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Geographical Variations of Numerical Characters of Smelt,
Osmerus eperlanus mordax, in Hokkaido

Wataru Horikawa* and Kenichiro Kyusmin*

Abstract

Eleven samples of smelt, Osmerus eperlanus mordax, were collected from four coastal
localities in Hokkaido, and eight numerical characters were examined to elucidate geographi-
cal variations and to identify the local populations.

With regard to the number of rays in dorsal and pectoral fins, the sample means of
Monbetsu were significantly smaller than those of the other localities. The mean number of
gill-rakers on the upper limb was the only character by which the areal difference between
Mori and Hidaka was detected. The mean number of vertebrae displayed remarkable
geographical variation, with the largest difference between localities being 1.6.
Mahalanobis’s generalized distance and percent overlap were computed by the use of four
typical characters and the morphological similarity of fishes among localities was examined.
The results obtained in the present study suggest that the smelt population in Hokkaido may
be divided into some local populations on the basis of the morphological analysis.
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Table 1. Locality, sampling date and range of body length for each sample.

Locality Date of sampling Numbe(rcgées)amples BOd(ZnE I)lgt h

Mort Apr. 23-26, 1981 3(1,2,3) 155-260

Hidaka May 8-16, 1981 2 (4,5) 155-299

Akkeshi May 16-22, 1981 3 (6,7,8) 141-219

Monbetsu Jun. 5-10, 1981 3 (9,10,11) 109-231
# R

HEWEOMENERELANLICEILD, FHEC O CTHEDERIZOVTEF LA, #
HCEBENRD LRl D Th DT, LToRFCIEEY—FELLEHY
Huie, :

1) HEHREHK

Witk & B OBEIL 10~12125 D, =— MR 1l €& bht, FHEIR 10.76~11.10 O &I
»b, AUHEANOERMTE, WTFhoETIHEEZIRDLAR o1, L L, HEH
THRD &, SAOERIMO SHAL VAR (P<001) whil, Tk, BIHVEHELYR
L% Q) BEED2ERIERED2EALR (T, 8) toMicEEE (P<001 ¥7212001<P<
0.05) HFd SRt (fF 1+, E 2),
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2) MeEEER&H

MEEER AR 11~ 14 0B S D, =— Vi3 BESIVOEFOEZERTIZI2Z K, BEROD
BATIRI2 L 131Ehotc, FHHEIL 12.07~12.56 DEEICH -~ 1. BE & AGICIEN O
AR EEREZITD bR o0, T Q) BHEOMO2ERL H L HFE (P<001) k&
<, ¥, BEE (6) WEER 8) L h bHE (P<0.05) /&b o o, KFI DO FHE LT REEEH
L AR O 3 S DEICHXTHE (P<001) iw/hE ot (£3 1-1, K 2),

3) BEEMEK

BEHRARKIII 4~19 0fEE by, € — FEHFEHETR 16, BERIFSHTRITIED » 1,
EHEL 16.30~16.95 DEEIZH 0, HEOBOREAOLHEIERLMIOMEL IV IEE
(P<0.01) iwh&<, fEOXKDBERN»S IO 2SS 2 ENTEL (A1 14il, K 2),

4) BHEH

HLORBEBTIMEREO N ) EORE T, SROEIMCHVGEERELS BT S Z L rmb
htuvs, EESOMBENERYRANLICELD, AR LELROBRYRAT DI, £E
REZoWT, BURFERORFEE Hy: =0) 21T-7t s, WTFhoERTHRFITEHNEZ
e ot (P>0.50), Lichis T, K& 109~299 mm O EEOBEEY Ao KFEOB S, &
EOBEAHE S (K oBBERIZEV DL LTRVES - i Ui,

RS T~ oBBCHD, T FIFRLASTRIL, EREIHFTRI0EH -1,
FHfEE 8.75~9.69 DEEICH D, B (1) &5 (2) DRICIAEEE (P<0.01) BB LN,
# BE, ERE - -fAOHKE 5 3FHRRTEL,

THEEFEL 18~24 OB H D, =~ VIFO2EAKIVAFO 2ERTR20K, *0
MOEATIL 2L IEH - To, EHMEIE 20.22~21.21 OFEICH b, BAH L0 OELED LT, B
DEABIC R EEE RO LNLEEN b -7, FH A, EE, SHoIEC AKX 35
ZARBITEL,

R & TR R I 2 Fo AR ORI, FHTIX25~33, HETIX2T~33, EET
13 27~34, P TIX 28~35CTH T, WAL > TCEFTOEENADONI, £~ FEIFREES
T2 BB 30 HD, ERLSNTIESCH-T, FHEE 28.97~30.90 DEHECH b,
BRAH LI DERTED ORI, BTEE (1) LF (2) ORI AEZE (P<00l) KEDLA
T MR THE T &, R LEBIOBEAMEREE (P<0.03) BROLIABFEENRD 12723,
BRERBOBE S FREEREFARCE, HE, BR - WAOECKE< s 3EIRPlTteEr
(5% 1-iv~vi, & 2),

