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Fig. 1 Acoustic survey scopes of mesopelagic fishes

in the Nansha, Zhongsha and Xisha areas in
2013 (solid line) and 2014 (dotted line)
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Tab.1 Main parametersof ssimrad EK 60 echosounder

FA year
2 parameter 2013 FHE 2014 FHF
spring of 2013  spring of 2014

K% /W transmitting power 2 000 2 000
Jok % & /ms pulse duration 1 1
i BEAN 1Y £5/dB transducer gain 24.19 24.23
Y 3 e °
ABRIE/C) , 6.97 7.08
longitudinal 3 dB beam width

3 oy °
BERBORIEEN®) 704 703
lateral 3 dB beam width
7 /(m-s™) sound speed 1538 1535
3y o .
W ERLAf/dB equivalent 220.60 50.60
beam angle

13 HEBHRRE

rhZ AR S R R 2 A S R R A h
EH R R R B 176.0 m, PR BRI B
110.9m, FAKEES59.5m, MR H% 220, W
M H R SF 800 mm, PIEER H R ~F 50 mm. FEF
WA A HE X R K 2, H R i B T E
1) Simrad P144 AT, HEE K 2.1~2.3 m/s,
2013 FFHEFARE P E AR 2014 R HFEF T
W, VI SE S 9 AR )R AR (F 2),
TATIF AR 2 P A AR T B 21

T D) I 43S v 2 A A TR 7K SR I e (o]
fili M SC B = AT 0SS L S R ANE SR, AL
MR SR . s B R (KRB,
R, AR 2 Y A RHIE S AT RERS i 25 B A
TR BTG R ISR A 1 mm, A E K
FE40.01 g,
14 FEHESWSEEREEME

Bt Echoview 6.1 A TACRE . &
JeXt AR AT R ARG A, HERR A I R T
FEECE o R [l 7 AR Tk DAl 2 A TR R
BSR4 Mok B 1000 m i,
BUrKZ AR REAS RIAZ T 5 m & 1000 m; 7K
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Tab.2 Midwater sample station data in the spring of 2014 in the Zhongsha and Xisha areas

i IBURE RS ] H LHIE/(°N) ZHE/(CW) MR /m PR (mes™)

station code sample time date latitude longitude trawl depth mean towing speed
Fl1 21:50-23:50 3/14/2014 13.319° 110.993° 200 2.3
F2 20:15-21:15 3/16/2014 12.480° 116.420° 200 2.3
F3 21:30-22:30 3/17/2014 13.483° 115.977° 200 2.3
F4 23:25-00:25 3/17-18/2014 13.692° 111.873° 200 2.3
F5 22:30-23:30 3/19/2014 14.510° 114.941° 150 2.3
F6 12:00-13:00 3/20/2014 15.217° 113.677° 400 2.1
F7 23:00-24:00 3/20/2014 15.401° 111.921° 150 2.3
F8 19:30-20:30 3/25/2014 16.467° 113.613° 400 2.3
F9 19:30-21:30 3/27/2014 15.727° 116.513° 200 2.3

/T 1000 m i, FRIFKIZBONBLAEASRIZ T 5 m
ZIFNE S m Z ERYFTA KR, U S E AR A
4% fi B2 P8 JC (elementary distance sampling unit,
EDSU)43illi #-80 dB A1 1 nmi, “RH] 1 nmix50 m
PR AT RO MR TR AN B T B (T
SRR TR 7K 2 I K Xk 7 i Wi i R 8T, 5~200 m
1 200~1000 m 7K JZ W Z K LA _EPIASIK)Z )
PR R AL BE T EAR R, 230 0.006 dB/m Al
0.009 dB/m. AHFFEALXS 400 m LATRMHESL 1Y 7 7
BAg AT 00 o

G4 IR (07:00-17:00) 200~1000 m FIK
[1](19:00-05:00) 10~200 m 5~ 7K 2 1 £ JE 1y i 2
FRAMEL, B B T RO 7% (nautical area scattering
coefficient, m*/nmi’, NASC) Y F1725 8] 4345 o F)
FHRRSEREAS ¢ 456 LR VP AR b | PRI 2
SR ME R A 22 5, JTFIH Mann-Whitney
#1 Kolmogorov-Smirnov Z JE S0k 56 L 4 5 V0 Al
Hv PG VP K I 2 B EEUE A B B R 2 5
R T b R R RUME A R 2 S, DL 10K
AR, K 2013 AFFFRFR UM H K 200~1000 m
HZ A ERUMESR A 6 4, Bl 6°N=7°N |
7°N-8°N . --- . 11°N-12°N, i i £ J 37 B A
Kruskal-Wallis I Jonckheere-Terpstra i 46 M XU
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BRI FL A B) 25 57 [R) 3L, F 2014 AR/ rp b |
PaYb R R SR RRUME A 6 4, Bl 12°N=13°N,
13°N-14°N, -+, 17°N-18°N, Jf LRl 25 . 4
THR 56 0 KB 0.05, N IRIG 50 7 145

