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Ecological Study of Mudskipper-VI
Morphometric Comparison of Mudskipper in Eight Habitats Including Oversea

Hideaki Koca

Abstract

Several morphometrical surveys were made on meristic and non-meristic characters to elucidate
the differences of mudskipper, Boleophthalmus pectinivostris in eight habitats where was the Ariake
sea (4 groups), the Yatsushiro sea (2 groups), southern west of Korea, and Taiwan which were
imported from china for aquaculture.

As a result, pre-anal length and head length of the Yatsushiro sea groups were longer than others
with 1% significant level. The spot lines on second dorsal fin of Korea group were significantly less
one line compared with the domestic groupes in any range of total length. Significant differences
were seen in the number of soft rays of second dorsal and anal fin among 3 groups, namely, the Ariake
sea groups, the Yatsushiro sea groups and the oversea groups.

Furthermore, these groups were classified by means of cluster analysis using the mean values of
6 characters, at first, they were divided into 2 groups, continental and domestic. And, {he latter was

divided into 2 groups, the Ariake sea and the Yatsushiro sea groups.
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Table 1. HEEEA

Used specimens.

Habitat Date Sampling place Number (&, #)  T. length (mm)
Prefect. Town Min. Mean Max.
Ariak Hayat "91.4.2 S K 51 22 29
riake (Hayatsue) 9 5 aga awasoe } 129 157.4 180
92.5.19 50 25 25

(Rokkaku) '92.6.18  Saga

(Honmyo) '91.4.15 Nagasaki
'92.6.15
(Midori) ’91.4.16  Kumamoto
’92.6.26
Yatsushiro (Matsubase) '92.7.18  Kumamoto
(Hikawa) 92.7. 1 Kumamoto
Korea ’91.5.30
Taiwan '92.8. 3

Fukudomi 57 54 3 158 169.8 183

Isahaya 32T 26} 113 161.7 192
. 62 30 32 )

Tenmei 54 32 22} 108 154.7 175
5 39 11 '

Matsubase 50 25 25 134 146.5 166

Kagami 73 34 39 135 152.9 179
Mokpo 49 24 25 147 169.6 189
Tainan 37 19 18 141 148.4 160

Total

586 331 255 108 157.9 192

Mudskipper of Taiwan were imported from China for aquaculture.

—30—



.
"l

KOREA b
(MOKPO) — /"

ARIAKE
SEA

b
ad
TAIWAN
(TAINAN)

125E
1

Fig. 1. BLARFESAT
Map of the Sampling location.
Specimens of Taiwan were only aquacultured, others were wild fish.
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Table 2. JEEHIEIPEDERL

Mean values of ratio of non-meristic
characters to total length.

Habitat BL/TL AL/TL HL/TL TL/S.lines*
Ariake {Hayatsue) 0.850 0.434 0.202 23.99
(Rokkaku) 0.847  0.435  0.199 23.16
(Honmyo) 0.844 0.435 0.199 23.87
(Midori) 0.840  0.43¢4  0.201 23.04
Yatsushiro (Matsubase)  0.845 0.450 0.214 22.32
(Hikawa) 0.850  0.452  0.211 24.00
Korea 0.851  0.431  0.206 26.34
Taiwan 0.844 0.429 0.197 26.31

* © Spot lines on second dorsal fin.
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Fig. 2. JEFHINEEOLR L OFER
The relationships between non-meristic
characters and total length.
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Table 3. FEMIEOEE & OEFER
Lenear regression equation with total length in each habitat.

