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On the Fish Gathering Effect of the Artificial Reefs
ascertained by the Diving Observations—VII

At the Sea-Fronts off the Northern Districts of Kagoshima Prefecture

Nobio Hico*, Mikio NisuiTar*, Makoto KakmoTo**,
Hirosur Hasurt®*, Shizuo TABATA¥,
Michinori SuinkADpo* and Takeshi Kirsur*

Abstract

During the period from August to September in 1980, diving observations were carried out
on the eight Artificial reefs set at the sea-fronts off Akune city and Izumi city, both of which
were situated in the Northern districts of Kagoshima Prefecture; with the following results ob-
tained.

(1) In both of the reefs set at the two sea-fronts, the method adopted by us, was the one in
which the chief attention was paid to make the total bottom-area as wide as possible.

And in ease of those set at the sea-front off Akune, the mean bottom-area per one Concrete
block was noted to be 190 m?; and in case of those at the sea-front off Izumi, it was 54 m?; and in
both the places the distances among the respective blocks were fixed to be uneven.

(2) At the sea-front off Akune, the mean valued rate in which the Concrete blocks are made
to be submerged in to the sea-bottom was 9 cm/year.

(3) Comparing the densities of the fish schools gathering around the reefs, we noted that in
case of the sea-front off Akune, the densities of the middle and small size fishes were depending
upon the school of Apogon semilineatus while in case of the sea-front off Izumi, the density of the
school of Apogon semilineatus was thin and those of the middle and small size ones were thick.

(4) Comparing the compositions of the sand grain diameters on the bottom grounds of the two
places, those of the sea-front off Akune were noted to be more complicated than those of the sea-
front off Izumi, both of which were made of sand and silt mixed, or, of silty matelials only.

As to the size of the sand grain diameter of the bottom ground, a propensity was noted that the
smaller is the distance from the reef, the larger is the size of the sand grain diameter.

* BIRBKFKESSMEAFHIESE (Laboratory of Fishing Gear, Faculty of Fisheries, Kagoshi-
ma University, Kagoshima, Japan)
** IR B KEKEFDHEMBELEMN (Training ship Nansei Maru, Faculty of Fisheries, Kagoshi-
ma University)
*kk PEME Y LN — VRS (Shinkai Salvage Co., Ltd)
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Fig. 1. The map of southeastern Kyusyu Island Fig. 2.
showing the site of Akune City and Izumi
City where observations on artificial reefs
were made.

The map showing the research points of
artificial reefs at the coast of Akune City.

[J: Large type reef. O: Ordinary

typereef. O: Tyrereef. A: Stone
reef.
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Table 1. The state of artificial reefs at the coast of Akune City.
(Large scale of N,—0 reef excluded.)

Reef Setting | Depth

No. Type of reef Amount year (m) Setting point Date observed
(1(.)(;);c;3§< tl'l“(’)crl;) 137 62 26 | Coast of Sagatazaki
” 140 63 25 Coast of Shirinashi
” 70 64 30 NNW of Kuwajima
” 88 65 40 NNW of Kuwajima
” 193 66 40 NNW of Kuwajima

1700 m off Kojima

N,-5 ” 215 69 27 bearing 319.5° 1980, 23rd Aug.
1150 m off Kojima
N,-2 ” 197 70 18 bearing 317.5° 1980, 21st Aug.
1900 m off Kojima
N,—4 ” 563 71 27 bearing 329.5° 1980, 21st Aug.
” 533 73 28 Coast of Okawajima
N,-1 " 406 | 73 g9 | 1300moff Kojima | g8, 901 Aug.

bearing 304°
” — 74 — Coast of Ushinohama

Tyre 1300 m off Kojima
(15 pieces 1 set) 66 sets 77 22 bearing 304° 1980, 20th Aug.
” 34 sets ” 34 Coast of Okawa
Concrete block .
(1.5% 1.5 1.5 m) 126 78 N of Kuwajima
Turtle block 10 79 43 | 2480moff Kojima 1148 gip Sept.
bearing 263
Tyre about 1850 m off Kojima
N,-8 (2 pieces 1 set) 10 sets 80 27 bearing 314.5° 1980, 23rd Avg.

oy 7RHE(UT7 ey 7 BELIES) BEOERE DS, REORHI, 30m DERO%E
RRPBERTHIDPERSERREANA LLBREL-THY, REBALICHZ R
BIhTH3., HCKBOILFOEEEMICIISARMBEPLTED, MIEOATLERS
ZRBELTNS. ChoDRMELRBEIIC, KEOHEFHSEMIEICIE 1.5m A7 » 71733
ML D755 2O RBAKSRBEINTNS.

