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Abstract

In this study, we examined macrobenthos communities in leaf litter piles around Chiwase fishing port
breakwaters that were constructed at the outlets of small rivers along the coast of Chiwase and Nagatoyo
wards in Shimamaki, southwestern Hokkaido, Japan. We compared macrobenthos communities in the leaf
litter piles with those in the surrounding sandy bottom and in a Sargassum bed around the breakwaters of
a fishing port in Suttsu, which is adjacent to Shimamaki. We also evaluated the food habits of juvenile fish
around the breakwaters. Thirty-four macrobenthos species belonging to six phyla were found in the litter
piles and sandy bottoms around the Chiwase fishing ports, and in the Sargassum bed and sandy bottom
around Suttsu fishing port during April, June, August, and October 2014. The macrobenthos communities
in two litter piles were composed mainly of anisogammarid amphipods and spionid polychaetes, whereas
the community in the Sargassum bed was dominated by corophiid amphipods. Using beach seine surveys,
we sampled seven fish species (a total of 567 juvenile fish) around the fishing ports in June and September
2014. Of those species, juvenile sculpins (Myoxocephalus stelleri) around the litter piles and Sargassum bed
preyed selectively on anisogammarid and corophiid amphipods, respectively. Thus, our results suggest that
leaf litter accumulation induces the formation of anisogammarid amphipod communities, which improves

the feeding environment of the juvenile fish that selectively feed on those amphipods.
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Fig. 1

Location of the survey area around Chiwase (a) and Suttsu (b) fishing ports on the southwestern coast of

Hokkaido, Japan. Open circles, squares, and triangle represent macrobenthos sampling stations in the litter piles, sandy
bottoms, and Sargassum bed, respectively. Shaded rectangles indicate fish sampling areas.

Fig. 2 Leaf litter washed up on the coast near a Chiwase
fishing port in Chiwase ward.
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Fig. 3 Population composition of microbenthic animals in
the litter piles and sandy bottoms of Chiwase fishing ports in
the Chiwase and Nagatoyo wards, and in the Sargassum bed
and sandy bottom of the Suttsu fishing port.
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ax Vg O —Ff Pontogeneia sp. BXOE/ XJax
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RSz, Fg e LTiE, Ke s XAV @o—fs
% DL THBEL TWeZ ERBITF 55, BAA
BT AT N—T DR TiRb L 4,422 lETH Y, H
BRREHUL 27 2R & & b IT, S RRETREUL 0.51
Thol.
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Fig. 4 Dendrogram drawn using Mountford’s group
average method with Kimoto’ s similarity index of species
composition between stations. The stations were clustered
into four communities (A-D) by truncating the dendrogram at
a similarity level of 0.1.

fizmd & Lbic, MLREHREIT049 ThHoT.
CIN—T%, 8 HOHEMMIEDOWIE, 8 HDOTE
X OER X4 HOTFEMX OELLER £ ) T
WENTZ. L LTIE, AEFRIO—A53%D
ETELSLELEE, BEREHOZ Y F 7 W

Table 1 Diagnostic character and parameters of four macrobenthic communities (A-D) as classified by cluster analysis.

Community Fishing port Habitat Month Dominant species %* N S H'
Suttsu Sargassum bed Jun
Suttsu Sargassum bed Aug
Suttsu Sandy bottom Apr
A Suttsu Sandy bottom Jun Corophium sp. 89.8 4,422 27 0.505
Chiwase Litter piles Aug
Chiwase Litter piles Oct
Nagatoyo Sandy bottom Jun
Chiwase Litter piles Jun
Chiwase Sandy bottom Jun . .
B Anisogammarus pugettensis 67.1 120 18 0.488
Nagatoyo Litter piles Jun
Nagatoyo Litter piles Aug
Suttsu Sandy bottom Aug
C Chiwase Litter piles Apr e D essoensis St a3 9 0531
Chiwase Sandy bottom Aug
Suttsu Sargassum bed Oct ;
b Suttsu Safdy bottom Oct gg;lii‘éﬁaas’;fuswla 613?1? 1,666 10 0504