SR B AHEALI 22 5 B B
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/)26 25 LS
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Tab.3 Target strength parameters of mesopelagic fishes at survey frequencies

i /5 SFMALL ANz fRKem  (kTg FHTSAB 100 (), TS #7

species/swimbladder taxonomy  frequency length weight avg TS m 107 /(m™-kg™) TS model
I 4T fa/ G YT %6 0 R} 38 6.08%% 2.0 -73.8 2.09x107° 49.41gL-112.251
Ceratoscopel us warmingii/no Myctophidae
KARKRAT f0/ 0 YT 55 ta Rl 38 6.00% 2.6 -70.1 3.63x107° 201gL—85.7%%
Symbolophorus californiensisno ~ Myctophidae
4 BB LT 48/ YT 45t Rk 38 6.08% 1.4 -72.6 4.07x107° 30.51gL—96.353%
Diaphus chysorhyncus/no Myctophidae
A AT 4T 40/5C YT 46 0 R} 38 6.00% 1.8 -71.1 4.27x107° 201gL-86.774
Notoscopel us japonicus/no Myctophidae
W% AHHE AT f/ 90 YTt Bk 38 6.07% 1.4 -71.5 5.13x107° 541gL—113.58"
Diaphus garmani/no Myctophidae
BT £ /T YT 56t Rk 38 6.00 0.8 -72.2 7.76x107° 32.1In(lgL)
Stenobrachius leucopsaurus/no Myctophidae —64.11
W% A HE AT 01/ 95 YT 26t Rk 38 6.05% 2.2 -67.3 8.32x107° 52.71gL-108.351
Diaphus garmani/no Myctophidae
STt AT BT LR 38 8.4036 5.3 -56.0 4.68x107* L TS (&9
Leuroglossus stilbius/yes Bathylagidae
UKIEAT /A SRR 38 6.087 3.0 —58.0 5.25x107 {2 TS {HP"
Benthosema glaciale/yes Myctophidae
ST R AR A E 1T 38 - 3.0 —56.2 7.94x107 {2 TS fHPY
Myctophid/uncertain Myctophidae
ST 6/ +7 5% 38 758 7.4 =52.0 8.51x10°* {2 TS fi"
Diaphus theta/yes Myctophidae
FE W 4T f0 /45 YT 4 t0 R} 38 6.08 2.0 -57.6 8.71x107* 26.31gL-78.151
Ceratoscopel uswarmingii/yes Myctophidae
TN HE KT £/ 1T 70 5.6 2.6 -55.7 1.05x107 201gL—70.6""
Diaphus theta/yes Myctophidae
T NE 4T f2/45 YT 55t Rk 70 6.0 33 ~54.3 1.12x107° 11.81gL—63.504
Diaphus theta/yes Myctophidae
SR N EE] PSR 38 9.0 - =50.0 1.12x107 A A {142
Myctophid/yes Myctophidae
W AHHE AT f/AE YTt Bk 38 6.0 1.4 -56.7 1.58x107° 34.51gL—83.50"
Diaphus garmani/yes Myctophidae
/J\iumg@;@/g . B 38 - 3.0 -53.0 1.66x107 (% TS i)
small-size pelagic fish SPy/yes
R R AT _ 38 - 3-10 -49.0 1.95x10°° (TS i)
small-size pelagic fish SP,/yes
AT 5 1 /AT KT R 38 6.0 2.2 -53.3 2.09%x107° 45 41gL-88.6°"
Myctophum asperum/yes Myctophidae ’ ’
WS =E B 38 - 3.0 -52.0 2.09x107 (% TS i)

small-size pelagic fish SPs/yes

10°,
m
Is N * T e > — -
FLEC 7 2S5 1 H T AR 100 (o), 1 kg T8 k322 £ 94 7 199 A6 R KA 75 25 U 1 BB AT L2 . L R Pk KK (em).
Note: The superscript numbers with square brackets in the length and acoustic model column respectively indicate the sources of relationships
5
between body length and body weight, between TS and body length. F-IO 107 denotes the total backscattering cross-section of 1 kg fish

