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-33.2476. 44942 390383 950 959 954
-328138 49,664 350383 960 969 964
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1 3 -258588 246341 390383 20 29 24
Yoo Top 4, -272208 179654 390333 30 29 34
Le s T 5 296028 104024 390383 40 49 a
n ( - ) 6 -315416 66566 390383 50 59 54
; 5 7 -318523 61971 390383 60 59 654
sl B S 8 -200874 147463 390383 70 79 74
& 9 -257814 250770 390383 80 89 84
T 7 10 -250225 298650  3.90383 20 99 94
11 -253062 279765 390383 100 109 104
n n 12 -256315 250577 390383 110 119 14
Bottom Battom 13 -269443 191863 390383 120 120 124
Leh Tt 14 -300936 920909 390383 130 139 134
! 15 -329538 48089  3.90383 140 149 144
it 16 -350519 20664 390383 150 159 154
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18 -27.9108 153581  3.90383 170 179 174
19 -267655 199925 390383 180 189 184
20 -280082 150176  3.90383 190 199 194
21 -28.3281 139510 390383 200 200 204
22 -268769 194862  3.90383 210 219 214
23 -267429 200970 390383 220 229 224
24 -257446 252904 390383 230 239 234
25 246795 32319 390383 240 249 244
26 -245492 333044  3.80383 250 258 254
27 -246288 326990 390383 260 269 264
28 -255738 263050 320383 270 279 274
29 -260521 235617 390383 280 289 284
30 -258682 245812 390383 200 209 204
31 -268302 196561 390383 300 309 304
32 205252 105901 390383 310 316 313
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1 -31083 104084 45655735 0 9 4
2 307728 111,790 4655735 10 19 14
3 -206275 145521 4655735 20 29 24
4 4 -289512 170044 4655735 30 39 34
%5 - 5 -209724 134413 4655735 40 49 44
Right 6 -307057 113529 4655735 50 59 54
( n n 7 -30.1362 129437 4655735 60 69 64
N 8 -314594 95443 4655735 70 79 74
Temdf BEE " 9 -321095 82173 4655735 80 29 84
5 10 -315763 92908 4655735 90 99 94
Mol 11 -31.3403 98095 4655735 100 109 104
- n 12 306274 11559 4655735 110 119 114
Bottom Bottom 13 -312234 100772 4655735 120 129 124
Lon Rignt 14 323018 78614 4655735 130 139 134
4 15 -329541 67,651 4655735 140 149 144
Wil 16 331897 64079 4655735 150 159 154
17 -324915 75255 4.655735 160 169 164
18 334857 59856 4.655735 170 179 174
19 -33476 50990 4655735 180 189 184
20 -330043 66872 4655735 190 199 194
21 -323122 78426 4655735 200 205 202

average 97,359
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10 -263626 317,697 90 9g 94
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average 290,416
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G FEde Fall HAe gom WA S BojFa St
F 3 UFS by =AM AgE 2= WA

b20 -70.95 -T2.79 -70.8 -69.25
Center - Mean MNASC

UE 22 715 56,937 56,937 56,937 56,937
Density (g/m"2) 4,597 7.023 4441 3,108

TRIEE A 63 oo 63 44

HAH 2hHl= 3,184 4864 3,076 2,153

{TS]F'ERE%E },f‘%ﬁa” RASK 100,746 190,746 100,746 100,746
Density (g/m*2) 15,402 23,528 14,879 10,413

TR EHE JfH 218 333 210 147

TH 74 M= 10,668 16,295 10,305 7,212

{TE]F'EL;E E}?E;}'"' HASE 97,359 97,359 97,359 97,359
Density (g/m"2) 7,861 12,009 7,594 5,315

T EE HH 111 170 107 75

H M= 5,445 8,317 5,260 3,681

nggg %f"ff,}'gm?f =0 o 290,416 200,416 290,416 290,416
Density (g/m"2) 23,450 35,821 22,654 15,854

TRHEE JiH= 331 506 320 224

HH WA= 16,242 24,810 15,690 10,981

.[BL?]“ED”; g_'g:ng ?TEE‘” — 110470 110470 110,470 110,470
Density (g/m"2) 8,920 13,626 8,617 6,031

TREE A 126 193 122 85

HH FHH= 6,178 0,437 5,068 4177
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Mid-frequency
sound OCEANS
. Hansoo 2019.
1 |attenuation by 2019 ] US.A [EEE [H]|SCI=%#
] Kim 10. 27
dense fish Seattle
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e
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=
o | Mid-frequency sound attenuation by dense fish schools
[¢]
AT )
Ja | EEATREEA
AT
A2k 2018. 12 ~ 2019. 12
The propagation of sound waves through sea water is affected by fish
schools, which act as obstacles scattering and attenuating incident sound
waves, resulting in a loss of energy as the sound waves propagate through
the water column. It is very difficult to measure the acoustic characteristics
of fish schools because their sizes and positions vary significantly in natural
=g conditions. The attenuation experiments were carried out in the artificial
;x] sea-cage at a coastal floating fish-farm of marine science station, which is
X3} located in the South Sea of Korea. The target fish species was the Japanese
[¢]

horse mackerel (Trachurus japonicus), which typically forms fish schools from
summer to autumn in the coastal ocean. We carried out sound attenuation
experiments for mid-frequency with a large number of fishes in a net cage.
As a result, we observed that the signal attenuation varied with the number
of individual fishes. The received level decreased as the number of
individual fishes increased. This was mainly due to signal attenuation by the
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fishes at all frequencies. We applied statistical methods to analyze the signal
attenuation by various free-swimming fish schools. Our results showed that
the presence of the fish school affected the acoustic propagation by
attenuating the sound waves.

TV, SUMMARY

Mid-frequency sound attenuation by

REFERENCES

dense fish schools

Kim' * Denhyug Kang** Sunzho Cho' Min Eim' usmz i tion: wm‘;n-‘rw
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e ACRSOWLEDGET s i :

ABstrasi—The prepagation of sound waves birough sea water
& affected by fish schoos, which act as obstacles scatiering and
afteaustung secident sonnd waves, realing i 1l of everey 2
e sound waves propagate water column.

sigaificant
. The sichasrn experments wont Casod ealn T
antificial sea-cage 1l 3 couial onting fl-farm. of masine scomce
stafion,
pecies was the Japanece borse mackerel mmmxmmx:
“which typically forms fivh scBoals fro

Fish schools are the most importut biological paramater
affacring sound props gation through the ocemn. Fish schools m
the water columm alter the propagation parem of the Lacid:

soumd eaves (Y. 1996: e snd Earmer 1695). Espacialy. fes

of the larze impedsmce difference compered with thar w

seawater, nd the sownd wve is sl timuaied as if passes
igh e body, resulting in 8 loss of energy 2

waves propasstes troush the water columm (Daviss, 1973)

Many fshes bave formed schools a5 protection Som predaters

(vamas et al,
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1 INTRODUCTN
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