N, S, and H' represent mean total number of individuals (per 0.04 m%, mean number of occurring species, and Shannon-Wiener's

index of diversity, respectively.
%*: Values represent the composition ratio of each community.
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2B, 6 FITHRESNIAAEDIZ L A EIEENITRN
It EHLTEBY (Table 2), BNAEMZEZBHMSE R T
FEdBZencE&i, LirL, 9HIESNM
WIRIFE A ERENITRHEIM R T2, BREML
TeZe B S HBL L 708, FHERfB O X 2 H ¥ A 13 A
R 4 BRI 2R > Tz, BLEREE X, HE
AORMFTHIZOWTIE, 6 HIZAHiAd A THEL,
9 HizHE—EHNEBORIERARETH o TeFAH DT
RgL L.

FRH T T OENEW P HBL LTI ONT,
A ALEE PRI AR R B A, HEHIS S X OHBL
)% % Table 31T L. £RAHTHOHNEMZ,
FRMX T b H I FE2IacEBEEhsF4 T
ax BBl —7FE Anisogammaridae sp. 2MEAEE &
73.1%, EREIE 55.5%3 K OHBISHE 78.6% TH 1
BHEEELRY, TIFHIaz bR
Pontogeneiidae sp. 23ME A EUE A 16.7%, HEEES
13.0% 8 X O BLAANE 42.9% TH 2 8 5L o e
KX TH & I a3z URE o — i AME R BCE A
86.4%, HEEIE 89.4% B L OHIMHE 63.6% THEk
Lz, —77, HEHMHETIE6 AT Ru s Zasplo—
fili Corophiidae sp. 23 A ZE A& 92.1%, HEEA
78.0% 35 K ONMEHIBE 90.9% THEES Lz, 9 HizBW
Th, Kar A Rlo—foMEREHEIE 83.3% R &
O H BB E 333% 2 LS, EEEH AL
(205%), BboTRAELAR O —~FRELL

Table 2 List of fish species captured during beach seine surveys of areas around the breakwaters of three fishing ports.

Chiwase Nagatoyo Suttsu
Fish species Jun Sep Jun Sep Jun Sep

TL(@mm) n TL(@mm) n TL (mm) n TL (mm) n TL (mm) n TL (mm) n
Tribolodon hakonensis - 0 584-138.2 2% - 0 46.8-254.3 34* 84.5-151.8 24  65.4-235.7 218*
Sebastes vulpes - 0 — 0 — 0 — 0 - 0 45.8 1*
Myoxocephalus stelleri  24.4-40.2 14 — 0 29.5-42.7 20 - 0 40.6-51.2 42 48.2-60.7 18
Opisthocentrus ocellatus 33.5-42.6 27 — 0 — 0 — 0 34.4-42.1 56 39.5-48.1 12*
Chaenogobius annularis — 0 — 0 — 0 — 0 — 0 25.3-40.8 12*
Pleuronectes herzensteini - 0 - 0 - 0 - 0 - 0 68.8-77.4 I
Takifugu porphyreus — 0 24.6-29.4  44* — 0 23.7-27.7  36* - 0 - 0

TL and n represent range of total length and number of individuals, respectively.
Superscript asterisks indicate values for which most specimens had no undigested matter in their stomachs.
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Table 3 Proportion (N%), wet weight (W%), and frequency of occurrence (F%) of prey items in Myoxocephalus stelleri.

