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oF ¢ SEvetelME Az7L BASE HxuA o FES A¥sy Yok FES AXHE HYL R T A FHeln
W AxFoldes dF 4xHT vk E dvdAMe AF7AA Azrl dAE] vid JEIT 43 EHAE Y FETT AEHX
AL dFoz FA008E 109)¢ FA009d 42)o EFRFAE vE] 93 AP ADCP AT AANIR=E AFs] T
EESAT EYAEY] EXUEE AT FES A¥EA & #9444 AJE A=Y T 2 AT AAFE 2o,
FEE 4T AgelMe FUth 2 YA ARG SFAEY Y, AP AAFe BxEee] HEE o]&F AHIAZE SV
ADCPY 93] AZd AAAFEE SV, vins) 2 A7, FES AF3A) 2 A SVt SVe A dAsdey, 38 42
HAe] SV= SVET 43 dB 30 F #RE AT e FFEe] ADCP A J3FE AL USES FJAAT. ADCP <
3 AZSE ANV F L FHELIRNAN AAASREE FEE AT o] FEE HIFA] G ARt sgon, BHo] /L5ER
o ESiTh B8 AFAIE FA ADCPE o) 85 Aol 9% Rxdze A e d2%ss HAE F IEE AU F U

=)

[
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HHYEO : OF =3 54, TESYIE, SIS, AN E, dE

Abstract @ Harmfil algal blooms (HABs), commonly knovn as red tides, are aquatic phenomena caused by the rapid growth and
accumulation of certain microalgae, which can lead to marked discoloration of surfice waters, and severe Impacts on public health,
commerce, and the environment. In South Korea, the red tides have been a serious and recurrent problem, especially along the south
coast. Plenty of yellow loess was used to control an outbreak of the red tides for 15 years from 1996 until now; Yellow loess was
almost sprayed in the vicinity of a large fish farming industry. In this research the distribution characteristics and density distribution
of zooplankton were investigated in autumn (Oct. 2008) and spring (Apr. 2009) using volume backscattering strength (SV) calculated
by the zooplankton collected with north pacific standard (NORPAC) net and the echo intensity measured with ADCP at stations on the
study area in the spraying ocean of yellow loess (SOYL), and the non-spraying ocean of yellow ocean (NOYL) by the red tide
generating every year. The species number and the individuals per umit volume of the zooplankton collected in NOYL was high and it
which was collected in SOYL was low. As a result of comparing the volume backscattering strength (SV.) calculated by species and
length of the zooplankton collected with NORPAC net with the volume backscattering strength (SVa) calculated by the echo intensity
measured with ADCP at stations on the study area, although SV, and SV, of NOYL were generally in agreement, SVn, of SOYL was
higher than SV, 4.3dB, ie. ADCP is greatly influenced by suspended solid in SOYL. The horizontal distribution map of SV at the
study area in autumn (Oct. 2008) and spring (Apr. 2009) was dravn. SV of SOYL is higher than NOYL and autumn is higher than
spring. SV, can suppress the overestimate or underestimate of SV,

Key Words : ADCP, Zooplankton, Detectable range, Volume backscattering strength, Yellow loess

* tEA A} . A 34, hanna@chonnamac.kr, 061-659-2743
T WA G349, choo@chonnam.ackr, 061-659-6364

- 141 -



U 284 BAE

1.ME

EGAEL AERHAE ozt Y E ArE
o] BHE At glolde ¢ 2 283 QB A
7K E923a89 A7), F 13 dEFY ASL E¥3
B UE F& o8 AHH Ago Esto] g Ed 4
EEHIEe He vFH FPAH At FE R 9
AUAIE 274¢ 9, = FdFo g HEF F7] mE oA
£ &A% EFIAE g 53 FFEEAU HEsHA
Abg-Eo] ghelPinto et al, 2001). HolE 9 oA &3
AEo] M2IE Yol 4§ AEsh P8 STHAE JheH
(Herman, 1992; Labat et al., 2002, Labat et al, 2009), &%
Ho) bt E d¥shas vtle s dMEe F a7,
#He e e 3 E HI3o(VPR) 5 FehEe wy
= TFAA £33 9 cKBroughton and Lough, 2006). ©}
o 28 Wi AR diol AT dA&Hola e §

e F 7R BAL giEAT7dE @A ik
olgigt H& RS st I whygo] AMSHI
gen, dA ALE FU S st ZHIE AP
o] AF|FER ] B 93 FHFEIXUSE AR
v N2 E A (Pieper, 19797 A EHAAM TSE SAE
4 9l F¢9 H(Richter, 1985; Greene, 1991) Ex Az
EY wW(Hewit and Demer, 1991)-& o443 @4z A3
o] EHAE AZd &8 Hu gk o] WL TAEY
o 23 FRH e GSZEN T SHYRAE o] &5
A Greene et al, 1989). 2E]3 TS7} F3471 o3 2A)
el BEAE o83ty 259 (Madureira et al, 1993)9} o}
F3(Johnson, 1977a; Greenlaw, 1979; Pieper et al., 2001)=
AN RAEE 2451, HEF TS REE A4S §lof
a7id #IYEE Fska ok

T 1980 ] FHHEE] = ADCP(Acoustic Doppler Current
Profiler)7t 7Hdt=]o] fg8e] Qe EFIEY AdnziH
=Ee FoeaE JdEstd dF59 F%aE5e SHsied
ol 1 k. ADCPE &9 WUxs) 58 248y ¢
3 s AL opyA gl Ague] AES AP =27
AEY 4dxE FAEY ¢ I, A =2 Fa5 A
g HE3d ol54EE FHY 4 glriFlagg and Smith,
1989; Smith et al,, 1989; MacLennan and Holliday, 1996).

