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Abstract

During the period from the 30th of July in 1985 to the 31lst of the same month, diving
observations were carried out on the artificial reefs submerged at the six locations in the off sea
of Kaseda City, with the following informations obtained.

(1) Concerning the artificial reefs submerged in this sea-front it may be said that although
there were a lot of differences among the materials, measures, scales and the time elapsed since
the respective submergences, there was almost no difference among the fish gathering
effectiveness. Namely, through the whole reefs the sorts of the fish gathered around the reefs
were as mentioned in the following : at the upper layer of the reefs we could observe the fries of
Blue sprat Spratelloides japonicus ; Saurel Trachurus japomicus ; Chiken grunt Parapristipoma
trilineatum ; and at the middle layer of the reefs such big, sized fishes as Chiken grunt
Parapristipoma trilineatum ; Red sea bream snapper Chrysophnys major ; Stone bream Oplegnathus
fasciatus Thick lip bream Plectorkynchus pictus and Flat fish Paralichthys olivaceus could be
observed.

(2) The trade mark of the ‘good reef’ might be fixed as in the following, @ the fact that the
reef should be more than 4 m in its height, ® that the concrete blocks should be deposited to
form a high hill-like figure, © that the concrete blocks should be submerged to form a sort of
congregation consisting of the individual reefs having different constructions. Of these three,
the reef having the shape of two-headed-hill was fixed to be the best one, with the excellent
capacity to have gathered 2 or 3 tons of Chiken grunt Parapristipoma trilineatum schools around
it.
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Table 1. The state of artificial reef at the off sea of Kaseda City.

Reef Material Number Size (m) Setting year  Depth(m)
Concrete block 60 1.0X1.0X1.0 1960
7 80 7 1961
7 123 7 1962
7 78 7 1963
- - — 1964
Concrete block 173 1.0X1.0X1.0 1965
- - - 1966
— - — 1967
Concrete block 198 1.0X1.0X1.0 1968
7 214 7 1969
7 192 7 1970
- - - 1971
- - — 1972
Concrete block 302 1.0X1.0X1.0 1973
7 227 4 1975
4 106 1.5X1.5X1.5 1976
7 130 7 1978
7 148 K4 1979
” 149 7 1980
7 134 7 1981
2 36 7 1983
7 10 3.25X%X3.25X3.25 7
7 29 1.5X1.5X1.5 1984
7 10 3.256X%X3.25X3.25 4

# ( Other type ) 110m' X 4 s
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Fig. 1. Showing the researching points of the artificial reef (&), bottom materials (@)
and oceanographic observation (® , O).
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trREREEMIS»rICLY, 8A1R, BAoBEIIBWTHRIEBRAZERL 2 (Fig. 1).

= £

1. ABOHBKHRE

(1) K-1 &M (Fig. 2, Table 2, Plate 1)
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H50eml Lb B2V XFELERBHPLBEINEL LS. L KBOBENALNS.
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(2) K-2 & (Fig. 3, Table 2, Plate I ~1I)
AR D K-1 faHE & 091500m 557 0 OKZEAmICEB I N TV AAMT, 1 0OE XM

Plane View Side View

25m

Fig. 2. Schematic gathering condition around of K-1 reef.

Wb : Parapristipoma trilineatum V . Evynnis japonica

&5« Trachurus japonicus L : Lutjanus vitta

& Apogon semilineatus S : Sillago japonica

% ¢ Spratelloides japonicus E : Epinephelus chlorosigma
%« Plectorhynchus pictus P : Platax pinnatus

&% . Oplegnathus fasciatus & : Renounced net

Y : Young fish
Plane View Side View

40m

P
10m
Fig. 3. Schematic gathering condition around of K-2 reef.
: Concrete block 1 m? © : Concrete block (1.5m)?
: Concrete block (3m)? 0% : Stone reef

. Spratelloides japonicus

. Parapristipoma  trilineatum
: Chrysophnys major : Panulirus japonicus

. Mylio macrocephalus . Gymnothorax kidako

. Sphyraena schlegeli ¢ Stephanolepis cirrhifen
: Young fish
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Table 2. The gathering fishes on the each artificial reef.

