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On the Fish Gathering Effect of the Artificial Reefs astertained
by the Diving Observation-XI
In case of the Open Sea off Fukiage Beach in the Satuma penninsular

Nobio Hico* Shinichi Motonakano* , Hiroshi Hasi **,
Hiroyuki HavasH1 *, Yoshito SHINOHARA * and Shizuo TaBaTA*

Abstract

As the result of the submering on the spot observations carried out at the 33 locations in
the sea fronts of the Fukiage Beach in Kagoshima Prefecture during the period from 1981 to
1982, the following investigations were obtained concerning the shape of artificial reef, the
state of block-burid under the sand and the species of gathering fish.

(1) The most numerous shape of the artificial concrete block reef was the two heaps type,
which was equivalent to 48 % of the total, when added with three heaps type this amounted
to be 61 % of the whole. As to the head, about 36 % of the whole counted above 4.1 m from
sea bottom to the block top, the height one measuring 10 m.

(2) The block-buried degree per one year was counted to be 3~4 cm in the part along the
seashore, that in the off shore being 3~5c¢m. In about 74 % of the artificial reefs, it was
southerns side and northern side of on block that the sand exovation action by the moving tide
was observed.

(3) The sea front showing a high effectivity in fish gathering was fixed to be the central sea
front in the Fukiage Beach the sea bottom of which was flat. The species of fish which was
noted most often as in the following, those belonging to the pelagic fish were fixed to be Blue
sprat, Spratelloides japonicus, Horse mackerel, Trachurus japonicus, and those belonging
to the demersal fish were Barface cardinalfish, Apogon semilineatus, Chicken
Grunt, Parapristipoma trilineatum, Rock breame, Oplegnathus fasciatus, Grunt,
Pleoctorhynchus cinctus and Flounder, Paralichthys olivaceus. Concerning the grouping
shape of the artificial reefs having the highest effectivity in fish gathering, it was astertained
that in case of pelagic fish, the mountainously shaped one was better than the scattering one,
and in case of the demersal fish the two heaps type was better than the one heap type.

* BREXFKEFDEMEFEMESE (Laboratory of Fishing Gear, Faculty of Fisheries, Kagoshima
University, Kagoshima, Japan)
* Ry r~<—oKRX&H (Shinkai Salvage Co., Ltd)
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1. # B

BAENL ) BFRLECELEELEOR IS EBICRE L TH 5 ATREICOWT
BARBEYERLI.OT, TORKRCOWTHE TS, RBAWMRIATAEORELREL
IBERLOBERROER « BEORBE KFRBELVIRKRLALFE I VBT LA
DT, BIEORBE LT, WERNOATHERBOEBRZTTOVTHRH LD THET
H®ET 5.

2. WEOBRCBEHE

WO EE L ATEE (AT R LS X, AR, ke, FRKE, HEHHE,
W BT, DntEEH, SWEO2HSHOBTETOLDOTHAS, BEALDRENL L mAL 1.
SmADEAAERARM2v 2V -7y 7R (T ey 7 BHEERS) T, BRIST
FEX HBRISTELOBZBEREAEKEL 7= » 7 BMEFIE 94 7T, 26062 HicDiF - T\ 5, BH
ORRIALBEED 1 mH41.4%, 1.5mAE14.5%, AHEEDO1.5mBU.1% Lith
(Table 1), ZOfticibfs, <A, 24 v EXAVCICRESCTFRELH 03X 0H I 7w,
BRKEEYER LR, KBARE 3 @R, WE AR 28 @A, Wik, ~ AL 1EFRO
F33MERTT, Fry s BAEAKERGELBOLhD N Y DREXYBREL T\ 5 (Fig.
D). BIERFHIGIBAG64E 7 B X v IBRAIST 4 10 Behrd T, BEHFEIBEEHE, KhRE
D, Kebh 25, KebF v EoBEXTE, REOCHE, HE, WE 54y, BE
BECOVWTHANL, KR, 7, BEMY, BER EESFORSEECHETIHAE
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Fig. 1 Artificial reefs which were observed at the off sea of Fukiage Beach.
@ : Large scale reef ® . Common scale reef A : Ship 8 Bus
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3. BB & R

BHEKLS L, BEoBBREEVEAEEICE 50, BEERY BATH, kERPRBGE
SkET~wk EBT), REH (ntET) ROEWE O 4 2OMERIC AT, K40 REFOBRERE
Bl onwTHBT 52T 5 (Table 2).

