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Fish assemblage structure in an artificial canal on reclaimed land in
Lake Hamana, central Japan: comparison with an adjacent shore zone

Kazuya TAKIGASAKI® and Mitsuhiko SANO

Abstract : To determine whether or not fish assemblage structures differed between a concrete-
walled canal, with a sandy bottom and markedly slower current velocity, on reclaimed land and
the adjacent sandy shore with scattered boulders, sampling using a seine net was conducted in
Lake Hamana, Shizuoka Prefecture, Japan, in March, June and September 2012. The mean to-
tal number of fish species per tow was significantly lower in the canal than along the adjacent
shore throughout the study period, because of the lower number of resident benthic fish species
in the canal. The mean total number of individuals, on the other hand, was greater in the canal
in June due to higher juvenile abundances of the goby Favonigobius gymnauchen and nibbler
Girella punctata, although not in other months. A similarity index indicated a distinct differ-
ence in species composition of the fish assemblages in the canal and along the shore. In addi-
tion, the mean standard length of all fishes collected throughout the study period was
significantly less in the canal. These results suggested that the fish assemblage structures dif-
fered significantly between the canal and shore, with some juvenile fishes preferring the former

environment, despite its lessened suitability for many species.

Keywords : Artificial canal, Fish assemblage, Reclaimed land, Lake Hamana

1. FC®IC
WRIEIHE S PR E OO =3 b — Y
L, ek EcRbAEEEOBWERBZROVEDE
JER LT3, ZORFERBRIITOAEMZHME
DIERERMEEE T B 7201, RO E
WHEIR E 7S > T B (GEEF, 2000), £D—JT,
Z L EFTT 2ER L RIE RS 2 ARITEE)IC &
D, IREERBREEBIZHILL (LoTzE et al.,

1) WRlRPEREBEREAGEEIRREE 2 7 L%
HIK
T113-8657 HAHIHR s HtXpR/E 1-1-1
Department of Ecosystem Studies, Graduate
School of Agricultural and Life Sciences, The Uni-
versity of Tokyo.
1-1-1 Yayoi, Bunkyo-ku, Tokyo, 113-8657,
Japan
Tel/Fax: 03-5841-8921

* E-mail: kzy0615@gmail.com

2006), ZoOMEITHANZHLEEL > TS
(SEAMAN, 2007),

BEAEITH O TIE, 1960 LI, EERK
WEEEHESDE S X DI, FEXE - ETHe
AR O, KoMK EAHMNEL
TCINFR D HINL T Eudic i S i, © DGR,
RERIHE 0% { FEEMLL, DEEYMOA RS
IR, HBOEBANICE > T LTLE -
7z (AW, 1977 ; 38T, 1994 ; £S5, 1999),
Ok, ZL ORFEYPEEEZ T, IR
DX F iR A otz (h4 s, 2008),

ZD & AT, HNLTIT & B RE-LIZINEEY D
HESZES 0, To—THNHNIZ IS % T
BOHI B RBRENE D EINE &b H 5,
BIZE, HRARHEE T oy 75 EE AR
BRI, & 5 WIEEKPHK, BUK, Mo it
T2 MicdlERsnhs, a0 7)) - EHO
ANTIKHETH 5, ARERER T EMEED AR



74 La mer 51, 2013

BEENTERR S N, 1 FH 2B D T RIIAE B A S
LD, A2NVERT A F A EDOZREE M
BORHH LD T3 2 EnEEhTH3 (eg.,
HS, 1991 O FE S, 2005), —J5, HEhk & a8
A ATKES, KNRAT S, fafi%x
BOIMREY O RY & UTHREET 5 rlREPED
HbB, UL, ATIKENED XS BB E K
L, EOXHBABOERLER > THED0IT
FEAEDN > TN,

Z T CTAPIE T, #IREEICALE T 54
MizBuLT, SiaHic@EREsnica 7Y — Mk
D D ANTIKEK & JE B D B 73 08 & % Ll 3 5
&Itk T, ALUKBOSRESEETEL, <
I ED KD BABHENERI N, O
EDHIDHFIHD & D & & DFEERIS B D)%
SMZT BT EEHME LT

