Coregonus

Prosopium

(6 spp-)

P. spilonotus

P. gemmifer — —

Stenodus



Relationships of genera Stenodus and Coregonus

S. leucichthys nelma or S, nelma — inconnu or sheefish

S. leucichthys léuéichthys -
Caspian inconnu






Russian Coregonus checklist: A MINIMUM

. autumnalis

PO (o 81 1

' USSUT1ensis
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Russian Coregonus checklist

. albula

. sardinella

. anaulorum
. baicalensis
. baunti

. chadary

. muksun
. hasus

. pidschian
. pravdinellus
. Smitti

(borymkas, Hacexa 2004)

. autumnalis
laurettae
migratorius
peled

. Subautumnalis
. tugun
ussuriensis

0000000

TOTAL 23 species
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Reshetmkov 1980 — 23pec1es @ lavaretus C. albula

Freyhof & Kottelat, 2007 — 63 species, C. pollan, 8 vendaces
& >50 whlteflsh species
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PU — Parataxonomic Units

* Biodiversity und Conservarion 13: 795-812, 2004,
02004 Kluwer Avademic Publivhers. Printed in the Netherlands

Parataxonomy vs. taxonomy in biodiversity studies -
pitfalls and applicability of ‘morphospecies’ sorting

FRANK-THORSTEN KRELL
Soil Biodiversity Programme. Department of Lntomology. The Nawral History Museum, Cromwell
Road, London SW7 SBD. UK (e-mail; fhretl @ nhniacok: fux: +dd-2()-7942-5229}

Reeejyed 1 Ogtoaber 2002, g cepred in pevised fapm 27 Frhrpars 2003

1oy worde: Baodiveniy, Dy quiily, Morvrospoeles, Mamanvor, Paasconen iy voive, arsx-
onomy, RTU, Soring, Taxonomy

Abstract, Pacataxonomic sorting of samples to recognizable mxonomic units (RTUs, morphespecies,
L Ory R8s G i o0 s 2 her s partaoromi unit (PLUs)) 5 oyEneily coaside 2 10 1< o sufficiently
reliable and conservative approach in ecological biodiversity studies or conservation biology. It is
OD e R iy, vayihe mrage n avoios the naedens of @ aromy, PN Cr, SV mms OF o aax-
onomic sorting by taxonomic resoring show many overestimations of species numbers. Hence, RTU
a8 D0t ooty coaser stive Soning orvors can e oor: than 1004 (median in the present
compilation: Z2% ). Fven if the cumuiaive results £ar diverse groups Like beetles have a very low overall
error, the error rate in the single familics is gencrally much higher. This pattem is likely 1o cause severe
problems in multivasiate analyses. The presumable ermor rate in sorting does nat depend only on the group
10 be sorred, but also on the sorter and the sumple, Therefore, the soning error is not predictable. Since
PUs are generally neither described nor assigned to existing names, the soding results are difficult 1o
check and it is mostly not revealed why the samples are sorted as they are. Since parataxonomy does not
use existing biological knowledge, crcates typological units and does not disclose its sorting criteria,
mnter-subjective testability and falsihability of the sorting results are more difficult than of taxonomic
ideatifications (or arc even impossible). Parataxonomy docs not fulfil the criteria of a scientific method,
but is propedeutic and can be a hearistically valuable 1ol to find out pattems in mxonemically neglecied
groups. However, it 1s only the first step in sortmg and identifying samples i biodiversity studies. PUs
are useless for inventories and ares selection in conservation evaluation. biogeographical and autecologi-
cal stedies; they provide only uncertain data for studies in species turnover and overlap, but they can be
used quite reliably for global compansons of gross species richness, non-comparative descnptions of
species nichness of single sites or for comparisons of sites withowt species overlap. It results of
parataxonomic sorting show clear and biologically meaningful patters, the sorting is likely to be reliable.
Weak or no detectable patterns may ¢asily be caused by erroneous. sorting,

Introduction



* N
MnunnA Crapwun, Fan NMnunun Cexkyun
(23 H.3. - 79 H.3,) - BHUCTOPHH
KYNBTYPbl OH Npexe BCero 3HaMeHuT
ceoen 37-ToMHON "EcTecTBeHHON
WcTopuen™ — orpoMHLIM TPYAOM
IHUMKNONEANYECKOro XapakTepa, rae
AaHbl ONUCAHUA MHOTUX BHAOB
CeNbCKOXO3ANCTEBEHHON NPOAYKUMMK,
cnocoBoB BbipalWBaH1A
CenbCKOXO3ANCTBEHHbIX PACTEHHN, UX
nepepaboTKu M XpaHeHUA.

OcobenHo nogpoBHO onUcanbl
BUHOrpag, cnocobbl NPUroToBNeHusA
KAYecTBeHHbIX BMH, a TAKKE MX
thanscubukauun, NMnuKHKUR nepssivm
paccMoTpen pasnuyHbie cnocobel
XPaHeHHua B 3aBMCHMOCTH OT
KNMMaTHYECKHX YCNOBUA

NnuHnn Ctapwunnm «EctectBeHHasA UCTOPUAY

[TnnHU genut pbIOY Ha

«pbIOYy C KaMeLIKOM B rornoBe;

pPbIOY, KOTOpas NPAYETCA 3UMOW;

pbIOY, KOTOpas YyBCTBYET BIUSHME 3BE3[;

PbIOY, 32 KOTOPYIO NNAaTAT YpE3BblHAaNHO BbICOKYIO
LEHY...»