Reef No.  The gathering fishes Fork length(cm) Number
K—-1 Parapristipoma trilineatum 5~7 Large school
v 25~30 School
Trachurus japonicus 5 Large school
Spratelloides japonicus 3~4 School
Apogon semilineatus 5 Large school
Oplegnathus fasciatus 40 10
Plectorhynchus pictus 40 10
Platax pinnatus - 1
Epinephelus chlorosigma 45~50 1
Lutjanus vitta - -
Sillago japonica 15~20 School
Evynnis japonica 7~8 Large school
K—2 Farapristipoma trilineatum 5~7 Large school
p 30 Large school
Trachurus japonicus 5 Large school
Spratelloides japonicus 3~4 Large school
Sphyraena schlegeli 35 School
Apogon semilineatus 7~8 School
Stephanolepis cirrhifen 18~20 School
Chrysophnys magor 40 Small school
Milio macrocephalus 40 Small school
Plectorhynchus pictus 45 20
Oplegnathus fasciatus 25 20
Gmnothorax kidako 100 2
Panulirus japonicus 18~20 10

Im, L5mRUH3ImO3IBOT 0y /BEEFLV2EEBORETHS. CD4LTE
DFRER I, Fig. 3ITRT LI, 40X60mDEHEARNICRBEINTWVAS., 2D 351 mf
Tuy 7 RESA<SEIE 1.5mA7Oy 7 A&EE 1 ERICERL, ZOREBIZ 3RS ILE
ZRULTHBY, BEHOBIE4 mRVTH5. SHARBIILHCAEL, BAERD 1
WA TCEIEH I nThd. HoTIOREIBEORE ZBEDESEKTHY, LEMIC
AT, BIDEVEEICERDOREVAEEL>TV5S, BRIIBEETHELTWVS 1 mfA
7y 7 ICHEBEICESLTBY, ZOESIIH30~40mTH D, CilIZAERORBERICTE
FELTWE. BV I mATOy 7ICKBMO7YYRREIXY Ik FIBRDH LN

HHEADREIX Fig. 3 XU Plate [ KA 5 &5 ICBETHS. HiIl.5mATuy 7 &
VEIGRIECH I T, ZLOREBISIRABELHEZERLTCVS. REDLBICIEA T,

<7 Y, FEFTTOHARBPSRRT 5 LD IHEADT U TEHM, FABEELICIEA ¥+,

AR, AV TV OBRBESEKLTO. RERDIEATINY, =54, sus4,
AV 54, auFLZoRBAarsgEEI . ChHORBEDS SAEEDICKEZELT
HEMULTVWEAHFORBRIZNZ M EHEINS. FRAKOAFICA ONIERN
25emD 4 YL IEVTBERZOT TBOBEBRISERL TV, ChosDRBOBETRE
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(3) K-3 A&t (Fig. 4, Table 3, Plate II)

T 7)) EoIbPEH£92400m, KE2ImICHEB I N TWHEGATHSH. ZDERE
312X 15m OBEFEFR, E3 3™ I mE V> NSVHBEOLDOTH 5. HEKCYIEOHR
RizHonV., FEEMEBREN 2enD 7 VY K4 IO 1.

IEEADRIIL Fig. 4 KWRT LI EVEET, AEOEIPNI mTH2ITH LY
b5 FHEEABO SN E20mIcb K, EEBEOFEFD, =7V, A HFOBRA
ke KBEEAZER L, BELIQEISROA Y FHEA YTV TABSEML TV, ERD
iz Y R 2EBzROT.

(4) K-4 fafE (Fig. 5, Table 3, Plate I)

K-1 D PEILFE H#91100m, KEIm D45 mbh B lET, 1.5mA7T 0y 7 kY
5%, BB Fig. 5 WRT &I, 3EMEAL1ED 2 ILEIA2 LTV D. L
HH20em2RE, PRI EAER D HNEV., FHFEEMET7 VYR, AxofMh, 73 MFh,
= b¥h, AVFUI FTIENHELONT.

FBBLOEERIIL, Fig. SKRTEIRXDPEVEBETHS. LBLOXES T, TV,
A ZFORBENEADTUTRALAICEMLTWVWS., ZOMAKEDO LHICAY TY T4, 20
BRizaus 4, ARV TITL, AVF4, oA, ZORPI<T 4, 7954, &k
VR FNTEEZLBDH T EHSHEE. AREOKPIICNSS 7Ty 7 IE, MAaozhR)
EREUCEVABBEZERLTBY, K3 FyEHEESNSE [ HFOFEROMIZ, v
TYTARAARAY T LA L DRBREDTVD. BB AEBAO 7Ty 7O
70y ZHEOES S ATEEROFRIGEE L ->TVEY, BlbLIrEVZIALNT.

Plane View Side View

20m
12m

< 15m a 15m

Fig. 4. Schematic gathering condition around of K-3 reef.
X%« Spratelloides japonicus & : Trachurus japonicus
& : Parapristipoma trilineatum B : Apogon semilineatus
G : Gymnothorax kidako Y : Young fish
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Plane View

Side View

Fig. 5. Schematic gathering condition around of K-4 reef.

