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Morphological Differentiation and Geographic Distribution of Two

Types of Anadromous Cyprinid 7Tribolodon brandtii*

Shota Amano! and Harumi Sakai? "

Abstract : Morphological differentiation and geographic distribution of the maruta and jusan-ugui types
of anadromous cyprinid T7ibolodon brandtii were investigated based on 208 individuals from 22 localities
scattered through the whole distribution range of the species from Japan, Korea to Russia. Significant
difference at less than 5 % level became clear in six counting and 11 measuring characteristics between
the two types. Principal component analysis (PCA) and canonical discriminant analysis (CDA) also
supported their morphological difference. Their distribution ranges were parapatricaly separated, pacific
coast of the Honshu Island from the Tama River, Kanagawa Prefecture, to Ohunato Bay, Iwate Prefecture,
Japan, for the maruta type, and the other regions from the Oirase River, Aomori Prefecture, to the
Koyabe River, Toyama Prefecture of the Honshu Island and around the Hokkaido Island, Japan, the
Sakhalin Island and Primorie, Russia, and Korea for the jusan-ugui type. The data strongly suggest their
differentiation at more than subspecific level.

Key words : different species, morphology, anadromous, Cyprinidae, T7ibolodon, maruta type, jusan-ugui
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7 7 4 J& Tribolodonid, WKBEHDO—RKRINV—-TTh
% 14 FEFECyprinidae®H ¢, EEEZEBL/-E—D
FETHD, REBFSHRTHENLZERLREZVIL
POGEFREL T, BEAaERIRREEOR
BOENRENS Y A T. hakonensis (Gunter)?, TV
7 7' 4 T. sachalinensis (Nikolski)®, w4 2 Fo 74 T
nakamurai Doi and Shinzawa® ¥ & "%V ¥ T. brandtii
(Dybowski)® (cEH I 7229, ABREOLSTHEEARE
BEARBIZGAT 5720, BEEOEELPLOHKER
BOENIHABOELRLRELER/PSHDEEZLNT
Wz,
Z05H0 74 (Fig. 1A) )R, BE#HHOEEO
EFEEEAL, BHARES X O EE, AN, mE, Sl

EBEL ST 5 (Fig 2A). BHEIE 3&OKED
WD, BESBLORaOMFIZEEINHIPEL
%bo REBEE "hakuensis’ ThHHH, TERELBHD

[F54R ] % /R4 HE/IN% "hakonensiss V5 Z &L 9%
<, BUETIZ "hakonensis” BB E SNTWwBY,

IV 74 (Fig. 1B) il JIEOET, FINFEI#HTA,
il oy v, wEENAEEBICA AT S (Fig 2B). 15
HEZEREOBOLEVERSH Y, THLOIRES L
TOWPIHRL % bo Gk, BABE LT "ez0e® AV
LN TV, "sachalinensis™® \ZEEUENSH B L &h
7219,

oy 2F 974 (Fig 1C) BAJIEQET, #EHEE I
DTS, TESEELID DRI EPEHTHY,
BN, BEN, FIEEI, FHINKRDLEEHIHERS
RTWD (Fig 2C)o AT FIE )25 800 CTHE =
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Fig. 1. Four species of the genus 7T7ibolodon. A, T.
hakonensis, B, T. sachalinensis; C, T. nakamurar,
D, T. brandtii (from Sakai”).

W RIS "nakamurai” kg E NI,

<)% (Fig. 1D) X2 TOEESERETH ), HK
EPLEIEL TOARN, JuilE, H1) ¥ B X oiniEM
P HLBEERETE TOREICERT S (Fig 2D). MEHEIE
BEOEOIEWHETE O TICHREORETAH 5o BEHAHR
HEOMBTHE LIRTEIERT 5 2 & TREOMAEL
Xalxh s (Fig 3), &L, HE% "taczanowskii’” ® @
TNZDEDND Z DS olzds, TDHNYHH (T
SYXANY, ThbbYa— PVABEEL ENDY)
PORBENT "brandtii® OV ) = nEERY, B
FoTWh,