St E Hz7r $AsE 1 gEg o7 Y3
FEE dxsd HAzAES F&, A7 Yo} FE A
ZE 199549 diwE Az7L 2AEtd 2 $AHEE gL o
F 196G HE Al - oA AFsle] 198IREE FRANY
22 953 gick A P dE FE ¥ A4x
F i 100~400gol A Hz7b A spee S
FHoE fgon AXEHY Q. of9} o] A 7zt 7t
FE FAE FEd FEV UFoR AT FE ¥}
e A nAE FFE 2AE a7t o

et BB A¥ % HYAYHA Y B Aduke
AFsrlE BAH, AZIHoz B2 oggo] w2r] of
Boll, & AelMe 2 72Ad ATE JE H¥d %
FaE FxAol Hst % S |rpEe] gl o
A& FHSAT

&omE H

2.4 H

2.1 TNl 9 HEYd

A odFAle] A Neg FHeE § 43 %, JEHE,
5 A= Ue e AP0l gEes HAH )
o] vl AHzst BAEH JFHoE FES F¥sa itk
FLE 93& =HI AH Hzo) 9%E Q wen ¥E
Az o3t HAYEHAE WUsE BHEY] AAME TG
oM FE AT ojAd o]FE ulashe Ao] FIA
o}, ol A7t AYHA Ko} FEE HETF FH9H
e ¥t e Ao zAE AASHrh wet
A FE7 AxdE A9t 1~93 FEIF AXEHA e 3
A(St. 10~17¢] EFIE £X54 2 F& ] HAg
o] Fig. 19 sigollA zALE FYsigich. 2Ab: FA(2008
109 4120099 49l HAIET Fig. 19 BHe
uel Addista AE5d A2 P FE5e] A
o ¥R e E=EYFHAE olgdtd §% - K53
Egage] o S AIE dEor #AFSUt &
3 7t ZAANA 72, 4 T EEHAd 24 2 EY

2% YEE olgse] 2AANE FRRAT

34°42

40 |

38

38

34

32

30

28" S
127°38 400 42 44 46 48  50'  52E

Fig. 1. Location of the study area.
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ADCPE AZAZME B3k A =T85S 47171 4§
3 2 ¥2E A3 A9 ADCP (Teledyne Technologies
Inc, Workhorse Mariner)7} AFEEJUCHRD  Instruments,
1996). ADCP< 4719 Hlol Ao} dis] 747} 3009 AAMz
S 7Ha diztez wjxHeo] vt Al2®¥E ADCPY $5
grlet BAE T 7| EA2ET ZAAY A8 S
232 GPS(Global Positioning System), A5H91E 7|2
3 Apol2FH 2, 7 HolHE BES D Al2dE Alojsh=
HAGAFHE st #5895t A" ADCPY F
24124 Table 17+ 20} AHEE Vessel-Mounted typee]
ADCP F33= 3072 kHzol™, 4 2F 23mell $53718 A
28k

Table 1. Parameter values of ADCP

Parameter Value
Transducer Frequency (§ 307.2 kHz
Diameter (2a) 133 cm
Beam width at -3dB (Bw) 22 °
Electrical power (W) 80 W
Bandwidth (A7 76.8 kHz
Data set up Depth cell size 100 cm
Number of depth cell 50 bin
Averaging time 20 sec
Other Water temperature (7) 114 C
parameters  Salinity (S 34 psu
Potential of hydrogen (pH) 8
Depth of water (D) 50 m
Sound speed in water (¢ 14943 m/sec
Absorption coefficient (@)?  0.0757 dBm

* 1 ¢ is calculated by Mackenzie’s formula (1981)
* 2 ais calculated by Francois and Garrison’s formula (1982)

FE2EYIE YL NORPACWNorth pacific standard)
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Table 2. Parameters used for computing detectable ranges

of ADCP
f(kHz) 2a(cm) Bw (®) W W)  Af (kHz)
153.6 165 40 250 384
3072 133 2.2 &0 76.8
614.4 10.1 15 30 153.6
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Table 3. The species composition of zooplankton collected by NORPAC net at stations on the study area in April, 2009

