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comparison between two Japanese daces, Phoxinus lagowskii steindachneri and P
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Abstract The taxonomic status between two Japanese cyprinids. Phoxinus
lagowskii steindachneri and P oxycephalus jouyi has been quite vague because of
their resemblance of outer features to each other. The two forms from the four
sympatric rivers were inspected to confirm the relationships between both as dis-
tinct biological species on the basis of biochemical and morphological analyses.
As a result they could be completely divided into two distinct groups in genetic
and morphological characters, which taxonomically match P lagowskii stein-
dachneri and P oxycephalus jouyi, respectively. The present study suggested the
presence of reproductive isolation between the two species, and revealed that large
local variation and secondary sexual characters in each species had contributed to
taxonomic confusion.

*Corresponding author: Fuculty of Agriculture, Kinki University, 3327-240 Naka-
machi, Nara 631-8505, Japan (e-mail: gf196040@nara.kindai.ac.jp)
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Fig. 1. Phoxinus lagowskii steindachneri, 66.02 mm in SL, FKUN 30589, (A), and P oxycephalus
Jjouyi, 60.37 mm in SL, FKUN 30658. (B), in life from the Inukami River, Shiga Pref. Scales indicate

10 mm.
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PACIFIC OCEAN

R. Jizou

R. Inukami
R. Arita

Fig. 2. Collecting sites of Phoxinus lagowskii stein-
dachneri and Phoxinus oxycephalus jouyi where both
forms coexist.
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Table 1. Measurement and counts of morphological characters of Phoxinus lagowskii steindachneri and P oxycephalus jouyi from four sympatric rivers

Phoxinus lagowskii steindachneri

R. Saji
n=2

R. Jizou
n=6

R. Inukami
n=20

R. Arita
n=2
Standard length (mm) 119.93+11.16 (112.04, 127.82)
Characters/(standard length—head length) (%)
Body depth 25.11%3.12
Head width 19.93+0.91
Caudal peduncla length 34.08%0.09
Caudal peduncla depth 14.04+0.00
Eye diameter 8.56+0.18
Upper jaw length 13.72+0.61
Post orbital length 21.35+0.43
Internal orbital width 12.36*0.05

The number of above lateral line scale 22.50+2.12 (21, 24)

62.42*5.16 (58.77. 66.07)

25.41£0.09
17.57+0.93
35.10%£0.37
13.98+0.21
9.13%£0.20
11.27£0.93
19.69+0.74
11.40£0.94
22.00*=1.41 (21, 23)

54.20£5.52 (46.45-5.52)

27.38+1.24
18.26=1.14
32.46+1.60
14.83+0.64
9.55+0.96
10.98+1.20
16.64+1.10
10.99+0.07

25.17+0.75 (24-26)

61.74+10.64 (42.21-90.96)

25.93+1.74
18.46+0.94
33.02+1.95
13.99+0.59
9.28+0.91
11.81+0.93
19.10+1.38
11.69+0.66

24.25+1.12 (22-26)

Phoxinus oxycephalus jouyi

R. Saji
n=25

R. Jizou
n=4

R. Inukami
n=22

R. Arita
n=4

Standard length (mm) 72.47£13.90 (59.67-88.35)
Characters/(standard length—head length) (%)

Body depth 25.62+2.48

Head width 19.25%+1.17

Caudal peduncla length 33.15£1.43

Caudal peduncla depth 14.96+0.99

Eye diameter 7.75%0.96

Upper jaw length 10.78*0.41

Post orbital length 18.69*+0.68

Internal orbital width 13.09+0.83
The number of above lateral line scale 17.50+0.57 (17-18)

58.25*11.69 (37.52-82.66)

27.94%+1.92
18.66=1.03
31.25*1.39
16.13+0.83
7.93+0.75
10.830.91
17.94+1.03
11.810.84
17.88%=1.39 (15-20)

77.41%21.42(46.36-92.15)

26.94+1.81
17.77+0.83
31.56+1.72
15.96+0.78
6.73+1.28
10.96+0.70
16.16%1.03
10.96+0.66
17.00+1.15 (16-18)

57.87£7.82(44.44-74.51)

25.93+1.58
19.10£0.74
31.41%£1.50
15.56%0.80

7.93%0.50
11.33+0.66
19.28+1.08
12.87x0.69

17.32%+0.89 (16—-19)

Data include average*+SD (minimum—maximum).
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- «— P. lagowskii steindachneri

mm--  \&— P. oxycephalus jouyi

A B C

Fig. 3. Comparison of the ADH isozyme patterns between Phoxinus lagowskii steindachneri and P
oxycephalus jouyi. A, R. Arita; B, R. Saji; C, R. Jizou; D, R. Inukami
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L, ZOZEIERMWICERT AMEEICT TIC
HSEIREEATHES,. LCB Y, HIHETHE I L 2 ER
5.