3-1. BAXRBhBEo &R (Fig. 2, Fig. 5, Table 3, Plate I, PlatelV)

T ORI I R 17 [T, KRR 2 ERTARE S h T34 ERE OO 8 [T
DR LN EE 1EME2EKBAE L, BIEH X Table 212/R7, Fig. 2 Zh B
BAEHORE, A, BEOZHXBEOBEAEOT A LHBHIICHROB L DR KA
2EMTOBUORRLICSDTH S,

BABEORER, REOHEIEZ3I~4 mo 2 ULEXEAEMNCE L, £oREHFIH
HEMOXE & Ke-3 BETH S, Z DREGKER 4l m OFE L BEMF OB 1.5
mA7ey 7 SUBERALTERLALLOT, BELOBIRI0m L RE, BROFEE
12.30~50 cm, BRI BHEORE LML I TE Y TORIIKRAHNSOcm cEL T
Wh, Zoft, SEEHIERFERI~A4FTINED T O YR, WTETA Y AT, HI0F
TY IV ABFETHELOTHS.

TEERDOREBIIET 7Y, 2V 7Y AR BLEALDREIC LR, Y THRE
CEIBET L ETbhbavav&q, Av84, 7 2Z0ERAI, BROEFFORA
BEHCEBEIhL, Chb0BERIBEIN3~4m T, BRI 2IWLWEY L TkH, IBE
AIFROMBEVEEXHR LT3, BRSOV TIAT & K- 3 AEICIBE L
=7 OORBTREEIRS, CORBERIEROEINIImMICLETADT, v~ 7 O¥HIKE
IBER L7 bDtEZON A, WHAEE (Ku- 1 Al 3K X 55.6 m O ALK i
ELTHRDIRDTH BN, =75V 7y 403w, 37yBLEBLT W
WKi-2 BETEVBBRO=7 COMADLEBE LB E KU,

3-2. WLbiRdRMiBHEOAEBER (Fig. 3, Fig. 5, Table 4, Plate II, PlateIV)

ZOBBRAR ERFOFTREERI RS EHA, BEITHE, BRTHSH, £ T 58 @A
OUWHBHENRB IR TV 50, SERZOF» LR A @R, ARAE1EFRLZO
fibic S 2 e 1 RO 11 ERT 2 BIR LB KBE 2T -7, Fig. 3R Zhb0BHEND
FERED S D% 2T ORORRLICSDTH 5,

ZREOHELY LB L, BRCEREYETHLUHOLDMREL, F0EXIRX2~TmTH
%, BEIIE X 10~50 cm, HHILIE LA ERD BRIV, L LEATREh Fe- 2 flED X
SIHEHEIEIHE0cm L ELLLEHEhbDLH 5,

BEAIAE - ANERICEET, HFXEROBEIR LERER TR V. LL
BHEOCEBEYK, MR REZORBLEAOHEC I ZBEFBEOEZIHRE L, AR
DBHILKELSHE 25 L, WO REHEDOBERH T, »£27F4 7>, FEF I,
<7 CEORROBENEL, RiRETALREETOWHMEAF TR, 1284, avavy
A, #5814, 4A%*, £ 7 AFOERAHEL /85, HICR PO Fe- 1 ~Fe- 3 RETI
EROEBEEARIEL IL> T 5, KR Fe- 1l BEREFROBSE L L TELLAKET
BB, BED o TUHREECRWTEEFROBRLYEBKBE L, ToEEREKROD I
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Ks-2

o
Fig. 2 Schematic gathering condition around the artificial reefs at the off sea of northern
part of Fukiage Beach.
8. Apogon  semilineatus B Trachurus japonicus
#8 . Scombrops boops HH Plectorhynchus cinctus

WIS Mylio macrocephalus
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Table 3. The gathering fishes on the reefs at the off sea of the northern part of Fukiage Beach.

