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1 M-Sk

1.1 EREHERE

PR B RIS R B BT8R Simrad EK60 B A RACRE T B8 B &, Hikgia LR R @3 38
kHz #1120 kHz, EBEARSE IR 1. HRIUEFE 57 2R IHE0ER 0 6 M, R E br o A i An R 2 0
BB TRE . BT 120 kHz AR WAL 1 AR B AR H R E, R R A 38 kHz Bl #8 TR
SERBER . UK R i R A R A RO 2013-09-05—10-03, 7R 3K — 1 A W ALAT X e i B i A= W)
‘ESMHTT RN, EEMIKTEN BRERLALZ, YN ER IR REWME, RETH N RS
EHERNEAMELS). BTHTTFRIBRR, RERE, BT T ER RN RSB RE. 2XA
B Ay T A 1A ) B 1) BT SR 4R, i JE] 28 2013-09-28T00 = 00—29T24 ¢ 00, i &K 117°34' ~117°50'E, 12°13" ~
12°35'N, IR E AR T, FHIRE R 3 500 m, FHHEFERH 1. 2 n mile/h,

# 1 Simrad EK60 BN ETER RS

Table 1 Main technical parameters of Simrad EK60 echosounder

BEHSHK B E BESHK B OE
BRERR IR/ ke 38 RHE/W 2 000
BRER Split Bk ¥ 95 B /ms 1
B RA/” 7.0 BE/mes ! 1535
PEBRA 7.0 FRKAER/dB+ m! 0. 007

1.2 FREESH

FESERE B Echoview 4. 9 B #EATALEE, BRIFEWE R E N 0~1 200 m, /NIRRT HILH 600 75 ik
W B ERE R EEM TR NG AN . BN BE R B AR R AR B AR E N
—75 dB F1—65 dBM®1
AT FIK R A Y B4 B ARTRBE B 21 e 5 R AR AL LA FI AT Echoview 4. 9 AP BB H AR 8131 Zh &€
XHRR BTG RFBE K 0~700 m KWK BEEFESHESTT 8. FTRAKER 2013-09-29T
102 00—12: 00 F1 22 : 00—24 : 00 P ABATREMN K EIE. R 2 ARWEKRBRHERSHENRE.
R2 HERNOSHGE

Table 2 Parameters setting of single target detection

Z XK BRRE Z XK BHRRE Z XK BHRRE
BEBREM TR Split bearn-method2|  H/Mk MK B/ ms 0. 80 BARP R/ B 6. 00
1B br38 B B {E /dB —65.00 B Jk v B/ ms 1.50 EmE/ 0.30

TRk w K B pesE /dB 6.00 BHRAMEE R Simrad LOBE Ko E/” 0. 30

1.3 £YFHERXE

NIREUBA R AW RAR R BT T 2K BB RAE, RS Hnk 3 B, #RIIRBE | Simard PI44
PIALASC I, PR ACE T PR 40, 3R K 2 4 R P K B P A EBGR Y 70 m A 420 m, SERRAPIE
AT 3 WM, 4 HHE X 70 m KB 70 m MAE 420 m, B ¥Ry s EH B LB E #1725
EFNPE .
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R3 RENRIEBRSHE

Table 3 Main parameters of sampling net

M A B RERREEN M A B EER BRI
M B MRBEEARK/m 176.0 M B E /A 220
MARMBLES /m 110.9 MO B RSt /mm 80
THRKE/m 59. 52 MZEM B Rt /mm 50
2 4 R

2.1 HHEEESH

B 1 05 i B T 2 A AR RS 1) 8 5 8 B (volume backscattering strength, Sy)BUGRINE 1, Sy fH
KRBTSR R, A BERE. RAF¥IER EELFEE 100 m KZE U, 400~500 m K ZBAEFE
KEFEFEME ., FERO05: 00 £4,BERFFHBM 100 m KEN TR 350 m T, FERBAESE 3 000~
3 600/ ki, K, SEBEEFTE 350~700 m,100 m 7K /2 LA 5 540 55 5 Be 42 5 FB B , T 4 B UM
350~700 m K E L FH 100 m KZAH, FEARILAES 9 600~10 200 7= fik v, B AGH 43 BLR BAEEM KR
W, EEBIBFTFIERBHARERNERE . FREZH.