5) HHEFEK

THEHIZ61~68 DEIFHICH D, £ — P HETIX64, ERTIX 65, §15 T2 64 & 651
B, HEARS I OHERICHEENRED b, FHEIL 63.74~65.39 DEBEICH - T, HTAH
L6 DENTD O II, TWER LD, FOMHEN40LTOR BE, #64.5 OB X 0865.3
HEDERED IFIANS e (15 1-vil, K 2),

6) MWAFIEK

MIFS ST 4~9 DEIHICH Y, T FRERD I EBADOLRTIC, b 10EATII61LH - o,
A 6.24~6.69 DFEICH H, EIVNS VAL, KE g« B E 2 hbOhRI A EY 7
THE&EDIFCKATES, HROELMMEDEEOMICEIEEEY TR TEAR ST (ff
% 1-viii, [ 2),

7) Mahalanobis o> I B #-D?

DB EVE B eV T, EMNERBOHELBRET 5 791, Mahalanobis
DPFEEE-D* ¥ KD, FDIDOHBE L LT, BRBH LA SHETNTEE VS Z L LEEET
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f?:ri::'s lf)?;tz:;t Pyloric caeca Vertebrae
10.5 11.0 12.0 12.5 6.0 6.5 64 65
T T T T T T T T T 1
Mori 1 -~ - — -
2 —— - —m >
3 .- - — -
Hidaka 4 - --— ——— -
5 - - —— >
Akkeshi 6 - - —— -
7 | - - —_— >
8 - - g -
Monbetsu 9 - - —— -
10 - - —_ -
1 - - —— -
Upper Lower Total Anal
gill rakers gill rakers gill rakers fin rays
8.5 9.0 9.5 20.0 21.0 29 30 31 16.5 17.0
T T T T T T 7T T T T T
Mori 1 - - —— To.-
2 - - - —-—
3 - —— - ~—
Hidaka 4 ha hat he ha
5 - - - -
Akkeshi 6 -~ - - -
7 - - - ——
8 - - —— -
Monbetsu 9 ha - - -
10 - - - -
1" —- —— —-— —.—

Fig. 2. Geographical variations of numerical characters. Solid circles and horizontal lines
represent a mean and 959%, confidence interval.

BB, HEBLFV B CTERMOE BHETENTFHRETH 2, 8WEDELF A
DT > REAHEROPHEOEERREDRE RS, AR OA G 4B FlhcEVEES
(P<001) R LBz RT &, BHEED 4GRS EL, Zhic BRI 36 7, Kgg
BRGBE 1o AR o 35 4, GAEEM O 34 fl, WEEERAR, % /oI LBEEEAN O 30 f, 1
FRERST D 22 B & 55 < o

¥ie, WEEEREH, WEEREES L OCMMREOMBHERE, SEIMEoME L b & TikE
PN ETLUTGS, BEBFRTHEROEHEN ELDTAKEL, lOWETIALRE
WEM e BRNER YR Ui, FEEEKEEG L ABOLEYPRCORT R V- HEDO—D
Thb, FEEBFEER I UBEREHTEER BRORLER, SO KicE 2L ER
FRLTWVA (K2), UEoZ L a2EET 5 EFMHETHE, LEEEE, MRS S L 0T
HEDAHBCY » THENEROBHVNBETELRLZ 200, LERSTIALOHWELE
BELUTERLL,

%72, K bt Mahalanobis D EE#E L h BEE (%), 1-2¢(v/D?/2), HELL, 2T
¢ IEETHSMEEALELL, BEEKRE0,5 100 DfEY & 5, £ROTICH—H SR OEAR
O D2 OERIEE NI, 2R (1) L7 (2) ORIOMHEIL0.32, £ 78 (2) L7 (3) TiL012T
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o THEMKELS, HE (P<001) ebDThH%, Thbb, FH (2) 3#H%F (1) &&F (3) L
RIS TFHER 7 b AR DI EN T D, HREBBOBEAMEEM D D? DX 0.04~0.70 T
o THEAMOMEE LCEERNEL, e TdZ (2) LAE 1) BIUOHE (B) olOE
BERZFH 004 & 005 2 RLBICN X oie, BEERTIRE 2) & (1) 3L 0FH (3) Lo
DELHVLHE (4,5) LOMOEILKEL, ZALOZ LabEk (2) REED 2 EACHENZ
IVELUL TR E V2B, EREEEIVHEDOR® D? DfE2 3.99~5.93 ThH - TIHEHITK
&<, BEEERD 22~31% OERWEEX R L, SFIRER HE & OMTEL o D? 0ffil 2.26~341,
BEERILI6~45%THH, BERLOMTRZAE R 1.27~2.60 3 X U1 42~58%, TH -~ (F2).