2. MEEAE

2.1 BEHOHE LAER

AT, RAB OB EMRTHARE) I
I N ALKEE (34°70'N, 137°60'E), B &
Uz nICBiEET 2 BN 2 (LU, 2hgh
IKEEN, TKEESF EIE3D) BT, 2012 4E0
3H, 6 HB XTI HITIT- 72 (Fig. Do 4
(RBma% 74 km®,  JHPA 141 km) 13, FEMO4Y]
HcmME sk LT 0, M5 IO KA
MATHINETHS (FAH, 1999),
ANTKREIZ, HH4Am, 2EH420m O/NE
Mgt oT, BKkEXUE - ko HIYT 1988
FilcEZR N (Fig. 2a), JERIIZFHEL I L o
J)— T, Toiidde CGAEM - 211, 2002)
MEX 5em FEETHERE L Chvic, mifilmmisa »~
J) = HBENVEBEAAICIIEEH#EREL ST
W5, ATk o s & PH o BT 75 ki & 4.

30—

Lake Hamana

N
Study area
N 34° 70'N —
2km
| I
-
5|0, Sea of Enshu 137°I 60'E
Adjacent

shore zone
N

o
Artificial canal

200m
I

/

Fig. 1. Map of Lake Hamana, western Shizuoka Pre-
fecture, central Japan, showing study sites (arti-
ficial canal and adjacent shore zone).

Fig. 2. Two study sites: artificial canal (a) and adjacent shore zone (b).
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Fig. 3. Water temperature (mean *+ standard deviation, n = 4), salinity, dissolved oxygen, water turbidity
and current velocity in the artificial canal (@) and adjacent shore zone ([]) in March, June and Septem-

ber, 2012.
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Table 1. Results of likelihood ratio (LR) tests examining differences in mean physical environ-
mental factors (n = 4) among sites (artificial canal and adjacent shore zone) and
months (March, June and September). Holm-Bonferroni test was conducted when like-
lihood ratio test results indicated significant month effects (p < 0.05).

(a) Water temperature

Explanatory variables df LR x* p Holm-Bonferroni test
Site 1 0.9 0.351
Month 2 8647.1 <0.001
SitexMonth 2 8.6 0.013

Results of likelihood ratio tests examining differences between sites in each month due to a
significant sitexmonth interaction in the above test.

Month Explanatory variable df LR x* p

March Site 1 7.8 0.005 Canal>Shore zone
June Site 1 <0.05 0.867

September Site 1 169.9 <0.001 Canal<Shore zone

(b) Salinity

Explanatory variables df LR x>

P Holm-Bonferroni test
Site 1 0.7 0.405
Month 2 0.6 0.749
SitexMonth 2 4.3 0.118
(c) Dissolved oxygens
Explanatory variables df LR x* p Holm-Bonferroni test
Site 1 0.3 0.615
Month 2 6.5 0.038 Mar.=June>Sep.
SitexMonth 2 0.2 0.888
(d) Water turbidity
Explanatory variables df LR x> p Holm-Bonferroni test
Site 1 1.7 0.196
Month 2 7.0 0.030
SitexMonth 2 6.1 0.048

Results of likelihood ratio tests examining differences between sites in each month due to a
significant sitexmonth interaction in the above test.

Month Explanatory variable df LR x* P

March Site 1 <0.05 0.827
June Site 1 3.1 0.077
September Site 1 1.0 0.320

(e) Current velocity

Explanatory variables  df LR x> p Holm-Bonferroni test
Site 1 59.4 <0.001 Canal<Shore zone
Month 2 12.9 0.002 Mar. >June=Sep.
SitexMonth 2 2.7 0.255
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Table 3. Results of likelihood ratio (LR) tests examining differences in mean numbers of fish spe-
cies (a) and individuals (b) per haul (40 m*, n = 4) among sites (artificial canal and adja-
cent shore zone) and months (March, June and September). Holm-Bonferroni test was
conducted when likelihood ratio test results indicated significant month effects (p < 0.05).

