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© The lehthyological Socicty of Japan 1998 Ahstract Morphological characters and isozyme patterns of selected specimens
of the genus Squalidus were investigated so as to elucidate the nature of an unusual
variant in Lake Biwa. Two specimens proved to be of intermediate type on the
basis of principal component analysis of 16 external characters and five vertebral
counts, and allelic composition of their isozyme patterns. They were considered to
be hybrids between S. chankaensis biwae and S. japonicus japonicus.
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- A # A TEOT 38 (Squalidus) ¥, Dybowski 1994). AHFETIE, BB TR/ -ATEDOL
(18722 ko Tk &, WEFTHLIA TAET L 2 HEMRET L, £OBRIZHELNICW

T L= R F AT TOREKRER O BE ZAEICOWTRES L UHERIE A
i, SEEEE, HANE, AEB»5, S. PORBELIHEREHRETS.

chankaensis, S. intermedius, S. iijimae, S. gracilis, S. . .
Jjaponicus, S. multimaculatus D 6 A HI LN T W 5 ML 7R

(Banarescu and Nalbant, 1973; Hosoya and Jeon, ARBFFEIfER L 7osRHE, 199443 A8 HICZ
1984). D H) bHAKIZIE, ATET I S BEMALHER, L/ HoM 1 kmIIET
chankaensis biwae, 17 7 A £ IS, chankaensis HMEOILEMICB T, ATMERMELY HV TR
subsp., 4 MET IS gracilis gracilis, 7 AF0 1 L, FRELMEHINESG TR, ERELTH
S. japonicus japonicus D 4FE - W A5 A § 5 FEFIFTELIRY, TAVYA a5WHEREE L

(Hosoya, 1982; #i%, 1989, 1993). &g M HH L, THIBERZHRI L2, 2512, AKZ 10% 7 4V
A BEEOPTORENHE R 7V —TThHD, <) CTHEZEL, &HOFHERXBRE LT
EDblF, ATEOIaYIAEOANLLS 7.

S. chankaensis 7 Vv — 7k, T AEWQ IS, japonicus A4 ERFZBE 1L Hubbs and Lagler (1964) I2f€Vy, &

Japonicus & DILTER) 5 2R T/ S v (5 - ]K, &, K, %I, 5, BWAE, BHS, EE,
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Fig. 1. Two sympatric species of the genus Squalidus and an intermediate variant in Lake Biwa. A:
S. chankaensis biwae (FAKU116387), B: intermediate type (FAKU116340), C: S. japonicus japoni-

cus (FAKU116415). Scale indicates 10 mm.

Wik, mEREMRE, LIRS, ARESLE, AT
&, AONTER, L3R, FTHEZHEL, EF0
HREHR LA, FHEECET2RERME
(1983) IZfEVy, BRXMEBEE 7 A VA LD, 72—
IN— B XFHER T ST, WEERE %
BURHER, MEL AT LAAETHEHEEIE
L, HEEHEEIE AL, BEHEESHEAT T NE
L7z, #X##RH L, SOFRON Model TRS-1005C
BezRAWTITo72. 74 VHF A L5HE, May et
al. (1979) & May (1992) IZfiEvy, KEXTFTV 7o 4
WVERKEEETo 72, FEBRICSIZT I~ (N-(3
—7 I/ 7OELV—FNKR) V) T UEENY T T
— (pH6.5) (Clayton and Tretiak, 1972) % L 7-.
S0mADEBRCHBEMBAEL/-0L, 6—FKA
RV a L EERKFEES (6-phosphogluconate dehy-
drogenase: PGDH) % 4&ft, L 7-. &{ZFFE, &
ZFDRFIZDOWTIE, Shaklee et al. (1990) IZHE
o7 72, ERICHWATXTOERIL, TE
RFERFHNBKREERNT CEHFRAEL L
(FAKU116340, FAKU116341, FAKU116378-116425).