20



Molecular markers:
Allozymes

PCR-RLFP mtDNA
Sequencing mtDNA
Sequencing ITS rDNA
Nuclear microsatellites

Yormegc-oRECeRARRRRIREYE




Traditional subgenera of Coregornis

anaulorum
chadary
clupeaformis
lavaretus
nelsonii
oxyrhynchus
pidschian
muksun

nasus

Coregonus

albula

autumnalis

artedii (+hoyi, kiyi,
reighardi,
nigripinnis,
zenithicus, nipigon,
johannae)

sardinella
laurettae
migratorius
subautumnalis
tugun



subautumnalis

sardinella +
albula

lavaretus
pidschian
muksun
anaulorum

o

migratorius+
Baikal lacustine
WF

Baikal riverine WF +
fluviatilis



OPEN & ACCESS Freely available online @ PLOS l ONE

Framing the Salmonidae Family Phylogenetic Portrait: A
More Complete Picture from Increased Taxon Sampling

Alexis Créte-Lafreniére’, Laura K. Weir'?*, Louis Bernatchez'

C pidschian (z6)
C muksun (21)
C lavaretus (19)
C clupeaformis (11)
C clupeaformis (12)
C migratorius (20)
C ussuriensis (31
‘ (é nasus (22)
nasus (23
48/90/22 C albula 5
C albula (s
C peled (25
C sardinella (28
b C sardinelia (29 C
C tugun (30 oregonus
37/33/5 C artedi (7) g
C nigripinnis (24)
C hoyi (14)
C kiyi (18
g gengthicus (32)
oyl (13)
52/39/82 C arfgdi (8)
O C pollan (27
C autumnalis (9)
C autumnalis (10)
C(; Iaur?tttae (18)
aurettae (17)
b St leucichthys (ss) 1 Stenodus
C huntsmani (15

P spilionotus (63
P spilionotus (s6)
P abyssicola (ss)
P gemmifer (64
P gemmifer 63

—IP williamsoni (7 Prosopium
P williamsoni (ge)) <

[ P cylindraceum (s1)

P cylindraceum (s2)

P coulterii (59
' .

0.1 subst./site P coulterii (50




OPEN & ACCESS Freely available online @ PLOS | ONE

Framing the Salmonidae Family Phylogenetic Portrait: A Cth & COI

More Complete Picture from Increased Taxon Sampling

Alexis Créte-Lafreniére’, Laura K. Weir"'?*, Louis Bernatchez'

a5 C pidschian
T: C muksun
C lavaretus
91 g C clupeaformis
3 b C clupeaformis
C migratorius
C ussuriensis
100 g C nasus
10 b C nasus

83 C albula
_Mz_: C albula

1 C peled
C sardinella
C sardinella
C zenethicus
C nigripinnis
C kiyi
C hoyi (14)

C artedi (7)
C hoyi (13)
C artedi (8)

52 C pollan
_1'O: C autumnalis (9)
C autumnalis (10)
99 g C laurettae
10 bt C laurettae
C tugun
St leucichthys
C huntsmani

97 P spilionotus
T': P spilionotus
P abyssicola
P gemmifer
P gemmifer
= P williamsoni
e P williamsoni
—— P cylindraceum
v P cylindraceum
e P coulterii
——— P coulterii

HEJIbMa OMYIIN PANMYLUKN YNp CUTU

Banbku

218

8

3

8

s
O
purd




OPEN & ACCESS Freely available online @ PLOS | ONE

Framing the Salmonidae Family Phylogenetic Portrait: A
More Complete Picture from Increased Taxon Sampling

Alexis Créte-Lafreniére’, Laura K. Weir"'?*, Louis Bernatchez'

C huntsmanf
St leucichthys

_: C laurettae
C laurettae

C autumnalis (10)
—E C artedi(s)
C hoyi (14)

C tugun

C nasus
I E C nasus

C ussuriensis
C migratorius Coreg onus
C clupeaformis
C clupeaformis
C lavarelus
C pldschian
C muksun
e C sardinella (29)
C sardinelfa (28

C peled
‘E C albula
Calbula

P coulterii
Y P cOUIMET
== P ¢ylindraceum
=P cylindraceum |
P williamsoni PI‘OSOp um
= P gemmifer (63)
E P abyssicola
P spilionotus (66)

25 15

Eocene Oligocene Miocene
: M ! E : L i M
486 ; 284 4 16.0 16

53
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WHITEFISHES — Coregonus with lower mouth++

ND-1 (mtDNA) — Bochkarev et al., 2016
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Phylegenetic relationships amoeng Species of genus Coeregonus
(& synthetic scheme)
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Number of major lineages & species of Coregonus in Palearctic & Nearctic

lavaretus / clupeaformis lavaretus / pidschian
complex (3) < >  complex (5-60)

. _ 1USSUY1ensis
huntsmani=canadensis

autumnalis
complex (~10)

autumnalis complex (3)

Number of most diverged lineages
of Coregonus is higher in Palearctic



[TpoBaemMa cuMIaTpUIEecKIX GOPM Y CITOB

Kpyiitbie i1 kapankosbie cnrit Esponst 11 €. AMeprKiz
IMHBOIO- 11 MaZ10TEMITHKOBBIC CIIV EBPOLILI

[BEKBAH 71 MyKCeyH Crompin

CUI-BOCTPAAK V1 CUT-TOPOYH (MBDKbH) AHaABIPs 11 [IeHSKITHbI
Amypcekit et C. ussuriensis i cnr-xaaapsl C. chadary AMypa
Teaemxiir enn i evokok [pasayiiia

Crrm i panyika bayHToBeKIIX 03ep

Omyab 11 ey 08. barikaa

C. artedii complex Beankiix osep C. AMeprikit

Meakas panyinka C. albyla i1 kyaen (OHeXckoe 08.) 1 puilyc (Aaiosekoe
03.)