(a) Number of species

Explanatory variables df LR x® p Holm-Bonferroni test
Site 1 6.2 0.013 Canal<Shore zone

Month 2 11.5 0.003 Mar.=June<Sep.
SitexMonth 2 0.9 0.623

(b) Number of individuals

Explanatory variables df LR x* p Holm-Bonferroni test
Site 1 0.5 0.500

Month 2 1.0 0.607

SitexMonth 2 6.5 0.039

Results of likelihood ratio tests examining differences between sites in each month due to a
significant sitexmonth interaction in the above test.

Month Explanatory variable df LR x? P
March Site 1 0.9 0.331
June Site 1 5.6 0.018 Canal>Shore zone
September Site 1 2.4 0.120
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Fig. 4. Mean numbers of fish species (a) and indi-
viduals (b) per seine net haul (40m* n = 4)
from the artificial canal (@) and adjacent shore
zone ([ in March, June and September, 2012.
Bars indicate standard deviation.
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Fig. 5. Dendrogram of cluster analysis showing similarities of fish assemblages based on the number of indi-
viduals of each fish species in the artificial canal and adjacent shore zone in March, June and September,
2012. Assemblages were divided into four groups (I—IV) at 45% level of similarity.
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Fig. 6. Mean numbers of species and individuals per haul (40 m’, n = 4) of resident benthic (a, ¢) and swim-
ming mid-water (b, d) fishes caught by seine net from the artificial canal (@) and adjacent shore zone
(D in March, June and September, 2012. Bars indicate standard deviation.
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Table 4. Results of likelihood ratio (LR) tests examining differences in mean numbers of species
and individuals per haul (40m®, n = 4) for resident benthic (a, ¢) and swimming
midwater fishes (b, d) among sites (artificial canal and adjacent shore zone) and
months (March, June and September). Holm-Bonferroni test was conducted when like-
lihood ratio test results indicated significant month effects (p < 0.05).

(a) Number of resident benthic fish species

Explanatory variables df LR x* p Holm-Bonferroni test
Site 1 7.6 0.006 Canal<Shore zone

Month 2 0.2 0.914

SitexMonth 2 0.7 0.691

(b) Number of swimming mid-water fish species

Explanatory variables df LR x> P Holm-Bonferroni test
Site 1 0.4 0.537

Month 2 23.0 <0.001 Mar.=June<Sep.
SitexMonth 2 2.0 0.362

(c) Number of resident benthic fish individuals

Explanatory variables df LRx> P Holm-Bonferroni test
Site 1 5.9 0.015
Month 2 20.0 <0.001
SitexMonth 2 19.7 <0.001

Results of likelihood ratio tests examining differences between sites in each month due to a
significant sitexmonth interaction in the above test.

Month Explanatory variable  df LR x* p

March Site 1 2.0 0.158

June Site 1 3.9 0.047 Canal>Shore zone
September Site 1 57.7 <0.001 Canal<Shore zone

(d) Number of swimming mid-water fish individuals

Explanatory variables df LR x* P Holm-Bonferroni test
Site 1 7.1 0.008
Month 2 5.3 0.069
SitexMonth 2 7.7 0.021

Results of likelihood ratio tests examining differences between sites in each month due to a
significant sitexmonth interaction in the above test.

Month Explanatory variable df LR x* p

March Site 1 6.1 0.013 Canal>Shore zone
June Site 1 <0.05 0.977

September Site 1 0.4 0.535
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Fig. 7. Frequency distributions of standard lengths of all resident benthic (a) and swimming mid-water (b)
fishes in the artificial canal () and adjacent shore zone ([(]) during the study period.

