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Fish assemblage structures on artificial sandy beaches in
inner Tokyo Bay, central Japan

Taro SHISHIDO ¥, Shigeru AoKI, Seiya KANEKO and Mitsuhiko SANO

Abstract: Daytime seine net sampling was conducted on three artificial sandy beaches (Inage,
Kemigawa and Makuhari) formed on reclaimed land at Mihama, Chiba Prefecture, central Ja-
pan, in September and November 2017, and May and July 2018. A total of 1091 individual fishes,
representing 19 families and 23 species, were collected throughout the study period. Five species
(Lateolabrax japonicus, Platichthys bicoloratus, Konosirus punctatus, Hypoatherina valenciennei
and Plecoglossus altivelis altivelis) were dominant, accounting for 87.4% of all individuals. Al-
most all of the species collected were represented only by juveniles, suggesting that the artificial
sandy beaches were used as an important juvenile habitat by a variety of fishes. Although no
differences in total numbers of fish species and individuals, and species composition were found
among the three beaches, the mean standard length of fish pooled for each species tended to be
smaller on Kemigawa Beach than the other two beaches. This difference may be due to the pro-
tected aspect of the former beach, resulting in relatively low wave activity, due to the construc-
tion of inwardly-curved groins on either side of the beach.
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Fig. 1 Map of the study area at Mihama, Chiba Pre-
fecture, central Japan, showing three artificial
sandy beaches (Inage, Kemigawa and Makuhari).
@, sampling point.
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Fig. 2 Physical environmental factors (water temperature, salinity, turbidity, dissolved

oxygen, wave height, wave period, median grain size and organic content, indicated by
ignition loss) on Inage Beach (@), Kemigawa Beach (4A) and Makuhari Beach ([]) in
September and November 2017, and May and July 2018. Data include means * stand-

ard deviations (7 = 4).
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Table 1. Results of likelihood-ratio (LR) tests examining the effects of
month and beach on physical environmental factors using a gen-
eralized linear model (GLM).

df LRx> p HBT
Water temperature
Month 3 24077.7 <0.001
Beach 2 12.6 <0.01
MonthxBeach 6 101.8 <0.001
Month in IN 3 19500.0 <0.001 Jul>Sep>May>Nov
Month in KM 3 8636.8 <0.001 Jul>Sep>Nov>May
Month in MK 3 4725.9 <0.001 Jul>Sep>Nov=May
Beach in Sep. 2 239 <0.001 KM=MK>IN
Beach in Nov. 2 506.4 <0.001 KM>MK>IN
Beach in May 2 15.9 <0.001 IN>KM=MK
Beach in July 2 4.6 0.102
Salinity
Month 3 8462.3 <0.001
Beach 2 139.1 <0.001
MonthxBeach 6 225.2 <0.001
Month in IN 3 2022.3 <0.001 May>Sep>Nov>Jul
Month in KM 3 22520.0 <0.001 May>Sep>Nov>Jul
Month in MK 3 2080.1 <0.001 May>Sep=Nov>Jul
Beach in Sep. 2 23.9 <0.001 IN>MK
Beach in Nov. 2 221.7 <0.001 KM=MK>IN
Beach in May 2 102.4 <0.001 IN>MK>KM
Beach in July 2 190.7 <0.001 IN>KM>MK
Turbidity
Month 3 135.2 <0.001
Beach 2 42 0.122
MonthxBeach 6 22.7 <0.001
Month in IN 3 48.7 <0.001 Jul>Sep=Nov=May
Month in KM 3 138.7 <0.001 Jul>Sep=Nov=May
Month in MK 3 25.0 <0.001 Jul>Sep=Nov=May
Beach in Sep. 2 14.3 <0.001 KM=MK>IN
Beach in Nov. 2 3.1 0.216
Beach in May 2 13.6 <0.01 MK>KM
Beach in July 2 6.6 <0.05 —
Dissolved oxygen
Month 3 619.7 <0.001
Beach 2 16.7 <0.001
MonthxBeach 6 46.0 <0.001
Month in IN 3 350.5 <0.001 Jul>Sep>Nov>May
Month in KM 3 163.6 <0.001 Sep=Jul>Nov=May
Month in MK 3 263.6 <0.001 Jul>Sep=Nov>May
Beach in Sep. 2 19.6 <0.001 KM>IN=MK
Beach in Nov. 2 40.9 <0.001 IN=MK>KM
Beach in May 2 11.8 <0.01 KM>IN
Beach in July 2 5.7 0.058
Wave height
Month 3 266.9 <0.001 Jul>Sep=Nov=May
Beach 2 21.5 <0.001 —