. Spratelloides japonicus . Parapristipoma trilineatum

. Trachurus japonicus . Apogon semilineatus

: Lutjanus fulvus . Plectorhynchus pictus

. Paralichthys olivaceus . Oplegnathus fasciatus

. Mylio macrocephalus . Epinephelus chlorosigma
Chrysophnys major : Renounced net
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Table 3. The gathering fishes on the each artificial reef.

Reef No.  The gathering fishes Fork length(cm) Number
K—3 Spratelloides japonicus 5 Large school
Trachurus japonicus 5~17 Large school
Parapristipoma trilineatum 20~25 Large school
7 5~7 School
Apogon semilineatus 7~8 School
Gymnothorax kidako 50~100 2
K—4 Spratelloides japonicus 5 = Large school
Trachurus japonicus 15~20 Large school
Parapristipoma  trilineatum 25~30 Large school
Apogon semilineatus 728 School
Plectorhynchus pictus 50~80 School
Lutjanus vitta 45 School
Oplegnathus fasciatus 30~50 20
Paralichthys olivaceus 50 1
Chrysophnys magor 50 Small school (30)
Mylio macrocephalus 50 Small school (40)
Epinephelus chlorosigma 40~50 20

(5) K-5 &fE (Fig. 6, Table 4, Plate ~IV)

57 I O)NEOPEIETE HF7500m, KESBMITAMELTWA 1 mA7ay 7AETH 5.
T ORBEEEEFHEILAAICEI4mIZE->T 6 @070y 7 8A 3 ~ 5 mERICHES > T
W2, 2O bElo 2@ IO 70y 7#IE 2 BREATH S, HEIZ30~40cm, PEIRIEA 5
nzwv., HEEMESEREN3ImD 7 VY RPRHEICH LB, BN I mOA= b h%E
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Plane View Side View

Fig. 6. Schematic gathering condition around of K-5 reef.

@ : Parapristipoma trilineatum & : Spratellodes japonicus
& Trachurus japonicus s . Apogon semilineatus
U: Epinephelus moara O : Oplegnathus fasciatus
P : Plectorhynchus pictus L : Lutjanus vitta
Y : Young fish
Plane View Side View

10m

Fig. 7. Schematic gathering condition around of K-6 reef.

O : Concrete block 1n' : Concrete block ( cylinder type )

0% @ Stone reef FParapristipoma trilineatum

@& Trachurus japonicus Stephanolepis cirrhifen

4% Apogon semilineatus . Plectorhynchus pictus’
&; Oplegnathug fasciatus ¥ Gymnothorax kzdako
J
H
A

. Panulirus japonicus . Mylio macrocephalus
. Paralichthys olivaceus . Sebastes joyneri

: Choerodon azurio : Renounced net

: Young fish

<ZoI oK &0



E# - PH%F - KE - MAf 0 ATREOXBIIOVWT—XV 77

Table 4. The gathering fishes on the each artificial reef.

Reef No.  The gathering fishes Fork length(cm) Number
K—5 Parapristipoma trilineatum 20 Large school
7 5~7 Small school
Spratelloides japonicus 5~7 Large school
Trachurus japonicus 15~20 Large school
Apogon semilineatus 7~8 School
Epinephelus moara 100~120 4
Oplegnathus fasciatus 40~50 10
Lutjanus vitta 40 30
Plectorhynchus pictus 45~50 20
K—6 Trachurus japonicus 3~4 Large school
Parapristipoma trilineatum 30~35 Large school
2 3~4 School
Apogon semilineatus 7~8 School
Paralichthys olivaceus 40 5
Plectorhynchus pictus 40~50 20
Oplegnathus fasciatus 40~50 10
Epinephelus chlorosigma 35~50 10
Sebastes joyneri 25 5
Choerodon azurio 30 5
Stephanolepis cirrhifen 25~30 Small school
Panulirus japonicus 15 2

(6) K-6 faf (Fig. 7, Table 4, Plate IV)

T 7 BND)DDFEHFI5000m, KE2ImICHBLTVWARAET, 1mA7oy 78, H
A7y /JBRUEARKELV LS. REDOEREIX Fig. 7 CRT L1, 1mA7ay
7 IS RET20X30m OFEFIC, AFE 7Oy 7 32 OEAICHEVWETHE, SIGRIEIR
W& DBARIPICKARBEIN TN S, BERIZAREDOIMIICIES 70 v 7 BATEX20~50cm
EHLTWS, FBEPEAIFY I FT, AYSEOMBEENASNT.