T RO BRI R R KRR T ) TS AR SC RIS E KT 5. 1010 ((m? kg FR 1 RABIKE N mg),

TS
)
with body weight of m(g) and backscattering cross-section of 10 1" m? L denotes body length (cm).
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Tab. 4 Statistics of 1—~10(1°) value of mesopelagic fishesin thetab. 2
m

it it ¥ bt EON] B/ M FSHIRU% percentage
statistics average SD max min 75 50 25
3 Is
£.10[]0](m2‘kg71) 8.26x107* 7.39x107 2.09x1073 2.09x107 1.47x107°  8.23x10™*  5.79x107°
m

P& Marine explorer ¥ &I B F 115845 31 5 165 R 1
200 m PATRHHRE L0 12010 km,

2 HRE5HH

2.1 FhEERN

2014 FFEFZRPYD | VGURIEEL 9 Y Z 4 AR
LIRS TNk e 79 T, SRIET 3 2 16
H 37 B 60 J&(F 5), 3% 654 | 8697.25 ¥, Hohg
fa4¥(Osteichthyes) P2, 15 65 Fly HIKOMHH
MF4(Coleoidea), ik 13 #f1; B i 44(Chondrichthyes)
1 Fh, ff B a2 rf B O ARk (Stomiidae) . AT faF}
(Myctophidae) Fl1 4} 't i B (Gonostomid) AY Ff 2k fx
Z, Sl 20 F o 13 FFD 6 Fh(ER 5), HATE
PR 61 B, S| T 8 Jm. K2 2E N
BEL EobaBERT Z B R L
AR 2 AP AE 1035 25 5, T & S (E AR IR B 25 K
TEHAESERL, P<0.01),

B pr b LR 1% R 2 IR KA
1 (Gonostoma elongatum, 28.3%). 1% ffi(Chauliodus
sloani, 18.0%) . £ 44 #4 i % I (Abralia multihamata,
5.0%). 7l ff(Idiacanthus fasciola, 4.9%). JJt
i (Polymetme illustris, 4.6%) . K7 3k i (Cubiceps
whiteleggii, 3.5%) . F& W] ff1 X7 i (Ceratoscopelus
warmingii, 2.9%) . -F-k ffi AT fi (Ceratoscopelus
townsendi, 2.6%). Zkf&(Nemichthys scolopaceus,
1.8%). &I (Ornithoteuthis volatilis, 1.7%). 4
Bf[ELT 0 (Diaphus chrysorhynchus, 1.7%). )5
H | [ 14 (Eustomias orientalis, 1.4%). 35 53
(Shenoteuthis oualaniensis, 1.2%). £ E [
(Borostomias elucens, 1.2%) I #2 Ik B B O fa
(Eustomias dendriticus, 1.2%), 3t 15 #, &35 80.1%.

J5 T E R A 1% B e 28 4 ) O i
(12.2%). HZhpts(Nesiarchus nasutus, 11.8%) .

B (11.0%) . K55 (8.9%) . M IR U 3k 8]
(7.9%) . K& E4(7.6%) . 1 2 i (Octopoteuthis
sicula, 6.6%). I E 1110(5.4%). WML
(4.5%). HZK Zfj(Brama japonica, 3.9%) . “Fkff
ST (1.6%) . FL IR FE O 1 (Melanostomias val-
diviae, 1.1%)F12Z1E E 1141 (Melanostomias ten-
taculatus, 1.0%), 3£ 13 f, &1t 83.6%,

IR S RT 10 DFP2E IR 2
Joi (9 TR 9 K). KEDERaE IR), &5
HELT f2.(7 ). 28 (7 ). KT ). B
JTH(5 ) AT 4 ). 54 K). &
AL (4 ) A% KOG E £ (Photostomias guernei, 4
W) TG4 IK)  BE S (Onykia carribbaea, 4 1K)
22 FEERSENZEIHMNERAR

Mrp 2 R A I 2 [ 53 A & (K] 3), BT
B BART A vb | P AR (ANOVA K55,
P<0.01), FHii#& FRiEZHE10.913°N,114.051°E)fl15&
T (9.908°N, 115.535°F) iz v i W Ak 5 2%
WX, HARREX ST 14°N LI 115°E
DIV . mib S . v i 2 A o
Sy AN B 25 S AES B K, P<0.01),