31



CumnaTpuyeckre Gopmbl Coregonus lavaretus s.l.
(AJiblibl) — from Bittner et al., 2005

O6e cumnarpuyeckme dopMbl CUroB
G 0BHapy)XeHbl Ha BCEX HEPECTUMULLAX




Mojiesivi SBOJIIOLUHAN GPEHOTUIIOB

deHoTUnINYecKad
[IJIACTUYHOCTDL

MHaoxxecTrBeHHbLIe
BcejieHnd

byKkeThl BUIOB

Douglas et al. 1999



«Panywkun» Benuknx o3zep (Koeltz 1927) — o3epHble hopmbl oMyns
O3. BepxHee — coBpeMeHHble hOpMbI

U.S. Bureau of Fisheries
Walter Koelz

Gorman & Todd 2005 sS4



Hypothetical Depth Distribution
of Lake Superior Ciscoes

Gorman & Todd 2005







lower mouth

high and narrow: rostral

plate

maxilla just reaches eye edge
sp.br. 20-25 (23-24)

.. 87-91

p. Amyp




(In'Onon:
chironomids, mayflies, fish
In lower Amur:
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Minimum Spanning Network:among mt (ND-1) haplotypes of:
Amur; River; Coregonus.species.and other; Coregonids
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MSNetwork for mt haplotypes
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Ordination of;scores for: principal components Irand Il from the
analysis of;i1sozyme data
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Traditional view on the taxonomical relationships

of Coregonus species
of the Lake Baikal

lavaretus baikalensis
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Minimum Spanning Network:among mt (ND-1) haplotypes of:
Amur; River; Coregonus.species.and other; Coregonids
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Coregonus + Stenodus + Prosopium VISN among haplotypes

C. migratorius vs Baikal lake whitefish
vs Baikal pidschian
e Have same mtDNA haplotypes
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AnddepeHunanbHas TPaHCKpynUmS Y.

BaKkanbCKMUX CUFOBbIX
(O. bblyeHko n ap., 2010)

«BbisiBneHne n pyHKUMOHAaNbHbIN aHanmM3 reHOMHbIX U
TPAHCKPUNTOMHbIX pasnuinm Mexay CMrom n oMmyrnem osepa
Bankan» - ancc. K.0.H.

[FEHLI, BOBMOXXHO, CBA3aHHEIE B NOBEAEHVEM,
NMMYHHBEIM OTBETOM, M TPaHCHO30HOB /C1
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3. bayHT (Bepx. JIeHa)







BayHTesckue. (Luno-IdunnkaHckme o3epa)

Morphological and ecological data i?_______———
>

1) autumn spawning seasons _
cisco from Baunt L.

‘river-‘whitefish
‘lacustrine-‘whitefish
‘river-lacustrine-‘ whitefish
2) spring spawning season
‘lacustrine-* whitefish

cisco (Skryabin,1977)

Coregonus skrjabini sp. nova — gill rakers 23,2, spring spawning
Coregonus pidschian gill rakers 23,2

1.

2.

3. Coregonus vernus sp. nova. gill rakers 37.1

4. Coregonus baunti sp.nova gill rakers 42.7 (Karasev,1987)

Genetic data

SLOBODYANYUK, S.YA., KiRiLCHIK S.V., MamMonTOV A.M. & SKULIN V.A. (1993): The comparative restric-
tion analysis of mitochondrial DNA of the lake whitefishes Coregonus lavaretus baicalensis from
Lake Baikal and Coregonus baunti from Lake Baunt. — Vopr. Ikhtiol. 33: 631-636.

Y AKHNENKO, V.M. & MamonTov, A.M. (1998): A comparative isozyme analysis of whitefishes from Lake
Baikal and Baunt lakes. — Siberian Ecological J. 5: 441-443.




Arch. Hydrobiol. Spec. Issues Advanc. Limnol. 57, p. 57-64, July 2002
Biology and Management of Coregonid Fishes — 1999

The genetic differentiation of the least cisco
(Coregonus sardinella Valenciennes, 1848) from
Lake Baunt and the Lena River

V.M. Yakhnenko and A.M. Mamontov

Abstract: Isozymes were analyzed for 26 gene loci in the spring-spawning form of the least cisco (Core-
gonus sardinella) in Lake Baunt and the autumn-spawning form in the Lena River. Polymorphisms were
found at 11 loci, and the percentage of polymorphic loci was 29.63% in Lake Baunt and 37.04% in the
Lena River. Mean heterozygosity was 7.62 and 8.83%, respectively, and corresponded to the level of
variation in ciscoes as a whole. A heterogeneity test demonstrated significant differences between the
two populations at four loci, and the genetic distance between the forms (D = 0.063) corresponded to
differences between subspecies in other coregonids. Such a high level of genetic differentiation in the

i with 1 figure and 3 tables

Baunt cisco could have been caused by its long isolation and the specific hydroclimatic conditions in
Lake Baunt.

*Reshetnikov, 1980, Skrvabin, 1977 Kirillov, 1972



Coregonus pidschian
low-rakered whitefish

Gill-rakers 21,3 £ 1,3
lower mouth
bentophagous

Coregonus from Baunt Lake

medium-rakered whitefish
(MRWF)

Gill-rakers 37,1
nearly terminal mouth

euryphagous

Baunt Lake cisco
(sometimes referred to as
Coregonus baunti)

Gill-rakers 42,7 + 0,338
terminal mouth
planktophagous




Methods

» PCR-RELP analysis oft mtDNA(ND-1)

« Allezyme analysis
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MtDNA haplotypes of;whitefishiand cisco from Baunt: Lake

Baunt cisco |

pidschian ‘

S
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ND-1'haplotypes of;Coregonus:from Baunt: Lake
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Minimum Spanning Network-among ND-1
haplotypes of; whitefishand cisco from L.lake Baunt

B10217)

Baunt cisco
pidschian
MRWF




Minimum Spanning Network-among ND-1"haplotypes of;
coregonid Lake: Baunt:compared with Siberian whitefish
and sardinella'group

Baunt cisco
- Siberian whitefish
] sardinella




@rdination of:scores for. principal components | and Il fromthe
analysis ofiisozyme data
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Alleles typical to cisco from Baunt L.