BEADKREBEZBET, REOLBICEE3 ~4mD/NT YOKE, HEEICEE30~35cm
DAHFORARLEMEE 3 ~ 4cnDHAOHHSBEEL TV, REOBAIAIKAY TV 54,
kI A, aud4, A¥54, 7254, KUEFNY, AUNY, s0a54, 2N, 4
7, AT CRENEEBLBELTWL. B4 Y54 13EK40~500m&25emD 2 BIZH D
N3, 20 E25mD/NUBIIEZBRTH -z, Thoe I X IAKED EED U< 3EID
Bz G L THY, /tI L EEL B oIz, BBRABOBEMICIEINKTRT 5 &5 12K
BICBSBEBLTCHY, HOoLAFITEI05A#, MOFPOREICIE[ T EMEAHNT
Wiz,

2. RigEA

Fig. 1 KRT20MKBOTHE, 2RKBOTRBERKZTY, AERSEORERRT

ZRRESU T2,
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FIRBLI < v N —FRERICED, FEIHN3mOEBORE WML, EREICBNT
ERy MEEZ I —BHEIKLONES%T>172 (Table 5, Fig. 8).

LR OEE DML, RRT5E51C, BEOHEOWEHBLVERINATVWAZ ESbR 5.
BLEWITOME 0T/ BNIOHAEICH» T T, BAKERICEVHLTWVWA20%D Y v
NEDEFNAWEE P DY, TOKBIZBVWTRBREDEEESRREZEL LTS, F
105 7 INE P S KEHIC» 3 TEREEDZVWI0% L EOMEEE 5> T 5.

K EERE RS RLEE AT DAER = & &IT, FROhRE (Md$), WK (o ¢) RUOERE (Sk
$) OXRFMEMKZIER LTz, ZDOFR, Mdé 3T /) DLIEEIC 5V THE 3 ~3.5,
FhZzDIABICBNT2.5~3.0DETH Y, FIKERVWHENDOLNI EERLTWVS. WY
EOMEIFIZEAEL O, FICHEISTIX0. U FEBERICE > Tl RIFTH D, JEY
DORLEHES R OB S EFM U TNBE ZEZRL TS, BEIZIFEEAEDFREAICE WD
TH+0.2~—0.20fH%ZR L, BFINLEETHL b5 (Fig. 8).

Table 5. © Particle size measurements of bottom surface deposits at the off sea of Kaseda City.

Station Ne: {liIA—1 | A=2 | A=8-[A—4 |"A=5 | B=ilu|iB=2 [i\B=33'B—4 [ B—5
Median diameter| 1. 68 3535 3.09 3.44 3,21 2.16 3.05 3.26 3.40 3.09
Mean diameter 1.54 3.34 3.44 3250 333 2..21 3.10 3735 3..51 3.28
Sorting 0. 86 0. 66 0.68 0.45 0353 0.81 0.58 0..:51 0.49 0.44
Skewness | —0.16 | —0.02 0..51 0:13 0.23 0. 06 0.08 0.18 0.22 0.43

Station, No. [LC—1 | €=2: C=8u|iC=5 D=1 [NE=21iE =3 BE=1:|K-2.R.1K-6R.

Median diameter 256 3.20 3.05 3.02 2,02 2.80 2.92 2.68 2.88 1.64

Mean diameter| 2.46 3.39 3.03 3.08 2.74 2.84 3.03 2.76 2487 1.48

Sorting 0.54 0. 47 0.47 0. 36 0.34 0.32 0.27 0.32 0.63 1.16

Skewness | —0.19 0.40 | —0.05 0417 0.04 0.13 0.41 0.24 | —0.02 | —0.14
R.: reef

Manose River

g o

P

Nomaike  Kataura

Nomamisaki

Fig. 8-1. The bottom materials at the off sea of Kaseda City.
% : 80% sand
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Md ¢ " / )

Manose River

g
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Kaseda City

Nomafnisaki 3 o 2 mile
GRS —

Manose River

Nomafhisaki 2 mite

Sk ¢

Manose River

Kume)ima
S ]

P

Kaseda City

Kataura

Nomamisaki 0 2 mite
WSS —

Fig. 8-2. Contour map shows coefficient of bottom surface deposits.
Md$ : Medium diameter o ¢ : Sorting Sk$ : Skewness

(2) Xx&
BHBAERBOKEAT Im) EEBMBELN 2m)IXBVTKE, EFREZRD 2
(Fig. 9).

Fig. 912k 5 &, %$RBKIRIZ28.0~20.0CDEZRL, 7/ H)IHETRRERE
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Nomarisaki

Fig. 9-1. The distribution of salinity on the bottom.