DEofEn) b, vV ddbBRIIBTHREBEOY 7
ALEBIEHEINT, WTLREELD, HH0iEiZL
TRENER LY, LHAOKERFEEROFOEER
—HLBoTWwb, ZDH)H, HEERKREZ &I24
BTavuyix, FREOT=MFICAERT IO~V
F B L TYAE L, BB, BT LSS
TEBWREWOPOMERYH 720, BiETz<IVIE
(Fig. 4A), BE* V2w ¥ w748 (Fig 4B) & ¥

i

Fig. 2. Distribution pattern of 4 species of the genus
Tribolodon. A, T. hakonensis, B, T. sachalinensis;
C, T. nakamurai: D, T. brandtii (from Sakai).

BRENDH LB, T, BOFEST BT vy R
LV a2y A BINRLR ZAREMDSTER S N8, B
SEEEE, BENOLDE<VEEL HN) v Fk—
VIWDUDET 2Ty I ABE T HEET 2, &
7 & DBEFROMEFIBEI B3 5 Eh & IR EE S 514
BEBETEYNVIE FOME T a0 7 A B e HEH
THHREY Bhoril, FHCHETIRBE—EKL T
Ve —HTHEOHE® BV /A BABOT TN A &
L BIZFHBEORAEEIT, JLEEES L ORI A
RO~y L, KIREBBLUEREED IV IZGpi-1
(Glucose Phosphate Isomerase-1) i#fzFEEIZxf &R
FEWROSHLEFTHE L. LELYIVFAMNBIT
BEEOILVIIRFEBODDLE UM IEEFEZALT
BY, ZoOSARRITLT L OBHICED W 2 B OS54
B —FLTwiv, DEORBOR—FIE, < LID
2R bbb Ny R D2y vy S BOBEE
ZR ABENERSLEEFENERIIDOVWTOFMARBRE
BRIZINTBLT, TNENOHABLHL A TIE R
ZEITERT 50
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Stk FEOBRERZTOERAERROFRIAM %
M2 LTk, I 2HPBI0ORERYTHDOPEDIE
HODPIT DUERS Do AR BIRINE,HE L NIH
HREREAWC, EFEFERENRALELIT) B0
L) LBRBEEBRTHIDIIENTHLEEZ OIS, L
L, 20 &9 2R ICIIHLOBEMRFNIPLETH S
Jo FITHRMITIE, FavL L THEYESICRESH
TWAHHEAB I UEBERED IV F OFERIZED W TEEM

BIRE 0 2 BT 24T\, F9RME 2 Bl OFEDERE
EFRHOMPMITHAIEEZENE L,

H EBE

ZXR

B Clddb#EE K% (HUMZ: Hokkaido University
Museum, Hakodate) ¥ & O'E v #&EWE (NSMT-P:
National Museum of Nature and Science, Tsukuba,
formerly National Science Museum, Tokyo) THRE &
TWVBEYIIERE, BF2IHRE LEAB L UUKERSE
BRTRELTWAAB L EBEAREO VY ER (ki
2B LW E R EE W E YA, LBM: Lake Biwa
Museumn, Kusatsublﬁ‘ﬁ%) »o, FEEORENAL NI
ERERE, 22208 A% A L7 (Table 1),
B, HEEHZ2ILDLIIHoTIE, BEMPTET
HTZMEZARN, AR & BAE), BE 3 A0
KEEFNENE CEGKEE LTE LOTHR, 20ERE

A

Fig. 3. Cephalic lateral-line systems of the genus
Tribolodon. A, T. brandtii, POC+I0O and POM
are connected (circled area) ; B, The other
species of Tribolodon, POC+IO and POM are
separated (circled area) . POM, preoperculo-
mandibular canal; IO, infraorbital canal; POC,
postocular commisure; SO, supraorbital canal;
ST, supratemporal canal.