Fishing port Month Prey item N% W% F%
Anisogammaridae sp. 73.1 55.5 78.6
Pontogeneiidae sp. 16.7 13.0 42.9
Chiwase Jun
Mysidae sp. 0.9 6.0 71
Digested matter 9.3 25.5 21.4
Anisogammaridae sp. 86.4 89.4 63.6
Nagatoyo Jun Pontogeneiidae sp. 3.0 2.7 18.2
Digested matter 10.6 7.8 36.4
Anisogammaridae sp. 1.6 0.6 9.1
Corophiidae sp. 92.1 78.0 90.9
Jun Melitidae sp. 1.6 114 9.1
Hyalidae sp. 3.2 8.4 9.1
Suttsu Digested matter 1.6 1.6 9.1
Spionidae sp. 4.2 73.6 5.6
Anisogammaridae sp. 8.3 3.9 11.1
Sep Corophiidae sp. 83.3 20.5 33.3
Pontogeneiidae sp. 42 2.0 5.6

Each value indicates the rate to all specimens.

(73.6%). U EDXLSIT, XAHITIOENEMIZ,
TREPED 2 DOHIX TlEF % I a R O—FEH 5
BT 2 DITR LT, FHfETIEI R ZF AT BO—
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FEOEANRED L (934%), 7IdF-AIaxH
O—FEbRO LN, —T5, HFETIE, 6 HiIKiX

V//ﬂ
L

IRI (%)

R RN
Chiwase Nagatoyo Suttsu Suttsu
Jun Jun Jun Sep
[ Spionidae sp. [Z): Pontogeneiidae sp. [[] : Mysidae sp.

FY: Anisogammaridae sp. [&]: Melitidae sp.
[E:Corophiidae sp. []: Hyalidae sp.

B : Digested matter

Fig. 5 Index of relative importance (IRI) of prey items in the
stomach contents of Myoxocephalus stelleri captured during
beach seine surveys of three fishing ports.

BABY OMEEEE L FE, Nrs X AT Rlo—
HEHL (982%), 9HIZH 6 HLlEkICRKn s &
AYUBlO—FAME S LziEh (852%), AEL RO
—HER A FEWEIS (10.6%) Z23LT, BlEo X
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HEMEpoTeled, MEEEEORR LT 5% L2
oz,

XAT Y T E R GITIBMRIE &R 3 SCI 2R H L
7z (Fig.6). SCIiX, 6 HOTHER X OKkEHX T
IZZNEIN906 BIU6.13 LieoTe. T, FHHf

15
10
[u]
\
5 -
0 S
Chiwase Nagatoyo Suttsu Suttsu
Jun Jun Jun Sep

Fig. 6 Mean stomach content index (SCI) of Myoxocephalus
stelleri captured during the beach seine surveys of three
fishing ports. Vertical lines extending from the top of each
bar indicate standard deviation.
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Mo T, AL CHE SN HERBBEOT 5 EBIEIC
BIFB~<r xRy b ZABHEOZEIL, WES RO
HELICERT 2 b0 L E2 BN,

—F, TEBIWKEHXOELELEVICBITS
</ aRy N AHEERD L, WS D ERREO
BB L IR R - I EFHL R A DN, T2b
L, TEHRKOELELZEY TIE, 4 HIZAEARO
—FEAME ST B REESBIR S e s, 6 HiTid b A
V¥ &I acLREETARMEICE S BDY, 8 A~
10 HITiZ Ra 7 Ay jgo—@hRsiilkd 3 s
ftL7 (Table 1). %7, KEHIXOEHLELEY T
Z, 6 H~8HIAF TR HY 2 I ax i EY
THRERED BN (Table 1). Ll EoFEHRIE, ~
PH Y X I a2k LT B MRS R
bl THIKSND IR R OEHER % ) ok
WO L EAE STV, ZoMEE LT, BB
ACIEEBERE ) BRERR SN TS0, B
NERL DEEBY A I N EeRE U T SRR AR S 1 B
DIZH LT, THEB L CKEHIX TIZFHARIR b iz
bR AT A BRI B b hTnd
BETAE AR SNTND Z A D, RN b
LU THELERE Y OFEHEPINLETHY, HE
OFENRZELTELNT 2 Z L3Rk 2> TS 7ed
LEZHND.

AR OFER, T - kBHBXOELELEY L%
W EOH ZERETIE, WEEE L EEEEHET

Table 4 Relative electivity indices for prey items (E) in Myoxocephalus stelleri.