Mahalanobis D FE# Y & & KEGEBEC L - TF v Fr 7 J ankbT 4, KEER,
M, Z-EBEOIELTTLRB, ¥, F Q) BHFEOM2ERAI VL HEOERICL hELIL
TUVWAHBTFHRDLRE (K 3),

% =

R & PR AR DT HER BN ERYRL, MBIOERIMEI/ DI LTl
O ERFI SN DEHLED 5, BERERIIFIHEN 16.30~16.39 DF, BHEDOE & 16.79~16.
% DOER, WAD2FHCARN I, AMBEETLHE O, ERR X UCKEOENOF
¥ 16.55~16.71 TH - C, LL2BOFMPLELRLTRD, HoOKBZEENSE 5
BOERFEEI LD, EENIRERBHNOFEL LEL0RBEICAV-DATVWS, Fa2 v
Yy AREE TR v+ Y, FHY, Fa2v ) v OEEKICHEBENEROLL Z bR
T3, ¥, JLKE Osmerus mordax (=3 anadoromous type, normal freshwater type 3k O
stunted freshwater type ® 3 Bl ER L T\ T, Th X hOEREBEELENFET S5, AK
FROBELIMBOERITT L 5K, BEKIFRRFERNOLDOEELMEDO 21D L
E2bh b, '

BHEBHE VTRt ERLOF = v ) v ABRBREOF CIXy v + 9, F 39, 7 h 4 ¥ ¢

Table2. Mahalanobis-D? (above diagonal line) and percent overlap (below diagonal line) by
the use of four numerical characters: vertebrae, pectoral fin rays, gill-rakers on upper
and lower limbs.

Locality ~Smple | 2 3 4 5 6 7 8 9 10 11
code
1 0.315 0.038 | 0.529 0.699 | 4998 5.464 5212 | 2590 3.146 2.617
Mori 2 78 0.117 | 0.050 0.041 | 4.090 3987 4.414|2.333 2.660 2.430
3 92 8 0.378 0.468 | 5.543 5925 5553 | 2.782 3.407 2.872
Hidak 4 72 91 76 0.016 | 5.055 5.321 5.293 | 2.264 2.737 2.409
1
* 5 68 92 13| % 5.323 5501 5523 | 2.566 3.080 2.711
6 26 31 24 | 26 25 0003 0004|1402 1.319 1267
Akkeshi 7 24 32 22 | 25 2 | 98 0.008 | 2458 2192 1.972
8 25 29 24 | 25 24 | 98 96 2509 2.496 2.225
9 42 45 40 | 45 42 | 55 43 42 0.049 0.031
Monbetsu 10 38 42 36 | 41 38 | 57T 46 43 | 91 0.019
11 42 44 40 | 44 41 | B8 48 46 | 93 95
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Mahalanobis’s generalized distance D2

(3 O.Su 2.0 3.0 4.0 . 5.0 6.0
: . . v \
Mori 3 4 .
2 "
: 4
Hidaka 5
9
Monbetsu 101} —i N
11
1
Akkeshi 7J

Fig. 3. Dendrogram from furthest neighbor method cluster analysis on Mahalanobis-D?
computed from four numerical characters.
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o, Fio, EEMFRCL VEGHRERYEARD LN SHROFRL LTEIND,

L3 3|

1. AWFERE 198145 A 23 B2 6 B 10 B ¥ ToORI, dLiEEAFERREORK &M, B
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Appendix table 1.

1). Dorsal fin rays

W s AF: F 299 v AOHEWE

Mean, variance and 95%, confidence interval of numerical characters in
each sample from four localities in Hokkaido.