B 1 $/E05:05—06: 40)FBH (17 : 12—18 : 15) S 2T =2 pE
Fig.1 Echograms showing movement of scattering layers in the morning(05 ¢ 05—06 ¢ 40) and at dusk(17 : 12—18 ¢ 15)



176 B ¥ M ¥ # B 33 %

B 2 EXEABRET B RMAE R EEEHES RS (Nautical Area Scattering Coefficient, NASC){H [
B ERAAL, R AR 2013-09-28,2013-09-29 2 d WM IME, REL T AW EE S . NASCHEEFE
EBR S R R BRAE”, AN E B E KB AN S FREEH, SREERE L™, AREY
TEEPTE 350~700 m, B A H I B K IEE,H 425~475 m k2K NASCHEHE & T HMEE. &
550~700 m P43 BOF-3 5 R IH , £ 9 F B AE 0~100 m 1 350~600 m 7KZ,2 MEMEKHEELFIH 75 m
1 450 m, HAET#H NASCIHIE AT JE#H , NASC H RfEH BARE K 0~100 m KEH (B 2).

NASC /m? 11 mile-2 RARERL & BHRXREES

O.QOI 0.‘01 Q.l 1 19 10,0 IQOO 00.01 O.Il I} lf) 10(')

200 1

400 4

Z/m
Z/m

600 -

s 800 -
,’-- ""'Ei
----- - ——TH

10001 1000

B2 NASCHMEHFERTLKE B3 AXSEEFHERLL
Fig. 2 Vertical distribution of NASC Fig. 3 Ratio of daytime NASC versus nighttime NASC

B3RARSRAREEZ L. EHRE—EN, WEXF 1 HAGXRRRELRAS, ENT 1 385
REFRFEELBE RS, 0~150 m 1 250~450 m KEHNEKEEYEHAEH T HX, 450~900 m KZHRHKE
REVHERTRE.XEHTFTREATREEY N LEREERIIE (B 3. 150~200 m KEZERXRTRE W
BTHRE,THEERTERBTAEYEBEZXTSKE . RABIE LR, MNTEBE LR EYRIE
BEZKEFRSIE.

2.2 HHEE®ERTH

% NASC FEBR BE AR AL , 40 FI 3% B R AR AR BB A R I 0~100 m B E 0 350~700 m B4 2
48 h WIARMLHET T8 (Ao, B 2 d iR EEFEA 3,28 H 350~700 m i) NASCE I 29 H
BEK .

0~100 m B4 27E 00 : 00—03 : 00NASC BB, %5k 1 300 m®/n mile® ;04 ¢ 00 B}, NASC H3—4
W{E 1 600 m’/n mile’ ;48R FFEFF IR T RE, EF] 07 2 00 B EFE 150 m*/n mile’ £ ; BN H R NASCHEXRR
A, B 17 : 00 Bf NASC BT #5 F 7,08 : 00 J5REFE 1 100 m?/n mile® 245 ; T2 [A] , NASC ¥H %4 K H
R85 (A L.

350~700 m B 5 R B 2 NASCHEL, 4% 600 m®/n mile? ; B2 04 ¢ 30 Bt NASCEF B EF,
07+ 30 JFRETE 1 000 m*/n mile* &4 ; H REARARNZ, 15 : 30 A —MIEMHEJE TH; B X NASC ¥H
YA ER 2 5 (B D,

—NEUEHE NASCE TR, B 58 — NS E NASCE EF R E IR 25K 1 h, Bl 9 A — B 2
BB A -NTFEALIME D,
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Fig.4 Variations of NASC of the two deep scattering layers on 2013-09-28—29

2.3 BAHGEERREEZNL

B 524 2013-09-29T10: 00— 12 : 00 A1 22 : 00— 24 : 00 AW A E it B B % B & (Target
Strength, TORERERN S ME . AR, EEF Q00 m DB BWEIKEY TS KREE /N, /MNF—40 dB; T
BEH1(350~700 m) A B M A4 TS K, KF —40 dB, MM HAYE T EFAHEES ., ®RE.£9 LH
ZJ5 100 m DL I Y B0 B AR R B B B 3 A0, OF LRSI MY — 28 TS fH7E — 45~ — 40 Z BB Rk (B
5,

AREKBEAY Bk BARRERAARN, B X, £ Y EA 2 BRRE A A B AroR B3 K, IR MR A,
B, 2Py EERB N, TRESEFA RSB AEITEHE, REEFPERE B &K T E (400~500
m), 5 SyBR—3.