Reef No. The gathering fishes Fork length (cm) Number
Ku-1 Apogon semilineatus - School
Trachurus japonicus 25~30 School
Microcanthus sirigatus - 1
Taius tumifrons - 1
Ki- 3 Apogon semilineatus - School
Trachurus japonicus 12~30 Large school
Plectorhynchus cinctus 40 1
Niphon spinosus 40 2
Ku- 2 Apogon semilineatus - Large school
Trachurus japonicus — School
Microcanthus sirigatus 20 2~3
Ku- 4 Apogon semilineatus - School
Ks-1 Apogon semilineatus - School
Plectorhynchus cinctus 50 10
Trachurus japonicus - School
Oplegnathus fasciatus - 20
Mylio macrocephalus 35 10
Paralichthys olivaceus 60 1
Dasybatis akajei 70 1
Scombrops boops — School
Goniistius zonatus 35 1
Epinephelus septemfasciatus 40 1
Ks-2 Apogon semilineatus — School
Trachurus japonicus 20 School
Mylio macrocephalus 45~50 10
Oplegnathus fasciatus 60 1
Plectorhynchus cinctus 50~55 10
Paralichthys olivaceus 80, 45 2
Niphon spinosus 50 1
Scombrops boops 15 School
Epinephelus chlorostigma 45 1

WAMEOHKL L, WBORBEFREKL->TWS, KEIOBETIF LI LFLADON
BABELL. AEOTHIMBHT, F4#M43EALOHELEMLL, 51 IXAKEN
PEBECBE L T,

3-3. KR EREESHBE ORISR (Fig. 4, Fig. 5, Table 5 Platelll, PlateIV)

e FROBEE G5 ittt TR 12 ERORRAK L 2 EROKRE BEHSRE S
NTW5, SEEZOF»SLE GRS ET & AT AE 1 B EBKEELL. BRALA
W% Table 2 IZ/R7.

Wk D B EEEORE & LTRACFHAIhTW RSB E O DOAL . L
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Fiet Fi-3

Fig. 3

Schematic gathering condition around the artificial reefs at the off sea of
middle part of Fukiage Beach.

& . Apogon semilineatus @ | Trachurus japonicus

@  Parapristipoma trilineatum * Navodon modestus

£ | Evynnis Jjaponica Y Spratelloides japonicus

5% 1 Oplegnathus fasciatus £ © Engraulis japonica
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Table 4.  The gathering fisheson the reefs at the off sea of the middle part of Fukiage Beach.
Reef The gathering fishes Fork length (cm) Number
Fr-1 Apogon semilineatus - Large school
Trachurus japonicus 7~8 School
Parapristipoma trilineatum 30~40 School
Plectorhynchus cinctus 50 5~6
Oplegnathus fasciatus 40~50 10
Mylio macrocephalus 30~40 20
Evynnis japonica 7~8 School
Fi-3 Spratelloides japonicus - Large school
Trachurus japonicus 12~15 School
Apogon semilineatus — School
Navodon modestus 25 Large school
Oplegnathus fasciatus 40~50 10
Plectorhynchus cinctus 40~50 School
Fe- 1 Apogon semilineatus - School
Trachurus japonicus - School
Oplegnathus fasciatus 5~12, 50 2
Oplegnathus pnnctatus 30~35 1
Mylio marmoratus 35 5
Taius tumifrons 30~40 50~100
Evynnis japonica 10 School
Scombrops boops 10~15 School
Etrumeus micropus - School
Engraulis japonica - School
Fe- 2 Apogon semilineatus - Large school
Trachurus japonicus - Large school
Plectorhynchus cinctus 40~50 School
Navodon modestus 25~30 School
Oplegnathus fasciatus 50 5~6
Taius tumifrons 40 50
Paralichthys olivaceus 60 10
Niphon spinosus - 1
Epinephelus chlorostigma - 1
Evynnis japonica 15 School
Fr-1 Spratelloides japonicus — School
Trachurus japonicus 12~15 School
Apogon semilineatus — Large school
Parapristipoma trilineatum 30~50 School
Mylio macrocephalus 40~50 Large school
Oplegnathus fasciatus 40~45 10
Plectorhynchus cinctus 50 30
Epinephelus septemfasciatus - -
Panvlivs  japonicus - 20
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Table 4. Continued.

