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Several theoretical acoustic scattering models were applied to estimate the target strength (TS) for assessing
the biomass of zooplankton, to overcome the difficulty of direct measurements. Acoustical scattering
characteristics of copepods were estimated using three theoretical models, and the application of the models
was evaluated for four frequencies of a scientific echo sounder. The scattering directivity by the body
shapes of copepods at 200 kHz and 420 kHz was significantly affected by TS patterns. Averaged TS,
however, were similar at higher frequencies. Consequently, a low frequency model, such as a truncated
fluid sphere model, provides a good acoustical biomass estimation. The regressmns of TS and 30 logL
were <TSjp ku~>= 30logl-118.4 (R*=0. 716) and <TSa > =30 logl.-108.8 (R*=0. 758), respectively.
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A =2 E-2J 2l Target Strength (°]3}, TS)E I}etdl|of sh=dl, TS=
Aol S-S ABES B3t voluAe Pysax  FIARTI JAS wadeR wads] S dabAT
FATA Y AREo] gAY HolYES Fopygorw  (Scale facton7h HLE NI O 2 ofiie] TSE sefets] 73
A UA] o] Eo] ool m, AxpAlAe] M op= Al AuleEy Ak 7R ek 22 /\]@011*1 TSE A55t
FabAbgle] FHe Stk (Kim and Kang, 1999). mebd, 3 5787181 98 wate] AE 4o AHgai) A,
ZelgEo X TLEAT} o] B} 7ol Ql7ko] o] &3k FakA) a8y, T SR A9 1 EL717P uff - Zpo} A o]
Qo] Zaat TS n]H = )2 AN RA, 1 HEe} Ag% o= o 7] wfel %@”‘L%Q O EREE o] &7 ATt
o ML WS Fod vl AN FEEFIAE F TE olFal gt
WEAQ ARFOR 27 (Copepods)t= AlAle] Ae] i 2719 T ST U SR oje s U
Fol A AL HA, T2 BB ua] A5aA A8 S 4289 FAZ HA}S= Fluid sphere model (Anderson,
o, s|FAE A} slFPAEe s ojss wr) wj$ Ao} 1950; Johnson, 1977; Holliday, 1993), cylinder model (Stanton,
Tl R By @ QEeo] zAl: #8 A&, ou] A4 1987), Prolate spheroid model (Furusawa, 1988) &< 9d =4
Eof 7)Zeto] WO oo AEHE s BEe ann  ° TE olFo] o A= FEE AASH SAksks
oa), @ e 2AAAE A, AP WO REE gL =7 33} B EQl Distored wave born approximation model

| 25 AA ] JelE F4 e} (Oomori and Tkeda, 1976). (MeGehee et al., 1998; ©]3} DWBA)RZ 20| 7HHL51q TEEY
_ o A3 5 r
Z]Zoll &= LOPC (Lazer Optical Plankton Counter), VPR (Video i olEn e AR PRt SAlel W 583
Plankton Recorder), I3} o] 2] 7] T thekst t} (Stanton and Chu, 2000).

AZAA ST} EA o] AZetnar 24 ABAES A7) Q7FE o SEANTVEXNS s AL BRI g Eo)
A Bdo] that 2AFS AA8aL Q1h (Herman et al., 2004; A B ZAHETE ol e}, o FAYZALE SN E Fas
Benfield et al., 2000). Arolth, 8779 ST FA = FAF Rdo] FE
Halo] 2R 7] 9} 2e S qYu 2 o] f3le] FH e OlFO Fouh AT RS SgAIsglo] st Hojgt
Bynne 2487 oM gate] H Ame oapaber O wER Al whE ARAFYS A Rk Aol
A 7% g 3 50 Bde qdAEe] JEHE
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Fig. 1. Three theoretical acoustic scattering models to estimate
target strength of Copepods.
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L}E‘r‘:ﬂﬁ}. Truncated Fluid Sphere (©]3}, TFS)X22! (Holliday,

DV. 1993; Piper and Holliday, 1984)2 A2 782 2o

FEISHAE ST FA AL&Eo] g1, TS+ tf
S Aoz & 4 gl

Ts=F(f,a,,,. g.h) )

AZIM, fE FTIF, a2 S7HFEHE  (Equivalent
Spherical Radius, ©]3} ESR)S.Z, 4o 2 sl+= SHAET
U AXE 7= T WS ov)Eh, g wiE T gAY
E Abole] "ER], he §50E YERTH

Prolate spheroid model (Furusawa, 1988)2 3] 2 E} A 25
E-]g] %6&:)‘\_}%% _7}_14 o}“ OJUH:H:J]EH J.o{ J_j._oi_g]
FEet 22 o] Fo] FEAkTe] AdMtEAJERE ol e}, krill )
e FTELSEAEY SHAFFAHAE AEE F °]‘:]r
(Furusawa et al., 1994). 3 =ZHaE9] & i
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, DA ol Ao ezl Ee thgd) Zo| Yl 4
o]r,]_
A .
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EEHIAEY] SRS 4357 falAE A E
13 == 37, 2 RAE Ale]e] DEH], S5H| 4
57 dasith APAE Y A, TRSERS A E
18 FAR AL, 1 A7) FA9 WA R 54}
3 o, FAE] AT 571 AFES A= Y
HEQ1 ESRe] AAIE detsfof gtk i Aol M= LPSEE
2RE FAS AAT 5 7Y WS T8k, ESRS 74
kAT LPSE 22 A% (BL)WHEES] ¥HA Q1 a (=BLR)S} A=
BW)yHHEEe] Wk 9l b (=BW2)S 7HA & A E LA R BALY
=, A AFLS HH| o] A st Fal3itt. DWBAR RS
gAEY AP AA ] dFEHeR A AAg
A7t asith olo] & AFoAE AU 18
ol WSS T, UAY FhEr) e AxEn A S
o]-&3to] ARIE #gh v, YAE sl A AFE AAIEE
Al tlxEto]H 3k, AP FxE AATH (Fig. 2).
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Fig. 2. Digitizing to extract body shape coordinates of
copepods. Scales of axes are arbitrary.