2-2. BIRAE

& Ul miix, LBo 5 Mk (N-1~N,-5 fifE) ERBEHMEDO KBAE (N,-0
) T°H5 (Fig. 3). HREBKEE, FRARE JRC M, NJA-171Z B, BEHMAR
RUBEEBEREAREE, NEC @, NE-70B &, B#HF LV +—) KX DAKEDOHE,
B, HELY, HEAORERVRAIOHEMEE, E/-RBMELTORDOEETER
REEML, TORBEMRERD. WM IIMEMS548 A208 &Y 8 A23AE L, 9A3H
LV IABHEDPHTHS. WH 8 A20H L V2BA P TOBREMEOBARILILICE Y
Bkigix, £ET 26.1~27.5°C, /K& 19~20m J§ T 25.07~26.42°C TH - 7z.
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Fig. 3. Showing the observed stations of the artificial reefs by means
of scuba diving.

O: Artificial reef X : Natural reef

2-3. AHOBRER
Na-1 2% (Fig. 4, Table 2, Plate I)

HELDObDLHEEINS. HEDHEITFHE, KE 2m TH5. BALTHR LU HER
k3L, CORBRB2ED2AYHEIEOT vy 7B ITALIATEY, R2OBMEIX
30~60m TH3. KM 3HL 2~10m THRY EBBAICSHRLEEE L >TEY,

2BBEA B4 YRICIERAONBETTHS. 7oy 7 0BBERARBILO DI 10~
15ecm TH 35, LEFEH 15ecm BL, ENORETIEEALEBRLTNEH0b 1R
Bohle, 79V KONEFERBIEI7T vy 7ICKBOSOREBERSONI. 24 YICHET
35D/NETRIDIEL. BHAORER, 24 YAKETR, BHERRTLISDOELT,
E7~8m OBO/NT Y, AL OSKE LY ImEDOEBEW - VBEHTS4 4+, BM
EITEHAT B2 7y 548, $0~60BREOHLLT, BEDOY =Y 5 %, BED
SR EH 2m EDEMT AL ICHBYDOFEITEKT BF 44 NKkLBdSh. KBA
EUTHE, BEDAYF, BHEDS v &4, 7484, BAUFOBE LD 5 2 EhH 5.

Tay JABICRTY, 27 VEL, Fa—wrERLEONI.

Na-2 Al (Fig. 5, Table 2, Plate I)

WMASEERAD T v v 7 BMETHEDOEEIIFE, KiE 18m TH3. AKOEREII,
PIE# 50m, RFEH 25m T2BRBEARB1IEHLITHS. BELALT vy 781 8AE SN
5. CORWETHIENDORBTIELALHELTWSAT vy 7 2@EFE D, BEAREL
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Fig. 4. Schematic gathering condition around reefs (N,—1 Reef).

1: Concrete block : Tyre

a: Parapristipoma trilineatum : Calotomus japonicus
a: Girella punctata Gray : Halichoeres poecilopterus
1: Platycephalus indicus . Panulius japonicus

o: Oplegnathus fasciatus : Pseudupeneus chrysopleuron

%‘U::‘no

: Apogon semilineatus
2 Stephanolepis cirrhifer

r: Paralichthys olivaceus

gt Trachurus japonicus
Y. Evynnis japonica

Na-3 Reef
Na-2 Reef
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Fig. 5. Schematic gathering condition around reefs.

Concrete block O: Tyre

Calotomus japonicus e

Epinephelus septemfasciatus h: Halichoeres poecilopterus
s: Saurida undosquamis

1 Plectorhynchus cinctus
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E:

m: Microcanthus strigatus
$<: Apogon semilineatus

Trachurus japonicus
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Table 2. The gathering fishes on each artificial reef at the off shore of Akune City.
Reef The gathering species Fork length (cm) No. of fish
Apogon semilineatus 10 large school
Stephanolepis cirrhifer 20 50
Euyynnis japonica 15~17 50~60
Girella punctata Gray 25 20
Parapristipoma trilineatum 15 large school
Trapristipoma japonicus 10 large school
N,-1 Oplegnathus fasciatus 30 1
Calotomus japonicus 40 7
Halichoeres poecilopterus 10~15 16
Platycephalus indicus 10
Pseudupeneus chrysopleuron 25 1
Paralichthys olivaceus 40 1
Panulius japonicus 30 1
Apogon semilineatus 10 large school
Stephanolepis cirrhifer 20 10
Calotomus japonicus 40 1
N2 Halichoeres poecilopterus 15 10
A Platycephalus indicus 10
Microcanthus strigatus 15 2
Saurida undosquamis 20 10
Pseudupeneus chysopleuron 25 10
Apogon semilineatus 10 large school
N.-3 Trachurus japonicus 5 large school
A Plectorhynchus cinctus 40~45 5~6
Niphon spinosus 40 1
Apogon semilineatus 10 large school
N,—4 Gymnothorax kidako 35 1
Choerodon azurio 30 7~8
Apogon semilineatus 7~8 large school
Stephanolepis cirrhifer 20 1
Trachurus japonicus 7~8 large school
Paralichthys olivaceus 68 1
Goniistius zebra 35 2~3
Plectorhynchus cinctus 40 4~5
Gymnothorax kidako 8 1
N,-5 Seriola aureovittata 80 4~5
A Epinephelus chlorostigma 40 1
Epinephelus moara 52 1~2
Euyynnis japonica 15 small school
Canthigaster rivulata 15 1
Diplorion bifasciatum 15 1
Goniistius zonatus 25 1
Hypodytes rubripinnis 15 1
Eyistias acutirostris 15 10
Apogon semilineatus 10~15 large school
N.—0 Trachurus japonicus 20 large school
4 Goniistius zebra 40 3
Plectorhynchus cinctus 40 2
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2~10m OFD/NT OB, MAKEFEI A v 7V 1 DER, £0OM, 744 PhTh %4
A ERBFoh3.

