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Prediction of Backscattering Strength and Volume

Raverberation by Zooplankton
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QEZ WefM AR5 AAE ARG,
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I. ¥889asy 423 22

YRAY AN QYU SHYFE(MRA} YR } TE§ELIAE Ney
copepodad UEAQY F2X AUNRACH.  Copepodaf FPOLE HUY
olfE of& FEFYAR{ncctiluca  scinillens,  cladocerans,
ostracods)el &) LW AUZE A2 «EocHH A, 1991,
SUNEJ{4AVL) A1 8E AES F{2E NEE ¥ S4UAY 21§
S30A elrjzt 24 100Md4q AATY R A ALY KYGI
ol FFEFVIEA P2ARXXF W50 U9

WA M SN FVIRA 24T EAGHAG AL
cRox EolAcAA ACPH VAR patg o4 pd #9222
Aeg SUZTE ALY Aol AMTI{Y XS89}, N AGN;).
4 wEAME Datasl HMYH{ Eol7l Hoko Y FYIE L
EAHE TAHY SUAEIX HYNQ Wi plankten net)§ FAA
ARSI

¢ ERAME PROA RANG clEmY FPIZY SLALLE
447 H¥a e A FAAM SAREE Y& NH =&
Afeipct. & M =AM copepodad T A(Ba ALY ALY
224 AQY F, AN ALdA 7 &9 AsE vrd MW
copepodas @ ratick etWod{ Table 1]. Tadble 18] ratiog ci:
Qo HYNer: XE4AUGRNE P4 47 Y% ratiod
XE &4 2349 AY§ Fd #3338 $IAFLER PEYPRD
& 294 potchE o/ %ol WYERE UMY FEY FAER
AUAQEA & ratich AHetax ¢,

dopthe (1|2 (3|4 |S (6| 7| 8|[g|20|n12}(13

rotiofd)|2.014.1|2.4|5.9]5.2(9.5| 10 | 13 [9.0| 15 |B.5(1]1.0/6.5

Tabla 1, Depth % FWAXL BE o §{* bin depth : x Bu }

SHARN 2 S SNPAN BIIAA PIEAX @YY L HP§ datad
BEA AFRcH. AR A4 B AU (208.209line, zome F S3)%
AW 3% Wy (310311 line, zone # V1S AF24A B EVH
9 FY=Bicopepoda)st Ae= ofxl L EsH Yok Table 2 ). o)A
sooe ARE YUE YR ANY2X AXRY AUYUR dottom
porosity?} #A® ANAoE FXHAT FdAAR A0 24 A9
FEUAE RPRAo) kB 2ARE MR HAMelct.{ Fig. 2-1 ).



depth(n) zone # S3 zone # W3

Feb. Aug. Feb. Aug.
0- 8nm 9 13 8 20
9-16n 18 27 15 40
17-24n 14 20 1 30
25 -32m 27 40 23 60
B-40m 23 34 19 50
41 - 48 m 48 71 41 106
49 - 56 m 50 74 43 113
57 - 64 m 59 88 51 132
65 -72m 43 64 37 97
73-80m 73 108 62 161
8l - 88 m 39 57 3 84
89 -9 m 52 80 46 119
97 -104 n 32 47 27 72

Table 2. Depth vs. plankton number
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Fig. 2-1 The study area shoving FRDA station

O. ¥9A43 FE { Backscattering strength )

i) Backscattering cross-sactloa (g

Hedod SASiE 4VAZE FFELIB)A 27 YANddA
Ay S APE weddty FEY AR oy Yye:
APQANT}. ol receiverst source?t ¥ Fof HAGt}T Vel receiver
P22 &oF VLAY S e BAEF NA Xguyd U (volune
backecattering cross-saction, ge,)otat ¥Ti. oY gh o THAYNY
dRzon M4 PARE uMUy,

2l

{ Bq. 3-1 )
[{fapif)2 - 1] + 52

a = equivalent radius(m}

fpr = resonancy freguencyiHz)
f = source frequency{fiz)

& = damping constant

vhere

I tora WE ToietA AU ojAY U,

1. fquivalent radius { Greemiav, 1977)
FEGWALY Yo)L)E 71N Mol T MY svie
bladder?] WA & Feis PALE oA} U,

a=0.207 % L= 0048 . (Eq. 3-2)