Ariake Sea Yatsushiro Sea

Korea Taiwan
Hayatsue Rokkaku Honmyo Midori Matsubase Hikawa

TL-BL
a 0.863 0.855 0.848 0.859 0.805 0.816 0.804 0.915
b -1.978 -1.214 -0.565 -2.947 5.750 5.150  7.991 -10.789
r 0.994 0.981 0.996 0.993 0.985 0.995 0.989 0.881
TL-AL
a 0.456 0.372 0.407 0.448 0.415 0.386 0.396 0.309
b -3.382 10.665 4.483 -2.143 5.035 10.021  5.844 17.808
r 0.978 0.928 0.975 0.966 0.949 0.965 0.917 0.636
TL-HL
a 0.219 0.195 0.186 0.189 0.187 0.207 0.201 0.175
b -2.753 0.635 2.164 1.751 3.867 0.648 0.807 3.019
r 0.961 0.906 0.955 0.947 0.903 0.964 0.852 0.544
TL-S. line
a 0.045 0.044 0.059 0.057 0.045 0.056  0.059 0.033
b -0.464 -0.038 ~2.536 -1.955 0.078 -2.128 -3.426 0.772
r 0.736 0.510 0.815 0.734 0.484 0.650 0.689  0.303

a : regression coefficient, b . constant term, r . correlation coefficient.

Table 4. FEAERFE OEMEOFIEOZORE (t E)

Test statistics from the test for equality between two means of non-meristic characters.

Ariake Sea Yatsushiro Sea
Habitat Korea Taiwan
Hayatsue Rokkaku Honmyo Midori Matsubase Hikawa

Ariake (Hayatsue) - 2.29* 5.74** 8.76** 4.09** 0.39 0.39 2.06*
(Rokkaku) 0.39 - 2.47* 5.10%* 1.73 2.16*  2.27*  1.09
(Honmyo) 0.75 0.30 - 3.46** 0.42 5.60** 4.81** 0.09
(Midori) 0.51 0.88 1.07 - 3.04** 8.73** 7.09** 1.15
Yatsushiro (Matsubase) 10.49**  10.52** 9.09**  10.01** - 3.79** 3.67** 0.26
(Hikawa) 13.30**  12.47**  11.08** 12.83** 3.10** — 0.68 1.94

Korea 2.09* 2.35* 2.33* 1.74 9.90**  11.48** — 2.14%
Taiwan 1.85 2.02% 2.38* 1.57 7.36%* 8.34** (.38 -

Upper : BL/TL, Lower : AL/TL.

Hayatsue Rokkaku Honmyo Midori Matsubase Hikawa Korea Taiwan

Ariake (Hayatsue) - 3.29** 2.48* 0.79 13.32**  13.52** 3.21** 2.91**
(Rokkaku) 2.60* - 0.49 2.46* 16.71** 17.48** 5.20** 1.26
(Honmyo) 0.32 1.85 - 1.74 15.15** 15.24** 5.10** 1.66
(Midori) 2.78** 0.34 1.99* - 13.83**  14.31** 3.69 2.49*

Yatsushiro (Matsubase)  4.50** 2.17* 3.44** 1.61 - 1.57 6.10** 10.73**

(Hikawa) 0.02 2.15* 0.27 2.27 3.55%* - 4.60**  9.70**

Korea 4.91** 6.64** 4.37** 6.69%* 7.59%* 4.42** — 4.69**

Taiwan 4.47%* 6.03** 3.91** 6.11** 7.23** 4.07** 0.04 —

Upper : HL/TL, Lower : TL/Spotlines.
* * . Significant at 1% level. * : Significant at 5% level.



ZOtELBD TEWEERLTEY, /\RiE:2
BEHL I & BE & o0 iz B o Tz,

3) &REER

EHIFR 5 2EImTOEEEZRD 5 &,
O 2 B AMTREAEESRL, BAOEE
B~ 3mAkE»ro7, AL/TL OFHED
EOREDER, /\R¥E2 EIEHED L 32T
1 %ARETEET, Lrd, ZOtELED THEL
EERLTEBD, &R IAMEHRE L OBFRLH
Bz R 2 B3 L B S I B o Tz,

4) @R YE 2 BERSTIH

ERA» 5L EI0mTOMET I E 45 £, 6
BAYE 4 EEHE, /\A¥E 2 EHIOIZIZ THITH B DI
U, HE, SBRERN6 L hr ol FHE
DEOREORR, BE, SBEIENEL Z2
T1%KETEEEZD, Rz, ORGBESEN
BELZZECEE2RLUCBEECODVWTE, £0
EREBFAICB VT HENECEEE 154 %
WZ EDBHS M ERE T,