MonthxBeach 6 2.8 0.828
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Wave period

Month 3 158.6 <0.001

Beach 2 89.7 <0.001

MonthxBeach 6 88.2 <0.001
Month in IN 3 90.5 <0.001 Jul>Sep>Nov=May
Month in KM 3 12.0 <0.01 —
Month in MK 3 154.1 <0.001 Jul>Nov>Sep=May
Beach in Sep. 2 100.5 <0.001 KM>IN>MK
Beach in Nov. 2 62.3 <0.001 KM>MK>IN
Beach in May 2 62.8 <0.001 KM>IN=MK
Beach in July 2 3.0 0.220

Median grain size

Month 3 8.9 <0.05

Beach 2 7.8 <0.05

MonthxBeach 6 20.3 <0.01
Month in IN 3 56.4 <0.001 May=Sep>Jul=Nov
Month in KM 3 10.5 <0.05 Sep>May
Month in MK 3 4.1 0.253
Beach in Sep. 2 7.3 <0.05 —
Beach in Nov. 2 4.8 0.089
Beach in May 2 59 0.052
Beach in July 2 36.0 <0.001 KM=MK>IN

Ignition loss

Month 3 52.4 <0.001

Beach 2 336.4 <0.001

MonthxBeach 6 46.2 <0.001
Month in IN 3 3.6 0.312
Month in KM 3 39.1 <0.001 May>Sep=Nov, Jul>Nov
Month in MK 3 22.5 <0.001 Jul>Sep=Nov, May>Sep
Beach in Sep. 2 67.7 <0.001 KM>IN=MK
Beach in Nov. 2 19.8 <0.001 KM>IN=MK
Beach in May 2 150.1 <0.001 KM>IN=MK
Beach in July 2 180.3 <0.001 KM>MK>IN

Holm-Bonferroni test (HBT) was conducted when the GLM and LR test results

indicated significant effects.

—, The HBT results indicated no significant differences among months or beaches.
IN, Inage Beach; KM, Kemigawa Beach; MK, Makuhari Beach.

3R L7z BEIMEDOMER, Aoz
SEHAER 542 L7z (Table 2),

WAL, TXRTOBEIZBWTHETOR
HAPALNTZ. WRIFRHEROUIETIX 9 H 21l
DALY %L, ABEOENIRLIOETD A
b7z, F72, THEERLSLE, EHOWEMTY
HEANALN, 9HTIEVRITOEIBRLIIR
HEOEI NV S o720 11 HES AHIZBWT
132 EILWOE TRV SN 2o 7285 11 A
TIFRAN O TE {, FHROETH L WEIIC
»o7z (Fig.3)o —7, 5 HTIRWARIFDE TS
<, BMAMNOETH R WER L %5 72,

322 REMESHEHY

FRAEEFHETIY CEL L CW0ld 7 IHT
BHotlo HFADHWIIZHE TS 1M (25 md)
Bz ) ORI Y ORMEAEI L 7 IO
MR % Fig. 312, - LERBRE O %
Table 2 1Z/RL72e WINOHHIZBWTHHE
WERORHEAEH R0 b7z,

WA, TRTOBEICBWTHAMTOA
HAEDNALNTZe WRIFTOETIZS H29H LY
b% <, MANRHEEOETH 5 Hidfhio &b
bEholze HFRITBTDWERTOEWIZOW
TiX, SAZBLEAIIBVWTHEERED LN
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Table 2. Results of LR tests examining the effects of month and beach on
the abundances of zooplankton (total), epifaunal invertebrates
(total and mysids) and infaunal invertebrates (total and poly-
chaetes) using a GLM.