Mmotc, Fiz, FHEK S IKEEN & KEEAE THARME I
Bt 57,

MEREDIKBENTY L - 1D, EAEEFE
FOFHNZ UinoTzicdTH D EEZ 6N 5,
IKEEN TR B ANEWRE 40 LT LAk,
BEAEEFEAOEREIHRD TRENTH - 72
(Table 2), FEAHLBASKEEN & KA TR - 7
Db, IhUBE—KTHAS, DK ITKEN
TEAEEBOEEMN DL - I BHK E LTI,
HEO LXMW ESEMTHENEIN TS Z &
MEZoND, KENOEmDIE, I >7U—F
HE O FIChbis—RRICHERE 3 2 B EREETH B
B3, TR AL DRI RN 2 73 i P AR R A
Z Ao, ZHEEERBRENIIET 5, B
KTH, EHOYHEENIEHTH 513 RO
LM T 2MEINICh 2 EMESINTED
(e.g., McCLANAHAN, 1994 ; FRIEDLANDER and
PARRISH, 1998 ; GRATWICKE and SPEIGHT,
2005 ; PHH 5, 2008 ; WILSON et al., 2012 ; SL#A
5, 2013), JEEMGE Db O NEOJEAEME

MTEZOREBREEFETH-EEZONS
(SANO et al., 1987 ; LEwis, 1997, —J, JEE
i1~ OARAEEE MR D TP ek L O FERUT I, K
BN & KB THENNRA SN 5 72,
FREROI AL A28 L TKRBRN T E -
0, WEARET 6 HITKBNTEZ -7, Zhid,
EEEHATH B ANEORER & hElEik gD
AV F OHFMZ DHIZBLTOAKENTEH -
722 EIRER LTz (Table 2), F7z, gt
TKEOMEEE S 3 HIZOAKBNTE M -7,
iz, RIOMMANZH NI LI /cDHTH -
(Table 2)o ZD X H1Z, KN TIHIEENLZ -
7oD13, HEfaO AN BT LT,
hEAKBN KB THEKT 5 &, KAEEE
&gk & SITKBNTHREIT/NES - 72,
iz, KEHNTEEE 30 mm UL F O FE bk
AN - To, HEFLTS & /NI ABERKAE T HMK
< (FIsHER et al., 2000), KKDOMI T T D &
I RHBIIH LT HOMOFIRERICE S
(FULTON et al., 2001), KEEHN TIZiREHDED
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B o Fotosh, INERIT & S TR, JEOE
BT U B muO KR AR 38T GEEEEAT &
2o TOIAlRETEN E Ve 3 HIZAR T O,
726 HITEANER A UV FOHMMKKNTS
MolcDE, ZDDHTHAMLE LN,
—77, 05 OHEMIT KN % kT TR
<, HBZOYE (@8) LLUTRALTH5]
S H 5 (Kuo et al., 2000, LAL, 5%
AVFOMMOEERMTHIHM TS 7~
DRI, KEENOHEKIFN I X > TKEI NS
MALTL 270, KENEKEINTIZIZRLT
HHrEEZOoND, 12, EANEOHMITEA
HBHATH D, HPKEANTZORESIE, o
JEAE BB AR KBNS HINBLT 5133 ThH
3, LML, Z20k5 BEREIB N -7
(Table 2), L7z~ T, %< OHMAIIKENZE
fGELTLD G, #EETELTRALTLS
&%%éhf:o

4.3 BEOEBSELTOAIKE

AT X D, EAB Oz #ZR S A
LKL, FIPHO KK & i U TR Rk o
IROERHEDE R SN T B Z EANHIIE L 72,
ZD—HT, HMHKEEIIDAR N, FRICHEf DS
Z R, KENIZEN S QBT & LT
FELTWAZ Ebbhotk, Lichi-T, HATHE
DANTIKEEIZZ S OMFIZE > TH LckRET
RN bDOO, NP E Do fEEIC
SUTREEGSARSGELDESL I EHRES
niz,

UL, $XTOATIKEENZ DL SEED
RS LR 2D TR, ALK, koD
HA D DD NSRS SRS, KERN
RIS U TSR LT 0B E 2 5,
Frz, EFRICB0WTIDO X IRMICR S &, &
JERDAM DA U, HEEEDREYO
BB ELUTRABICE B d 3 (I,
2004 ; K « /4, 2012), ABHIEo KT,
IKEES I & DHFKDIRAIC & - T, BERERIZ
HETHEWE (T~9mg/L) ZHiFFL T
(Fig. 2o O XSz, ALKEEHfIHO 4B
EUTHEET 5101, JKESH & Difrk o3 hs+
BICHBENEEERLLTHA I,

# O
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