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Evaluation of Fish Farm Environments by Identifying Community
Types of the Macrobenthos

Hisashi Yokoyama'! , Akifumi NisamMURA? and Misa INOUE?

In order to evaluate the fish farm environments, a quantitative survey of the macrobenthos was conducted in 22 fish
farms along the coast of Kumano-nada, middle Japan. Six macrobenthic communities were recognized by cluster analy-
sis. These communities were classified into three groups in the gradients of fish production and an index “£D”, which
was defined in the previous report to indicate the topographic conditions of the sampling site. These groups consisted of
a group with high density and high diversity, a group characterized by an impoverished fauna and an azoic site group,
which indicated conditions as healthy, cautionary and critical, respectively. As fish production increased, habitat of the
assemblage at the cautionary zone shifted to the offshore, deeper areas with smaller £D values, suggesting the influence
of aquacultural activities on the macrobenthos. We can evaluate environmental conditions of the fish farm by identify-
ing community types of the macrobenthos that may lead us to decide the appropriate location of the farm and the proper

fish production for sustainable aquaculture.
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BAE, HAROEmEEREIETEBRERICE S BERMEIC
BEELTED, ZOMEEL L CIEREs 4 0 FHE§
HFERCEGOREREFHETIFEEMARTLIZ &N
KpohTwa, BEEOSTWT oy b ZIZETHN
A DI OERICENS, ZOREEFRELT, <
sy P AOEBRTICE SO -EEERB BT S
a4 DBIEEENER S (EFH, 1990, 1995 . FIEFIE A,
1997 ; $4AKIEA, 2000), v/ RV b 2 A 4YHEREL L
REEERO =4 ) v RECRENMEA TN S &
I 2% > T &7z (e.g. Gowen et al., 1991).
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1987; Findlay et al., 1995; Tsutsumi, 1995; Yokoyama, 2002).
Tz, BWRETOX V¥ r 85 T % EBHED Schisto-
meringos spp R HD Nebalia bipes ¥ & U Melita sp. 7
BNCEEETHHT S I eB8fEIhT0s (ELrKRIiE
ﬁnzmn.b# . IS DRI 1~ i DEFESS
EHRONEDMELALET, BEREFAPBESAE,E L
%% < DFRBHIED W TRIETEE A~ 7 a Xy b AFEC
RIETHEEREIICBN L 23 RY 75 L,

AT (BELE A, 2002) Tid, FEERESLHIZAEL S
REEFHER R D 22 AT OFER» b HED V70XV b 2
EKE - REORBAEB/T, vruxY P AOHEISS
A—g LEEERER, BEBOMENREREROHEEL L
7= NIBEIERED ¥ L LR R E R & OB OB #
IR U7, ATIE, RS TIT - A FEREOK R~
MA, vouxy b AFEOREMBIZ RIETEERR L
BIEBOFE AW L, BHEMOFFIC K 0 IRIGERE -
FHlT 5 & & vis, Rl A EEEA TTREIC T BB IR R R
EHET S L ERAE.

MEBLUFHE

AR, A, BAEF L X OHTEEIEEIRO#

DTHD. FAEE, FIHTMEL1998F8H24H~9A
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b ZIZOWTIREERE L, EEFEROTENE B
X 0 st EROEBE IR Cr (Kimoto, 1967) & 3K®, F
PRI kD s A x =AUz, Ihdkb, EUESR
HEICEWHEA LD, ThFhORERIIBIT3BEEL
REBOBEHET L YL BRI R b L ORI FER & D
MR AERET Lz, 4k, BEEOYHBIRERE R IHEE
L UCRIEM (BNEA, 2002) TR LU ZZNEBEIRED &
2 1RV A