Fishing port Month Prey item E

Anisogammaridae sp. 0.28

Chiwase Jun
Pontogeneiidae sp. 0.10
Nagatoyo Jun Anisogammaridae sp. 0.33
Anisogammaridae sp. -0.04
Corophiidae sp. -0.98

Jun
Melitidae sp. 0.47

Suttsu

Hyalidae sp. -0.58
Spionidae sp. 0.17

Sep
Corophiidae sp. -0.26
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b= uaXy N AFERRD bz, NTAREIIEE
3 5~aH LA P. yokohamae TiX, ORIRHITIXIH
¥, 2L, TIFEBIVCKHEEEERL, 1M
kg2 % LUHES L BT . T D AT 3
TEMNHESh TS Y. iz, MBS B
Bate~ s a~y b R34 L ORFOMGIRE UTH
AENTRY, Thb<ruxy N 2ABRELETEED
WEREY &HTEGEITERE R MY & UTHREL T
HLEZLND. AFEIZBNTSH, XAHTHOHE
236 AL 9 AICHIES LB EBRL TV &
»o (Fig.5), RHERE VN TEH RO 7 a X
Vb ABEDPHER O E 2o TVWD DRSNS,
PEDZ &b, TEMEEO 2 XTI SNk
LIEREE VX, FEMEON 7 EHE & REICHEf A~
OIFRHESICH S L T B IR B D L &b, ¥
LR E ) OEB A~ 7 v b ZORHERETS TR
LTNDZEWREEIN, 5RIFLAFEELEME
BLEREHRE L FIC LY, ThbifdkicRI) b~
7 a_y N ZAHEOLREHEPNTT DLER D 5.

4—-2. HADBHLELELFYDEEN
AWFZEOREE, TEMXTIX6 ABX T Hitth
Fh 2 fafd AL AR X002 fafE 46 A OHE s IR
L7ziEh, kEHXTZ6 ARL 9 AiczhFhl
fafl 20 AR KO0 2 0 FE 70 Rk DM 23R BT,
iz, FHEHBTIIO6 ABI Y9 HizEh2h 3 fafk
122 Mtk 3 X OF 6 fafil 268 Ak DM RE S .
ZD X5, MHEITHNIDRANRRL, EHHERLEY
DI S AR R ER M R 1T 38 U T HEREE A A 8 & T
ML o Te DI, MK ITIXHS ST L &b
1z, BRITE AT AR EICH RS 2 B SRS -
TWBZ &b, MRS ESEICTFET Dk
WEEZLND, ZHITH LT, T8I OkEHX
TIHEE S TE Y Iz <, Rl 52
BINEE ICREINHE 7T ay 7 LIELER LY
DHTH DT, MO AL & FAEE AR
I L DRpo bR END.
AWFZEITRNT 6 AITEEINIZ L A & OREfI,
BRI Z2F > Tzt LT, 9 AicidE s
NIE L AL OHFAD B ITIZ RS2, BHE
ML EMALHBR L. 2ok okEnRbnk
JRRO—D2& LT, HERROENSETFONS., 3

bbb, 6 ARSI TN TRERIIZIN L el
LT (FEHX 7 102, kEHIX 9 @ 14, FHEME
11:28), 9 HOBEIZTFHEL DL HITHITTHEIEL
7o (FEHX 14103, AKX 1517, F A M
16 1 25). ML, FEARMICIZH HFE & H R ICE
CEREHZITS ZEBMbhTnd 2 ens ™Y,
9 A OFIMARIZ 2 E BL x o Te DI, BEHORKM
R R <, HALPEAR LD EHEZ BbND.