df LRx> P HBT
Total zooplankton

Month 3 165.6 <0.001

Beach 2 17.8 <0.001

MonthxBeach 6 22.6 <0.001
Month in IN 3 69.5 <0.001 Sep>Nov=May=Jul
Month in KM 3 38.5 <0.001 Sep>Nov=May, Jul>May
Month in MK 3 73.7 <0.001 Sep>Nov=May=Jul
Beach in Sep. 2 36.7 <0.001 IN>KM=MK
Beach in Nov. 2 7.7 <0.05 —
Beach in May 2 7.7 <0.05 —
Beach in July 2 1.8 0.416

Total epifaunal invertebrates

Month 3 279.7 <0.001
Beach 2 11.0 <0.01
MonthxBeach 6 31.2 <0.001
Month in IN 3 68.2 <0.001 May>Sep
Month in KM 3 50.5 <0.001 May>Sep=Nov=Jul
Month in MK 3 454.4 <0.001 May>Sep=Nov=Jul
Beach in Sep. 2 46.7 <0.001 KM>IN=MK
Beach in Nov. 2 8.1 <0.05 —
Beach in May 2 52 0.074
Beach in July 2 25.9 <0.001 KM>MK
Mysids (epifaunal)
Month 3 1089.7 <0.001
Beach 2 6.2 <0.05
MonthxBeach 6 36.6 <0.001
Month in IN 3 741.2 <0.001 May>Sep=Nov=Jul
Month in KM 3 102.3 <0.001 May>Sep=Nov=Jul
Month in MK 3 275.5 <0.001 May>Sep=Nov=Jul
Beach in Sep. 2 0.7 0.701
Beach in Nov. 2 19.4 <0.001 MK>KM
Beach in May 2 5.0 0.083
Beach in July 2 41.5 <0.001 KM>IN=MK
Total infaunal invertebrates
Month 3 25.0 <0.001 Jul>May
Beach 2 14.0 <0.001 KM>IN=MK
MonthxBeach 6 12.4 0.053
Polychaetes (infaunal)
Month 3 31.2 <0.001
Beach 2 13.6 <0.01
MonthxBeach 6 14.4 <0.05
Month in IN 3 13.4 <0.01 —
Month in KM 3 18.9 <0.001 —
Month in MK 3 14.5 <0.01 —
Beach in Sep. 2 1.1 0.572
Beach in Nov. 2 9.2 <0.01 —
Beach in May 2 16.2 <0.001 KM>IN=MK
Beach in July 2 7.2 <0.05 —

For abbreviations, see Table 1.
HBT was conducted when the GLM and LR test results indicated significant effects.
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Fig.3 Mean individual numbers (* standard deviations, #z = 4) of zooplankton (total) per

m®, epifaunal invertebrates (total and mysids) per 2.5 m? and infaunal invertebrates (total

and polychaetes) per 1178 cm?®, collected by plankton net, sledge net and core sampler,

respectively, on Inage Beach (@), Kemigawa Beach (4A) and Makuhari Beach ([(J) in
September and November 2017, and May and July, 2018.

720 9 HTIIBAENOET W ZRIFRFROPL LD
%L, THTIEIBRANOENRFROBELY S
Motz 11 HIdZ HILEHE THEAP BRI S
N o723, BN OUETHZRITRHROE X
Db bIICE B A LNz (Fig. 3)o 5 H
X, BEMYICHEE TR o722 (p = 0.074),
Fig. 3 2 A% L HROETEZ WHINIZH - 720
7 IHOMEEBIZOVWTD, $RTOWEICE

WCTHBTORBEDSREDOON, LOWETH 5
HIZoH L h b Eh o720 FHOWERTOE
Wi, 11 HE7THICEEES AN, 11 AT
R OEDSHENNOE L Y %L, 7HTIEIM
RNOEDP AR ITRFHEDOIEL ) LD o720 F
72, METICIEEE T ho72h (p = 0.083), 5
AIZBWTIEHEDOERTE WHIAA S N7
(Fig. 3)o
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323 IBEMESHEY

