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SUMMARY

An ecological survey was conducted on cube-type artifical reefs over a
three vear period estabilished along the south Cheju coast. Spatial and temporal
distribution patterns of fishes inhabited around the artificial reefs were analyvzed
using direct observation with SCUBA and an echo sounder.  The 3 vear term

survey of the artificial reefs are summarzed as follows:

1. Mean catch per unit effort (CPUE) of the artificial reefs was found
to be 7.72 individual (2.1 kg)'12 hr catching effort with 30 x 3m terminal net.
The CPUE recorded from the artifical reefs was higher than the value measured
from a control site (266 (1.7 kg)) and a natural underwater reef (487(0.7 kgh.

2 Total number of fish species observed the the course of study on the
artificial reef was 43 species which was higher than the number recorded at
the natural underground reef and a control site.  Species diversity was 1.07 at
the artificial reef, 1.13 at the natural underwater reef, and 1.17 at the control
site.

3. CPUE before and after construction of the artificial reefs indicated
that there is a rapid increase of CPUE (1.0 before the construction of the reefs
and 6.9 3 vears after the construction).— The total number of fishes occurred
around the reefs also increased after the construction, from 6 species before the
construction and 22 species after the construction of the reefs

4. Spatial distribution of fishes around reef can be summarized by
Seriola quinqueradiata, Trachurus japonica, Parapristipoma trilineatum, and
Chromis notatus around the top of the reefs, Micricanthus strigatus at the
center of the inner reef building blocks, Epinephelus septemfasciatus and
Novodon modestus around the middle area of the reef, Pseudolabrus japonicus
at the base of the reef, and Sebastiscus marmoratus on the bottom of the reefs.

5. Analvsis conducted on VTR monitoring of fishs form 9:00 to 20:00
indicated that there are 24 to 240 fishes observed per each hour. No fishes are
observed during mid-night. The highest number of fishes were observed
during 06:00 and 0800 with a number of 245 to 260. The most common fish

ohserved on the monitor was Chromis notatus.
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Fig. 1. Map showing the sampling sites (ARA : artificial reefs area,
NRA © natural reefs area, CA : control area). A : Bupwhan area,

B : Onpveng area.
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Table 1. Seasonal variation of phospate, total nitrogen. chlorophyvll @, and

transparency of Bupwhan area, Chejudo

Phospate Total nitrogen Chlorophyll @ Transparency
(pg-at’ ) (pug-at’ ¢ ) (ug/ ) (m)
Season  ourface  Bottom  Surface  Bottom Surface
Spring 0.69 0.53 4.22 3.90 278 11.6
summer 029 0.37 6.79 8.03 1.46 116
Autumn 022 0.20 3.89 3.84 0.81 124
Winter 0.54 0.79 7.23 6.49 0.73 8.6
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of 3l Waluke o 2ol o] 24kg CPUER H@Zol% 07kgst mliie)zel 0.4kg
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Table 2. ANOVA and T-test result of the number of the fish and biomass

DF SS MS F T-test
Number of fish(CPUE)
Between groups 2 2429

ARA NRA™
ARA CA’

*

Within groups ol 18276 358 3.39
Total 53 20705 121.4

BiomassiCPUE)

Between groups 2 40.4 20.2
o _ _ i ARA NRA™
Within groups 51 695.3 128 1577 o
ARA CA”Y
Total 23

= Significant different at @ =0.05



8 I @ Number of fish
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Artificial reef area Natural reef area control area

Fig. 3. Comparison of CPUE (Number of fish and biomass/unit) among the

three sampling areas.
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Table 3. ANOVA and T-test result of the number of fish species and species

diversity

DF SS MS F T-test
Number of species
Between groups 2 76.93 48.46 ARA NRA™
Within groups sl 753.22 1477 3.287 CARA CAT
Total 53 8015

Species diversity (H7)

Between groups 2 0.29 0.14
o _ ) o ARA NRA™
Within groups 51 3.30 0.06 2.23 e
ARA CA"
Total 23 3.99

¢« 0 Significant different at @ -0.05

30

25

20

15 |

Number of species

Feb. Apr. June Aug. Oct. Dec.