N.-3 g (Fig. 5, Table 2, Plate II)

MRFISSEBEBRAD 2 4 YAET, % d 3 N5 AR EBELTHWS. AKOREIREIL
FHCEL, ZOKIEZH 75m T, BRAOBAIMKBEFLE >TSS, EEKHEMIIZ 2~10
mTHb. 24 TREZFHU2m ORBOHDOT, 2AT O EMEIN TS, HEIZH 30cm,
ZEIKNEDO 7 vy #FMAFE LT, BERAEELN 1m XD EHIUN I8, B
EICA YTV EABERBD Y a v 4 RUENZERDI.

Na-4 fas (Fig. 6, Table 2, Plate II)

46 EEBRA I NI AHS6IMBMO 7 0 v 7T, K24y +r—Disk (Fig.9) k3
&, KK R 100m, FEdLA M 200m OFWENIK S BAORICHINTREINL TS,
FHEDMEIZEH, KE27Tm TH5. Fig. 6 RBKBELILZ0 184452787, TOHE
BIBREBST oy s BBELILEE LTINS, B3 40~50cm O D HBHNH, &
DICRESO 1 2B UETORETHE LLBDHHS. ABEEPRIAKBO 7YY KOM,
YIMYH, Ry, H4 Ay, vIVE, RERE, HEARBAKEEI AT VEA4OD
i, 45, vy REEFDI.

NA-5 e (Fig. 6, Table 2, Plate III)

A4 EEBRAI N @215 BD 7 v o 7 fafts CHHFS2EERAINIC 2 4 YAED 1
BLOMALDOIDTHS. FEDOHEBIIKEZEN 2m OERE S DOMEAMTKER 27Tm
Th5b. ZORBRIBHEELFAICHENWEZED, Fig.6 KA5kdiT, 7uy 78 Ls4
THBREICHEE > T3, 7oy 7 0BERIT 30cm BED OB, Fx 60~90
emDbDEAHIFONI. 24 Y IBIFEALEMBLTHEL. AFEWIT N4 ABEEIZ
CALERBICBETHS. HEADKRER, 24 YAKTE, L 7~8m OFEI ETTO/RH
TV, L2~3mEOEe S =y, BEAKEEI A VTV LA BRAFEHERBR LT 51,
24 YOMAEH 1m DFEEDOE S 2 RKPRIETH 70cm) a7, BfEDavay
FA, 7%, F7 e 2 EEBAD. oy JRABTRERAV 7Y FABEF &4 OEEM
BEeani.

Na-0 faf (Fig. 7, Table 2, Plate III)

BA4EERAIN-EALRIOLMEAD 15m 7o v 7HETHS. BK UK BHO KE
13 575m, fHEQEERBFHEHTHE M, ABOBEEICHI3BFCREZIH 2m, BEIY
1m OBBAA SN S, AR Fig. 7 KWRT LI, 1m »5 3m OFFE%EBWTILHEHA
CERBSNTBIHLA K 2EBALOEABAONS. HEIIH 20 cm. AHEMEICIIEEY
BELAHON, ZOEBYTABEORERIESHADLDhATHS. #ELYIIBET, KBD 7
TYRMNLEEICHBE LT B, v b4h, vF, vI vy, x+YELE{ BRI §
LARAERLEKE 10~12cm D2 v 7Y ¥4 OER, TOLFICAEH 20cm D7 ¥
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Fig. 6. Schematic gathering condition around reefs (Ny—4, N,-5 Reef).

[J: Concrete block ®: Tyre

D: Epinephelus chlorostigma A: Epinephelus moara

v: Eyynnis japonica G: Goniistius zebra

e: Plectorhynchus cinctus S: Seriola aureovittata

Y: Gymnothorax pictus f: Choerodon azurio
75«2 Apogon semilineatus &% 1 Trachurus japonicus
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Fig. 7. Schematic gathering condition of fishes around the large reef (N,—0 Reef).
J: Concrete block. G: Goniistius zebra. <: Apogon semilineatus.
e: Plectorhynchus cintus. . Trachurus japonicus.
DRI
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Fig. 8. Records of the Echo Sounder (JRC) about  Fig. 9. Records of the Bottom Sonar about the
the artificial reefs off shore of Akune City. artificial reefs off shore of Akune City.