ZOBEATIEIE, —RICEENRKEZVIEY, D
EVEBERACRBIEEFOEHHE T, KEOK
BiZ, £, BRick-T, 2o cAERHECE
WTHRDEZ DD, M Fp o2 R E TICK
E{FERL, FhElgs cREREL <Ly
2L p?, AEOKEZELOEREPEET S
ZrRHAETHD, BRESY I, ERER/IIED
AR DO THEEOMRBERSHER LRI &
L, WESH (6 8) ZL0REEROTWE, il
1FTeRIBImEKET 28 b AN, 2
ITR, BESY RO ER LD, BIIEOSE
ELEE L OBFER (Table 3.) »oeRilE
T3k, 1 F TR94~104mm, W 2 F TR
123~142mm, 7% 3 F Ti3152~158m& %2 5, /1|
B2 TE£REOERA» SHATIEERD 5
L1 FOLEM~1M4mTIR 4FA6NE T &
Lh, I, Bl FATLEE4~57)
HONDB L EHIFITT S, BRI, 2Ff
ZDOWTi5~6%], 3F¥AI7IERD, A
FIBHBEBOK E i FREEIWICHTE 3 HRE
HLEETERL, LrLiss, ¢£ELOHHE

FEIIERETIZ0.48~0. 208HETZFNIZEE
WETR L, B, BBETIES XEBEAREICD
W w0308 EWI Lo, EREECERL
AN BHEHEYD L OBRBRERN T 2LEND
%3,

2. FEIMEB D EEOEE

5 2 BHE K VBB OBE S & I
Fig. 3.1z, EHMEOFESEOZEORERZR (tE
% Table 5.0cR U7z, 738, WHEHERTIZ X Table 6.
WRLIE D2, REME VEEEIRD SNR
oz,

52 BN, YRR Tld25~29 DB
T, T— F 326, 2712H D, FHMEE26. 5074 (B
BEVT)IEE £ 26.8, ABANIEE © 26.6, RKJIE, <A
JUFE 1 26.4) Tholz., NREBETIT2~2TDH
BT, E—FRvIhd26, FHEII260% (R
WBRE 1 26.1, SKJIEE : 25.9) L HUNEEL D/
ZEER U, BE, BBECBVLTIE, 24~27
OHHET, T-FRVTNnb26, FHYEIZ26%T
EY, BEEECOWTIE, BYEEETIED
THROBDENEPN% EBZ 572 Y, FHHEIX
25.6 L HIAVEEE T LEAURIZ 1 D 7dn o 72,

BRSO W TIR, BREES26HIE (F
BTN ©26.2, 7D 26.0) THRLEL, X
WTAREEE (WFhb25.7), AEE (25.4),
EBERE (25.2) OIELZDE 2T L IZIZERED
EAmERL 2. RHCBEE I DWW T, fHEtc
1 a5z — Fosh DN TH - 12,

EHHEDZEDOWREOFER, BHEEORTLE
BITINE DS 2 BELML L EEEN A 5125,
SHC A% &, BYEYEE, \R¥EE, JHERE (&
E, &%) ©3EMMTHES »LEENTD S
7z,

EHE O (FiyE) % Fig. 4R LT
2, WIFNLE2EEPBRELID L, 351,
WBRERE, REE, /RNEE, BYEEOIHICER
RICE 2 58, BECLHEEL TS, AEOD
52 i EE, BRI L B IT23~26', 5 2 I
24~26, BE23~25'9 L ST\ 308, BHGE
DHPEHDE 2 TR F OEMEMZ Tz, %

34—



60} GROSS OF
| HAYATSUE ROKKAKU HONMYO MIDORI ARIAKE SEA
40Ff — ]
20 f— —
ol [ — L L
02228 28 24 . 26 28 24 26 28 24 26 28
5 LI L
20— — R
40—
60—
_ GROSS OF -
80 MATSUBASE HIKAWA KOREA TAIWAN

60

YATSUSHIRO SEA

40—

20—

24

FREQUENCY DISTRIBUTION (%)
o

0 =
20f—
aof—
60:

&

UPPER : second dorsal fin
Fig. 3. %2 FER VBB O ERBISEE S5

Frequency distribution of the soft rays of second dorsal and anal fin in each habitat.