N / 34,00 4 6.00
/ 3373 35.0@ .
- 34,00]
/ 3380 sl 34207
H 7
\ 3392 i
5 - / Yeos Manose River
B 3394 \ \
Kasada City
Nomamisaki G 2 mite

Fig. 9-2. The distribution of water temperature on the bottom.
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BEEPEBULTCWSREE  K— 1R, K— 4R
(2) BEHICEEHE

EAREE®EIY )= 7Oy 7 K—1, K— 4 fl

glG----K— 3 Al



fEf% - PEEF « KE - BT . ALRBEOKEIIOVWT—XV 81

EAFEEIVZ)— 70y 7 +8G K- 2 fal
EAREERIZYZY)—bTuy7+AERHays)— v Tay 7 +EH--K— 6l
B avsI—r7TaysOFERNICEEZHE
1mfge--- K—1, K—5f&H#, 1.5mfA--- K—4fHE, 1mA+L.5mA+H3InA
------ K— 2 fujE, 1 mA+MAER---K—6 flf
4) REEREHICLE98
1 LB K— 1 M, 2 0B K— 4 A, LRS- K— 5 falE, EEDMME
K— 2 faftg, K— 6 fulg, LEODOFFHE.--K— 3 falE
MEONRE U, LD L2, RADEHZEZ L OBLICEATZ LD TH 555,
REOEERSIIENULZLONEL, BIZL2TORKIIBVT, F¥FT, <7 Y, 44
FO3IMORBEOMAPRELOB S EVERICEVIIEAS T UTEHMUTWARR 2K
Bl COERRBOREAD T DRI Plate ] OKAPEETHHHIZIRIATNS (K-
2RE). FEFITOEMEME, —RICRLEWVWS (K-3, K-4/&KE), BT VEOD
TR (K-5 /) RORKEEL (K-2/&HE) STUTT2IEM8H5. <7 VidktEics
WCHEE3 ~5 mOBIZENT 5. 4 X IGARNVLEEIC, RASREMTICEKT 254
BEN, ZOBE, HREFIEFTITRT VIO EBICEMNT HBEEHEZ L (K-1, K-2,
K-5fafE). RERIORAFREIAICEBE CRICABANS V. RLFEERBOAXEZ VLD
A4 HF T, HBEIL25~30cm, HERBRIZ2~3 bV (K-2, K-4 ) »>KE (K-
1, K-3, K-5, K-6ff§) LOIHIBETRRAINTVEI LI, BELULILLSTORARIC
BEIBELTW., 2054 3EEN0m» 5 1 mIZRAbDHH Y, 20~50BHAER
AEFRLTBY, FEBREZOT1ERES~30mD4 Y54 (K-2, K-6flE) 45
Nz, Zofh, FEALEDREITBNT, w54, xVtF NG, 71, 7a¥4{, v X,
A 7ZF0ERAPEEZ<BEIN.. T ITLEHOAREL, ELEOEVWERZIYS
T, 2TV, ATXOMARBEN KL OEMNEMEZYER U CABEERLTBY, $1-AKE
AT, AFFOKBOM, <54, 41 VA EORUAREZEEOE TEEICIEER LY
TV5H, BNIEREN 2L DAL L->TVS, BIIEBNAELZH TS L, HESY
dmEBVOK-1, K-4 A, HREIEOVPEEOBEORZIERORE,» 25 K-2,
K-6 2 b5 ENHRES. SO ERYUBRICHIIAERIESOSWVE, $1-
EHOMMOD S NE, RENESKEL, TRRAIUEALVLBEDORLZ L DBED S
BARESENAROEEN2ETAIEETRBLTVS. BER2ICH W\ THERD 2
IR DAERSRFICE < DRABAZEEY LOTVAZ EARE LY, SROBETCLEL
RBEmsronte. 2BSEOBKEROER»HHZE, REOES L, RAEORBES,
BERUNEEDORNBRBIHDILOBHBL TV AN 2B, ZORBEICOVTIES
BEICRET 2ED T E 20,

£ #a

FBFI604E 7 H30H & 0 7 A31H I » ¥, R EEOEENMICH 12 5 InttAFTREBRIC BN T,
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Plate 1. The artificial reefs off sea of Kaseda City.
A~D : K-1 reef E~F : K—2 reef
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Plate [lI. The artificial reefs off sea of Kaseda City.
A, B : K-2 reef C~F : K—3 reef
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Plate 1Il.

The artificial reefs off sea of Kaseda City.
A~D : K-4 reef E,F : K-5 reef
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Plate IV. The artificial reefs off sea of Kaseda city.
A, B : K-5 reef C~F : K-6 reef