B FriBE/aB H R E/dB
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Fig.5 Single target detection
2.4 HSERERERARN

RGN EERRERARFERRLR 4. BRX EEEHE 70 m R (MR D EAREHRY . &K
BT E B R BB B3 B B R DU FE AR IR B AT R (RK 2), MR AR S RERY , KPE K
BRREAL, TER T EARME AR, AN MR —HIFRAMLER. ZEEYFTREFBER
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K EEBEERE., FHATEBRHNEEANBRGEMXEREARTIEK, 400 m KZHETHIEN
(MR 3D, REFNEREZEREAR, KZR T EANMNE O &R, EMMKERE K 2 MPEA K, 5B
SMBIEEIRE) sk ER. BT ERSEFA LAMFE LG, B X ERA T IR AYH R, XL
Yy A AT S AN EIR g A RN R

R P AR 2 R R B IR R U E AR A A 3 B 100 m DI, B KRB #3013 350 m DI, X
EEEREBEITER

x4 REHE
Table 4 The data of sampling

M ® i ) B 8] WRE/m IR R BE/& FEERY
¢ 16 : 06—17 : 01 70 1 3 i i} #8 ( Leptocephalus)
§T 4% 28} (Myctophidae)
E2WR 192 00—20 2 05 70 19 155 4k Yt P} (Gonostomatidae)
% 3 A (Enoploteuthis)
7% F (Myctophidae)
FIR 19 ¢ 38—20 ¢ 38 410 17 102 E B fa#} (Stomiidae)
F 2 A} (Chiroteuthidae)

3 W

3.1 RBEEVEREEBIHESN

1R BB RN B U BRI EA RN R A NG BREAEZS)  HEBEBIINX I STEY
WHRBHERETAR"™ ., EARARAREREHAERTARTEREERHEY, TRECHE
AHTEREEBRIINAY, MHETEBRNEYEE XEIT HARRNIR, XTRESHAEEIER
FAX. BERESBHEEEFETHMNEE, 4724 0~100 m #1 350~700 m, 3 H 2 MG BN EY
ERBARENEREL. BREVEEFEIETERNEN, SR AYS. RETEHSNEZARSE
YFG EF BT EEERSEN . KASNMENERHNFEYERAE T 4H,0~100 m BHEHEHN,70 m
EEEYBBEE, NASC HHET] 5 800 m?/n mile? ;350~700 m 52N ,450 m EHEY BB E, NASC
{8 K 140 m?/n mile?,

EAYERTIBRNSBEPESBEBAREEK, AE 1 Pa] DUEW T R T REBCR, A 5 HE g
M EFNIFHBEARE REMR, BhREN, ZREEB SRS, FERREEEESE, RERRER R
BERR. WE 3 HHLUES, — B E NASC HE D3] 5 — N EUEHE NASC H 35 i i i 18] BB 4524 1
h, AP — PSS EEBRA —NEHEENA 1 h, WREEEY EAGER 400 m 8, B4 EH:
M- HEELN 6.6 m/min, SHMEBEHHRGERAMUY . AYRETB2 AP BER 1 GXHER
THZIPERME N, EESEMEYRMAMNE), HRBHEYRXMWA B 5B ENESHK 05 : 59 f
18 : 02, FpAY M TERF BN ZIL N H HET 2 h, B|B B NEAR2IER; 1 LB It 22454 B %51 1
h, BEEEY I RESEE B ERESER.

3.2 HENMHEEREERINGT LEEXFFIEMBIZM

H AT B X m g BRI — AR A A ERT —MEEAET . HENREEREF L
BfaX, REANREEIRE T ELENEY, &6 LERAEYRIFEERAE N X LEJFERBZNEYRE
FEEEN . RTOMEN P ERARTRE R M. Fib, 7RRAE R MR )G A8 B A% B U
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ERFEEBHXF EERAREMEKENE, NEES SN AERBEENRRHBERTEIE.
3.3 REBHEMEA

MEUH B ER R R, B P R BN B E B RE WA 230 Y, ¢ 5 2 BT KA
EAER, BRAELH] HERX AFEEE-RNAR FHEN-RBEEREEBII IS HE
ZHELRETRRRE, A EFEKSIMINGER OTEAS) MK EXR (GBS, EBHERIE R BESH
HEBRRERT AT RIERMERE B WEHER SR BT .