PGM-2*3.5

VIDH-1,2* 1
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Pidschian

baunti

Average allozyme
heterozygosity. (4)

%% poelymorphism

69



Minimum Spanning Network:among ND-1" haplotypes of.

whitefish and cisco from Lake Baunt:and other. coregonids
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Ordination of;scores for: principal components Iiand Il from the
analysis of:iIsozyme data
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MSN among mtDNA haplotypes

pidschian
muksun
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Relationshipsiamong mtDNA haplotypes of:C. pidschian and C. muksun
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Frequencies of mtIDNA haplotypes in pidschian and muksun
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C. anavlorum vs. C. pidschian




Coregonus anavlorum Berg 1906

* point snout, more gill-raker than in pidschian (24-32)

e inhabits Anadyr River basin + Penzhina River
 forms with pidschian a unique pair of
* sympatric semianadromous whitefish forms
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Coregonus + Stenodus + Prosopium VISN among haplotypes
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Coregonus subawtumnalis Kaganovsky in Berg, 1952

A coregonid fish'with terminal mouth from middle
Penzhina River was first described by A. G. Kaganovsky
by a single individual capttired near village Penzhinskoe
at junction of rivers Chornaya and Penzhina in 1932.

Berg (1952) reproduiced this description from
Kaganovsky's paper. Morphologically it was identified
as omul (Arctic cisco, Coregonus autumnglis, and other
species with terminal mouth that are believed' tobe
related to the Arctic cisco, e. g. Baikal omul).
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Coregonus subautuimnalis:

e Differed from C. autumnalis in lower ratio of interorbital
distance to length of upper jaw and was described as a
separate species Coregonus subautumnalis Kaganovsky, 1932

e 1975 - Reshetnikov (1979) captured several new specimens,
ans based on external morphology suggested synonimy to
Arctic cisco (C. autumnalis).

* 1991 - Morphological (Chereshnev et al., 1991; Chereshnev
and Skopets, 1992; Chereshnev et al., 2000) and
craniological (Chereshnev, 1994; Chereshnev et al., 2000)
data - new specimens from both Penzhina and adjacent
Talovka River - diagnostic characters 2 suggested retaining
full species status and original name.
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Coregonus subautumnalis Kaganovsky range
and collection sites
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Coregonus subautumnalis Kaganovsky in Berg, 1952
KodyrevaRiver (Penzhina River basin), 26/09/2004




Coregonus subautumnalis
Kaganovsky in Berg, 1932




Coregonus + Stenodus + Prosopium VISN among haplotypes
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C. subautumnalis

mBelongs to least cisco complex
uDistinct from typical C. sardinella from the
subautumnalis Arctic Sea basin
-..mClose to least cisco from Anadyr River, from
- where putatively migrated to Penzhina R.
., Derwedofrdm E. Siberian C. sardinella
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C. sardinelln range
(Atlas of Freshwater Fishes of Russia, 2004)




albula | sardinella complex

Qwr, 185 Coragonne
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CMAaTPUYECKUE MDOPMbI CUFOB

VICCNEAOBAHVS FEHETNYECKOM AVBEPTEHLIMN BABKIX
CYIMIATPVHECKIX (OPM CUOB [10Ka3asi, UTo OHW
[PaKTMYECKN BCER/1d OKa3bIBatoTcs 60JEE
POACTBEHHBIMW APYIF APYIY. BHYTPY BOAGEMA, YEM MEXXAY:
MOPMOSKONOIMUECKN CXOAHBIMY (DOPMaMM PasHbBIX
BOAOEMOB!
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Alonanpna + cuMaTpua + WHTPOFPECCUd
(Bernatchez et al., 2001 etc.; MeaHkoB 1 aAp., 1998 1 aAp.)




TPaHCKpUNTOMMKA — UBYUYEHNE FEHHON
SKCHPECCUN

Molecular Ecology (2006) 15, 12391249 dok: 10.1111/),1365-294X 20050 1 1 81 eH
Ha
Parallelism in gene transcription among sympatric lake MUKpoumne
whitefish (Coregonus clupeaformis Mitchill) ecotypes 3557
Cliff Lake Indian Pond

CokpalleHune MbllL, — napeansoymMmuH 3
OHepreTnyeckmin metabonmsam - Y-KpuctanmnuH
3Hona3sa-1

AT®d-cnHTasa
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Directional
changes

Non
directional
changes

B

Directional
changes

— Dwarf! Normal I Cisco/Nomal
J Up-reguated in |l Cisco / Dwarf

G, 3 —(A) Mean differential gene expression (fold change) between
cisco and normal ecotype (this study ) and between dwarf and normal eco-
types, modihied from Derome et al. <2006), applying a Bonferroni comee-
tion, For cach gem/group companson, fold change is the mtio of the
highest gene expression mean divided by the Towest, For example; fold
chinge of upreguliated genes i cisco refative 1o nommal whitelish cootype
15 gene expression mean m casco divaded by those i normal whitefish eco-
type. (8) Mean differential gene expression (fold change) between cisco

Coregon US arted “ and dwarl ccotype (thiy studv).