Fig. 4. Photographs of the 2 types of T7ibolodon brandtii. A, Maruta type collected from the Tama River, 3885mm SL; B,
Jusan-ugui type collected from the Koyabe River, 415.3mm SL.
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Table 1. Sample data for 22 populations of Tribolodon brandtii

Population Date N SL (mm) Catalogue Number

Lake Aynskaya 2001/07/21 13 68.2-83.8 HUMZ 183355-183357,
183359-183361, 183364183366,
183371, 183376, 183377, 183381

Olga Bay 1994/08/18 10 30.9-54.6 HUMZ 159306, 159311-159314,
159317, 1569323, 159325, 159329,
159334
Peter the Great Bay 1995/9/9 41 99.6-236.0 HUMZ 216704-216744
Korea 20 41.7-1254
Chuksan River 1981/06/06 6 HUMZ 9706397068
Daesu River 1984/08/1 1 HUMZ 103221
Songcheon River 1984/04/15 13 NSMT-P 112166-112178
Lake Kuccharo 1962/06/30 7 138.3-251.7 NSMT-P SK 2446
Ishikari River 1962/077/18 8 195.0-266.0 NSMT-P SK 2536
Lake Jusan 13 161.4-305.0
Lake Jusan 1957/10/1 4 NSMT-P SK 937
1976/07/21 7 HUMZ 74697-74703
Sanbon River 1957/10/13 2 NSMT-P SK 965
Omono River 6 46.0-67.5
2012/07/25 1 NSMT-P 112184
2007/05/30 5 NSMT-P 112179-112183
Koyabe River 2012/05/09 9 346.9-422.6 NSMT-P 112185-112193
Akkeshi Bay 1978/06/22 1 343.5 HUMZ 80889
Mu River 1981/05/28 8 292.0-378.0 HUMZ 216745-216752
Oirase River 8 225.0-372.0
Oirase River 1953/06/17 2 NSMT-P SK 479
Lake Ogawara 1953/05/22 4 NSMT-P SK475
1976/05/25 2 HUMZ 74695-74696
Ohfunato Bay 1998/01/07 7 232.0-268.8 NSMT-P 112155-112161
Natori River 1962/05/4-15 14 202.2-343.0 NSMT-P SK 2283, 2285, 2287
Niita River 1961/11/14 9 104.6-178.5 NSMT-P SK 2187
Lake Hinuma 1952/11/16 6 198.4-296.0 NSMT-P SK 445
Tone River 16 198.6-293.0
1964/12/18 5 NSMT-P SK 8907
1965/01/05 11 NSMT-P SK 9147
Tama River 12 212.4-431,8
1952/11/02 3 NSMT-P SK 442
1997/06/03 3 NSMT-P 112162-112164
2012/04/02 6 NSMT-P 112165,

HUMZ 216753-216755,
LBM 1210054322, 1210054323

SL: standard length.

HUMZ: Hokkaido University Museum, Hakodate.

LBM: Lake Biwa Museum, Kusatsu.

NSMT-P: National Museum of Nature and Science, Tsukuba.

HCI8EE#E L 2 572 (Fig. 5)o *NV I THBPED B BIEFZE

B, EHEHNEREEOEEZ T HE (Preoperculo- EAROREIZPHRY, BEY, Hubbs and Lagler® 5o
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(I0)+ Postocular commisure (POC)) 2SEHET 25 & EROEMIZIZ  FRAFRRBIDOEILBLIUTTF 434
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Fig. 5. Map showing the sampling localities of the two types of T7ibolodon brandtii. White circles, the maruta type;

black circles, the jusan-ugui type.

BRSO CRHEEB L USRI 24T o 720

S E

FHEOEE IOV TIETE IS IR R, B0
e s, MR BT, WART 8, EEERTERERE
FHEER, BT, SHICHETURREETH S
IRT%& (POC+ 10), HR L% (Supraorbital canal, SO),
f#ETHE (POM), LM% (Supratemporal canal,
ST) ORO%K%E#H 7 (Fig 3). sHEUCKEL Ti, BB
D, HIIEEBENOKGEIANRT 4 v 2S5 THY KR
& BORRRTLALET, EMECEEOROKETH
272 HHEE KON E T KIS &K FZ (CBM-2,
SOFTEX) &b, vz—\VRHBEX4BEHR 0
EEHITAROE 1 85 OB E Rz 2.