Number of dorsal fin rays

. Sample Number of
Locality code fishes -
Mean Variance 959, CI
Mori 1 200 11.020 0.2308 +0.067
2 200 11.100 0.2513 +0.069
3 200 11.050 0.1985 +0.062
Hidaka 4 200 10.995 0.2094 +0.063
5 200 10.945 0.2633 +0.071
Akkeshi 6 199 10.965 0.2361 +0.067
7 200 11.005 0.1658 +0.056
8 200 11.015 0.1757 +0.058
Monbetsu 9 200 10.760 0.2235 +0.066
10 200 10.760 0.2537 +0.070
11 200 10.845 0.1517 +0.054
i1). Pectoral fin rays
Locali Sample Number of Number of pectoral fin rays
ocality
code fishes Mean Variance 959, CI
Mori 1 200 12.225 0.2412 +0.068
2 200 12.475 0.2707 +0.072
3 200 12.325 0.3009 +0.076
Hidaka 4 200 12.370 0.2443 +0.068
5 199 12.392 0.2496 +0.069
Akkeshi 6 200 12.455 0.2583 +0.070
7 200 12.530 0.2604 +0.071
8 199 12.563 0.2675 +0.072
Monbetsu 9 200 12.065 0.1515 +0.054
10 200 12.085 0.1686 +0.057
11 200 12.105 0.1849 +0.060
ii1). Anal fin rays
Locals Sample Number of Number of anal fin rays
ocality
code fishes Mean Variance 959, CI
Mori 1 200 16.335 0.4752 +0.096
2 200 16.390 0.3697 +0.084
3 200 16.390 0.4301 +0.091
Hidaka 4 199 16.317 0.4700 +0.092
5 199 16.302 0.3834 +0.086
Akkeshi 6 200 16.940 0.4486 +0.093
7 200 16.945 0.4944 +0.097
8 199 16.899 0.4343 +0.092
Monbetsu 9 200 16.790 0.4481 +0.093
10 200 16.790 0.3878 +0.086
11 200 16.920 0.4358 +0.092
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iv). Upper gill-rakers

it ok K E E OB

38(1), 1987.

Number of upper gill rakers

Locality Sample Number of
code fishes Mean Variance 959, CI
Mori 1 200 8.750 0.6106 +0.108
2 200 8.940 0.4285 +0.091
3 199 8.809 0.4785 +0.096
Hidaka 4 200 9.190 0.3889 +0.085
5 200 9.215 0.3606 +0.083
Akkeshi 6 200 9.645 0.4613 +0.094
7 200 9.690 0.4160 +0.089
8 200 9.625 0.3964 +0.087
Monbetsu 9 200 9.565 0.3978 +0.087
10 200 9.680 0.3795 +0.085
11 200 9.625 0.4366 +0.092
v). Lower gill-rakers
Locali Sample Number of Number of lower gill rakers
ocality
code fishes Mean Variance 95%, C1
Mori 1 200 20.220 0.6850 +0.115
2 200 20.445 0.6703 +0.113
3 200 20.320 0.9021 +0.132
Hidaka 4 200 20.380 0.7594 +0.121
5 200 20.410 0.5547 +0.103
Alkkeshi 6 200 20.970 0.5921 +0.107
7 200 20.950 0.7412 +0.119
8 200 20.850 0.7915 +0.123
Monbetsu 9 200 21.140 0.7039 +0.116
10 200 21.205 0.5960 +0.107
11 200 21.155 0.8050 +0.124
vi). Total gill-rakers
) Sample Number of Number of total gill rakers
Locality code fishes .
Mean Variance 959, CI
Mori 1 200 28.970 1.7579 +0.184
2 200 29.385 1.4842 +0.160
3 199 29.141 1.6468 +0.178
Hidaka 4 200 29.585 1.5103 +0.170
5 200 29.630 1.0383 +0.141
Akkeshi 6 200 30.615 1.3837 +0.163
7 200 30.640 1.5180 +0.171
8 200 30.475 1.5672 +0.173
Monbetsu 9 200 30.705 1.2844 +0.157
10 200 30.895 1.2703 +0.156
11 200 30.780 1.7604 +0.184




vii). Vertebrae

Wl AF: *a2v Vv AOHEME

Number of vertebrae

Locality S:g:i};le Nufrir;g:z of
Mean Variance 959, CI
Mori 1 199 63.980 0.5349 +0.102
2 200 63.820 0.5805 +0.106
3 196 63.934 0.6058 +0.109
Hidaka 4 200 63.810 0.5064 +0.099
5 200 63.735 0.5174 +0.100
Akkeshi 6 198 65.389 0.6246 +0.110
i 7 198 65.389 0.6043 +0.108
8 198 65.374 0.5703 +0.105
Monbetsu 9 198 64.500 0.5558 +0.104
10 200 64.540 0.4808 +0.096
11 200 64.580 0.4760 +0.096
viil). Pyloric caeca
Locali Sample Number of Number of pyloric caeca
ocality

code fishes Mean Variance 959, CI
Mori 1 199 6.633 1.1728 +0.150
2 199 6.693 0.9207 +0.133
3 198 6.525 1.0120 +0.140
Hidaka 4 200 6.500 0.6734 +0.114
5 200 6.355 0.6422 +0.111
Akkeshi 6 200 6.610 0.5808 +0.106
7 200 6.535 0.6219 +0.123
8 200 6.525 0.6456 +0.121
Monbetsu 9 200 6.240 0.6456 +0.111
10 199 6.322 0.6536 +0.112
11 198 6.328 0.5973 +0.108
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