Reef The gathering fishes Fork length (cm) Number

Fr- 2 Trachurus japonicus 12~15 School
Parapristipoma trilineatum 25~30 School
Apogon semilineatus — School
Oplegnathus fasciatus 40~45 100
Plectorhynchus cincitus 40~50 50
Chrysophrys major 30 10
Lethrinus choerorhynchus 40 30
Mylio macrocephalus 40~50 200
Navodon modestus 20~25 School
Sebastes inermus 20~25 20
Paralichthys olivaceus 40~50 5

DU TR, B2 UL D0BA B TETWS, FEEHCONTIHSE
BBRTHETZSYERIBDY I b 4D, U3 v FERMELEDTLDL5THAS, BED
BIORAMER 18 EZBLA Fe-3BHED 70cm TH 5, IR L A L BEDOHE CTET
LTED, TORIIBERDOSDTI0~40cm, PEDOARHAETH 1 mIZZEL T3,

IEBERISBBORIECA Y F, s7r 84, avav 1 EDEANSL, WHDb DI
BEEOMFEFr IR~ 7 INABLHR LT, o8I LILR L CRERBHICATEA
DIERBEE, DD L5 THS, 2ILHOREIYEBRTLE DAFRLEDTVBH LS
TH5. GO REEHE Fx- 1 BETREBR=7 2, EBCAY*, 1o HF 44, <
A, avay £ 4 0ERY, TLREEEELMERL TRV Fe-TAEZ~7Y, 1
FA4, AVFOREBEOHY R +FROBETICIBERL LD TW5, ZOBSITEBED AT
DIBEERY L LTHT LR T SRR NIBRARYBAT IR LT 5,

3-4, LR EBBORBER (Fig. 4, Fig. 5, Table 5, Plate D)

REROBEHL W EHICRE L BHEEDO KRS % b 5 EWE oMEER I 15 8
FiotRE#s, 4EROXBAELREIR TS, SENL 4 BERFOBE AR O CHE
KBEYER L,

RO 1B L 2 1B F b5, BB Fy- 1 BEUMZEEASETLT
Tev, BRAREOLBENCETFAOIBRBETH S, HEEYE Fu- 2 BEYERV-T LT
hbBHTEETHS., TOBERKRBEDO7O VYR, D3 byh, 41V A5 vivy, ¥
FERDT LI B,

BEERLETCORECEBEREE IR, B~7Y, e5=¥%, 2<2, 14+FZEpHE
TR E, RRIZ7Z 784, 2h7 84, T84, ~2ENE, BHBEHED
BVWAIER RO Fuw-5 BHETH - 1o,

4, * =
BARBRYPERLICILBEHROREIIZLAL ey 7 AET, THRAKZSE1ImAL
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Fr-1

Fig. 4 Schematic gathering codition around the artificial reefs at the off sea of
southern part of Fukiage Beach.
. Apogon semilineatus