R E

FHIEE CIIREAR, BR 4B, @#iE EBAER R
wE, WEER, iR R RE WEME L#EE
IRT R, FEAHE FHREER BHRLER B
&, BHEARETZHEL. 28, BHIREIVR»S
BEHEENEmE TORS, BREMMRERIE, Wik o KEiEE
A E CORS ZPE L7

RIEEF OBEAT
ARG, SEEOEE, ke, #IE RHEE BH

B, BEAHE BHRE, BEHIHR THEER
BEEERER Wik BEHRELCHEEGARIL ) I, W
&, IR, WIRMME, LIEE BTR2EERL (%) CE
L7zo BBV E B L UFHIITEEICOWTTFEE, LY,
BLOERRFEL KDL, 727201, REFICL->TEHUT
EhholEI WL 2hH o,

FROEDTF— 5 %I, PR o TV I BB IV
VauHry S A MoOENERAZ. TT, Iho2B0
FRBEICEDNT, FHEOREICD W TidMann-Whitney »
Ukt € (U-test), FTHITEE I DWW Tid 45 8o
(ANCOVA) IZEoTHEREDERERELFEEZDD
DB R L7z KIZ, RAMNGERERETT 572012
FERGHB L OCHBIGT 2T, WMEIZFRF L. 2B
FHEEICEEDNA LN AEIIST2 OB L, FHITRE
DWW T DI EGHT 24T ) BRICIZAHS R EOZEOK E
NELE R (BEREARIOMmELT) R L2720, #
AW EEBIIREICLVEDL b DD, FHIEET
32V & BID61-63MEE, ¥y ¥ v & A BAHT137-14418
HThy, FHEE TNV S RI63MEE, Tty
7 A BIH82-95MBE T - 720

ERGHHB L OHBISAT B E B L UsHE %
EbELT—5 1y MCEDWTITo 72, WEMEIZTRT
HHANBICE R L CTRITFICACAZ ICE Y, HIEEDKA
N X BB RS2, STV EIX, < vy EB
EUV a2y FAROMTEEREEENSRD bk
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BETHb, T—F Lty MIBWEEES L OElERE
BERiz 572012, FHAEGRA D 2 CEREUI AT IZIEH
Whhotz, £z, AEESE (BEERIOMmET) &
FRAT 2 DI L7z 2 5 IR IEEER 7 IHIEMEIC K
HOD LEEDT— 5 LT O ERRII L 720 Z D720,

FEATICH V72D~ )V & BIS62MEE, Y2y /A
H8UEMR, FH4A3MEARTH 5 LA, R B
L U B 3 AT I S RHEAT Y 7 PSPSS statics Ver.19

(IBM) zZfERL 7

w R

EHEH
ERMEORMEE BT 5 &, MASK, WL
W, PR OSSR, FHERRD L UEAN
B TRTFRBORMIES » & HROBERE, ZThLl

Lateral line scales

EH

SOEERE & O TEIEICHEDNRO b7z (Fig 6).

FITHYEMICHIZEZSVIE, BEZY a4
BML L, FHBEICOVWTHREIMER T L O, U-KRES
1To7- (Table 2). ZDHEHR, FRRE6FEETIIBVTE
BELrBEEEFROLN (p< 0001), LOREICBVTD
Vaury FAROFTIVEEL D S FEYERES D> o
72o —77, FEEZ L BB L UK EMARERES
FOBICOWTIREBERERDPRO SN h ol

EHEIRE

FHUREICOWTRARICL 2MHMENE/LE RS 72
W, FHEBEICBOCRBRESNAZIV I EBLUY 24
Y F AR T, FRENOBEIC O Txblc i
HEF-EEE, yHCREOMML (%) 229757
AER L7z (Fig. 7)o ZOMEHE, 3L ALOBE CIEHRE
AHERE100mm %z 5/ DG & KB O EETHELKE
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Fig. 6. Box plots indicating average, standard deviation and range of 4 scale counts, vertebral count and number of gill

rakers in 18 populations of T7ibolodon brandtii. The values show a gap between populations from the Tama
River to Ohfunato Bay and the other populations, the former being the maruta type and the latter being the

jusan-ugui type.
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Table 2. Difference (Mann-Whitney U-test) between the maruta and jusan-ugui types
of Tribolodon brandtii in counts