AIBRERFARENEERNEEE RN 350~700 m, HbEHREREHESHHTRERN.
KRE TV BINAIRE e M I HEDN 280~460 m, KF- IR AT IR i 38 280~830 m, Jb Ky 25~200
m, REGHERIBEEIR A 350~600 m™ . B H RATURE B S BIE, WA\ T DIRE T 4 8BS
2435125 0~100,150~300,400~600,600~800 mt®! , A3t R B KA 0~100 m W FHEHEF SVl
B, B RS IE] TS AR/ B, 36 R P L BE R 918 0 A R XA BURHZE i R IF e A IR AT &
S . BB R R X R R 53X 7T REER A& X B R BE R A H R AR R A R

22 3 ik (References) :

[1] RITCHIE G S. The deep scattering layer[J]. Journal of Navigation, 1953, 6(4) :395-402.
[2] YOUFH, QIUY D. A review of the research and development of oceanographic acoustics[J]. Oceanologia Et Limnologia Sinica, 1964,
6(1>: 109-119. RFH, ERAME. HEFEZHMAREARLI]. BESHE, 1964, 6(1): 109-119.
[3] SMITH P F. Further measurements of the sound scattering properties of several marine organisms[J]. Deep Sea Research, 1954, 2(1):
71-79.
[4] HERSEY J] B, BACKUS R H, HELLWIG J. Sound-scattering spectra of deep scattering layers in the western North Atlantic Ocean[]].
Deep Sea Research, 1961, 8(3): 196-210.
[5] ANDERSON CI H, BRIERLEY A S, ARMSTRONG F. Spatio-temporal variability in the distribution of epi-and meso-pelagic acoustic
backscatter in the Irminger Sea, North Atlantic, with implications for predation on Calanus finmarchicus[J]. Marine Biology, 2005,
146(6):1177-1188.
[6] KLOSER R J, RYANTE, YOUNG ] W, et al. Acoustic observations of micronekton fish on the scale of an ocean basin; potential and
challenges[J]. Journal of Marine Science, 2009, 66(6): 998-1006.
[7] BURDB]J, THOMSON R E, JAMIESON G S. Composition of a deep scattering layer overlying a mid-ocean ridge hydrothermal plume
[J]. Marine Biology, 1992, 113(3): 517-526.
[8] GONG L H, FENG L, WANG C H, et al. Deep scattering layer observation using acoustic correlation current profiler[J]. Technical
Acoustics, 2008,27(6):807. ZEWN#E, BF, EKL, . #HAFMERER EXRYHABHEI] FEHEA, 2008,27(6).:807.
[9] JU H L. Studies on the Decrement of Fishery Resource in the South China Sea[J]. Southeast Asian Studies, 2012, (6): 51-55. ¥#& Ji.
HEELFKEEBAAXNERRL]. AEEHRE, 2012, (6): 51-55.
[10] LIUJ, HUJ. To promote the open sea fishery resources development and utilization of the South China Sea[J]. China Fisheries, 2013,
(2): 5. MR, . BARSIERLFERFZAAESERLREFZFAAI] PEAP, 2018,(2). 5.

[11] ROBINSON C J, GOOMEZ-GUTIEERREZ J. Daily vertical migration of dense deep scattering layers related to the shelf-break area a-
long the northwest coast of Baja California, Mexico[J]. Journal of Plankton Research, 1998, 20(9): 1679-1697.

[12] TANG Y, FURUSAWA M. A method of averaging fish target strength in three dimensions[J]. Technical Acoustics, 2006, (Supp. ):
63-64. B, HEBE. RAABRHENRE(TON=EPHHFKRIT] FEHEAR, 2006, GET)) . 63-64.

[13] CHENGB, LIYZ, CHEN P, et al. Measurement of single-fish target strength in the South China Sea[J]. Chinese Journal of Oceanol-
ogy and Limnology, 2012, 30: 554-562.

[14] CHEN G B, LIYZ, ZHAO X Y. Acoustic assessment of five groups commercial fish in South China Sea[J]. Acta Oceanologica Sinica,
2006, 28(2): 128-134. KEE, ZKIR, BEE. BB S RERLFARKTIFEFFTMO. wEeER, 2006, 28(2). 128-134.

[15] LIYZ, CHENGB, ZHAO XY, et al. Acoustic assessment of non-commercial small-size fish resources in the northern waters of South
China Sea[J]. Periodical of Ocean University of China: Natural Science, 2005, (2): 206-212. Zx ik, BMEE, HEEB. &. EILR
BENBEEFARFTREFZITMII]. PEEFEREER. ARFEIR, 2005, (2): 206-212.



180

B B B % # B 33%

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

[29]

TAN X C, SHIJ Q, ZHANG H,et al. Hydroacoustic assessment of fish resources in the Lake Qinghai with EY60 echosounder[]].
Journal of Lake Sciences,2009,21(6) :865-872. {45, P84, % E,%. EY60 IEMFRRXAEFTENAXREETFHPHRAL]. ¥
BAREE,2009,21(6) :865-872.

FOOTE K G, KNUDSEN H P, VESTNES G, et al. Calibration of acoustic instruments for fish density estimation: a practical guide
[R]. Copenhagen: International Council for the Exploration of the Sea, 1987, 144, 1-57.