N. Derome and L. Bernatchez 2006 Mol Biol Evol
The Transcriptomics of ecological convergence between 2 limnetic coregonine
fishes (Salmonidae) Universite Laval, Quebec, Canada

Coregonus artedi
[eHbl rmaBHOro 6enka 6bICTPbIX MbILLL, 1 KaTabonnyeckmne reHbl KpUcTanmHoB
- T€ Xe leHbl, YTO U Y KapfIMKOBOro cura.
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Fructose 1, 6
bisphosphate

l Aldolase 0T

Dihydroxyacetone
phosphate

Glucose :w:===p

Modecufar Ecology Q006) 15, 12391249 ok TR/ 1S 20X 0550

Parallelism in gene transcription among sympatric lake
whitefish (Coregonus clupeaformis Mitchill) ecotypes

Stage 1 (Glycolysis) l Triose-P isomerase §

Glyceraldehyde
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narerstny [ F
l GAPDH 187300 8

2-Phosphoglycerate #==«- 1, 3 Bisphosphoglycerate

| .'\504,.'\. A
l Enolase (pine ! )ﬂ'
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Tricarboxylic -l Oxydative
Acid cycle + Phosphorylation

Stage 2 :  GlycerolsPDH {1
¥  Cytochrome coxidases T}

ATP |Cytochrome c reductase T |}
ATP synthase §

dwarf WF

Fig. 2 Differential gene expression in energetic metabolism
network (simplified). Arrows represent gene regulation changes:
diagonally striped for directional parallel changes, white for Cliff
Lake population (left) and black for Indian Pond population
(right). =" means no differential expression. EST clones are
indicated in parentheses when different (see Tables 1 and 2).
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Parvalbumins:

WY T8

Var=1.15 Var=30.26

Thick filament Thin filament

Sarcomere machinery

Fig. 3 Differential gene expression in muscle contraction regulation network. During relaxation phase, Ca2+ is bound to parvalbumin (PV).
Ca2+ returns to the sarcoplasmic reticulum (SR) via a Ca2* pump activated by ATP modulated by creatine kinase. This establishes the next
contraction phase wherein Ca2+ is released from the SR, thereby removing contraction inhibition of tropomyosin. This allows interaction
between actin and myosin, leading to muscle contraction. Arrows represent gene regulation changes: diagonally striped for directional
parallel changes, white for Cliff Lake population (left) and black for Indian Pond population (right). EST clones are indicated in parentheses
when different (see Tables 1 and 2). (1): nwh”20743"[P], nwh”"107497[P], nwh”187447[P], nwh” 11857 [P], nwh”6”27" matched to
(AF538283) parvalbumin beta variant, up-regulated in both dwarf populations. (2): nwh”"1727*[P], nwh”19/62[P], nwh"11786"[P] and
nwh”10726"[P] matched to (SSPRVB1) parvalbumin beta variant, and nwh”20”13"[P] matched to (SSPRVB2) parvalbumin beta variant,
both of them are up-regulated in Cliff Lake dwarf population and down-regulated in Indian Pond dwarf population. ‘Var’ indicates mean
variance of gene expression among dwarf and normal ecotypes in both lake populations.




Coregonus clupearorimis — aHanus TpaHckpunToMa (Jeukens et al., 2010
MolEcol The transcriptomics of sympatric dwarf and normal lake

whitefish (Coregonus clupeaformis spp., Salmonidae)
divergence as revealed by next-generation sequencing

) Whitefish liver transcriptome (1953)
B Germ-line formation

@ Detoxification

0 Cell cycle regulation

O lonic homeostasis

B Transcription

B Lipid metabolism

B Immunity™

@ Cell structure

B DNA replication and repair™
@ Signal transduction N > D (235 of 424) D > N (273 of 524)
0 Other aL.7%
O Protein catabolism
B Blood and transport

B Energy metabolism™*
ke

% ;
2.4% L%

B Protein synthesis
@ Unknown

**4.7%

Fig. 2 Whitefish liver transcriptome divided into functional gene categories. Functional categories described in Table S1 (Supporting
information) (Unknown: no Gene Ontology (GO) biological process term). Between parentheses: number of contigs represented;
N > D: contigs significantly overexpressed in normal whitefish (y” test, 210 reads, g-value <0.01); D > N: contigs significantly overex-
pressed in dwarf whitefish (3 test, >10 reads, g-value < 0.01); N > D and D > N: only nine major categories are represented, percent-
ages are relative to the total number of overexpressed contigs; *P-value <0.05 (Fisher’s exact test between N > D and D > N); **P-
value <0.01; ***P-value <0.001.




APKTAYECKUN OMYJIb
Coregonus autumnalis
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C. autumnalis - Sampling Sites




KOMINEKE apKTNYECKONIO OMYIIS
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UPGMA Phenogram for 6 species (20 loci with CK')
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Minimum Spanning Network
MtDNA data — ND1+ND2
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Distribution of Arctic and Bering ci@ haplotypes in N.
America




Distribution of Arctic cisco haplotypes
In Eurasia and N. America







Tugun - Coregonus tugun (Pallas)




Relationships with other species of
genus Coregonus

2 no close relatives

4 distant from both least cisco and Arctic
cisco clades



Distribution of C. tugun




Biology, value and
conservation

Low migration ability

Planctophagous at young stages, feeds on insect imago
and larvae as adult

Short generation length, spawns at 1+, lives up to 5-6 y.
Commercial catch decreased 10 times for 40 years
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Relatively strong differentiation by allozymes

Coregonus tugun PCA by allozyme loci

< p. C. CocbBa (O6b)
A p. H. TyHrycka (EHucen)
e p. byotama (JleHa)
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MSN among mtDNA haplotypes of C. tugun and other species of
g. Coregonus
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Minimum Spanning Network, mtDNA

Yenisei h=0,7424
m=0,002420

165121

Lena h=0,9333

m=0,008943
NUCLEOTIDE DIVERSITY (Above Diagonal) AND DIVERGENCE
(Below) AMONG POPULATIONS

06b 0.010628 0.013524
Erncen 0.008482 0.012770
Jlewa  0.008117 0.007088

Ob’ h=0,0581
m=0,001872




Complete sorting of haplotypes among
drainages
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Isolation of tugun populations of different basins is ancient as compared to other
coregonids, since it cannot actively migrate by mountain streams
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[FeHeTMUeCcKast NICHTU() KA MEKBUIOBBIX [HOPHI0B
CHUIOBBIX PhI0 13 Oaccernna CesepHor CoChBbI

Noantoes A.B:, lopacH H.HO.