& R

2B OFEIC & D RRE 350 AW A S B TRE S,
F0 S BTN OEREM I B THRIERREAE 1L
(BB hTE) &2t (HELTE) & & 7c@H % Table 112
R

Fig. 112, BEEHEMICH T 3 vy o~y | ZOTEHL
LoRBAEFYFurssgRny. Zh&D, CaiiEE
040 L eRBLEh, HBOBEFMAAT 5 5HE
(A~E) L EZIZIAEY L % - 2ihE s L — 7 (F) 2L
7= BRI AESEE L TEFNETNEBED Chaeto-
zone sp. 1 (ATFEE) | Paradoneis sp. (BH¥4E) , Schistomeringos
sp- (CFE%) , Scoletoma longifolia (DEEEE) , Prionospio
pulchra (EFFEE) 2dFoN 5.
HEAEICLDHB L s HER L MAEY & A 572 FIX
BT BEFELAEOWMEH/ ST A — 4 & Fig. 212, £B
A A o 7o BT 3T A Table 2157 Y. BEZEIZIZ, B, C
B X UDBERICBT 2BEAROFEYIE (Fig 2a) 2 TH T
N3sgm iR E S h o720, EFHEXTIE3Tgm? & D
Ghot, ABEORFREIIFY14gm2 & B~DRELD
Dlhotd D0, EEEE (Fig 2b), HIERMEK (Fig. 20),
YJEERE ) (Fig. 2d) B K U'EHEE H' (Fig. 2¢) I3 B~DHFE L
FHOEZR L7z,
ZBIZFOTHOBERIZE VT B ELBEEOEMA AL
Bhiz, &I, BEFEICEAYE & - 2 FRTOHEMASE
ETHD, EEEEEFH24400HEMEED, 6XKD
mTRLEL ko, ThiE, F& L TELEED Capitella
sp. DEEEE B (Table 2) 128> T 5. FXTRIARELE
(BB 66% % 18 CHBIICEL LT L &ML THY
s MK (F5035), »OHRBEEEA D Lo
(F#917.5580.04m™2) 72812, SHEH 3T 14 bite
3.0 L &R U= O BEE & DK o 72 (Fig. 2). £FICE
BRI BT B Capitella sp A EBELEREL 50, BT
BEEUEBBEEABNL 22, MNMOBEEZFROLD
2L B o7z (Table 2). AFFEX TRAZFIIN T TH
FE, EEEERLLOHFEEEMSENL, REFE L N5
BUZ oW 6HEDOR TREBOLNLIZELE, Zh
ik, SRIHIFE D Caprella californica, Aoroides sp.%° ZEHED
Polydora flava orientalis %2 &, BEIZRIEL AL ALNE
Dotz S OBAEEE THEL 2 LITERL TV S,

BREE, CHESLUDHEDCHRTERE, £8%E, MR
R, THEhBERNICE L THIAIZ L 3EDIES D
ERHo7B0D, FWEE B EHEMOMEEIRS R L,
POEMICKBEHE Db o7z (Fig. 2). £7-, BHET
i Paradoneis sp., CHEEE Tl Schistomeringos sp., DI T
I Scoletoma longifolia B TN EFNEFE L XFITHE L 28

Table 1. List of main species collected from fish farms in
Kumano-nada.

No. Species
Cnidaria
1 unidentified Cnidaria
Nemertinea
2 unidentified Palaeonemertea
Mollusca

3 Ergalatax contractus (Reeve)

4 Petrasma pusilla (Gould)

5 Macoma incongrua (Martens)

6 Theora lubrica (Gould)
Polychaeta

7 Haploscoloplos sp.

8 Paradoneis sp.

9 Polydora flava orientalis Imajima & Hartman
10 Prionospio (Prionospio) depauperata Imajima
11 Prionospio (Prionospio) paradisea Imajima
12 Prionospio (Prionospio) membranacea Imajima
13 Prionospio (Aqulaspio) krusadensis Fauvel

14 Prionospio (Minuspio) pulchra Imajima
15 Paraprionospio sp. (form B)
16 Mesochaetopterus sp.
17 Spiochaetopterus koreana Bhaud, Koh & Hong
18 Caurelliella sp.
19 Chaetozone sp. 1
20 Chaetozone sp. 11
21 Capitella sp.
22 Heteromastus sp.
23 unidentified Capitellidae
24 unidentified Maldanidae
25 Sthenolepis sp.
26 Micronephtys sphaerocirrata orientalis Lee & Jae
27 Eunice indica Kinberg
28 Scoletoma longifolia (Imajima & Higuchi)
29 Schistomeringos sp.
30 Asabellides sp.
31 Chone sp.
Crustacea
32 Euphilomedes sp.
33 Nebalia bipes Fabricius
34 Zeuxo sp.
35 Caprella californica Stimpson
36 Seba sp.
37 Cerapus tubularis Say
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Figure 1. Cluster analysis of the macrobenthos in the study
area, showing five station groups (A~E) and azoic stations
(F). The two species which were ranked highest numerically
in each station are shown as numerals (see Table 1).