HAEVE BEARHEBD ) T L T2 DI S BHIT
BHolze HADHKWMIEIZHE TS 1 27 (1178 m?)
B 72 ) OMAEVEBAHEEN Y ORI L £ B
%% Fig. 312k L7z £ BHEOMEKIZS
WL, HEWEOB TREER A LN
(Table 2),

WA HBE CoOREENALNR, 7THIES
BEWb%hol. T, WHEMTOHREENS
L, MANOEZWARITRHEEOREL Y H L
Nolz,

ZEHOMBKE T, FWECBIFLAMTO
HEADHD SN0, WTROBIEIZBWTD
% B ILIBRE TP SN e o7z, LAL,
Fig. 3% & 5%, WARTFOETIZI HIIPLXS
{, BRNRPHEDOUETIE 7 HIZZ WHEHIIA 0
LNz HHOWEMTIE, OHZKRIKHICE
WTHBERALNZDS, 11 HE 7 HIZBWTIE
L EILIRBE THEPBRIB SN2 572, LaL,
11 ATIRWARIFOET, F/27 ATRBEAIIO%k
T W AH SN/ (Fig 3)s 5 HIZBWTIiE
AN DIEATN T RFROEL D S 2o 72,

3.3 REMHKEOEE
331 B&EIhERE

£ A OF/W I THRE SN - KA oMEE, A&
R, BEERE, M4 Table 31TR L7z S
MAZ# LT3 o0 THRES NI, MM
e L72AE 19 B 23 1 1091 K TH - 72,
HZllZAaDE, 9 Hid 7 97 K, 11 Hix 5 &
9 ik, 5 Hid 10 ff 791 Mk, 7 H i 10 Fi 194
KTH o720 BHEEDEL 2o ML, AAF
(508 1K), 4 > H LA (183 fEfk), =/ 1
Konosirus punctatus (149 f8K), b Iduav A7
¥ Hypoatherina valenciennei (63 8 1K), 7 =~
Plecoglossus altivelis altivelis (51 fi{K) @ 5 FiT
HY, INHTEKRD74% % 5D7ze ThHD
BEEIZTXTCHEMATH D, FEOARHBIETS
BRSNS, AZXF 135 ADHIRDWE, V7
LA LT 5 Ao owE, a7 vaid7
OMEINOE, +ryITar 47239 ADV%RT

DIETE D> 72,

3.3.2 TEENCHMEGARER

BEHOBEBEICBITS 1 RM 300m?) H7-0
O & BIRAE % Fig. 412, - RERBRED
$5H% Table 4 1Z/R L7z #BMEEEIZOWTIEA
EWEORHAEM A BNz,

Mz A cogEErabh, 5H=7H>
IH=11 ATH 70 —F, BEMTIIAEEEN
H5D LTV Lh ol WKL TXRTOW
RTHMOEEEN AL, BENOEIIBWT
G5 H=7TH>9H=11H, ¥EDETIE5H
SOH=7TH>11 HTH o720 WRIFTOETIE
% EILBHOE TEIRIB SN h 7205 9 AD
fioH L) bR W Hh -7z (Fig. 4). &
HoOWERMTOREEZZ 5HE7HICAONT,
5 A CTIREREDOENVWARTOEL Y H%L, 7TH
TP DD RITRHREOEL ) %o
726

3.3.3 TEEM

% H O B/BE TRE L 72 & R oA B 3D
XFWEERD, 2 T A~ hkirol-& 25,
FEE 02 T6 2D 7V — T4 717z (Fig. 5)o
INLDEITN—T oAb E, MHEOMMBEIZ 11
AZzK& AZLICHEMLTW, $7/2 £HIC
BUAWEMOEL Y — VT IR RS T
B, #AXMMEZEL TALN—EDOMENIL %
Nolzs