. Parapristipoma trilineatum
. Evynnis japonica

' Mylio macroceph alus

. Trachurus japonicus

. Navodon modestus

. Oplegnathus fasciatus
. Plectorhynchus cinctus
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Table 5.  The gathering fishes on the reefs at the off sea of the southern part of Fukiage Beach.
Reef The gathering fishes brk length (cm) Number
Fx -1 Apogon semilineatus - Large school
Trachurus japonicus 12~15 Large school
Parapristipoma trilineatum 20~25 Large school
Navodon modestus 20~25 School
Plectorhynchus cinctus 40~50 7~8
Oplegnathus fasciatus 40~45 15~20
Oplegnathus pnnctatus 40~60 30~40
Chrysophrys major 80~100 5
Evynnis japonica 5~10 School
Frx-4 Apogon semilineatus — School
Trachurus japonicus 12~15 School
Spratelloides japonicus — School
Parapristipoma trilineatum 30~40 Large school
Plectorhynchus cinctus 50~60 20
Oplegnathus fasciatus 40~50 20
Mylio macrocephalus 40~50 100
Fk-6 Apogon semilineatus — Large school
Trachurus japonicus 12~15 Large school
Spratelloides japonicus — Large school
Parapristipoma trilineatum 12~13 School
Plectorhynchus cinctus 50 10
Seriola purpurascens 40~45 20
Oplegnathus fasciatus 50~55 20
Fx-7 Spratelloides japonicus —_ School
Trachurus japonicus 12~15 Large school
Apogon semilineatus 7~8,1 School
Niphon spinosus 150, 30 1,5
Epinephelus chlorosigma 40~50 5
Epinephelus septemfasciatus 40~50 5
Lutjanus russelli 35~40 50~60
Parapristipoma trilineatum 35~40,10 School
Mylio macrocephalus 25~30 5
Girella melanichthys 40~45 5
Oplegnathus fasciatus 25~45 School
Fw-1 Apogon semilineatus 10 School
Trachurus japonicus 15~20 Large school
Parapristipoma irilineatum 25~30, 15~20 L.school,S.school
Lutjanus russelli 45~50 5~6
Epinephelus septemfasciatus 100 1
Oplegnathus fasciatus 35~40 2
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Reef The gathering fishes Fork length (em) Number

Fw-5 Apogon semilineatus 5~7,10 Large school
Trachurus japonicus 20 Large  school
Sphyraena lewini 30~35 Small school
Caranx delicatissimus — Small school
Lu[junus russelli 40~45 10
Oplegnathus fasciatus 20 Small school
Plectorhynchus cinctus 45 Small school
Mylio macrocephalus 25~35 Small school
Evynnis japonica 15~20 Small school
Goniistius zonatus 30 5~=6
Navodon modestus 25 School
Pseudupeneus chrysopleuron = Small school
Panulirus japonicus = 20

Fig. 5 Records of the Echo Sounder about the artificial reefs at the off sea of Fukiage
Beach.
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Depth Elapsed Year

Height Configuration

48%

Fig. 6 Setting condition of artificial reefs which were observed.
Un : Uncertainty
S ! Scattered
I One heap type
I . Two heaps type
Il : Three heaps type

@
)

® Normal reef

@ Large reet

Burrying Depth (cm)
)
o

50 o %
0 .
. . .
LI ] . e o . .
® ece o Y
0 S 15 20

10
Elapsed Year

Fig. 7 Relationship between the progress of burrying in the sea bottom of artificial
reefs which were observed and the elapsed year.
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Relationship between the density of fishes and the setting condition of reefs.

O Large and middle class fishes at two heaps type common scale reef
A Large and middle class fishes at one heap type common scale reef
® Horse mackel at two heaps type common scale reef

A Horse mackel at one heap type common scale reef

© Large and middle class fishes at large scale reef

@ Horse mackerel at large scale reef

Density of Fish

1:<10 (No)
2 111~50 (No.)
3:50~200 (No.)