3. HKTHEBEHOATAR

31 REOEME

SR B 1 B M E D B R AIRRIBLEIE X DI % - TH D ILIEROH A & b T DR i
U EEAFTZISHATT (Table 3, Fig. 10) <, BMEANCAZMMRIIE, 1m fi7 e v 2
25221, 1.5m fij 7 v 7 274MH, 2 4 Y5241 T, MAMTIMhE EREC T v v 7 iz D
KR EDTND, BEHFTREHO R WA RAME S, AETI%HD OREIMAD 2
A LT .
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Table 3. The state of artificial reefs at the off shore of Izumi City.

Area | Reef | Material | Amount Size (m) Setting | Depth Position
year (m)
80 1956
133 1957
120 1958
90 1959
84 1960
= 90 1961
& Concrete | 105 1.0x1.0x 1.0 1962
B block 72 1963
5 72 1964
® 91 1965
212 1967
202 1968
Niw—5*% 200 1970 30 9490 m off the fishing
port light house
bearing 285.0°
128 1.5x1.5x 1.5 1978
Nig-1* 290 | 1971 16 | 2910m off the fishing
port light house
bearing 25.2°
- 263 1972
2 Concrete 210 1.0x1.0x 1.0 1973
S block
I 208 1974
g 146 15x1.5%x1.5 1977
Nig-3 Tyre 52 sets | 15 pieces per 1 set 1979 15 2740 m off the fishing
port light house
bearing 27.8°

* Reefs observed by diving and the Echo Sounder

3-2. WARAE

EHREOMR L LA, O 7 vy 74 (Niw-5 ) RUKREO 7o v 7 f
M (Ne-1 ) &4 1 YAl (N3 AilE) O34T HS (Fig. 10). EFERBMA
Biith&OBEA LA L FEICMATKPFLE (B 45~y : SONY 8, TRINITORON,
HVC-80#) it &k 2 EEM U 7. BRIIMMS548 H25H & 8 AR ICESHMIC
EMEL. B8 HW6HIV29RKCHI TOIIEDHMAICBIF BKEIIR, EFT 263~
27.3°C, /K 17~22m JET 24.98~25.29°C T - 7=.

3-3. ABMOBRBER

Niw-5 st (Fig. 11, Table 4, Plate IV)

COAMIIHEMEE S U RAFWBEEBEAI NI 7o & 7AKET, £ OEKIH
200fTH 5. KEIZ3I0Om T, BHHOERIEMICKE 26m OBRBEEL TS, AR
ERIEEFMICED 2EBEASOEERI NI, ChiD 2HAICT v v 7 BBFE LK
BTHUTHAE., #Eid 30~40cm THMIAOSNLL., AEEITHERLUZBRODER
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Fig. 10. The map showing the research points of artificial reefs at the coast of Izumi City.
O: Concrete block ---: Fishing right M, ®: Observed reef O: Tyre

PRVOBTHS. HELEPIRHMO 7V Yy FPBEICAABELTHSBM, e 57, 1 vFy
Fr7, RYERBOHON., BEADOREIX, FFHL 5~7Tm OBITW/NT YO KE, f
WRBICA Y+, 7084, =84, 2NN, 92V 5 "FORBMARLERA LT YEAL, &
JI, NEEONYBBRVBEADA 5, 59 2 F N 2ORBMAETADI. HBhoDHA
BRIBKEOFEECHIEVBERICKIEL, WIFh bh#TEE & -7z,

Nig-1 ffs, Nie-3 it (Fig. 12, Table 4, Plate-IV)

HKBBLDILAOEERICHITOREICIE, 770y 71117TME & % 4 ¥5281 88 6 4ERJIC
E-oTRAZhTWS, COMBERO & 5 HHITE LA RICH 500 m, H P65 |IiCH 120 m
EVWSBRTTOHAEBOIEREBELE L DHDT, Nip-1l il N3 AERWTFhb o
AEROBEBICAE LTS,

Fig. 12 ® Niz-1 ff#i3 35x60m OWHEEBE L 4O T, ZOBWHEND 7 v v 7134
HOKREVWREBTREINTVS. 1B 2EHLDOELNAONS. (FEDEFEIZFHE,
JKER 16 m, #HE 20~30 cm, FE TS, D LE R VAL OEE LiciZRROWE HE {
HELTHEE, ZORRBERBTAUM OBELYB. Ktk 3RRBROWEIC
LKBEY BEXLL, RICBEMETHETHS. KkPHBRAEMETH 5m TH-1-
s, 20~30cm LD OHEELRFHOFELET S, MEEWRIABDO 7O v REAVF U F 4
77wy DEEICHONS. HERRBUBEWEET, ZOABIMKOHE L S KMEE
ETHMTB/NT VOKE, ARMEDX 7 V84, 7ukvtvEF, ~N&E2FHRON
HMATRREY Y IAE, 21830, A4 F, FHXABEOHhRABTHS. BBrvr7vE4
RBREBDIL, 2O EMBHBAKRABOISRohBHNTH 3.
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Fig. 11. Schematic gathering condition around I'ig. 12. Schematic gathering condition around
the reef (Nyw—5 Reef). the reef (N;g—1 Reef).
[]: Concrete block : Concrete block
A: Apogon semilineatus : Parapristipoma trilineatum
b: Plectorhynchus cinctus : Seriola purpurascens
H: Chrysophrys major : Evynnis japonica