DeoepasibHoe eoCy0apCinBeHHoe brooiemHoe yupertoedue Hayku Viecmumym
obwel eeHemuru um. H./. Basurioea PoccUliCKoU arademuu Hayk (V0feH PAH)

CemeHueHkro C.M., Cmeliaveas H.B.

PLEHY «locyodapcniseHHbIU Hay4YHO-poU3800CcMBEHHbIU UeHmp pblI6H020
xo3Aucmea» (PIEHY «locpblbueHmp»)

9-e CoBelyarve «byosioris, bUOTEXHVKE Pa3BEAEHNS Y. COCTOSHNE 3al1aC0B CUIOBBIX PbIb», THOMeEHb, 1-2 Aekabps 2016




Peka JlgnvH, 6acc. C. CocbBbl, HMKHAS O6b

p. Xynra
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Stenodus nelma

Sternodus relin
.
- Coregonus peled

Coregonus peled




Coregonus 1asus

Coregonus nasus
X
~ Coregonus peled

Coregonus peled




Coregonus pidschian

Coregonus pidscliin
X
Coregonus peled

Coregonus peled
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554 J.D. Reist et al.
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Fig. 1. Principal component (PC) scores for species and hybrids based upon allozyme data. A. PC1
versus 2 for complete data set; B. PC2 versus 3 for complete data set, C. PC1 versus 2 for fish
excluding Arctic cisco and ARCS-hybrids; and, D. PC1 versus 2 for least cisco, lake and broad

whitefish and their hybrids only. Species acronyms are explained in the text
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Dy a0TeHeTUYeCKOe AepeBo — MOAeAb HBOAIOIIVIOHHON VICTOPUA
TPYIIIBI TAKCOHOB OT OAVKAaNIIIero npeaxa

IIpeanioaosxenus:
® cTporasi AVBepreHIs

® BepTUKaAbHOE Haclea0BaHUe
IIPU3HAKOB

IIpoTuBOpeuYnBLIL
(praoreHeTIIYeCKIIe CXeMBI
5
O4HU IpU3HAKU Ay4llle,
4eM Apyrue A4l peKOHCTPYKLIN

¢praorennn?
AU

YTo-TO emme?




C.C. YerBepnkoB

<<|_|Ol'ly1'IFILI,VIFI BlIIVIBIBaEIFVISMEHUYNBOCIT I KaK FY6Ka>>.

He 1onbko Mymalinm, Ho v aiaeny 6avskix BUAOB, C
KOTOPbLIMYI AaHHbIV BUA MOXKET CKPELVBaTbES. He
MEANIEHHas SBOMIOLIVS MYTEM MOBBLILEHVS YACTOTHI
PEAKVIX BapVaHToB FEHOB, BO3HVKILVX Ge. /10Vo, a
[IOHOPCTBO OAHMW BAaMI YaCT CBOERO FEHOMa
APYTVIM YUEPES VIHTPOPECCUIO CPA3Y, Ha BEICOKMX
YaCToTaX, OCOBEHHO Ha Kpasdx apeasioB.

<B mpypoAHbLIX MOMyASLUVSX NPEobMaaaern NaHMNKCNT>

/3 3TOR0 CAIEAYET, UTO AN NOAAEP)KAHVS BUAGBOM MW <PacoBoy>
CaMOCTOATENbHOCTY [PV CUMITATPVVI HEOOXOAVIMO B0 CYLLIECTEOBaHVE
PENPOAYKTVBHOVI MBOALIVN, VB0 AEVICTBYE AOBOJIbHO JKECTKON0: 0TO0pa. BO
MHORMX FPYMNaX PENPOAYKTVBHON M30MSALUNN HET, SHAUWT..

OTBOP!



CeTuaTast ®BOAIOIIS - DTO TUII DBOAIOIINN, KOTAa ABE UAU
0o4ee paHee N30AMPOBaHHBIX (PVAOTEHETMYECKIX AVHUN
CAMBAIOTCSI BMeCTe IIyTeM MeKBUAOBOM TMOpUAM3aLA

SPECiES 1 Species 2  Species 3
ABC FG H | KL M

Nk 17

Introgression

0123

TRENDS in Ecology & Evolution




['enermaeckue 1 DBOAIONTIOHHBLIEC OCHOBDI:
[, Zlzlsnier

B A0 00zl £19IE — A UIHS DISENEHIIL TIRIOLIEee, Rie) Iy, Sesi
QO zlsyiC ezt (De€0), JEB/AONC SN0 e co)6) ASEEHnyII

VexaHmsMbr SO AXITVITIS

DBTTdecKas (HPOCIPaHCIBEHHO-BPEMEHHA, DKOAOIMUCCKAL),
HECOBMECTIMOCLH, HERIISHCCHMOCOOHOC T MIH()EPIMALHOCID
[1OPIAOB)

“Cenapes alagpies (erala unsEICriesn, Y alel 00N esr, AUIeizl I OE IV L)
b pypapicts Eeeiehey ezl 2007
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['eHeTIIyeckyie 1 9BOAIOMVIOHHbIC C ) C

OCHOBBDI:
o

B8rs14 MOp(oA0Ta Ha IIOPIAVSAIIIIIO npeaKoBas hopma?
> IO PIABL PEAKO PLIACTPIPYIOTCS

I[a/1COHTOAOIAMIL I €ABa AVI MOLY I ObITH

M ACHTIMUIIVIPOBAHDL Hal OCHOBAHIIL

MOPPOAOTIIL o @

> @DeHOTIIIIECKIA IIPOMEKYTOTIHDBIE 11
XVIMEPHBIE MTHAVIBVIAN N MBI Q
PACEMATPIIBAIOTCH KAK IPEAKOBBIE q)OpMI)I
VNAVE PESYABT AT KOHBEPTCHITVIT