FRB T OEBNRYNL, FHHMPETIEI6 AR IV
9ALD Kl X ATRO—FD 5 5EE R
TR LT, 6 ADTERBIOKBMX TIIFZ 3
T EPRO—BEBL Tk (Table 3, Fig. 5).
D &S ITHIEIZ K > THEA DB NEM IR - T i)
ND—DIZiE, BHROENE 2 bD., HAMKIEITIE
B &R AT A TRER S, A IZEEE T
KENTWD, ZOkd, BEHH»HIT-0EE OB
MNTERT S N 7 X Ago—fosgE s U THE L.
T OB RENL N6 AT, ¥/ FFaax
Y g @ — i Amphithoe sp. XHBLL T3, Fiz,
WL IV D ERE £ 0 BRI, v
HVFEIaT R EDOHELIERAEIEBEL L TND
BERHBLL 2o bfigisnsg. U EoMAizLY,
FEWIED X AT ¥ IO BFBANEWIT, Ra s XA
VBlo—mThvohkeExbND. —F, TEB
X OUKEHX IR EIE 23 72 <, JREIIR THERK S 1,
20 LITHEBIEREE W BNERSNTVD e, hoH
V¥ X IacbhloEbERAmEEL L TVD X
ZIaxRBO—FREAEMP6L B LIS D
LHREND.

AR TIX, AL DD ERGITH e fE O HEE
EaRTHEEEFES IRI 2R L. ZOREHE,
IRI FARIEEIE L1 RIE B LS, FEMAERICTR
59 ADAEA RO TIIERIARRE P - T2,
EAEEIS &3 —F L ole, ZORKDO—DEL
T, HIEYLTIEBEETH DR XU FRIOUEE
DEFITHIE - BRT D720, 9 HIZH 5 EHE
IR T A L, WIRICHESLSEHOE S
BEL IR ZEREXBND., ZOZ LIE, % EH)
ML THOBND =y RENT ALY A lacertosa
RO ICAERLT LIV ) s XAy
Monocorphium uenoi O HBEH 6 HIZE~T9 AT
MR BB O LHERENS, MAT, ¥2
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It

BT HHEAIT 6 A 9 AT TEEDTRIIAAN 40.6
~51.2mm H» 5 482 ~ 60.Tmm IZMELEZ I L1 b
(Table 2), Ui LY D RBOLEHEZHETED
koot EZLN, ZOZEHIHDIRIN

RIS & —B L RVWRRO—DIZZETF 5N 5.

—J, FAN YT OEEHRIE R T DD HAE
6 Aidssifaik &
9 A D&
T TS DNE (= 0.6) ZmL, ZEIEERE
ZDRNE
LT, 9ARH IR ZROF 20 U h Bako

WMERIEH SCI =R Lz 2 5,
% 54~ 9.1 DHFPHIZH > TzDiTx LT,

WRBLIZIEPIL TN D T &R STz,

5.

S, PR, R IRBA

# O

AWFEEHED DITDHT Y, AR L 72Dk D%
RENCH 272 ZHIE 2 10 - Te R AR SE I R & D AR
GHLAT, FFHRTE SRR OHILETTRE 2 5 0N

B E R IR & O A RFETRRICE < ELR L L

4ENTRE R oz Z ERETF NG, £, o
L ORRBRCH ZELZEHET DR XU IR OHEE
DIREFE - R LT T & IThk - TBRESh oA W 3 6.

LcZéd, SCIOMAERTIERERD—> & H#E

gIhs.

XFAT Y T QAR 2 # 2 RET§ 572,

BINMEAREE 25 L7k R, AR 6 ADTES

2)

FOUKBHIX TlE ¥ & I a = ERlo—fE 22900
BLTWDERBAR DTN, FHMETII R 7 X
AVRO—HEIEERIICER L TWD Z LRI

7z (Table 4).
DO—FEINT L A EHBET,
ik Llelzd LRSS,

i, FEE I ZaaeRl
[N N TR v
NI Enb, ¥XA
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BV HHEFITF X T a o ERO—FREERNITH AT
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TR AN AE M 2 IBEIN TR AT 5 Z L Rk &R,
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T &, PlEKELTERX
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D X 5 BRI ER SN TR, %D
BERFEV ORI > T & I ax oo B
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