Characteristics

Branched dorsal fin rays
Branched anal fin rays
Lateral line scales
Scales above lateral line
Scales below lateral line
Predorsal scales
POC+1I0O

SO

POM

ST

Vertebrae

Gill rakers

Mean=SD (Range) U-test
maruta type jusan—ugui type Uvalue p
7.0+0.1 (7-8) 7.0£0.1 (6-7) 2836.5 0.213
8.0+£0.2 (7-9) 8.0+0.1 (7-8) 2802.5 0.879
80.6+2.8 (73-87) 86.0+4.1 (78-98) 711.5  0.000%**
15.0%+0.9 (12-17) 16.6=1.2 (14-20) 598.0  0.000%**
11.7+1.0 (9-14) 18.5+1.3 (11-18) 483.5  0.000%**

37.3%=1.6 (34-41)
24.1+2.6 (19-31)
14.5+1.4 (12-18)
20.6%2.0 (17-26)
9.3+1.2 (7-12)

46.5+0.8 (45-48)
13.3+0.6 (12-14)

42.4+2.2 (38-49)

92.5 0.000%**

24.1+2.1 (18-30) 2614.0 0.505
14.3%£1.3 (11-17) 2695.5 0.715
20.9+1.8 (16-26) 2548.0 0.359
9.0+1.2 (7-12) 3122.5 0.200
47.9%0.9 (46-50) 799.0  0.000%**

14.6+0.9 (13-16)

52.5 0.000***

SD: standard deviation.
POC, 10, SO, POM, ST: see text.
***: significant at 0.1% level.
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FH N FE LD BV EEERR LT,

BEZOED LNLEBEIZOWTEART L OFIYE
LERFE LryYERWEMNTREFig 8ICR L7,
ORI TEELAEENRON-EHELTGRBEET
X, 2EOBTEEICHEHEESR N, FHIBEICE
WTh 2EOFIENLFEI N,

TRAHH
EEME BEAEN7 b, F5FRETable 428 L7z 8
LEHS (PC1) L#B2ERMS (PC2) DREHFTER

513% TdH o720 PClOERSRBATIEINIRE Y 2y
Yoo S A METEBENRBD ORIz (1= 24388, p<
0001), PC 20 EBABATIIEEENBOONR P72
(t= 0248 p=0804), PC1 DEH XY bV IEHEERTEB
BB, BTSN, AL EHER WIEHR F
MR, E%E WER THTHE BEmER BW
B CeHE, LIEE WREBESETHY, RLAJEICK
Edpol, ZOZLF, EENRS MFEOHEOHEME
HREL, BOBEOWEEIVDEVIEEERFEIAK
EVWZLERLTVD, ERGHAICESVTPCLIB L
UPC2I2 Xk 28 E % Fig QIR L. Z0OKE, PC1
ZBWTY 2 ud 7 VA BPIEII, <)V s BPSEICZIR
IS8 L 72 EEBHEI T 20y S A BT
¥a— FAVKEED 3MEE, <78 #m10 1@
BTHol,

FIBI 47

IEEERI IR BfR % Table 41278 L7z HIBIREOER
fEA%6415TH V), Wilk's lambdaid0.135THEF ARSI
7= (F=269463, df = 13, p < 0001), (LS N74REUT
IEDEAEE, WHEMEE, WHETISE, IRETE,
WP, FHEER, MR LA BEEE RWSOM
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Fig. 7. Relationships between standard length or head length and relative length (%) in the maruta type (white circles
and hatched line), the jusan-ugui type more than 100 mm SL (black circles and black line) and the jusan-ugui
type less than 100 mm SL (black triangles).
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Table 3. Difference (ANCOVA) between the maruta and jusan-ugui types of Tribolodon
brandtii (longer than 100mm in standard length) in measurements (%)