> AVBEPIeHITAN DBOAIOMII DT0)OCHOBHOI KOHBEPIECHIIHSA?
AV EAVTHCTBEHHO) BOBMOMKHbBII MEXAHISM
DBOHOIIVIA

> — /loKaBateAberBa MHTPOTPECCHIII
I/1OPIAOTCHHOTO BIIA00BPAOBAHIISA aap
HE/0CTATOUHDI

- A

ruopuan3dddis



Turer rMOpnau3ann
(B ®BOAIOIIIOHHOM KOHTEKCTE):

«I'ymmK» (ToALKO F)

«V1304111151» OT
POAVTEAbCKIIX BAOB (E2, F3...)

VIHTpOrpeccnBHAN IOPIAVIS ALV
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HOTEMVAPYAHOWACHIVIMVITPOBATT

IOPIAGLY
> CLPEPBIBHAS IS M CHATIBO G HHaD»
> ECYICKIVIDHOCH DI IS H KO

Fenermmaeckmin moaxoA:
> VICKRPETHBIC MOACKY AN PHBIC TIPS HAKIL

AUNIAOUAHBIVI OPTaHU3M

KoaommuaHTHBIN s14e pHbIN HepexomMOuumpyoumin Mmapkep
MapKep (rerepOo3uUroTsl 110 (cMmech 2+ CMABHO
AQHHBIM aA/Ae/AsSM HUKOIAa He AVIBEPIVIPOBABIIVIX TAIlAOIPYIII)

00pasyIoTCs B IIpejelax BuAa)
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Cybapkiyika 11 00peasbHasl 30Ha Kak ClieHa
A4Sl CETY4aTOV DBOAIOLIVIN

B BBICOKIIX ITIPOTax (11 B IOPHBIX YCAOBILIX) CPeAd HeCTa0ABHA
[TIpoxye SKOAOIMYECKIIe HIINIL —> BIIABL B OCHOBHOM IeHepPaAVICTHL

ByiAbI TIoATIMOP(PHEL => OOABIIE BOSMOKHOCTEI 4451 MESKBIAOBBIX
KOHTAKTOB V1 CAYIaIHbIX CKPEeIT/IBaHII

Tepprropyis v akBaTOPILA OBLANL IO A BAVISTHEM NACICTOEHOBBIX
oJeeHen > boabliie KOHTAKIOB MeXX Ay BIAAMIL OAHOTO POAa I
CIABHO AVIBEPIVPOBABIIVINIL HOMYAAIVAMIL OAHOIO poa (113
PABHBIX pedyInyMoB) > BOSMOSKHOCTIT 4451 TeTeposiica BCACACTBIIE
HOBBIIICHHON TeTepO3TOTHOCTIA
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['nopugnsanysa B cem. Coregonidae

bepr 1948 TMOPUABI OIIMCaHbl Ha OCHOBaHUY MOP(OA0TUM
Svardson, 1957-1998 poap rnbpuaM3anyiy B 9BOAOLN PHIO
Reist et al. 1992 reHeTn4YecKkue 40Ka3aTeAbCTBa IMOpuAn3aumn

Meaguukos 1 Ap. 2000 HOBBIVI MeXaHM3M M3OASALUU U CeTYATON
9BOAIOLIVY ITyTeM ODKKPOCCUHIA

Hudson et al. 2007  11o4THU BCE DBOAIOLIIOHHBIE CLIEHapUU A5
CUTOBBIX IIpeAyCMaTpUBalOT IMOPUANBALINIO U
MHTPOTPECCUIO
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Coregonus: clupeaformis x C. sardinelln Kanaza (Reist et al., 1988)

Coregonus auturmnalis x C. clupeaformis.  Kanaza (Reist et alt, 1988)

Coregons artediix G /oy Beankne Osepa (Todd & Steadman, 1989)
C. autummnalis X €. pischiarn [ledopa (Hamm AaHHbIE)

C. migratorius X €. sp. (GarkaALCKII <IBIEKbIH») barikaa (Ckpsion, 1969, MamouTos, 1988,
Jxaenko, MamoHTos 20065 Halli AaHHbIE)

€. laoaretus complex x €. sardinelln Cronpn (bepr, 1948)
€. laoaretus,.complex x € ulbula Hopseret (Pethon 19747 Ferguison et alt, 1978)
C. nasus x C. peled " ICKYCCIBeHHbIE IMOPUADL «IeAdIIPY

Steron e eueio/ibs x Goregonus clupeaforiis (1) [Kanaa (Reist et al., 1988)




Tymer tmopuansany y Coregonus

ib70ue Vopdoaorci|Mopdosorst|  AsepHbie mTAHK
(aaamiTBHAsT) MIM
I HPOMESKYTO. [ IPOMEXYTOU. « | HpoMeskyaod. | PSI manIPS2
V80T 111 IPOMESKYT. HPOMEXRYT. | PST piam PS2
F+E,+.. .Fy el -+ VHIIKAA DL + VHIIKAABH. AV CMeChb
B R e PIOME Ry
ODKKPOCCETNTAITYOMCIRYAIOL SCH CII VI C CReb CMECH

OROVIX IZS

INIp: ClIEKT]
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o1

DBOAIOLVIOHHbIE cuenapy y Coregonus
(mo Hudson et al., 2007)

BCCACHIIS The geography of speciation and adaptive radiation in coyegor?ines 135

OBy c10B1eHHOE TEHOMOM VCIACH
driven reinforcement) — IIOCTI3UIOT

OBy cA0B1eHHOE DKOAOTIIEI Y CIiAe
drniven reinforcement) — MocAe Moc
CUMIIaTPIIHbIE (DOPMBL PASOIIATIC
HKOAOTIMIECKVM HUTIAM, UYTO CIIO!
VB0 ASITILL