S A VEHELEEE 25T D, EHEEICE LTt
DL IZREE L TV /= (Table 2).

PElnksiz, YHEEO~vro~Ny F AFEITARSE
B~DFEBS L UCEMEL BEYX F) 2 KkBlahs. Z0
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Figure 2. Community parameters in six stations groups. Bars
represent the range of values.

(TOC, TN, TP, COD) X 6 XD TR E S <, EFIZHIY
3 EEAKD DO EFIREET, HEMBY D AVS-SIZ 0.15
mgg T e odz, —F, FRTIIHREYHOERH
MEPREEL, BERIIBTIEBKIIERETHD,
AVS-SHE®Z (1.9~39mgg™ !, F¥24mgg™) ThH-72. E
HEX CRHEBY TR OFRYE & AVS-S (F¥1.2mgg™)
BFXIZRNTE <, DO (F3.5mg/l) EFREIZRWT
Dl ods. B~DBHEXIZHBIT B ENEE O
BEXEX & ARDHBIZAEL T, &k, £FI0E,
DOWFhOBERIZE W TELHFKELE-THED,
EMERBLUFRIZHE T 5 AVS-S (B ZFH EHho.7,
12mgg™") BEZIZHAERL 2.

STREEX & MM IZIE T % S & Bl pe B & P
TR ED DEEEMD %2271y b U7 (Fig 4). A~FO%K
KOMWRIZEDICE B L ZXIGLCEFILTHY , &L
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Table 2. Dominant and subdominant species in six communities (A-F). Three species which ranked highest in abun-
dance, and their densities (N: individuals m™?) and biomasses (W: gm™?) in terms of wet weight excluding shell

are presented.

August—September 1998

February 1999

Station
group Species N W Species N W

A Chaetozone sp. 1 1420 2.79 Caprella californica 3380 5.71
Chaetozone sp. 11 246 0.33 Polydora flava orientalis 2510 3.50

Chone sp. 96 0.38 Aoroides sp. 1050 0.95

B Paradoneis sp. 733 2.89 Capitella sp. 3730 5.82
Petrasma pusilla 421 2.58 Schistomeringos sp. 2380 6.38

Seba sp. 317 0.14 Paradoneis sp. 575 2.23

C Schistomeringos sp. 3980 5.96 Schistomeringos sp. 3750 7.48
Nebalia bipes 400 0.61 Capitella sp. 665 0.36

Petrasma pusilla 235 1.46 Aoroides sp. 480 0.33

D Scoletoma longifolia 1930 17.20 Scoletoma longifolia 1300 6.40
Prionospio depauperata 385 0.59 Schistomeringos sp. 505 0.76

Petrasma pusilla 220 1.84 Haploscloloplos sp. 360 1.53

E Prionospio pulchra 492 0.13 Capitella sp. 2600 3.76
Prionospio krusadensis 33 0.01 Schistomeringos sp. 900 1.11

Scoletoma longifolia 25 0.08 Prionospio pulchra 300 0.17

F azoic Capitella sp. 16100 21.68
Caprella californica 3440 7.79

Nebalia bipes 2930 3.28

TEDEAM 2L TOBRMIBIZZIWFh ATE, BREL &
UCHED, EDEA 1~-4DFRIBIZ DEEN, EDEA3
P OIS ICERERFNFNSH L. 2hoDhE
WIEEA R L AR ICHIE L Tk o 72 AY, BREER
HEEENE < & BIT DN EDEAERIRFTIZ 47 23558 518
MAH o7z, ARE, CHESLIUDHEIZIODWTEER
EELHETIAEVE 0D, EEOMEEE S -7, B
& o 7 DIREFEAEER S 1400t year ' & % <, ED{EMNS
Y LEERUIEBUEETH 7.

