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Morphological Differentiation and Geographic Distribution of Two

Types of Anadromous Cyprinid Tribolodon brandtit*
Shota Amano! and Harumi Sakai?

Abstract : Morphological differentiation and geographic distribution of the maruta and jusan-ugui types
of anadromous cyprinid 77ibolodon 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.
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Fig. 1. Four species of the genus T7ribolodon. A, T.
hakonensis; B, T. sachalinensis; C, T. nakamurat;
D, T. brandtii (from Sakai”).
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Fig. 2. Distribution pattern of 4 species of the genus
Tribolodon. A, T. hakonensis, B, T. sachalinensrs;
C, T. nakamurai. D, T. brandtii (from Sakai”).

LEN DB T, BOHERST B Th Lyl
LYy I A R B DR S s,
SRR, RO L DR LS B Y v k-
VIWDEDET 2Ty AR T HMET 2, %
Hi A & OEERORET I GEEN BT % Bk ISR GUEE 2 S Al
BBEETEYIVIE 2otz T 2o 74 B EHEH
THMEY B oi L, SAICHET L RMIE—HLTw
"\ —HTHEOMES 3y VAR AT T O A 4
W EFHE ORI 24T, LSS X AL T H AR
WO~y L KAREEB L OHEEDO Y IV F 12Gpi-1
(Glucose Phosphate Isomerase-1) it fzFE |2 XF 37 i {x
FERODHLELTME Lo LALYIVFA N BLID
BEEOY VY HFEEOS O LFE UMEETEE LT
BY, 2o mRITLT L BEICEDO W 2 B o507
Bl —F L Twiv, LEORBOR—IIL, <IVFD
2RIT bbb VI L D2y 7 A RO 7
g, EREEN AR BRI O W T OREM 2 R
BRZESNTELT, ZNENOHAIRLHL HTlE R
ZEIERNT 5,



TR~y 28 19

Sk, AEOEIFER 2T VERARRORRFIE
M2 ETiE, IS 2P BIOEFERNTHL00E)»%E
HENPZT B RED D Do RN SRR O/ LN

SR EARZ I, BHEEEENRAEETD 2 LA 0 el \ |
L) BBEERIT 2O THDLEELOND, L / L]
L. 20 &) BHIRICIEML OB NP LETDH S & iy, /-

3. 2 TRWETI, T & L CHIRESE (7 S Y AR {
TV RAS L O HBREO~ L & ORI CHA TN A
RIRES 7 OB % 7V, % A 2 BT AE D FERE il <

HOENITAHZERHE LT,

wMF & B

E¥N

AWFge Tl b gEE K% (HUMZ: Hokkaido University
Museum, Hakodate) 3 & OV 3 BH# W fE (NSMT-P:
National Museum of Nature and Science, Tsukuba,
formerly National Science Museum, Tokyo) THRE Xt
TWBTIVIIERE, F72ICRE L72EAR DS L UKERY
MTHRE LTV HRB LR HEAREO <V & AR (R
2 bR B & o B U ST OEE B 8 W fE, LBM: Lake Biwa

-

Museum, KusatsulZ&46k) 205, FHEE OBE DA 5 L7z Fig. 3. Cephalic lateral-line systems of the genus
- Tribolodon. A, T. brandtii, POC+I0O and POM
BR% R E, Rho2iE Bi208f 16 & L 72 (Table 1) are connected (circled area) . B, The other
BB, HEEEAE T L0 IChTo Tl FRAEAS T species of T;jzboloa’on, POC+IO and POM are
separated (circled area) . POM, preoperculo-
LS e ZAN, IR & BLAE) ], B E 3 M R mandibular canal; IO, infraorbital canal; POC,
postocular commisure; SO, supraorbital canal;

KEZFNZENEUMEEHEE LTE EDTH, FoiEHe ST, supratemporal canal.

Fig. 4. Photographs of the 2 types of Tribolodon brandtii. A, Maruta type collected from the Tama River, 388.5mm 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 T7ibolodon brandtii

Population Date N SL (mm) Catalogue Number
Lake Aynskaya 2001/07/21 13 68.2-83.8 HUMZ 183355-183357,
183359-183361, 183364-183366,
183371, 183376, 183377, 183381
Olga Bay 1994/08/18 10 30.9-54.6 HUMZ 159306, 159311-159314,
159317, 159323, 159325, 159329,
159334
Peter the Great Bay 1995/9/9 41 99.6-236.0 HUMZ 216704-216744
Korea 20 41.7-125.4
Chuksan River 1981/06/06 6 HUMZ 97063-97068
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 1962/07/18 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.