334 #%E

% H DX THRE S N7z 2RO R EMK %
Fig. 6 \Z/R L7ze LERMEOKE, HLiito
MR HEAER DA L7z (Table 5)
EREOERERL, TRTOBEICBVTHRET
BEADVPARLNT, WERITOETIZ 11 H Mo
Ao b kX<, FBEOMEMIKEIIOETD A
bN7ze —J, FHROETIZIOHE 7TAN»SH &
DHKREDS720 HEHOWEMTOENICIONT
X, 11 HZBRWIEHATHEEERAONR, 9 H
27 HTRFEROETOHRITRRENOEL ) &
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Fig. 4 Mean numbers (= standard deviations, z =
4) of fish species and individuals per 300 m? col-
lected by seine net on Inage Beach (@), Kemiga-
wa Beach (&) and Makuhari Beach ([J) in
September and November 2017, and May and
July, 2018.

K&, 5 TR, Fik, BN OHEDNHIZ
KEh o7

5HICREINI-BEEHOAZIF L A LA
DIREHK % Fig. 7 TR L7z, WEOKREIXZ
NZIWHEMTHRICR LD, AXFITHEOLR
THRANDOEL D DB REL, AT VATV RIT,
Hk, BANOEDNRIZKE 22> 72 (Table 5)

4. ER
4.1 EMIRIE

A L7 BNEREEHE 09 B, H o (3
HbBEFEHEIL) 3008 (WO, K
RNOE, FHEOE) IZBWCHEERD/NY — T
AONT-DIE, K, Mo, W, BARER,
WETH o7,

BT, K e SKmOFHELATIT—3
LTBY, HiZEL, LI ka2 epmsn
Twb (JREH, 1997b; BUE RN 7R E
2, 2011) 0 ARFZEIZBWT D FERDMEINA A S
, KIE9 A, 7 HICE L, 11 H, 5 AIZ&h» -
720

HEEOBERTIX, EomiElicEosoiKTh
ZL W ESHESNTWS (RS, 1997b; 3
B WEREMERHE, 2011). AFZETLH
ﬁm,m X5 HIZHEL, THTEYP -7 Th

I, BRICHAT HIRAKBEHBENBICELL DD
t#%%bfwét%x%ﬂfwé(ﬁﬁ%ﬁﬁ
WREMERHS, 2011). S 512, TOHMMETIX
KB R ZE RO J 10 & RCBItRICH B L v
NTwb, JAEH (1997b) 12k 5 &, HIZBANT
WA S, ESIZEOL» S BRI ) F
M (F)E) 2SEBT % &, HOOMRWEEAKH
BRICRXFEONL 20, HORTAPESh
HEWVI,

T/, WAL FHBRC, RFETALNIEE L
WROFMEA S HOFHMOME L 2T TEL
SEALTH D MRS NS, MEHIZ7 HlgBw
THOH L) QBFEFITHE P -T2 TNUE, BEOF
HiEIZ X > TEON LR EFESNEIBEBRT
Bl AL BT, WKSZEOWITE > THELS

N, BENELL ho2bnEEZLNS,

FIENBEORBIR T, BARERIEICH
{7, KEL BB EAWEERTWS (A
I - KIH, 2010), ZOBLRIE, MW TT 7 v
DERIZ L DEEHRFERT ML DL b
NTW5B, RIFZEIZ BT b RO M| %2 7R
L, BHEBERI7THTRLS o7,

—7J5, WUERETO®E ST % 8 L TR
WCALNHE L, WS LR TH -7 K

EERR T O TBOMUE X ) AR, Tk
ﬁiiﬁEM®@fmw@m%mLto&mﬁﬁ
RO TV & v ) R IZ, ORIt o iR
DM N TH L EVH) T L EREIRL T
Who T, MENOWEIZBWT, WHNZE
L CRkiE S N2E800s, MEPLOWRREY H LR
JE, BivwTwaibtEz o5 (Figl)o 20
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Table 4. Results of LR tests examining the effects of month and beach on the

total numbers of fish species and individuals using a GLM.

