The Journal of the Shimonoseki University of Fisheries 26( 1) 57 — 78 (1977)

B E VAR OBBEER L BErc>» T
B

L WCER Btk 15
MR - B

The Distributions of Fish and Environmental Conditions around
Man-made Broken-rock Reef

By
Makoto Hirosg, Masaru Amio, Satoru TAWARA,
Kazuyoshi Ucnipa and Syunji Fujn

This paper deali with the relation between the distribuiion of fish and the environmental
conditions around the man-made reef constructed of broken rock amounied 1.5 X 10°m® , for
finding out the influence of the change in the environmental conditions caused by the newly
consiructed reef. A series of field survey was carried out from 1972 to 1976, and the
foliowing results were obtained:

1. The disturbance of current around the reef was illusirated in Fig.4 ( vertical profiles } and
in Fig. 6 ( horizontal pattern ).

2. The average of B.1. of benthonic animals was far higher than that of the area off the reef,
attaining 8.87.

3. Among the benthonic animals, the most abundant group was the arthropod.

4. During the first two years after the consiruction of ihe reef, the benthonic community
became abundant { 2.8 times in the number of indeviduals } and complicated { 1.5 times in the
number of species or 1.9 times in B.1. }

5. The benthonic animals on the reef were frequently found in the siomach of fish angled up
around the reef, occupying 80 % of stomach contenis in respect of the number of prey in-
dividuals of 64% in respect of the number of prey species.

6. A close relation was found between ihe areas with many echo traces of fish and those with
rich benthonic animals.

7. These findings suggested that the man-made brocken-rock reef should be effective to make
the fish aggregated around it.
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Fig. 1. Location of surveied area ( hatched area ) Fig. 2.  Chart showing positions of
and its vicinity. observation.
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Table 1. Occurrences and counts of the organisms on the broken-rock reef in 1975,  Upper,
number of species ( s ); lower, number of individuals ( n ).

\_Statlons 6 5 3 2 13 Total Mean n/s

Organisms
Protochordata ) w0 (b & ad 20 (05 e
Echinodermata =5 () @) @ | i) O
b “
Arthropoda (283 (221) (594) (459) (258) (1898) (305.0) 1496
R .
Annelida %) @0 e St oo Gsiey 5T
Mollusca R S G a8 | ) (i) &
Others <2§> ( %) (zi) (12) (3%) (1(1)% (gééz) 5.61
Total 93 38 107 77 77 442 (88.4)
“ (715) (629) (1232) (678) (667) (3921) (784.2)
n/s 7.69 7.15 11.51 8.80 8.66
Table 2. Number of individuals of dominant species observed on the borken-rock reef in 1975.
Observed area, 30cm? X 2 = 60cm?.
T . Stations .

Species TTTT— 6 5 3 2 13 Total ~ Mean
Holocynthia rovetzi 73 17 0 29 6 125 25.0
Ophiothrix marvenzelleri 8 6 3 8 3 28 .6
Athanas japonicus 6 3 5 5 21 .2
Pilumnus minutus 11 5 10 9 19 54 10.8
Galathea orientalis 91 62 128 71 138 490 98.0
Byblis japonicus 0 4 7 0 4 15 3.0
Liljeborgia japonica 15 34 31 16 17 113 22.6
Eurystheus japonicus 6 14 33 11 11 75 15.0
Jassa falcatla 14 18 6 6 5 49 9.8
Heteromysis sp. 8 8 1 1 7 25 5.0
Balanus trigonus 113 34 279 274 71 771 154.2
Discinisca stella 13 1 19 13 22 68 13.6
Lepidonotus squamatus 20 48 41 30 22 161 32.2
Bhawania goodet 3 18 29 3 6 64 12.8
Typosyllis alternala 12 9 39 6 14 80 16.0
T. monilala 5 9 10 4 31 6.2
Neris pelagica 7 11 8 15 9 50 10.0
Eunice longicirrata 3 7 2 2 21 4.2
Prionospio malmgrent 27 72 87 16 27 229 45.8
Powmatoceros auritubis 5 16 8 7 44 8.8
Mitrella bicincta 10 0 0 55 65 13.0
Philbertia tokyoensis 9 13 25 20 28 95 19.0
Botulina coralliophaga 21 4 48 10 18 101 20.2
Momnia umbonala 45 18 57 21 28 169 33.8
Hiatella flaccida 15 3 8 13 12 51 10.2
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Table 3. Occurrences and counts of the benihos around the broken-rock reef. Upper, number of
species; lower, number of individuals; figures in parentheses, living shell individuals.
——Stations 12 14 16 15 1 |13 Total Mean
w\@s\
Organisms e 1973 197511973 197511973 1975|1973 1975| 1975 |1973] 1973 1975 1973 1975
: . 2 7 3 3 4 21 0 2 31 0O 9 17 1.8 3.4
Echinodermata 33 89| 40 48] 9 60| 0 48| 224| of 8  489| 16.4  ¢7.8
y 1 8 2 4 4 21 2 3 1 i 10 18 2.0 6.0
Arthropoda 16 88| 9 16| 33 7| 5 32| 16| 4| 67 159 13.4  31.8
Annelida 14 250 19 23| 35 20| & 14| 11| 5| 8 93 16.2  18.6
210 4407 288 168| 314 270f 21 120 240 20| 853 1338| 170.6 267.6
60 571 63 92 76 56| 0 36 65| 0 199 306 39.8 61.2
Gastropoda (2) (8) (2) (2)
Mollusoa 8256  2785! 3650  7574| 1496 4295] O 1372 9535| 0113402 25753|2630.4 5150.6
(32) (48) (8) (112)
;. : 61 67 54 77 71 831 5 41 60| 0] 191 3090 38.2 61.8
Bivalvia (8) s | @] an
9086 12856| 9575 28332 431116578 5 3192115289| 0 [22974  77908|45%4.8 15581.6
(522) (457) (162) (56) |(464)
3 6 6 7 7 3t o 2 2 0 16 20 3.2 4.0
Others 3
97 96| 115 124 7% 36 0 16 221 0 290 294 58.0 58.8
Total 141 170 147 206| 197  146| 15 98| 142| 6| 506 762| 101.2 152.4
17695 16908|13677 368876241 21416| 31 4836[25902| 24 |37668 105949|7533.6 21189.8
n/s 125.5  99.5| 93.0 179.131.7 146.7{2.0 39.3|182.4| 4.0 4.4 139.0
Table 4. Number of species and individuals of dominant benthos obtained around the broken-rock