Navodon modestus

: Trachurus japonicus
. Parapristipoma trilineatum . Plectorhyncus cinctus
: Epinephelus chlorostigma : Lateolabrax japonicus
: Apogon semilineatus

1 Stephanolepis cirrhifer

BN roc® <ol

a
D
M: Mpylio macrocephalus

: Trachurus japonicus

N, s-3 il (ZMFFIS4EEREAD 1 HIISADE2HI0 5 78 % 2 4 YT, ibo S i g
BELTWA., (HEDOMEIZ TN, KE 15m THA. JEEIZ 2~6m DMK EZ & D54
DRENHDTHS. ML 5~6cm, HAEYORBII/NED 7 v R4 Uik oz
ETHBHN, TOMBEHEEED A, WEMEZA Ty 24 2NERED TR E IS .

3-4. TEAIEEICKZABOTE

THAUEHO LS (Fig. 13) itk 3 &, N5 T, FUOHELL V% ORIG
BHONI. T VORESSNBEBERMEE L Tm T, BKBEORKELK—H LT
5. Nyl Ui fHEQRSRICE 5 &, Ml LO/NT O BO KIS KIEZELTEY, €DK
BROUHNCT EERULTNS. EBAHD TR, BKBEOMRTHYI L) 2 7 74
v v OUWEIS TR Ul

b oy r—0isk (Fig. 14) itk 5 &, JEROMMR LMK SO EDRE
RIETHEINTNBC EAbh 5. RO T € &R S HBIHR IS T OMETLR I,
BRIZZ VD, WFhbZOMIKEIREESPRITRER L, BREROES MMOE KL
ERBENBNES THB. = CHBICEOTIKER LRIk 3 LIRTBKIETHY,
LR OBIR AR L.
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Table 4. The gathering fishes on the each artificial reef at the off shore of Izumi City.

Reef | The gathering species Fork length (cm) No. of fish

Trachurus japonicus 10 large school
Mpylio macrocephalus 30 50~60
Chrysophrys major 30 50~ 60
Choerodon azurio 45 5~6
Plectorhyncus cinctus 15~20 5~6

Niw-5 Parapristipoma trilineatum 25~30 50~60
Navodon modestus 15~20 40~ 50
Sebastes inermus 20 30~40
Epinephelus chlorostigma 40 2
Apogon semilineatus 7~10 small school
Scorpaenodes guamensis 10~15 small school
Trachurus japonicus 10 large school
Apogon semilineatus 7~10 small school
Apogon lineatus 7~10 small school
Pempheris umbrus 7~10 small school
Apogon niger Doderlein 7~10 small school
Pempheris xanthoptera 7~10 small school
Apogonichthys carinatus 10~15 small school

Nooo] Eyynnis japonica 30~35 2~3

LE Navodon modestus 20 20~ 30

Choerodon azurio 40 1
Parapristipoma trilineatum 25~30 small school
Plectorhyncus cinctus 15~20 5~10
Heniochus acuminatus 10 20
Scorpaenodes guamensis 10~15 5~10
Sebastes inermus 15~20 20~30
Lateolabrax japonicus 80 1

Nig-3 Apogon semilineatus 5 5~10

i

” ol
Nie-3 Reef
A5l

Fig. 13. Records of the Echo Sounder (JRC
type) about the artificial reefs off shore

of Izumi City.

<ot

Fig. 14. Records of the Bottom Sonar about
the artificial reefs off shore of Izumi

City.
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Fig. 15. Research points.
O: Sampling points.

Table 5. Particle size measurements of bottom sediments.

Gravel, Sand, Silt and Velocit
Median Skew- Clay ratio (%) elocity (m/s)
Area Station |Depth| Di- | Sorting | ness
Te No. (m) | ameter |(Inman)|(Inman) Silt and
Mdg ap Sk¢ | Gravel | Sand | Clay= | Surface | Bottom
mud
S-1 13 — — — 100.0 0.0 0.0
S-2 16 2.56 027 —0.22 0.04 97.2 2.8 0.05 0.05
S-3 3 344 032 —0.09 0.1 96.3 3.6
M-1 9 2.16 050 —0.04 1.4 96.4 2.5 0.3 0.1
Off sea M-3 22 0.80 0.80 0.30 0.0 100.0 0.0 0.35 0.05
of Akune M-4 23 3.07 047 0.09 0.3 95.0 4.7 0.05 0.05
City O-1 27 —0.13 0.66 0.29 5.2 93.7 1.1 0.1 0.2
0-2 23 — — — — — — 0.2 0.08