df  LRx’ p HBT
Number of species
Month 3 37.6 <0.001 May=Jul>Sep=Nov
Beach 2 3.5 0.171
MonthxBeach 6 8.5 0.206
Number of individuals
Month 3 93.5 <0.001
Beach 2 4.4 0.110
MonthxBeach 6 47.1 <0.001
Month in IN 3 8.5 <0.05 —
Month in KM 3 81.1 <0.001 May=Jul>Sep=Nov
Month in MK 3 84.9 <0.001 May>Sep=Jul>Nov
Beach in Sep. 2 3.8 0.148
Beach in Nov. 2 3.6 0.167
Beach in May 2 20.1 <0.001 MK>IN
Beach in July 2 92.6 <0.001 KM>IN=MK

For abbreviations, see Table 1.

HBT was conducted when the GLM and LR test results indicated significant

effects.

£9 RPREE TR, WEROMEIIP R, T
) E AR LR T WIREE 25 2 LTS
%o MRENOEIZBWT, HREIRED R A5 72D
X, 0D THHEEILNL,

4.2 SEYHIRIE

AL 72 AEWHERBEEEO ) b, AMo@EuHs
3OWIETRBICA SNz DL, FilElk EEEHED)
Wy & BB HEEN ) ORMEAE, BX U7 I
(FRAEMEEMEEY) ORERKTH -7z FilElk
MR ORMAEIE 9 AT, TR IEMmi
B iR E L 7 I FOMEEIZ 5 BTk b
%irolzo FHEMEBEHEEWICBWTES LA
A7V (HIXAFRLF 7 a7 AH) &, MH
ROWFERBER TIIEICSZ W ERH SN TS
(A H, 1998; INOUE et al., 2008) . F7z, 7 IHiX
WEEZTLIEZWZ EPHEIN TS (A,
1998; INOUE et al, 2008) o L 7=%%-> T, AWFIEITH
W ABRDORE R S N7z

—), A &l L 7o R T oL, M
MR HEEN Y ORMALIC A SN, BN O
TEWHANIH - 720 T, 41 HiTlR7z &

A, MRNOETIIMMOBE X Y b iR ER
WT, TR IANRBE LR T o720t E R
bhb, 7 M) 7 RAILEH T ELE O
MHEHBWOEE B ENMOENTVS (i
B - 35, 1976),

4.3 BIEHEOREE
431 THEEINERE

A 28 LT 3 D 0iETHRE S 2
X, EIHEMTH o720 HIAOWIE TR L I
N, MEADPLLERT A8, AARZ GO
REHPSMESINTEY (e.g., LASIAK, 1986; ZH
[H, 2002; Benazza et al, 2015 3 1, 2017;
McLACHLAN and DErEo, 2018; OLDS et al, 2018),
AR B VTS RBROM R L o720 FFIC
BEHOAZXF AL A, asva, by a
oA 7Y, TID5HIZONTIE, TXTOM
O TH o720 TNH OB ERIZIFEDOH %
WERICBWTE L RESN, AXFI1I5 HOHER
DIEIZ, AT LA T35 HOMRIOEIZ,
a/yaid 7 HOMENOEIZ, by Tav A7
VIZIADVLRITOIRIIE Do 720 WHIEOEAT
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Fig. 5 Dendrogram of a cluster analysis showing
similarities of fish assemblages, based on number
of individuals of each fish species on each artifi-
cial sandy beach (Inage, Kemigawa and Maku-
hari) in September and November 2017, and May
and July 2018. Assemblages divided into six
groups (I-VI) at a Bray-Curtis similarity index
level of 0.2.

T, AOFZEREE RIS, Shs 5 oM
FRLAEEDOHRFHICHBT 52 Embh
TWwWb (il - Ak, 2011). LT T, #neEih
DDA e ERHER TR R 5 720D, ZD
FHIZOWTEET 5,

AX X OMEMIE S HORFRDETE o720 5
HIZHIRE DU L DO WED ] THENDSH SN2
- AWRERBEIHE 2 AL L, TS IR
THEB Y ORMARE L 7 IFOMWKETH - 720
WE B EHEFICAEETRWL OO, FROE
TEHEWEINC D o 70 AMOREMTTEICT IH%E
HERTHEET A7 (Table 3), 73IHZIILD
LT B RMAMMEMEE Y D%\ 5 HORIEDNE
&, RS OE R R & 7o TO WD D B o
D7D, AXFOMMIES HOFROIETS