Spraying ocean Non-spraying ocean Total
of vellow loess of vellow loess
Species Average of Average of Average of
density distribution % density distribugion % density .dlstnbu:pon %
Noctiucad (individual/m”) (individual/m”) (individual/m")
octilucales
Noctiluca scintillans 645.3 209 2131.1 374 13445 312
Mudusae
Siphonophorids 00 00 15 0.0 07 0.0
Trachymedusae 28 0.1 10 0.0 2.0 0.0
Copepods
Acartia omorii 158.1 51 230.3 4.0 192.1 45
Calanus sinicus 435 14 4.6 0.7 431 1.0
Centropages abdominalis B4 31 224.4 39 1%6.1 36
Ctenocalanus vanus 0.0 0.0 0.2 0.0 01 0.0
Paracalanus parvus s 1533.0 49.8 2084.5 36.6 17925 41.6
Pseudodiaptomus marinus 0.0 0.0 58 0.1 27 01
Oithona spp. 480.8 156 637.2 112 5544 129
Corycaeus affinis 6.9 02 1246 2.2 62.3 14
Monstrilla sp. 0.0 0.0 1.2 0.0 06 0.0
Triconia sp.(Oncaeidae) 09 0.0 06 0.0 08 00
Larvae decapods
Decapod larvae 6.0 0.2 49 0.1 55 01
Amphipods
Gammariid larvae 0.6 0.0 0.6 0.0 06 0.0
Euphausiids
Euphausiid larvae 0.0 0.0 12.0 0.2 56 0.1
Chaetognatha
Sagitta crassa 40 01 51 0.1 45 01
Appendicularia
Oikopleura dioica 83.6 29 176.9 31 130.1 30
Others
Gastropod larvae 0.0 0.0 50 0.1 24 0.1
Polychaete larvae 18 0.1 40 01 2.8 01
Cirripedia larvae 13.0 04 31 0.1 84 02
Total 3080.8 100.0 5696.7 100.0 4311.8 100.0
Number of species 15 21 21
e AAd 2EFF, wdAAT  AAS 6
(individuals/m’/1,000), FTFFAFbit)S) W Fig 3% . A
2o, FES 2T HASE 1~9)°] AHE 285 ©Y € 10 .’/\vo---\ T e
ARG AAsE vissgod, 3ES AT gL oY 8 M
(St. 10~17)9 AL ¥MFo| #Hoh FA¥E FHFFE St @ 2 !
10, 11, 13¢] 2% FFIAHAA 13F o] 2d3t 7} E S
4 werom, @AM AASE St 10, 15, 17914 8000 S0l 7
= i -
A o)de] AP FOIAARAFE FEE FEF %:: 8t /’\ //\\ /
(St 1~9A 1.360bit, BES TN & (St 1 g op [ Y
0~171A L4bitZ St 1, 14, 158 A3 FHN 28 R Sy PN /
dgo] & o 27 BEFH e AT 5 AN L I S N
A4 EYAE FAPYS 43BN stels] A%
o FARAL ste] Fig 40 YEIlTh ZAEA 2% 49) 520
9 #Yo2 1Fel IYHUL AAE FES UTH A E «**\/\./-\f 2
o TGS 23,4, 8 9, BAE FES BEE A9 I Eiol > 1
& AEsA] Fe o] Uy xIH 1FSt 1,5 6,7 : L
T} St 13, 14), AA, A= FEESE AEER ge HAdY a1 sta  St7 St10 St1a stis
Station
= % Sl & 3k 3 o A . e .
AEelt dAMes FEE AR A FAAYCl A Fig. 3. The variations of species number, density distribution,
e and diversity index of zooplankton collected by
NORPAC net at stations on the study area in April,

2009.
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Fig. 4. The similarity index of stations on the study area
i April, 2009.
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o F71s @A FKsHAIRE dAFIE oA HUiA7t
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Fig. 5. Detectable ranges of ADCP dependence on TS for

frequencies of 150 kHz, 300 kHz, and 600 kHz.
Parameters are shown in Table 2.
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Fig. 6. Volume backscattering strength (SV) in the
stations. The dotted and solid lines show SV
calcdated by the zooplankton collected with
NORPAC net and the echo intensity measured
with ADCP at stations on the study area.
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Table 4. Size distribution of the zooplankton collected by NORPAC net at stations on the study area in April, 2009

) Size (mm)
S
pecies 01~10  10~20  20~30  30~40 4050 50~ Total
Noctilucales 0 0 %6;18%% 0 0 0 1,853
Mudusae 0 0 0 0 0 (g) 7
6,372 817 0 131 0 0 7,820
Copepods (2014) (961) (4)
Larvae decapods 0 0 (Zé)) 0 0 0 20
SOYL Amphipods 0 0 0 (111) 0 0 4
Euphausiids 0 0 0 0 0 0 0
Chaetognatha 0 0 0 0 0 (2) 9
Appendicularia 0 0 ?8%) 0 0 0 300
11 35 0 0 0 0 45
Others @) (13
Total 6,883 82 2,173 134 0 16 10,058
Noctilucales 0 0 (g’%&)) 0 0 0 6,740
Mudusae 0 0 0 0 0 (%) 9
8,936 1,753 8 173 0 0 10,870
Copepods 2) (536) D 43)
Larvae decapods 0 0 (255) 0 0 0 5
NOYL Amphipods 0 0 0 (%) 0 0 %
FEuphausiids 0 0 (%%) 0 0 0 225
Claetognatha 0 0 0 0 0 L2 125
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