ZHANG J, CHEN G B, CHEN P M, et al. Impact of subtracting Time Varied Gain Background Noise (TVGBN) on estimates of fish-
eries resources derived {rom post-processing acoustic data[J]. Journal of Applied Ichthyology, 2013, 29(6): 1468-1472.

ZHANG J, WANG XL, ZHAOX Y, et al. Definition and optimization of integration threshold in the post-processing of fisheries acous-
tic data I; Determination of integration threshold for scattered distribution[J]. Progress in Fishery Sciences, 2011, 32(4):41-47. &,
EHR, MEE, & BIFZHESLEIRSBANEFESHML L BRBESFRETRASBAWBET]. LB FEHRE, 2011,
32(4).:41-47.

ZHANG J. Acoustic evaluation based on the acoustic data post-processing system resources for anchovy of the Yellow Sea[ D]. Shang-
hai: Shanghai Ocean University, 2011. &, EFFZHBELAERENRERS FWIRFFTMID]. bE. bEHERE, 2011
SIMMONDS J, MACLENNAN D N. Fisheries acoustics: theory and practicel M]. Oxford: Wiley-Blackwell Publishing, 2005.

ZHAO X Y, CHEN Y Z. In situ target strength measurements on walleye pollock (Theragra chalcogramma Pallas)[J]. Journal of
Fishery Sciences of China, 1996,3(4): 19-27. R B, M. BRIE(Theragra chalcogramma Pallas) B BRI GMEL]]. 8
K FEREEE,1096,3(4) : 19-27.

LU L G,QIAO F L, YUAN Y L. Latitudinal variation of deep scattering layer in the Western Pacific[J]. Chinese Journal of Hydrody-
namics(B), 2004, 16(5):571-581.

BARHAM E G. Deep scattering layer migration and composition; observations from a diving saucer[J]. Science, 1966, 151(3716):
1399-1403.

BARHAM E G. Siphonophores and the deep scattering layer[J]. Science, 1963, 140(3568): 826-828.

ANDREEVA I B, GALYBIN N N, TARASOV L L. Vertical structure of the acoustic characteristics of deep scattering layers in the
ocean[J]. Acoustical Physics, 2000, 46(5); 505-510.

VINOGRADOV M E. Quantitative distribution of deep-sea plankton in the western Pacific and its relation to deep-water circulation[J].
Deep Sea Research, 1961, 8(3): 251-258.

FENG SZ, LIF Q, LIS Q. Introduction to Marine Science[ M. Beijing: Higher Education Press, 1999:358-359. &+ % , 2= R\ , 2=/
F.EENESBIML IR - RS T B R, 1999.358-359.

KLEVIJER T A, TORRES D J, KAARTVEDT S. Distribution and diel vertical movements of mesopelagic scattering layers in the Red
Sea[J]. Marine Biology, 2012, 159(8): 1833-1841.



28 XA % BB EEFEENREEA T NERE LN SR 181

Vertical Distribution and Diurnal Movement of the Deep
Scattering Layer in the South China Sea

LIU Shi-gang"?, TANG Yong', CHEN Guo-bao**, ZHANG Jun*?*, YAO Zhuang'*?,
GUO Yu'?, LIU Hua-bo*
(1. School of Marine Technology and Environment, Dalian Ocean University, Dalian 116023, China;

2. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China;
3. KEY Field Scientific Experimental Station of South China Sea Fishery Resource and Environment ,
Ministry of Agriculture, Guangzhou 510300, China;

4, China Marine Surveillance Team of Wendeng County, Weihai 264400, China)

Abstract: The vertical distribution and diurnal movement of the deep scattering layer in the South China
Sea were analyzed based on continuous monitoring of shipborne Simrad EK60 scientific echosounder (38
kHz) and biologically samples collected with pelagic trawl in September 2013. The results showed that two
deep scattering layers exist in the deep water of the South China Sea and their typical depths are 0~100 m
and 350 ~700 m, respectively. The scattering layers show an obvious diurnal vertical movement: from
16:00 to 19:00, some organisms in the 350~700 m layer move up to the 0~100 m layer; from 04:00 to
07:00, the organisms that once moved up to the 0~100 m layer move back into the 350~700 m layer. The
sampling results of pelagic trawl also show that, the catches in the 0~100 m scatting layer during daytime
are less than during nighttime. This confirms the phenomenon of diurnal movement between the two scat-
tering layers detected by echogram.

Key words: the South China Sea;deep scattering layer;vertical distribution;diurnal movement
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