BREEEBR
SRERCE DT

ATHEHEHDOBED D) B, KE25-40m b 5
‘o bDEATEDIRE, KEA-50m D 5H1:F
LNdboEFAEuaBEE L. FRo a3
FIHLIFo ok, ATEU D SEEICHITL
L7z 258K % JIA (1993) ICTEWREE L - & 2 5,
MNTORS LEHEEROEEDK,-H A TED
O & A %E T & 72 (FAKU116378-116402; Fig. 1A).
LA L, FAEOIEEDSEZIHE LA 25@EE
DA H23EEIZT A E T T (FAKU116403-116425;
Fig. 1C) L FE & N7z2%, ZORN2EEKIETHEDOYF
WMEEDLEFDL, EH5ELRETE L VHEE
T - 72 (FAKU116340, FAKU116341; Fig. 1B). 7
BRI E b2, EHEHOEEORIRIET A £
UL, oM d &R T AET I
fdofz. LA L, BEOMEEER, AEE R
BROMTOEIZATEO 2 ZE ML TWwWe,
o ORHEEFBNICEELT 579, Smith
(1973) LHIA (1983) I2ED %, SRR 16TEE &
FEHEF BT A STEE X llE L7 (Tablel).
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ATEUIELFAEQIMT, K, E5DOO
FE, ERMEERESES X OFETICET S50
DF B, tBREDOHR, ERE1% THEEE
DD LT,
EOaTRI0FEE L 11EFEHOM, 7AETITIE
IEFHL I0FHOMIZHY, MELRFITAHLT
BFoeEzoni., ¥/, HE, WIRHERE, EBWA
&, ERBELZRIIERE 1%, WRIIERESY T
BEENROOLNL. 4B, KRIINTHEEL

LEEEN, AAEEEHEEIATEOI LT AED

IxFITAEEE L THREISHVOEN TV S
(FH - A, 1948; R, 1955, H4F, 1963,
1969; & #1134, 1976).

FAKU116340 1%, AREICHTAEKSOH, £
TR, AU, RS, BHEEH, &

FriZ, WEEHEEFIEALNE, AT

FHEEY, THEgEFHEAREIAITEDIIC &K
ﬁuﬁ?éﬁﬁwm,ﬁvfﬁ,gﬁﬂm%ﬁk
iz 7 A €0 2 20RE L7z, FAKUL163411%, &
MR, ENTER, EAARERHZEIATEDD
12, REISTTAEEOL LTHEDM, BHEEE,
B#EH, BHEHEER THREBEFHEANR, B
SEHHSEEIEALRIE T AT IIRE L. 5T,

INSDOFEMEIZESL LEDLETATD, FHEENL
EFA L EELTEL, EFLHLOEIZETAD
MHREICHIBT T E Rd o 7.

RIZ, MWETEEEISETE - 1EHEORE L. FiES
i ﬁ?ésﬁﬁ%ﬁ%mz +m%§towf
EHELE TV, FNOOHEL b & ICHBEREAT
FIafER L, ERSTETo72LT 5, BT
1349.6%, H521332.8% DZEE) % FEH L7 (Table

Table 1. Measurements and counts of morphological characters of Squalidus complex collected from Lake Biwa
FAKU
S.c.b. (n=25) Sjj. (n=23)