0O-3 30 —-045 0.89 0.04 29.4 70.6 0.0 0.1 0.05
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A-1 71 280 0.73 0.07 2.0 89.5 8.5

A-3 76 295 0.78 —0.08 0.5 90.7 8.8

A-5 78 248 075 —0.75 1.4 91.5 7.1

A-7 59 2.29 1.10 —0.02 2.4 87.8 9.5 0.05 0.06

A-9 54 —255 224 0.62 60.4 35.5 4.1 0.08 0.08

A-10 36 0.80  0.54 0.26 4.0 93.0 3.0 0.04 0.04
Off sea A9 49 148  0.94 0.11 3.9 83.7 124 0.1 0.11
of Akune B-3 72 2.68  0.94 0.06 0.5 90.2 9.3
City C-1 70 224 089 —0.03 1.0 91.8 7.2

C-2 76 244 0.83 0.04 0.7 89.7 9.5

C-3 70 264 0.69 —0.16 0.3 94.4 5.3 0.13 0.1

C-5 74 220 0.75 —0.07 0.5 92.1 7.4

C-7 66 232 075 —0.01 1.0 92.4 6.6 0.15 0.11

c-9 45 — — — 100.0 0.0 0.0 0.1 0.06

D-2 75 2.68 0.74 0.01 0.2 93.2 6.6

D-3 76 1.72 0.74 0.08 2.9 92.3 4.8

D4 78 242 021 0.24 0.3 93.9 5.9

E-1 65 2,32  0.70 0.20 1.1 94.3 4.6

E-3 68 2.11  0.61 0.13 0.6 94.6 4.8

E—4 72 2.3¢ 132 0.01 0.2 93.3 6.5

E-5 78 244 040 —0.10 0.0 95.9 4.1

E-7 72 291  0.63 0.70 0.4 90.7 8.9 0.05 0.05

E-9 59 263 095 —0.05 2.3 87.7 10.0 0.03 0.11

E-10 40 1.98  0.54 0.0 0.7 95.6 3.7 0.05 0.05

S’-1 20 2.16 0.68 —0.18 1.7 93.4 4.9 0.05 0.2

S-2 21 3.68 147 0.27 3.6 62.0 34.4 0.15 0.1

S’-3 18 4.32 1.92 0 0.2 43.9 559 0.1 0.07

S'—4 14 2.16 3.01 —0.54 31.5 56.2 123 0.07 0.1

S’-5 13 395 3.08 0.43 2.1 49.0 489 0.15 0.05

M-l 29 229 1.09 0.08 3.2 84.0 129 0.35 0.2

M-2 27 3.05 1.21 0.44 2.8 77.7  49.3 0.03 0.08

M’- 25 4.2 2.84 0.39 4.4 39.9 55.6 0.15 0.12
Off sea M'-4 23 3.02 080 —0.18 1.1 89.4 9.5 0.15 0.15
of Izumi -5 17 2.08 1.82 0.08 9.2 81.1 9.7 0.2 0.09
City O’-1 32 3.00 1.82 0.07 1.0 86.1 129 0.28 0.03

0’-2 30 5.16  2.88 0.26 0.5 359 63.6 0.25 0.14

0-3 29 2.82 1.66 0.29 0.5 724 27.1 0.15 0.15

o4 29 399 254 0.39 0.5 50.2 493 0.03 0.08

O’-5 24 381 366 —0.29 6.8 44.8 484 0.2 0.2

A’-3 10 4.24  1.77 0.16 2.0 38.7 59.3 0.17 0.12

A4 10 2.16  3.99 0.003 24.9 49.7 255 0.2 0.1

R{ 25 1.88 1.12 —0.18 5.7 86.8 7.5 0.2 0.05

R; 18 2.08 1.64 0.27 6.8 76.6 16.5 0.22 0.05

R} 16 1.64 209 —0.33 17.4 76.0 6.6
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Nagashima
Hirose River
Kuronoseto fzumi City
-
Off shore of lzumi City
~ {Kyronoseto
Akune City
Off shore of Akune City Q 1 3mie
Fig. 16. The bottom materials at the off sea of Akune City and Izumi City.
@h: Rock, Gravel #&: Sandy gravel @ : Gravelysand gf: Sand
£ : Mixture % Silty sand ¢S+ Sandy silt
Table 6. Particle size measurements of bottom sediments near reefs at the off sea of
Akune City and Izumi City.
Gravel, Sand, Silt and
. . Clay ratio (%)
Reef | Depth | Sampling Median Sorting | Skewness
£ Diameter | (Inman) | (Inman) .
No. (m) point Mdg e Ské Silt and
¢ Gravel Sand Clay=
Mud
a 1.88 1.00 0.06 2.3 86.9 10.8
N,-0 57 b 1.79 0.98 0.08 2.0 88.6 9.4
c 1.84 0.94 0.08 2.7 88.6 8.6
a —0.20 0.65 0.23 8.9 91.1 0.0
N,u-1 22 b 0.04 0.77 0.10 9.4 90.6 0.0
e —0.40 0.52 0.23 9.9 90.1 0.0
a 0.08 0.79 0.27 34 96.6 0.0
Ny-2 18 b —0.23 0.58 0.09 10.4 89.6 0.0
c —0.20 0.61 0.25 8.1 91.9 0.0
a —0.18 0.67 0.22 8.3 91.7 0.0
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N,-3 27 b —0.04 0.70 0.20 5.5 94.5 0.0
c —0.03 0.63 0.25 2.5 97.5 0.0
d —0.22 0.56 0.18 8.0 92.0 0.0
N,—4 27 d 0.32 0.66 0.11 3.2 96.6 0.2
a 1.76 1.98 —0.39 16.2 74.9 8.9
Nig-1 16 b 2.08 1.32 —0.03 6.1 82.0 11.9
d 1.64 2.09 —0.33 17.4 76.0 6.6
Reference:
a: Within the block of the reef. b: 1 m out of the reef.
c: 5 m out of the reef. d: 10 m out of the reef.