LOWER: anal fin

Table 5. EREEDEHEDFEHEOZOHRE (t1H)

Test statistics from the test for equality between two means of soft rays.
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Ariake Sea Yatsushiro Sea
Habitat Korea Taiwan
Hayatsue Rokkaku Honmyo Midori Matsubase Hikawa
Ariake (Hayatsue) - 3.51** 2.18* 4.03%* 5.47%* 9.29%* 9.13** 7.88**
(Rokkaku) 1.67 — 1.82 0.22 2.15* 4.74%*  5.92%* 3. 71**
(Honmyo) 2.07* 0.00 - 1.95 4.02%* 7.66%* 7.96** 6.32**
(Midori) 2.08* 0.16 0.20 - 2.62%* 5.80**  6.82** 4.19**
Yatsushiro (Matsubase) 4.26** 2.44* 2.81%* 2.37* - 2.11*  3.71** 1.62
(Hikawa) 4.93%* 2.79** 3.32%* 2.83** 0.13 - 2.38%  0.14
Korea 9.13** 7.07** 8.15%* 7.18%* 4.80%* 5.01** — 2.09*
Taiwan 6.10** 4.34%* 5.04** 4.40%* 2.29* 2.34*  1.90 -

Upper . Number of soft rays of 2nd dorsal fin, Lower : Number of soft rays of anal fin.

* % . Significant at 1% level.
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Table 6. BREHDMERER O TFHEOZ OBRE (t E)

Test statistics from the test for equality

between sex in soft rays.

Habitat 2nd D. fin A.fin
Ariake (Hayatsue) 0.69 1.33
(Honmyo) 0.43 1.25
(Midorti) 1.09 0.00
Yatsushiro (Matsubase) 0.85 0.75
(Hikawa) 0.05 0.27

Korea 1.92 0.82
Taiwan 0.88 0.37

There were no significance at 5% level in each TAIWAN

habitat.
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Fig. 4. EHEOE 2 TR UERERSEH
The number of the soft rays of second
dorsal and anal fin in each habitat.
The values were mean number.

EHEE IRETFTOKE, S, RKEFOFEC
ko ThrEEELEASH, RICKBOEIZLS
FERIRELMONTHE DY, SEORBRITREH]
DEBBBEOHRECLIZbOLELELISND,
3. VS RI—DIICL ZEMBORS
EHOF SRR 6 HE OEME OFIIMER M
W T RS ST (EEEEER) Y BT, SRR
2 & B 8 EMOSERRA T, FELUE L
2—-70y FEFERCESOTEREL, Boh
727> Fur I L% Fig 5acmRL7z,
eEfcs s, $IEE BE, REE
CEREIC 293N, 512, BRNER/REBE
CHEEEEI 2080, BF3RKARRIER N, E

ARIAKE

YATSUSHIRO (MATSUBASE) -————l

KOREA (MOKPO) —————-]

Dij
0 2 4 6 8 10 12 14 16

-

(HAYATSUE)

(ROKKAKU)
(HONMYO) 9 l
(MIDORI)

(HIKAWA) —"—'l

(TAINAN)—‘—"——J

Fig. 5. 4MEEEEID L 2EMESDT Y Fas 7 A
Dendrogram resulting from linkage clus-
tering of dissimilarity matrics with group
average method among 6 morphometric
characters.

HARE ORI % % b, BEEIISEBE

(hMEKEEE) LY EERCXVIEL, i, BH
YRR EE A OF BAYERE I b~ R¥E D 2 EEHIOD
FHE DI (EEEEECL0knfRE), DY, 5t
EBIC L 25 BT, HfOmIL DL
LakESR, EBRRLLTHETE, S5 EN
ROV TIR, BYWE, AREO 2EEFCSD
BLIENTEZITHS.
HUBEOT T, ASAJIECRBNENIRY]
CEELTB Y, MERMOHEEMUEINE N, D
0, AEHESRLIEVESZL LS. RoTH
N, BETECETES L, BHE4ERD
TR RBITIEDS R D B2 L /ERERED &
E2TCrEF3THB, N\ 2 EHROIEEMU
133,67, BELJIE L MOEHBEL D iy
BRI b o 7.