Paayanyis B «InopAHOM poe» (h
IOPUAISAITIIST BHISHIBACT HOBBIC H
YCAOBISIX OHIL MOLYT OBITH HOAACP
CuMITaTpIYecKoe BI1A000Pas0BaH

O Ha mpeAKOBast AMHIIS, MHOMKECT o
663 Hee Speciation scenano

AAAOHaTEI/I‘IeCKOQ BI/I,ZI,OO6paSOBa . . LI L

Fig. 1. The prevalence of cach speciation mode across coregomine radiations mcluded in this study.
Black serics equals the number of cases where 4 one mode of speciation was found to be the most like-
ly (taken from Table 3). The hatched senes equals the number of instances in which a number of speci
ation scenurios appear equally likely, The number of instances where the mode of radiation has been
narrowed down to a composite of equally likely speciation scenarios (detailed in Table 4), was divided
BI)IBO,ZI, aBTOpOB = y CIMIOBDBIX 60/15 by the number of equally likely speciation modes, to keep the data points in Fig. | independent. A =
allopatric speciation, B = genomically driven reinforcement. C = ecologically driven reinforcement, D

CBA3aHO C I/IHTPOrpeCCMeI‘/)I n <<I'I/I6p = hybrid swarm radiation, E = svmpatric speciation from a single founder lineage.
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DBOAIOLIVIOHHA CYAb0a IOPILAOB

[Pyt «KOTEPEHTHO» DBOAIOI VIV INOPIAABL
HPEANOAOKINTEALHO

Al MHAAATITBHBL (A4 HVIX HET CBOOOAHBIX HITIL) A

B! BKAIOUAIOTCST BIODKKPOCCIHT € OAHIIM ATE OOOVIMIA
POAVTEALCKIIMIL BILAAMIL => TPYAHO MACHIVNOUIIPOBATDH I
KAdCCIPUIPOBaTh. BeposATHo, 00MeH IeHaMIL (MHTPOIPeceris)
[IOBBLIIIACT aAANTIBHBIC BOSMOSKHOCTIL O ATV

FlecradmabHast cpea B HeproAbl KHEKOLe PeHTHO»
DBOAIOMVIV IIPVIBOAVIT K HEPECTPOVIKE 11 0O0PASOBAHIIIO
HOBBIX DKOAOIYECKIIX HIII VI CHOCOOCIBYET CerdatomMy.
BILA000OPAB0BaHIIO C BbLACAEHVIEM HOBLIX DOPM 11
OOPMIIPOBAHIIEM MEXaHVIBMOB MBSO OT
POAVTEALCKIIX BIIAOB
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EXTINCTION BY HYBRIDIZATION
3 d AND INTROGRESSION

Judith M. Rhymer
H OBBIIITIaCTEsT Department of Wikdlife Ecology, University of Maine, Orono, Msine 04469

Daniel Simberloff
rere p O3NIOTHOCTD 1 Departaent of Biokogical Science, Florida State University, Tallahassee, Florida 32306

KEY WORDS!  genetic miximg, gone llaw, imtroduced specees, habutat medification, ostbroeding

AAaIIT/BHBIN IIOTEHIIIIa A xs

ABSTRACT

O Nonindigenous species can heing about a form of extinction of native flora and
CB OeHI/Ie HOB I)IX HM LH fwuna by hybridization and introgression esthes through purposeful introduction
by bumans o¢ theough habitat nsodification, bringing previously isolated species
into contact. These phenomenna can be especially protlematic for rare species

HpeaAaHTauM}I K HOBI)IM I/I coming into contact with more abundant ones. Increased use of molecalar tech-

mgues focuses altention on the extent of this underapgreciated problem that is not
always apparent from morphological observations alone. Some degree of gene

MSM eHMBH_IMM C;I yCAOBMHM fow is 1 normal, evolutionarily constructive process, and all conssellations of

genes and Renotypes unm:“t:rcs«m:d. However, hdedizal'mn with or with-
ot akregression may, nevertheless, alen 2 rare species’ existence.
AyTopeaHast
reTepOSMC ,Zl,ereCCI/I q INTRODUCTION

Most attention to species extinction has focused on the "evil quartet” (45):
oveekill, habitat destruction, impact of introduced species, and chains of ex-
tinction. [ntroduced species, in tuen, are seen as competing with or preying on
native species or destroying their habitat (e.g. 19).

Introduced species (or subspecies), however, can generate another kind of
extinction, a genetic extinction by hybridization and introgression with native
flora and fauna. Habitat modification can also break down reproductive isola-
tion between native species, with subsequent mixing of gene pools and poteatial

83
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BBIBOABI

Mozexy A5 pHbie MapKephl [HO3BOAVAV POBECTI CYIIeCIBEHHYIO
PEBUBIIO KaK A4 APEBHIIX 0a8aAbHBIX KAa/ CUIOBLIX, TaK I B JIX
Hpeaeaax

MoezexyspHbIe MapKepPhl [O3BOASION BEIABANTE 11
JMHIePUPEIPOBaTh YaCTble CAydan IOPUANSALIN, NHTPOIPECCIA
J1 CeTYaTOVl DBOAIOIINIA

DBrIsgBAeHIIE ICTMHHO CTEIIEH AVIBEPTEHIINTE TAKCOHOB I HAAYTIE
AVIATHOCTITYECKIIX HPVISHAKOB CYIIIECTBEHHO O0JerJaer IIpOLeECC
BBIACACHVIST EAVIHVIIT COXPAHEHTIA TQHOC])OH,ZI,OB CIITOBBIX I
YIHPaBACHVIA VX TTOM Y ASITVIA ML
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