2. Resonancy fredqueacy { MeCarthney, 1570)
soutce fraquancps) &% 3# WA U svis dladdersd
natural frequency>} WAIBY FR A0l GAHR ofdd #IAY
s NLQL AUsie FPHAZTI BARN Bt

10379, + 4y * R/a) p )it

Egs = ¢ 1 Eq. 33}
e 2x * 3

whera - the ratio of specific heat of the svim bladder
gas (= 1.4 )

u= elastic shere modulus of bladdar mewbrane(l0sPa)
o= aabient dengity {= 1.034101kg/w3)
P, = ambient pressure {« 105*{1+0.12} W/m3 )

t = thicknass of svim bladder tissure { = 0.2a)

3. pamping constant { H. MWedwin, 1577)
YRoz attepuationg Y271 dawping® themmal
conductivity, shere viscosity, rersdistionsifo] WA %},
U¥No 2 dawping constant@ 0.01360.8 A8, o B
ALAR AWK Mo PpNoA o) Y ojely Y&
At 3 damping constant@ A 4isjor mel.

1} 5. = daaplhg constant due to reradiation.
" ka r LEq. 344}
vhere k = vave number = ,/C = [(24 x *tre.)/C)
a = bubble radivs{.m)

2) & = danping constant due to themal copductivity

* (A7) {1/E,)2 | B4 35 )
X[sinhX + sink) - 2{coshX - cos¥)
= =30 [ 1
b X2(coshX -cosX) + 3( p-1}X{sinhX-sink)

= the ratio specilic heats of gas (=t.4 for air}
k=2l 2 pCoethy 1172
vhare
K¢ = themal conductivity of gas |= $.6+10-scalficm}(s](oC)}
£y " denaity of ga3 = 4 | 1+2 ¢ /(R,R) 1(140.12)
frga " density of frea gas at sea lavel [1,29410-2g/cmd)

z = surface tension (=15.dynes/cn for air-vater surface)
Py = 1.013710¢[140.12)

Coq = sperific heat at constant presaure of gas {=0,24cal/g}

3} &, ™ dawping constant due to shear viscosity
= Sulpacwar . LBq. 3-8 )
vhatre
u = phear viecosity of water [ 0.0) g/tcm)(s)|

44 = vater deppity [ 1.035g/ced)

i) Backscattering strength

EQ. 3-1& HHUAE UHUSE AMSA g AN FYud
TAAIS)E FALC. & GAUAF AN F& Y Bl S0l

S =L R ave v (Eq. 37}
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o) #5 MRex ANV 5. 10.logd HeH Y& AN FYue
2E o,

RWAVRE = 10 . log (5, s | Bg. 3-8
Table 2.4A AR A4Y FEAG(SHA 4o BA dd (03] Fpaog
BLeAYAN depthe 20 24 $ depthid NWoH
frequency® lov fraquency, high frequency® 10, S0 kHz& 4Ap8d)%ct.

BouITe

E¢ AYNY KT Adetwr)Htid 24 B8 vUlcg Ay

ABR ARG (Pig. 3-1, 3-2).
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Fig. 3-1 Dapth vs. backscattering strength of §3 (Feb. , Aug.)
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Fig. 3-ld 2N FU AAA44 & AGE AKA FHeYR o A
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Fig. 32% chitn)XE o, A&& viRotY & 2B XX AL Ao
Yo, Wid v B o3 AAQ Y& T Ao g
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SEYERTH $2¢ AdAE Tl 7] URYNIUT 4AYH,
Depth 2.9 MASEL F48A lov feeqeocydNe 2¢y28
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M. Yolume reverberation { RE, }

RE & & 8{source) SRME 'PAE 77 PN EXohe
Dol Stio AEsid zeceiverd Foj2E UHedsy ¢eo3
ARV, RLyE VYE AL HANY JFH* Yof.

REy ® SL - 40 1og(z) - 2k ¢ Sy + 10 logi¥)  , ( B4. 4-3)
vhere SL = source lavel

r = reverbration cange

& " absorption coefficient

5y = voluae backscattering strength

¥ « jnsonified voluse

WIAN SRV ARy AR AFec 24 Uiy REol o &el o
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Fig. 4-1. Sound velocity profile { $3 , w3 }
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