reef. Figures in parentheses, living shell individuals.

—— Stations 12 14 16 15 1
Years
Specg\\ 1973 1975 1973 1975 1973 1975 1975 1975
Veremolpa minuta 105( 48) 888 193( 40)  2692( 36)| 467( 14) 1248 240( 8) | 1456( 48)
Nucula paulula 624( 32) 1040{128)| 643( 88) 1576( 48) 424( 20) 1302(18) 8 64
Solamen spectabilis 16 72 24 164( 4) 0 18 64 384
FPecten albicans 122 13 17 13 42, 6 0 58
Pillucina pisidium 640( 64) 960(274)| 851( 24) 1412( 40)| 460( 62) 1362(42)| 16( 8) 240( 80)
Micvocivce gordonis 2432(208) 4128( 32) | 3689( 64) 10140( 36)| 1366( 23) 5976(12)| 984 26108(112)
Plectodon ligula 30 64 72 118 5 66 16 192
Conotalopia ornata 336 144 192 184 33 312 32 224
Kurosioia fucialis 588 240 255 976 263 576 144 576
Siphonodentalium japonicum | 48 16 72 64 30 0 8 16
Prionospio malmgreni 16 32 20 16 17 24 0 16
Nicolea gracilibranchis 0 64 58 20 1 6 8 18
Total 5007(352) 7661(434) | 6096(216) 18375(164) 3158(119) 10896(72) 1520(16) | 29382(240)
Mean 417.3 638.4 508.0 1531.3 263.2 908.0 126.7 2448.5
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Table 5. Occurrences and counts of the benthos on and around the broken-rock reef. Upper, live;
lower, dead ; figures in parentheses, percent.
On the reef Around the reef
Organisms Species Individauals Species Individuals
Protochorbata 16( 8.7) 204( 5.1} 0 0
Echinodermata 6( 3.3) 141( 3.5) 5( 4.6) 41( 1.3)
3 448
. 47( 25.5) 1832( 45.6) 15( 13.6) 159( 4.9)
Arthropoda 2 1044 1 186
Isopoda 3 7 1 4
A . 5 829 1 ]
Cirripedia 2 1044 1 188
Amphipoda 20 369 5 68
Macrura 7 38 0 0
Anomura 4 494 1 16
Brachyura 2 56 3 17
Others 6 39 4 46
Annelida 59( 32.1) 975( 24.3) 42( 38.2) 1060( 32.6)
4 698
49( 26.6) 750( 18.7) 44( 40.0) 1861( 57.2)
Mollusca 58 308 232 101988
19 239 12 200
Gastropoda 29 122 129 25577
: : 27 472 32 1661
Bivalvia 29 128 99 76247
3
Others 4 164
Protozoa 1 17 9 17002
Others 7( 3.8) 117( 2.9) 4( 3.6) 1300 4.0)
3 73 3 638
Total 184(100.0) 4019(100.0) 110(100.0) 3251(100.0)
63 1425 252 120964
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Table 7. Dependence of the food taken on the. man-made broken-rock reef in the fishes in 1975.
Fish name of predators numbers are same as those in Table 6.

\

) - Fish No. 1 2 3 4 5 6 7 3 9 10 11 12 13
Food organisms ]

MOLLUSCA (M) (S)* 34 42 6 3 1 11 2 0 5 1 0 10

(N)=** 226 539 10 6 4 76 2 0 7 1 0 10

(N7 )** 11 123 0 1 0 3 0 0 0 0 0 0

(N)/(N) (%) 4.87 22.82 0 16.67 0 3.95 50.00 0 0 0 0 0 0

ARTHROPODA A) (S) 28 30 5 8 3 9 4 2 105 2 101

(N) 215 736 9 26 3 41 37 202 4 31 3 11

(N) 29 479 3 5 1 12 6 2 0 5 2 0 0

(N")/(N) (%) 13.49  58.29 33.33 19.23 33.33 29.27 16.22 0.99 0 16.13 66.67 0 9

(M.)+(AL) (N) 441 1275 19 32 7 117 39 202 11 32 3 2 1

(N*) 40 552 3 6 1 15 7 2 0 5 2 00

(N”)/(N) (%) 9.07  43.29 15.79 18.75 14.29 12.82 17.95 0.99 0 15.63 71.88 0 0

ANNELIDA (S) 5 5 0 1 0 1 1 0 10 1 0 0

(N} 9 8 0 1 0 1 1 0 10 1 0 0

(N) 0 0 0 1 0 0 0 0 0 0 0 0 0

OTHERS (s) 11 18 1 2 0 6 2 1 103 0 0 2

(N) 6 39 2 2 0 25 2 1 1 3 0 0 2

(N") 5 13 0 1 0 2 1 1 0 1 0 0 2

Note ; #; Number of food organism species (s ).
##x%: Number of specimens found only around the man-made broken-rock reef ( N’).

#*. Number of food organism specimens ( M }.
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