Mean =+ 8D (range) ANVOCA

Characteristics maruta type jusan—ugui type fvalue D

In % of standard length
Head length 25.1£0.8 (23.0-26.9)  27.2+1 (24.3-29.3) 195.888 0.000%**
Body depth 21.9%1.9 (18.5-28.5) 22.8+1.7(17.9-26.4) 8723  0.004**
Body width 12.7£0.8 (11.1-14.6)  13.2+1.1(10.4-15.9)  10.060 0.002**
Caudal peduncle length 20.8+1.4 (16.9-24.3) 21.1+1.3(18.5-24.2) 1.343 0.248
Caudal peduncle depth 9.9%+0.6 (8.1-11.4) 10.5£0.6 (8.8-11.6) 31.818 0.000%**
Predorsal length 52.0+1.5 (48.2-56.6)  53.2%+1.6 (49-56.9) 21.798  0.000%**
Preanal length 72.1+1.8 (68.6-76.2) 72.6+1.9(68.4-78.3) 2.224 0.138
Prepelvic length 50.1=1.3 (47.2-52.6) 51.9+1.7(48.5-55.9) 45.829 0.000%**
Dorsal fin base 9.6+0.7 (8.0-11.0) 9.6%0.6 (8.0-11.5) 0.209  0.648
Anal fin base 9.1+0.7 (7.6-11.0) 8.84+0.9 (6.8-11.1) 4.068  0.045*
Pectoral fin length 15.9+£0.9 (13.7-17.7) 16.5£0.9(14.6-18.5) 15588 0.000***
Pelvic fin length 18.3%10.9(11.0-15.1)  13.9+0.8 (11.4-15.7)  15.580 0.000%**

In % of head length
Snout length 33.2+1.4(29.3-35.9)  33.4*1.6(29.1-36.6) 0.120  0.730
Eye diameter 15.8+1.8 (18.0-21.8)  15.4*2.0(12.0-21.6) 1.876 0.173
Interorbital width 34.7+1.6(31.0-38.3) 32.2%+1.9(26.8-37.0) 82.265 0.000%**
Upper jaw length 27.6+1.3 (24.4-30.1) 26.7+1.4(23.7-30.4)  19.930 0.000%**
Suborbital length 14.9+1.1(12.2-17.4)  15.3£1.4(10.9-18.0) 1.998  0.159

*. significant at 5% level.

**: significant at 1% lenel.

**%. significant at 0.1% level.
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Fig. 8. Box plots indicating average, standard deviation and range of relative length (%) of measurements in 15

populations of T7ibolodon brandtii. The values of head length and interorbital width show a gap between the
maruta type and the jusan-ugui type.
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Table 4. Eigenvectors, eigenvalues and their contribution to principal components
(PC 1 and PC 2) in principal component analysis (PCA), and functional
coefficients and constant in canonical discriminant analysis (CDA)

PCA eigenvectors CDA coefficients
PC1 PC 2 unstandardized standardized

Lateral line scales 0.319 -0.350 13.886 0.265
Scales above lateral line 0.339 -0.337 6.498 0.184
Scales below lateral line 0.341 -0.305 7.266 0.286
Predorsal scales 0.375 -0.192 23.020 0.486
Vertebral counts 0.313 -0.134 31.782 0.226
Head length 0.339 0.339 39.900 0.601
Caudal peduncle depth 0.204 0.149 5.363 0.137
Predorsal length 0.213 0.436 -14.916 -0.191
Prepelvic length 0.205 0.354 22.601 0.280
Pectoral fin length 0.217 0.135 -4.882 -0.114
Pelvic fin length 0.2265 0.238 6.301 0.164
Interorbital width -0.271 -0.064 -0.416 -0.009
Upper jaw length -0.111 -0.291 -17.797 -0.373
Eigenvalue 5.11 1.56
Contribution (%) 39.3 12.0
Constant -182.835

*. significant at 5% level.
**: significant at 1% lenel.
***. significant at 0.1% level.
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Fig. 9. Scattered diagrams for principal component 1 (PC 1) and 2 (PC 2) based on 13 differentiated characteristics
between the maruta type (white circles) and the jusan-ugui type (black circles).
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