e: Center of groups of the reef.

4 a
a
A
3 a
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oo
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A I-10m
2 A I-Wi. a
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Al-1m
1 i C
o LR 0.3
(4 o
. e m@u
o off "o,
o
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o
03 2 1 0 1 2 3 4 5 6
’ i R . Mdp
Gravel : Sand i silt

Fig. 17. Relationship between median diameter (Md¢) and sorting (¢¢).
At Sampling by Ekman-Birge sampler (Izumi).
A : Sampling by the diver (Izumi).
I-Wi. : within the block of Izumi reef.
I-Im: 1 m out of the block of Izumi reef.
I-10 m: 10 m out of the block of Izumi reef.
O: Sampling by Ekman-Birge sampler (Near the coast of Akune).
@ : Sampling by the diver (Near the coast of Akune).
J: Sampling by Ekman-Birge sampler (Far from the coast of Akune).
W : Sampling by the diver (Far from the coast of Akune).

RELESFTEITIE - 72 (Fig. 15). SR K O InmaN #: (1956) 1Tk D HRrhRIE (Mdg) ,
RIKE (0¢), EE (Skp) RUKE 1« ROZARERDI. (Table. 5). BicZz0E&HE,
Srnv—ersEL, BEEEFBLUCHTMEEROERHEER L (Fig. 16). BC
CTEIR B BEVSHEREIZ WenNTworTH DRPICE -7, EERICEZ &, |
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ARTIHEDOHETIE, BERBORFTYE, HREOMS & Uk 5 AMEMEIIDER, Fic
ZOMERDEOSMHLEDLY, AERBRNEEOREERMCIL > TNBEZ Ebh3b.
REDHREMERBOBEETHSH, CHRERREEKICE D BDER MK ULERL
TbDEHEIND. 50m UEOHME—H L BDHEOS/HIREN > T 3.

HATRHAETRIDERTELISIFEZR LTS, b OERTRELEVERE bW
BosmBid, B2 EFOROELOLRELEEDOHHBICHIFRICIEFICHED HL
T3, T vEROBEHERADILVEHICE-TRH U BDEBSAONS. BWEI VD
AL, BELPOREBCHOI TS ORHICES MUETHWAMKRWTEETIZH 3 55, HE
BEOAREREBERTHIXERDEAFLLREORFERICKATRINT S, LM
NEOMOEZR, B W - ROBABEE-TED, BAORBROLONIEDEL Y
ETHRINTNS. COXSICHBEBSBEASFERLTWEDIIR, B BEZHAT 58
W, RERICRBINTHSAEY, LEINCX DMAIN IS ELHIIKER 2 OBEIT
LB5bDLEZOLND.

T2 N—VRRBHRICLIRREOMIC, AERIAKBOT, BAkEHKky, £EH3cem
DOERERRBL, RUFEICLVBEEMITEZIT -7z (Table 6). FRAIZEITRT 6 Akt
2T, ReDMIELEERL LT, AN, AKEOMS 1m,5m, 10m OFFE L. %
TRIC2AEBOTRHAEZDORE L. Ric Table5,6 X9, Mdp & op & DBFERU

06{ ©
a
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Skep oo ® DD.=2A ooé 4
0 ° ° !
I-Tm~ o o
-02 sk P
A [-10m “
-04 A 1-wi,
A
-06
-3 -2 -1 0 1 2 3 4 5 6
; Mdg
Gravel | Sand voosilt

Fig. 18. Relationship between median diameter (Md¢) and skewness (Skg).
At Sampling by Ekman-Birge sampler (Izumi).
A : Sampling by the diver (Izumi).
I-Wi. : Within the block of Izumi reef.
I-1 m: 1 m out of the block of Izumi reef.
I-10 m: 10 m out of the block of Izumi reef.
: Sampling by Ekman-Birge sampler (Near the coast of Akune).
: Sampling by the diver (Near the coast of Akune).
: Sampling by Ekman-Birge sampler (Far from the coast of Akune).
: Sampling by the diver (Far from the coast of Akune).
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Mdg & Sk¢ L DBAK%AERTRAEKDI (Fig. 17, Fig. 18). Fig. 17 itk 3 &, MARW#H
AETRBEABBOOIK L, HATHATEIRATRORDOZ FET ST L ERMIERS
£5TH5. F/Fig. 18 itk s &, ARMEDEE X, ZONMAAIOER LD b HEBH
HOKBABIT LTV AEENS SN 5.