TS 3% o]2Rd B UEH] (g9 &5 (hF &
o), TFSE A9 A S g=1.129} h=1.099] v 3] =& 7kS
283131 9lt} (Pieper and Holliday, 1984). 121}, Greenlaw
and johnson (1982)2] A tollM = Q7F2] g 1.0255 - 1.049,
S4H) = 1.006 - 1.012 A2 HuEQ o™, H Lavery
et al. (2007) g=1.02, h=1.058Z | &3l= 5o HEFolu}
olgmael 54 ol wel 24 Aol WA & Aol

e gz BoEdd F2 B¥ 3= Calanus



382 it A @S0t A o] -9

plumchrus®l 93+ 2k g=1.047, h=1.0125 & &35t}

B AEZ 98 A4 2.0 mm - 465 mm Alo] ] &
UNAE AZel tiste] 359 o]2Rdo 93 FHX =
H] w3k, Fhskolstgx] 7] o] F3k4=2l 38 kHz, 120 kHz, 200
kHz, 18] 31 420 kHzell tigh Stete] 548 A ESISIT

dap 5o

87452 Aol gk el LA 9] aspect H|E Table 19 L}E}
WALt 177119 MEZHE FZ5 aspectH] &= B 029, TF
HA= 20050100, H A3 022, FHE-S 0352 Ve
t}. Lavery et al. 2007)2 H5-%2] EHIE0] EAs E43
T wERNE SIS F457] SlEiA, a7l sl
aspect]Z Lawson et al. (2004)2] A E 2183l A2
ok A7) v E 2558 ARSIt 2 A ARE A%
of tigh Age] vj2 FAFSIH 3452 2 AFoA FA g
$ i AolE HA O, oA azbRe] A B
AEEol & x|l Ao = AT (Lavery et al., 2007).
L3 17700 BERRE 43 8752] At ESRe] w7
= Fig. 33 2tk ESRY A% A= a. = 0.1320+0.268 (R
’= 0.761)©] 21}, Holliday and Pieper (1984)%= U3} A| 2~ &)
S O] 83F g, = 0.207L-0.044F2 K 313} o} o] FHA] A
Z43e] Aok AEFe] Aol = 1gk Ao w FehsH,
ool M}t tha ol & vERd Ao ® AZHET (Fig. 3).
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Table 1. Relationships between Equivalent sphere radius

(a,,,) and major radius (a) and minor radius (b) of copepods
No (rr?rl‘_n) (fnvrx) (ma,;S)'* a (mm) b (mm) bla
1 4.05 1.03 0.82 2.03 0.52 0.25
2 3.85 0.98 0.77 1.93 0.49 0.25
3 4.65 1.16 0.92 2.33 0.58 0.25
4 2.83 0.99 0.71 1.42 0.5 0.35
5 2.67 0.91 0.66 1.34 0.46 0.34
6 2.67 0.88 0.64 1.34 0.44 0.33
7 2.39 0.78 0.57 1.2 0.39 0.33
8 25 0.82 0.59 1.25 0.41 0.33
9 3.64 0.81 0.67 1.82 0.41 0.22
10 3.69 1.01 0.78 1.85 0.51 0.27
11 2.92 0.89 0.67 1.46 0.45 0.3
12 3.32 0.78 0.63 1.66 0.39 0.23
13 2.71 0.89 0.65 1.36 0.45 0.33
14 2.86 1.00 0.71 1.43 0.5 0.35
15 2.66 0.80 0.60 1.33 0.4 0.3
16 2.86 0.94 0.68 1.43 0.47 0.33
17 2.85 0.68 0.55 1.43 0.34 0.24

Min. 2.39 0.55 0.22

Mean (S.D.) 3.12 0.68 0.29

Max. 4.65 0.92 0.35

*a, = 0.132L+0.268 (Fig. 3).
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Fig. 3. Relationship between equivalent spherical radius (@es)
and body length (L) estimated for 17 copepods.
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Fig. 4. Acoustic scattering patterns of #3 (BL=4.65 mm) for 38 kHz, 120 kHz, 200 kHz, and 420 kHz estimated by three
theoretical models.
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Fig. 5. Comparing maximum and averaged TS of 16 copepods at 200 kHz and 420 kHz estimated by three models.
(1, 0) of probability density function for swimming angle of copepods is (0, 30).
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DWBAR Y ZHE F TTS-A 7, FLETS-
A A ALol o] A= Fig. 63 2Tk AWk oz of{e} e
FEAREAN AAA Az ko] Hit st HATSE=
AE] A S on|ste= Ao Algate] Aol g
Aubal S TEshe] ARSSkal itk 18 v, Wiebe et al. (1990)
a}8hA Abeked Aol X o] TS} A7gAtel o] #4A1= 30logL
TAE 7HATAL B3 3131 9™, Demer and Martin (1995)
EZH3E 1S A 9 A A s =84S AE
FAAZE ol whel T4 JIgFS s AolEha Bl

AT E LAY FEEHIAEY FAAAZ
SE 20logL¥ 30 logLs 7122 3t HAA S E&
ZA3}, 200 kHz9F 420 kHz 25 A% o]EAo] =4 Yels:
W, 2 @AE vl Hom YERTh (Fig. 6).
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Fig. 6. Regressions between averaged TS and body length
of copepods at 200 kHz and 420 kHz.
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Fig. 7. Change of TS patterns by aspect ratio estimated by
Liquid Prolate Spheroid model.
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