Bk, B4 8 EHIOAMIEREOMEIC DWW T
IR U728, FEREIIRE, D% Y, EBRAY
CET RS D 2B RS T, HERE
B (&) v HFEEETEEESRD
shiz. 351, BUEEMCBLTH—EoKR
BETRERENED S, KEONEEREIE»%
D OEENERE->TWa Z eI bpbhi, 2
72, SEOFEH CHEROHI BN D2 L, B

— 36—



BHOSEERESE—TRVWEH I L,
D BEOER, OBEICDOVTE S IZFETE

=

1. B#E, /i, BERVEEO 8 EMD
LY duy ek, IMEE, BHE, 5
2EBOR ST E OBREUE 2 T, BiEwR
B0 D W T HERE L e,

2. EEEREEICOVWTE, \REBEIZRLCE
BEoga, MR, HEESMERCLHS
PIEL, BAFIEIC O W, BE, SBE)
ENEHENFC2ROHSHS L PR VED
HESANAONT, BHEB4IERCOLTIRKE

X

1) MEERK 1964 - fEORELRERI. AlEE
&, R,

2) R Huk-d BB OSCE 1990 ¢ KBEIRA
R, ERFIEEIE. KEFH (JOUR-
NAL OF FISHERIES OF CHINA), 14(3),
179-188.

3) HHEFE - HFOEE - FRB— 1989 4V Io
v OATHEIECET 20158 — 1. READERK, &
AR, (1D, 1-7,

4) HEFE - FOBE - ATRE 1989: v To
v ONTHEFEC T 25— 11, ATEIREI X

LRI O EEIRA, (R AT, (1D, 9-16.

5) WEFHE - HFHER - -FORE-BFF R
1989 : LAY T AT B S B RFgE — 111
SERUCHFHEAHET, EEAKEP®R QD,
17-28,

R IBEYIKERES 1989 © IEAI63F A His e
EETEIRTERON AR, A BE VTR
BWESE, K1 -1k

B EEYKESBRE 1991 © ¥ 2 SR HsRE
EREEERIREES, K PRES VTR
BWES, 1 —#39. ~
FEEEEYKEREY > 5 — 1993 : R 4 £
MR AR R R, A5 - FRES

6

~

7

~

8

~

17 2 EHEME DSHRPRROMES & D B L &

(-,
v

#9

AREIEA S o T,

3. B2HE, BERSZLITHLEREENSED
%<, ROT/RBE, SBE, BEEOHETH -
To. FEMEE B 5 L, FHEELBEECEWT
NHEHBEDO B 1 Lo T,

4., 7AYo B 217o R,
KER, BARO 2FCKFITE, 35ENSR
WZDoWTIE, B, MO 2EREICST 2
ZEMTET:,

[y

N—THEwEE, 155

9) /NEFEMESE 1980 AV TuvD4HE— 1, #
£, HTB L UREC DV T, EHKRE,
(7),123-150,

10) LM 1988 @ HAERARE. wILEHER,
HERFHRE, B

11) BAEEEA 1985 v A4 210 & 5 EFEREHILEE,
g, R

12) BEREEA - & £-mHdt B 1991 gERR
BN OIS AT 54V T 0y OFE#H L RE.
HKEE, 54(4), 637-644,

13) |WA B - /NEFEESE - BRIE= - BREET
1983 1 &Y Tu v OERIPE, HARE 49D,
69-74,

14) BIL—BEF 1974 I FTHAEHYRKE(T]. 5, M
HER, 379. Mok, HE.

15) EEEH 1988 | HAEMARE. WILRER,
718, WEKFEHRE, HE.

16) #AH R 1980 : AR, 2RI, EEMELRE.
B,

17) W &« #EARHRZ - BHAE 1985 : XY 3>
HEHRIT AN B 7y 7 IS EBEFE, £id
MR, HE.