Month (1994—-1996)

Fig. 6. Monthlv change of total number of species by sampling stations (ARA,

NRA, CA) at Bupwhan areas (Site A) during 1994 and 1996.
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Table 4. Seasonal occurrence of fish species in the artificial reefs in Buphwan
arca. Logy transformation of the data during 1994 and 1996

(~ <0, ~=, 00~10, ==+, 1.1 ~19, +--+, 20~-29)

Species observed Spring Summer  Autumn.  Winter
Thalassoma cupido -
[Cpinephelus septemfasciatus - - - ~
Aenus Japonicus -
Oplegnathus fasclatus - +
Heniochus acuminatus -
Navodon maodestus - -+ - -
Sertola quingueradiata += + +-
Micracanthus strigatus + + + +
Parapristipoma trilineatum -~ +-+ -+
Ostracion immactitatis +
Sehasies mermis - +
Fpinephelus akaara -
Prerors lunulata + - +
Scorpaenopsis cirrhosa +
Sebustiscus marmoratius - -~ -
Iuvmaeria flugellifera =
Crondistivs quadricornis +
Halichoeres poecilopterus ~
Chromis notatus -+ -+ R -t
Trachurus Japonicus +

Scorpaena onarid -

Apogon semilineatus ++ + 4 ~+—+

Stephanolepis cirrhifer - + + -

Chaetodontoplus septentrionalis +

Pseudolabrus japonicys - + + -
Total number of species 16 16 16 6




\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Fig, 9\ schematics diagram of the cube type artificials reef and the location
of the fish assemblage. (Sq, Seriola quinqueradita . Tj. Trachurus
Juponicus o P Parapristipoma trilineatum © Cn, Chromis notatus . As,
Apogon semilineatus © Ns. Microcanthus strigatus . Es. Epinephelus
setemfusciatus - Nm, Navodon modestus © Pj, Pseudolabrus japonicus .

Sm, Sebastiscus marmoratus).
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Table 5. Number of fish and fish biomass collected by echo sounding

Species

Number of fish

Total Biomass (g

Parapristipoma trilineatum
Stephanolepis cirrhifer
Navadon modestus
Epinephelus sepremfascrlatus
Cottiscilus <chmidi
Sebastiseus marmorat s

[ rQnascopts Japonicus
Trachurus japonicus

Nurke japonika

Choerodon azurio

Ruju kenojel

14
2]
4

1920
3315
950
320
160
700
00
170
530
385
660
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Appendix. Taxa of catch species by three sites (ARA, NRA, CAY at Bupwhan

and Onpyveng. ARA=artificial reefs area © NRA=nutural reefs

CA contral arca @ N-Number of fish @ B=Bilomass (g)

area .

Bup\Lh_a_n"

7()11;)&&

Species ARA NRA A ARA
N B N B N B N B

Fishes
Scevhorhinidae

Sevliorhinus toracame 105 1 6.000
Rigdac

Haja kenojel 20 820 1 =50 74480
Da~yvaudae

Diasvatis akael 3 1.225 201,240
Torpedinidae

Nurke japonika 3 1.030 2,110 13 5,000
Fngrauhdae

Fngraulis japonica 260 257
Syvnadontidae

Sarida undosqguarmis 1 165 4 R0 12 1857 1 120

Trachinocephalus myops 2R 52860 103 21,004 69 13,836
Congridac

Astroconger myriaster ey 03 1 380 1 1.200
Scombresocidae

Cololabis saira 2 s 2 310 1 108
Fistularidae

Fistularia villosa 1 210
Monocentridae

Monocentris japonicis 13 832
Zerdae

Zeus japonicus 1 282 10 2,900
Serranidac

Lateolabrax japonicus 1 150

Fpinephelus septemfusciatus 2721 6 3.830 13 6,455
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Appendixs continued

- Bupwhan ) M(_)I}B\;SHEW
Spectes B 7“\{\7 ~ NRA CA ARA
N B N B N B N B
Epinephelus akaura 1 160 2 1.040
F. moara 12 5,650
Apogonidae
Apogon semilineatus 10) 2430 10 204 1 20
Stllagmidae
Stllugre: sthama 1 210 2 47
Branchiostegdae
Jsranchiostegus argentatus 2 350