T8GR L o7z (Fig 5o YNV THIH L) »
&, TH BB MR R AE o i 3 T 35 4% (Preoperculo-
mandibular canal (POM)) & IR T4 (infraorbital canal

(I0) + Postocular commisure (POC)) 7% #i 3 % 7 &
5 2% CTHIWT L7 (Fig 3)o

BIERHE

wAROME XA, )5, Hubbs and Lagler™ 5o
7‘:722‘:6:%0 f:o
EAROFHNCIE , FAFZEIDOS LB LT 131

-z, HEREARE X OIS E

e

IZDOWnWT



TR~y 28 21

Lake Kuccharo Lake Aynskaya

Olga Bay

Ishikari River Akkeshi Bay

Peter the Great Bay

Lake Jusan Oirase River

Korea Omono River

¢

Ohfunato Bay

Natori River

Koyabe River
Niita River
Lake Hinuma

Tama River

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.
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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

Mean = SD (Range) U-test
Characteristics maruta type jusan—ugui type Uvalue p
Branched dorsal fin rays 7.0%+0.1 (7-8) 7.0%+0.1 (6-7) 2836.5 0.213
Branched anal fin rays 8.0+0.2 (7-9) 8.0£0.1(7-8) 2802.5 0.879
Lateral line scales 80.6+2.8 (73-87) 86.0+4.1 (78-98) 7115 0.000%**
Scales above lateral line 15.0+0.9 (12-17) 16.6+1.2 (14-20) 598.0 0.000***
Scales below lateral line 11.7+1.0 (9-14) 13.5+1.3 (11-18) 483.5  0.000%**

Predorsal scales
POC+IO

SO

POM

ST

Vertebrae

Gill rakers

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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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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Fig. 7. Continued.
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Table 3. Difference (ANCOVA) between the maruta and jusan-ugui types of 77ibolodon
brandtii (longer than 100mm in standard length) in measurements (%)

Mean =+ SD (range)

ANVOCA

Characteristics maruta type

jusan—ugui type

fvalue

p

In % of standard length

Head length 25.140.8 (23.0-26.9)
Body depth 21.941.9 (18.5-28.5)
Body width 12.7+£0.8 (11.1-14.6)

20.8+1.4 (16.9-24.3)
9.940.6 (8.1-11.4)
52.0%1.5 (48.2-56.6)
72.1+1.8 (68.6-76.2)
50.1+1.3 (47.2-52.6)
9.6%0.7 (8.0-11.0)
9.1+0.7 (7.6-11.0)
15.940.9 (13.7-17.7)
13.3%+0.9 (11.0-15.1)

Caudal peduncle length
Caudal peduncle depth
Predorsal length
Preanal length
Prepelvic length
Dorsal fin base
Anal fin base
Pectoral fin length
Pelvic fin length
In % of head length
33.2+1.4 (29.3-35.9)
15.8+1.8 (13.0-21.3)

Snout length

Eye diameter

Interorbital width 34.7+1.6 (31.0-38.3)
Upper jaw length 27.641.3 (24.4-30.1)
Suborbital length 14.9+1.1 (12.2-17.4)

27.2+1(24.3-29.3)

195.888 0.000%**

22.8+41.7(17.9-26.4)  8.723  0.004**
13.24+1.1(10.4-15.9)  10.060 0.002**
21.1+1.3 (18.5-24.2)  1.343  0.248
10.540.6 (8.8-11.6) 31.818  0.000***
53.2+1.6 (49-56.9) 21.798  0.000%**
72.6+1.9 (68.4-78.3) 2.224  0.138
51.9+1.7 (48.5-55.9)  45.829 0.000%**
9.6%0.6 (8.0-11.5) 0.209  0.648
8.8+0.9 (6.8-11.1) 4.068  0.045*
16.5+0.9 (14.6-18.5)  15.588 0.000***
13.940.8 (11.4-15.7)  15.580 0.000***
33.4%+1.6(29.1-36.6)  0.120  0.730
15.4+2.0(12.0-21.6) 1.876  0.173
32.2+1.9 (26.8-37.0)  82.265 0.000%**
26.7+1.4 (23.7-30.4)  19.930 0.000%**
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 Tribolodon 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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Fig. 10. Histograms of number of individuals divided by discriminant scores based on 13 differentiated characteristics
between the maruta type (white bar) and the jusan-ugui type (black bar), with the jusan-ugui type
misdiscriminated as the maruta type (dark gray bar).
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