116340 116341
Total length (mm) 87.65+8.54 (73.09-101.82) 85.28*6.17 (73.75-99.90) 83.49  79.62
Standard length (mm) 71.08+7.23 (58.60-82.41)  69.17+5.50 (58.52-81.19) 66.74  62.39
Body width (mm) 8.98*+1.15 (6.53-10.75) 9.24+0.99 (7.56-12.11) 8.09 7.93
Body depth (mm)*** 13.62+1.53 (9.92-16.80) 16.30%1.71 (13.34-20.49) 13.85 14.08
BD/SL (%)*** 19.160.91 (16.93-20.89)  23.53*+1.00 (21.78-25.24) 20.75  22.57
Head length (mm)** 17.52+1.63 (14.37-20.01)  18.95*1.52 (15.56-22.16) 17.64 16.19
HL/SL (%)** 24.68+0.67 (22.70-25.82)  27.40%+0.74 (25.97-28.79) 2643 2595
Snout length (mm)* 5.43+0.65 (4.22-6.49) 5.86+0.61 (4.46-6.80) 5.66 5.34
Interorbital width (mm)** 4.57+0.50 (3.82-5.37) 4.96*0.47 (3.99-5.88) 4.65 4.43
Eye diameter (mm) 4.84*+0.46 (4.10-5.78) 4.78+0.35 (4.29-5.58) 4.77 4.39
Caudal peduncle depth (mm)**  5.77+0.54 (4.80-6.56) 6.17+£0.51 (5.19-7.18) 6.25 5.76
Depth at anal fin (mm) 9.60+1.09 (7.43-11.30) 10.04+0.98 (8.19-12.60) 9.91 9.40
Left pupil diameter (mm)** 2.4+0.3 (1.7-3.0) 2.1%0.2 (1.7-2.4) 2.4 2.3
Left barbel length (mm)*** 32x0.6  (1.74.5) 1.8%0.3  (1.4-2.4) 3.0 3.2
Right barbel length (mm)*** 32205  (2.14.0) 1.8+x0.4  (1.0-2.7) 23 3.0
Upper jaw length (mm) 43+0.7 (3.0-6.0) 45+04  (3.4-5.3) 4.5 3.9
Lower jaw length (mm) 39+0.6 (2.7-5.5) 4104  (2.9-4.8) 4.0 3.5
Dark spots of left side*** 8.0+1.9 (5-12) 0.6*x1.0 (0-3) 8 6
Abdominal vertebrae*** 19.0£0.4 (18-20) 18.1+0.3 (18-19) 19 18
Caudal vertebrae*** 18.9+0.6 (18-20) 18.2+0.6 (17-19) 19 18
Total vertebrae*** 37.9*0.5 (37-39) 36.3*0.6 (35-37) 38 36
Dorsal fin insertion*** 10.50%0.00 9.50%0.00 10.5 9.5
Anal fin insertion*** 22.54*0.35 (21.5-23.5) 21.33+0.39 (20.5-21.5) 21.5 21.5

Data include average* SD (minimum-maximum).
Abdominal vertebrae include Weberian complex.
Caudal vertebrae include the pleurostyle.

In unpaired fin insertions, values with decimal such as 9.5 indicate the relative position between ninth and tenth ver-

tebrae.

* P<0.05; **, P<0.01: *** P<0.001 in t test between S. chankaensis biwae and S. japonicus japonicus.
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2). B3, IR, BEE, YWk, EWE, #EER
FDENIKREL, KOKESOEFHEZRL T
—HEGT21E, TR, FREIEREHER, AFHES
%, HHEHETHEARSOMEIKEL, FIED
HIPNCEET AR EOEHE R L T,
FlE2xEbeb e, EEEFDORA%ETRLT.
SHIT, INOEDLIZKEERLA-EZA, R
TEOUILFAEOIEKA 1 DOD T NV—TI12F &
Fh, 70y FNOGHITER S RH o7 (Fig. 2).
Rl D FAKU116340 & FAKU116341 1%, &5 5
DWWV — T OHRMINAE L7225, FD L) fH
T —fxIC, MEDOTEEMED & D8 THE\(Smith,
1973).