4 : School

N
Position of Fishing Ground <F

I 300

300;

Hirosone

5 . Large school

Arrangement of Reefs

100 300

500

Kasasa

Town Kaseda

City

Fig. 9
at the off sea of Fukiage beach.
EEB points of setting
R artificial reef

2900

Unit : m

A tentative plan of setting a large scale artificial reef consisted of many reefs
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1L5mARKRKTHS., RCBEOEBFR YLD L, 5~9F23%, 104FUE32% T
By, EEUENSELEFEBL TS,

BERERYEYT 5 & (Fig. 6), REAFIL20~39m 5 80% ¥ 55, BFEETK LRI
A (Fe-4 B8 0 46m TH 5D, BREOBENLLOFEI 4. 1mUED LD 36% T,
Rt Ku- 3 BHED 10.5m TH 5, BEOHRRIL 2 ILER 48 % #h» 54, 3L Az
5L61% LTch, RICREOEEDORI LERAFR L OBRE LD L, BROEI I, RE
BRI L - TRLAD, MLTHARELS T2 ~4 cm/ &, WWETEX3I~5cm/EE kD,
HETRLSE N Ehbh e (Fig. 1. BB ILRO BT 5 YR T A X eRE L
BHH, BELILERCLIS L, 4% 0RETHEBRSE AL, ZOBS0LLADEH
L AEOIED L XEET, £OFEIT10~100cm OEEATH 5, HRDERSIITHE
BTiR& O REEAHE TRE I R,

BRECIBET28HORELEE R, AEOBK, M BBERS0RBEHFKIIE
B ETbh TV 50, SEBLEBEACER L Y AROBERE L AORER O
L DR ERE LT A (Fig. 8). AROKEIEEROBE Y HBHAE L ORI TREL
b DT, KFCEWTEHHTHEDOKW 200 RX XML L, Zhi hBEOEVAEBICOWT
BRROABLVCORBY AV, BB AEONERR L h RO AEORAMER T,
REOHEKEYRDLTREL L, ks ZoEKPRAEOBEA L Y RO DT, R
LoTRIFOLARDLLTW WS DL DS, FARKL VIBEER L AEROBRER O L
DRk 2B L, RILHT S L) LBROIBEREDEHN AL, B 1 CARBIARK
DOHHEbRBEO K E WEEMTHEANRONS, F21k - FHANEES 2 1LHD
BECEVCTBEFBELE., H3 -7 o TCREIRZFBHASEINER 60 m2 BED
PECHREDO LD THIHYUBOABELYHRTHZ EATETH S, FBEOHREIC O
TROBE L D ILBOAPFEIEL 52, 1AL 2 LB W TIRERZZ SR,

RICR EFI IR O BIEIC 135 RBEOIBERE Y KFHIC R 3 &, IBEBEOE 4G
R, FATSRET 2 5 it A O WA AT OREISREREOEIE TH B, RENCRS &,
BRTRFEFS, =72, 19F%, ERTRAVIYEL, 184, avav g4, 7
AL, FEL, T AZOBENGLIK-TWE, BT EXV IV A4 DBEDS
WEETRMMAEORE LR ko TWAEAND S, =7 COBSRIBENG LD L,
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Plate I

The artificial reefs at the off sea of northern part of Fukiage Beach.
A, B Ku-1, 3 reef C, D Ku-2, 4 reef E, F Ks-1, 2 reef
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Plate II

The artificial reefs
A, B Fi-1, 3 reef

at the off sea of middle part of Fukiage Beach.
C, D : Fe-1, 2 reef E, F: Fe-1, 2 reef
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Plate III

The artificial reefs at the off sea of southern part of Fukiage Beach.
A, B Fx-1, 4 reef C, D : Fx-6, 7 reef E, F:Fw1,5
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B F

Plate 1V The artificial reefs at the off sea of Fukiage Beach.
A, B Ks-4 reef C, D : Fe-1 reef Fx-6 reef
(1982. 10. 25 ~ 27 photographed)