5 & g

AEBARBE U MABH M EAERD 5 AL, RBIEBDTEL, TLERTRAED
ZLDBIRAEZEFEIEHICHT 5 K ExscpicETh, UhrdEAHED 150~500m O HE
ZBHOTHREBEIN, MNIERBO ATHEBEHEFEGEZELTOE.DE L ODRABLIFEL
SRTHY, 15y, ARRCESONRRREEICE > THRFORZELIL>TWS, COM
EHONABBTHINZBEEEGEIZYW 26X100m? T7 o v 7 1S ) ORETLHEER
BT 190m? L7 5T 5.

—%, HATMEEROHEE, TOXMHHWITHBIERO bOULMEHOI DD, Al
BEOELREL, -TZOHEMOAE,. AEOFBERIEIMICRERIIINIHE
EoTW3, MBE)EAFE)OHEBERTRETELRE, BEERTIR 1A, BA LD,
HEE0 LBH/NMNIBEORECESHBINATVS. ATRORBREBES S &, FHERT
BANIVAERBREELSHERBEB O THS(RBEINTLEDICH L, HEEBERTIR7 vy
72 1BARICERISELVEREL LS LIICEBINTVS. HEBERICBT2AEOR
WETE K 6X10'm?, 7 vy 70 1 EYY OREFHFEERIT 53.7m? L5y, MA
BHHEOBEEALVEENE. MEROARERBOBERIL, v v 7 OEKEBEEL
LoTnaZ dd, 2EBEBAOBABBODTIBLEIDENL LTHAS.

COXIBHRBEHEIR, 12OBELLTHD ST A0 FigmRk, vz 4
TV, TV, AR IFA T VEDOHBRPAYF, 24, ~NE, 3 ABOBRAOBERE
BTHEDOT, #HIY KbHBXIIC, HIBREOHEX, MbPiE L IE/HOER
ELBCLEBLETHS. COBFE, MEBEBROAERIZIILALLVWEREEETS0DT,
ZOLETHLUNAEEZEMBRET S LBURHTHAS. SRIOMRATRIELE bHFemE
Ufeds, i Lick Hic, HEEAEL WS REOHED S, TEROEL X2 O ES M
ChsYDENLE N, BEEOmPSAMESTES, EHOMEHKREEILIREC L
bHVBICLEHKTHEDOABBIITELTEYHEKEN. SBRRIAKEALOEHOH
BICONWTHMEEEDILNVEZTHS.

6. = £y

FHFS5E 8 HE D 9 HIKE MM, MARTT & H/KTOMEERICRELTHS 8EHD

ATRBECBOTEKBERFRREZEZBLUILLERTLOL S THEREBL.

D FEEOABRINITNORBEEERLL LAFREHALTHS. av 7 ) -7
vy 7 1A% OFEHEBEERIE, MARTHEH 190 m?, HAKTHHAEH 54m? &
RO, WFNOFBNKRTHS.
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2) FMABTHED2 Y7 ) =7 0y 7 BECHEEOEILHET S L, F Iem/4F
Lis5.

3 MARTHEDORMEICIE, * 7V E4 EARBANSIEE LTS, HAFHE
DRMEICIT, 2784 ERBABDIEL, hRARSHEELTNS.

4) EEOKREMRERETZE, HKTMARMARBTMESL VBB SIHERLYD -
RECROBEEBBEN. FLAKEIOER ZAMIGE S BRERSAKE L SHA
BELNS,

FHREZERBR, MARTRUHATORECIVERB LI DT, EEOAHTITON
TERBRZHFZRBFR RRKABHEOUHEEEN W, EXBALBEULEFS. %
7o, BIEAEICHVAHHE IO ERERKER, MARTKESR, HATKESRT
R, dLEEKEREMS R Y R I AR T REDG R4, HATRERRBAGOMEEE
BHRITH VRERIHBEERTE60TH 5.
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Plate I.

The artificial reefs at the off shore of Akune City.
A~D: Ny-1 reef E~H: N,-2 reef



Plate 1. The artificial reefs at the off shore of Akune City.
A~D: N,-3 reef E~H: Nj—4 reef
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Plate I11.

The artificial reefs at the off shore of Akune City.
A~D: N,-5 reel E~H: N0 reel



24

HEYR S KK pE A0 BE 45 30 % (1981)

D

Plate IV. The artificial reefs at the off shore of Izumi City.
A~D: Njy—5 Reefl E~G: Njp-1 Reefl H: N;z-3 Reef