ELTE DS

TAVFAL LGHICEH W PGDH X2 &K TH
D, W 1EETE Pgdh*) D HEES N, HEE
L OBBBANI NS Pt S 7-A%, FAED O
DFBATEOILN SENBEIELRL, Wi

Table 2. Principal component loadings in Squalidus
complex collected from Lake Biwa

Loadings
Characters
1 2 3
Total length 0.876  0.424  0.039
Standard length 0.887 0.412  0.010
Body width 0.942  0.160 —0.081
Body depth 0.863 —0.413 —0.060
Head length 0.963 —0.156  0.004
Snout length 0.920 —0.096  0.006
Interorbital windth 0.882 —0.141 -0.139
Eye diameter 0.826 0311 —0.011
Caudal peduncle depth 0948 —0.111  0.036
Depth at anal fin 0.963  0.062 —-0.017
Left pupil diameter 0.542 0.656  0.175
Left barbel length —0.007 0.888  0.141
Right barbel length 0.065 0.883  0.206
Upper jaw length 0912  0.068 0.020
Lower jaw length 0.909  0.078 —0.019

Dark spots
Abdominal vertebrae
Caudal vertebrae
Total vertebrae
Dorsal fin insertion
Anal fin insertion

—0.194  0.883  0.060
—0.150 0.823  0.324
—0.102  0.553 —0.818
—0.162  0.882 —0.380
—0.260  0.931 0.042
—0.208 0.876 —0.040

Total 49.6% 32.8%  5.0%
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Fig. 2. Populations of Squalidus complex in Lake
Biwa, scattered according to the score given by the
first and second principal components. O, S.
chankaensis biwae; @, S. japonicus japonicus; O3, in-
termediate type FAKU116340; M, intermediate type
FAKU116341.

HEALFEMICHBITE ., ATEO2LFTAED
IDELLIZBWTHFRENZ I ARDIRD/NY F
TR L7 (Fig3). RAIGEW LER T2 HIE
\2*100, *150, *170, *180 £ § 5 &, ATET IE
T, FAKUI116379, FAKU116383, FAKU116390,
FAKU116402 3% SLERTF-*100 & *170 R FFDONT
DK TH 5 & HEE S N7, FAKUL16387 12D\
TIIRH E NNV FA2RTH L7720, {500
BAVPELLEBLONEAH, 206 DA OEMEIT
L BIETF*100 2O REMAETH D LHEESIN
7o, F7, FAEOIBETIE, FAKUI16340, 3
X U'FAKUI116341, FAKU 116412 LLAY o 1K 13,
BT *150%5FHOFEMAETH ), FAKU
11641213 %150 & *180 DI ST BIZF 2 HT HNT
OfEETH 5 LHfEE SN, SEIRE SN
Koy = BHETAE, ATEQIEIL*I00
E*170, TAEUIFEIT*I50L *180 &\ ) KL
BT E2FEL, MEITEZICHEICERE Shre.
—7, HEEDFAKUL16340 & FAKU116341 1%,
ATEQ IFEOILEEF *100 & T AETIFED
MIGBRIETF*150 5 FONT UK TH B LHfEE S
N7z(Fig.3).

DL bEoiEn - BIZEEOREIC LY, FHE
R 2 BRI TR D RIRMEFE & HIWT T 5 DR Y
ThHhrrLEZONL., DL EKDOHEIZD
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Fig. 3. 6-PGDH isozyme pattern of Squalidus complex in Lake Biwa.

WTHRITAZ gL, LA L, ATEOO
BN ORSRE, FAEOIINHOREY E%
EIHGE LTWB I ENS (PF, 1963), &k
DIEEBIINELICBIT A2 FIREOHMRETAEIZL -
T, TAEQIDEINGTH LMD AT H%K
L7-#E R, MEOREINGAEE LIRSS 5.
CDZENRRMEDTEAATS 2 DOEE Y T
Lzt b Bbh, 4EmEOEINAELYBHHT S
ZENEING.

& i

KETEEFEIT RIS EEMEE. @
HII—EIZIE, EHORY $ & EFRTIERIC
DVTBHFEV VT, TR KFEFEKES
B oo EBFiE—#d2 1013 A TE O 3 BB DEEE
BEHR A IRV 727207, KIRKF & ofgEfE %
B &SRO ESE—E b L ORI,
TAVFALERIIBELTIH WA, #
BRI /E T OB —H#KIZIE, EARREICY
20 THH R n HhE T ZICEST 5.
B, KREUIKETHRKEMNICATEEB-19112
LT 5.
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