MoT=Dh b LNk,

ATV A OREMIE 5 AICBWTHRANOET
L RES NIz, 5 AOWIL - EYEREED ) b,
RN O & ORI & DR TEWATA S N2IH
HiE, 5, ¥om, DR, SRk, (R
WATMEB) Y & A HEE) D O R A L, £ E
HOWKRETH o720 72770, HWHHIIEm o
BTN THo 727290 (Fig. 2), FRIHDOHATIIK
ELRWBRIGREVWbDEEZ NS, $72, A4
VA OHEBIILEHAETH H720 (Table 3)
T 30 12 A ) D R AR KL b AT 0D 4343 12

RIS VWb oL b, —, &m
RO TR, BRI Z oMo %
AL, MANOETE» 72, THIEBENO
EOWRBEESHNW IR TH L I L 2R
LT3, AFED X 9 A ML L WIRRICH
HZREZMZOALI ENMOENT VSR
(TATEMATSU et al,, 2014), fFHERIIOWTAD
L, HROBRPRERE TIRERDICZ L W
RN %L  MBLT 5 (NAKANE et al., 2013;
TATEMATSU et al., 2014; 21l « 4P, 2015; OLDS et
al, 2018) AW TIRESINIZA AL A HEfl
X, FREREO/NS LR TH 72729 (Fig. 7),
WIRORRR DL BB 2 I A THBT 2 WA S
bo T2, MANDIETIE, ARMOMADE L 25
T\ 5% % B0 ML 3 0 HE B W) o AR B 5%
MPoize Yo s, 5 AN O
O L D S WRAEER 0T, LEHE &L
HEFHEB DS VBREECTH - 12720, 4 VL
A MEAIIR AN OPIZE MBI L - e A H
5o

a7 vaid 7 BIZBWTHENOETS R4
SNz, WER - WO R TR DM &
MDOREE L D TR A - 2, W5, EBER
B, BT HEE OREARER 7T IHESLE
FHOMBEETH > 720 WEIEREINOE T,
FN &I ﬁﬁﬁiiﬁﬁmwﬁfm#oto
g, ERL72X912, MANOEIZMOMDE
£ D PR %&%’75‘1, F M) T ANREL WD T
B b RFEOMHMMIETT V) ZFZAETDHD
(Table 3), F7-MENDETREINL LD
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Fig. 6 Frequency distributions of standard lengths of all fishes collected on
Inage, Kemigawa and Makuhari beaches in each month (September and
November 2017 and May and July 2018).
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Table 5. Results of LR tests examining the effects of month and beach on

standard lengths of all fishes collected during the study period and

of Lateolabrax japonicus and Platichthys bicoloratus collected in

May using a GLM.

2

df LRx”~ )4 HBT
All fishes
Month 3 330.8 <0.001
Beach 2 96.9 <0.001
MonthxBeach 5 95.7 <0.001
Month in IN 3 31.6 <0.001 Nov>Sep=May=Jul
Month in KM 3 128.5 <0.001 Nov>Sep, Nov>Jul>May
Month in MK 2 354.9 <0.001 Sep=Jul>May
Beach in Sep. 2 22.7 <0.001 MK>IN=KM
Beach in Nov. 1 0.4 0.521
Beach in May 2 149.2 <0.001 IN>MK>KM
Beach in July 2 312 <0.001 MK>IN=KM
L. japonicus in May
Beach 1 9.0 <0.01 MK>KM
P. bicoloratus in May
Beach 2 56.8 <0.001 IN>MK>KM

For abbreviations, see Table 1.

HBT was conducted when the GLM and LR test results indicated significant

effects.
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Fig. 7 Frequency distributions of standard lengths of the two most domi-

nant fish species, Lateolabrax japonicus and Platichthys bicoloratus, col-

lected on each artificial sandy beach in May 2018.
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