WEIELE 2 v /omEo ki, FH - 518
(1976), #K H (1977, 1980a, 1980b), B & U 4K
(1999, 2000) 5 DIFEASHI SN TV AHAS, WTFho
HHLMELHELNEE LTI ko T2
WV, I - BIE (1976) 4% (1999, 2000) 1 FNZE
NOTBEIZBWTHZEMIZEROE L 2EHN N H
B0, BRILERNTHY, HELAERLIZR
LNV ERRTWVS, é%’ 47 (2000) 12355
BITIC L D SIRE LI LR G,
BHOHANOVEEB X O #HZEN S 7 T — DAL
BEOFICEMEIBZ TS, L2L, SEOGH
TliX, MBEBEEROBEZRIFIZHWS Z LI
XoT, BREMERFPFICKRATE, HEMI
D2EMEHS IR TE, T, WMEHET
iR ZEPRONBEE LT, W#LE7Ey)
MBS R SN TE (PR, 1969; K
FE, 1977, 1980a; M7, 1993, 2000). fl#R 4
REFIERIZ 2V TIE, RIFFEICBWTOER O

ERIFOLNI. T2, BWEEIZOWTIEMEHE
ERLREFNHORENKE(PEREL LT
BTHBLEVHIERLHBED (BT, 1976, F
H - 518, 1976; 4, 1999, 2000), TN SDOFE
ﬁ KERTIE, 40L& EEZHCTHE%

T L7ZZHEICFICECEAENY MV ER L,
DHELEE L TOEESEMA LA, WIT eI
fTolzmiricBnTd, ThLORHE LK
WEANRZ MVEERRL, WEOEINIZIEERT
HHENVR D,

WEZ, EETNNCBNTRT TINTYH TR
iz, ZANYHLERMIERDITSL I EDHS
Tz (FF, 1969; FI - 517, 1976: I,
1978, 1980a, 1980b. 1985). L4 L. M&AHE—i
NI L R WIGAIZIE, 77 7Y% itk
WHEEL72) (BRI, 1997), & I Y AYFifsic
T T LB HE ShTwD (EIZA, 1976).
72, MEOREIIBITLELVWERIIDOVTIE
- BIE (1976) I (1980a) S b IEMH L TH
D, TOZENMEDHREZEDTERE LT
7o —7, HIFWNTIRARE, FENGENE
HEROSLN (W H:, 1977, 1980a. 1980b. 1985. 1986),
CNSOBRIIME IS E E I (character displace-
ment) ffﬁ)% ZEERELTHA

RIFFEIZ BT BHERIL, l—]F}TH'J EBYLTT
TN & 57 mwmraﬂ W2 LA FEEE AR L
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Fig. 4. Populations of Phoxinus lagowskii steindachneri and P oxycephalus jouyi, scattered accord-
ing to the score given by the first and second principal components in four rivers. A, R. Arita; B, R.
Saji: C, R. Jizou; D, R. Inukami. Open circles and solid circles show P lagowskii steindachneri and P

oxycephalus jouyi, respectively.

TWALEIEZRLTWVWDEDT, FNFNNFET
HLHZLIIHATH A, Ld»>T, ME % EME
RNOBEERR % E T O A 7 T) —TiRH) 2 &1
BETIE R, $72, MEOKENEN L ORR
(ZDWVTIE, PAIH (1939) 2H4f (1963) (2 [FAE DTS
REMEZRIE L TV 575, FMlAMEFITHETDH
n, BEOTREMELBRLLE LICBETAHZLIET
Ev, WMAEDBEZIZOWTIE, Kim (1997) % Ito
et al. (2002) & Rhynchocypris B % HH L T 5.,
Ito et al. (2002) L& ANY P phoxinus EMBDT 75
NYHEEDBIIKE L EBENEENH L Z L &R

LTWwah, 77 AHEMZHEETLTXTORE,
B L U Phoxinus IZHEEIN TV ETXTHOELE D
B SN TES S, Phoxinus & Rhynchocypris
DENFNDVERFGHEL THMRPLREIN T4
V. DEDZ LS ERB X ERNOEZERL
HETZWBIKZDT, Rk L) ICHED
FHELTTTINY, §ANYENLENIZP
lagowskii steindachneri & P oxycephalus jouyi % 24T
L.



Table 2. Principal component loadings in Phoxinus collected from four sympatric rivers
R. Arita R. Saji R. Jizou R. Inukami All specimens
Loadings
Characters/(standard length-head length) | 2 1 2 1 2 1 2 1 2
Body height —0.469 —0.716 —0.629 0.097  —0.721 —0.343 —0.446 0.466 —0.273 0.032
Head width 0.106 —0.881 —0.780 —0.028  —0.683 -0.275 —0.720 0.479 —0.264 0.474
Caudal peduncula length 0.363 —0.661 0.629 —0.158 0.078 0.535 0.456 0.181 0.304 0.024
Caudal peduncula height —0.813 —0.470 —0.813 0.192 0.008 —0.949 -0.877 —0.122 -0.515 —0.026
Eye diameter 0.440 0.133 0.063 -0.777  —0.887 0.222 0.586 0.657 0.393 0.261
Upper jaw length 0.868 —0.464 —0.499 —0.542  —-0.280 —0.458 —0.026 0.837 0.131 0.495
Post orbital length 0.940 —0.191 —0.245 —0.791 —0.710 —0.028 -0.576 0.639 —0.024 0.544
Interorbital width -0.767 —0.634 —0.545 —0.123  —-0.066 —0.326 -0.816  —0.001 —0.288 0.380
Characters

Scales above lateral-line 0.878 —0.395 0.261 -0.717  =0.712 0.620 0.750 0.491 0.492 0.139
Eigenvalue 4215 2.775 2.739 2.124 2.872 2.132 3.599 2.275 2.758 2.356
Proportion (%) 46.830 30.832 30.438 23.601 31916 23.690 39.987 25.282 30.644 26.176
Cumulative proportion (%) 46.830 77.662 30.438 54.039 31.916 55.605 39.987 65.269 30.644 56.820
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