Pomadasyvidace
Prarapristipoma triltneatim 225 15891 12 1,085 1 120 19 5,057

Sparidac

Chrysophrys major 1 350 1 350 19 5,007
NMullidae

Pseudupeneus fraterculus 1 380

{ penens bensasi 2 220) 1 10

Ceirellidae

(rirella punctata 3 L1227
Ih=tiopteridace

Fvistias acutirostris 1 114
Oplegnathidace

Oplegnathus fasciatus 1 460 1 280

Aplodactylidae

(roniistius zondtus 5 2720
(1. quuadricornis 10 4.350
Caranginidace

Caranx equula 1 240 3 45

Trachurus japonicus 1 37

Seriola quinqueradiata 39 163,190 3 1.600




Appendix. continued

Bup\\‘hanﬂ o Orlp_\‘cng

Species AR NRA CA ARA
N B N B N B N B

Scorpididae

Microcanthis strigatius 2 145
Chactodontoplus septenirionalls 2 1053 6 497 1 40 14 1.851

Embiotocidac

Ditrema temmineki 1 19 1 30
Pomacentridae

Chromis notatis 119 3620 94 2771 12 32R%

Labridae

Choeraodon azurio G 253 31333 SRR 3 486
Semicossyphus reticularus 1 1,000
Pseidolabrus juponicus o 26040 43 2455 s 431 1 42
Halichoeres poeciiopterus 21 12290 230 1,930 SN 135 ] o2
Ihovmaeria flagellifera 1 65 3 141

Thalussoma cupido 2 70
Uranoscopidace

[ ‘ranoscopus japonicus 1 290 1 350 o 1,360
Callionvmidae

Callionvmus lunatus 1 44 8 170

C. dorvssus 535 1 210

C. richardsoni 1 20
Scombridac

Scomber japonicts o0 4.035 2 59 1 80

Surda orientalis 1 2,000
Ruatsiwivonus pelamis 1 1,250
Scorpaenidae

Sebastes (nermis 1 160 1 800
Scorpaenopsis cirrhosa 21 TRR9 Tl 2 70 4125
Scorpaena neglecta 9 314 8 288 4 115 6 325
Sebastizcus marmoratts 11 2523 10 2737 20175 B8 12807
Pterots lunulata 801,102 3 166 6 1,116




Appendix, continued

o Bup\\'llzm 3 Onpyeng _
Species ARA NRA O CA ARA
N BN BN B N B
Svnarcendae
Inimicus japonicus 31,645 20 500 6 2622
Trighdae
Chelidonichthvs kumu ] 29
Hexagrammidae
Agrammus agrammus 1 340
Cottidae
Cottiusculus schmidti 1 350
Bothidae
Paralichthyvs olivaceus 2 95 2 65
Preudorhombus pentophthalmus 2425
Soleidae
[Heteromyeteris japonicus I 17 1 10 9 20
Zebrias fusciatius 1 30 3 YR
Cyvnoglossidae
[Rhinoplagusia japonica 3T 2 D30 2 390
Aluteridae
Stephanolepls cirrhifer 2126480 45 95430200 4,893 63 10,338
Nuvodon modestus 13 1.801 11 3,131 10 1420 262 47671
Ostraciontidae
Ostracion tubercudatus 1 155 4 490
Tetraodonudae
Lagocephalus unaris 6 T0H 5 63 4 510
Mollusca
Sepia esculenta 41,160
Todarodes pactficus 5 1,296 2 1.460 1 105 20 1.220
Loligo beka 1 65
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Explanation of the Plates

Fizh population variation according to elapsed time by fish sounder

at artificial reefs mm Bupwhan area (07:001

Fish population variation according to
sounder st artificial reefs m Bupwhan
Fish population variation according to
sounder at artificial reefs in Bupwhan
Ii<h population variation according to

sounder at artificial reefs in Bupwhan

elapsed time
arca (08000,
clapsed time
area (10:000.
elapsed time

arca (IR00Y,

Ash population variation according to elapsed ume

at artificial reefs in Bupwhan area (19:00),

Fish population variation according to
sounder at artificial reefs in Bupwhan
I'1sh population variation according to
sounder at artificial reefs in Bupwhan
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elapsed time
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elapsed time
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