£ =

BERIC K 2 BIERE O

—HRRIZ, AT - IR TIREEEOEITE L eI, <
suXY b 2ADOMBIERMDT B L & 81D, BEOENE
HIICEEETHERT 2R, EREESEMTEZ R
Zu, LALENS, HICHEBYRRAMbS &, &

FILRHAAROREIZ L) | A0S, BFEEAETL .

DWICIEMEA Y & % B (Pearson and Rosenberg, 1978).
Gowen et al. (1991) I FIHBR IZ B\ T HREHRDOH
YR A D —ARAY ZEHEERIR & FROBRR £#48< Z

LEZLDWEEFLOELMZL TS, KFETE,
EFIZEAEME & - BB IS B W TAS I EERIERE
D Capitella sp.78 Z H D THEGIIZHBI L 72 2 & 23R &
N7z, TOI &, AEEMEZICEI 5 HEEEREOE LWL
EITE v axy b ZABEOME A 5 BT T 5,

T T AL =IO L 72 A~FOBHEIZNEE
WBREDIZEBLEZXRELTEIL T8 DD, EFE
WAEFERENRS < BB IC DN EDEAMEVIEBATIZ M5
fHmAd -7, ABE, CHEBLIUDHEIIODNTYE,
FEOERER S -7-. 2O &3, BEEEDv XY
P ATEIIHIENERICE SO apEeRITL L BIC
B X A EEMARIZ S HELRT TNE I L EREL
T3, &k, IThEEROBRIITE ST 4 — & L3l
ARl K OTNEE TR & OBIREEIT L 2ATR (BLIE
A, 2002) IZEWTEBELN TS,

voruRy [ AREOTEERPHE T A -2 L DERX
BROBELBAMICEMT5Z B8R TH S, HlLiL,
ABEX TIRESRENSLS , HEEEMENIZE AR
Liho7=Z ¥k, £, B~DEERX T Capitella sp. LIS}
I EEEERE RIS R T S (B4 RIEA, 2002) 2
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Figure 3. Environmental factors in six station groups. Bars rep-
resent the range of values.
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Figure 4. Distribution of six station groups (A-F) in gradients
of ED and the aquaculture activity in terms of the fish pro-
duction. The habitat is divided into the critical area, the cau-
tionary area and the healthy area by the boundary lines x and
V.

(1990) 12 &V P pulchra & UTHFEELE X N5 £ TIEP cir-
riferal UTHRE ST\ 2) BRESL, HEMERHTH,
THERLIERIIAEL 722 &, XFIZEEEELZED
Capitella sp. 7V BEETEE B ->2Z &6, HHERIZKS
AL OE NI A S N ARHER  Hlr 2, ZOREHR
DT AR A EEECER T REXIE LA LTI EMNT
5, BEERIIEEDE LS FRIGEORE Iz oy
PAZK B ARERYMOARBELBETERVNI E2D
FIEG E UM R BIR L AL E 5,

vouxXY b AOFER L DML 72z 3 KRNIk
BREIZOWIELHEENS - 72 (Fig. 3). Zh b0k
B EEEHLBAXKEERT El'i?é: KEN, FRBNTO

WRETEDIXS D E,NAEL, E—IHEHDIHED HH
LRI ARETELVEAY S %) MBI BRIE O IETE & 7Y

M b A TEE & & Sizv 7 u Ry b ATED G A
BETH 5,
EIEETEEHFE ORTREM
AL & o 2RISR —BRIBAD 4 IR DA TH - 7=
728, Fig. 41IB W TERNAREOHB R T4 &
BTELW, 2L, EBENSHTAXIROE IR
MR ATEA > T B L RET S L, BB E LTHEE
Laidiids o A VEERKE E ORICERSEx 251 2
ENTED. —F, BELBEERT A~D LD 310
CHERANELSREEATRTERED SN E ZIFLALEHE
BLAEWOT, MXIEICERAEy 25K 2ENTE S,
BEITIEY & 5 72356 Fig. 4 ETFOERMB DA
B LM TOBRREy EOFE LD THI A%
Mg T 2EER, HMAFRAEDxEDZHLDESD
EDEA A Z B TE 23BN TOMBELRT I EIZ%
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ERAMICE L TR TH 5.
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