K 4 JEBEFm DA | VMR A 10~200 m
2R FUME S i B, BB A 18] ) iR R i 2
A AR ) = 1 SR v P VPR E] 10~200 m
£ R AT WAL B (2 B IX (14.711°N, 113.401°E;
13.500°N, 115.467°E)(IA 4), {8 H B A% 5 B SAK
TR (ANOVA i, P<0.01), P 7341k
A REZERAESERR, P<0.01), Hvb, P
B E] 10~200 m 5 K 200~1000 m 1) FL43
HAYLEE 0.69, FEUDHEEGZ AN 1.00(&
5)o BRIt AN R V8 b 2 fa 8] ) SRS T
Brm v . PEUIE
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Tab.5 Species composition of fish captured in the Zhongsha and Xisha areasin the spring of 2014
fh 2 & o KEE/mm KEEF/g M
species family genus number length range weight range frequency
B 01 Stomias affinis E 1445} Stomiidae 1B 1 f4 )8 Stomias 2 97-191 4.80-23.25 1
M ERGE D fa E A%} Stomiidae JEE 116 )& Photostomias 4 110-158  4.20-16.00 4
Photostomias guer nei
JREELGE DM i 1448} Stomiidae 4% 15 144 J& Photonectes 1 104 6.30 1
Photonectes margarita
WIsg4SE D0 F rfa#} Stomiidae 4%5 [ #4J8 Photonectes 1 244 63.87 1
Photonectes albipennis
J&E O f Pachystomias microdon E K fF} Stomiidae JEE O )& Pachystomias 1 117 13.00 1
Jig EL [ 44 )% Opostomias F [ fa %l Stomiidae fig Fi [ 6@ Opostomias 2 120-163  14.04-21.48 2
HUBE 8 F M40} Stomiidae L [ R 2 78-210 0.85-28.00 2
Melanostomisa pauciradius Melanostomias
ILIRBE O F O a8l Stomiidae BE )R 5 140-214  9.78-36.00 3
Melanostomias valdiviae Melanostomias
BBE L F a8l Stomiidae MO 3 172-172  23.93-35.82 1
Melanostomias tentacul atus Melanostomias
KPR O [5 114475} Stomiidae KE )8 1 69 8.99 1
Macrostomias pacificus Macrostomias
ZFpita 1diacanthus fasciola Fi 1%} Stomiidae 214 ) 1 diacanthus 32 104-252 0.63-3.80 4
LIAREL DY <) F A fakl Stomiidae SR HAR 3 245-252  70.60-148.00 3
Heterophotus ophistoma Heterophotus
I CHEZIE 0 5 O ##} Stomiidae HIZE 1 0 )F 1 281 46.74 1
Flagellostomias boureei Flagellostomias
)7 HF I #h Eugomiasorientalis — F [ 448} Stomiidae L [144 )8 Eustomias 9 118-147 1.61-6.20 3
MEAREE T £ i 1448} Stomiidae H[F 1448 Eustomias 8 89-144 0.46-5.60 3
Eustomias dendriticus
22 RE Fi [0 #} Stomiidae V& 14117 Bathophilus 1 111 13.49 1
Bathophilus nigerrimus
“ PR R |5 1 £ %} Stomiidae B 1245 Astronesthes 5 48-116 0.82-14.61 2
Astronesthes splendidus
% M B 42 {0 Astronesthes cyaneus F 10 i F} Stomiidae A2 JF Astronesthes 1 150 15.52 1
1 R EF [ 48 Eustomias schmidti M5} Stomiidae HLFH M )& Eustomias 2 166-178 7.20-7.70 1
BfrE O 4 Borostomias elucens [ [ £} Stomiidae WEE MR 8 172-234  46.70-101.74 3
Borostomias
RLATULT 6 £ ¥ %€ 5 #+ Myctophidae JT % 40 )& Myctophum 1 91 9.40 1
Myctophum brachygnathum
KREERIT 1y ¥ % fa#} Myctophidae BT 108 Lampanyctus 2 62-68 2.98-3.99 1
Lampanyctus acropterus
YNBES AT 4 Lampanyctus alatus 4T 8 f5} Myctophidae 247 44)F Lampanyctus 1 42 0.57 1
W5 HEAT 1 Lampadena speculigera 47 % iR} Myctophidae JEAT fi )& Lampadena 3 55-63 1.67-2.64 2
VHEAT 1 Hygophum proximum 4T % fa &l Myctophidae JMEAT 7 Hygophum 2 74-78 5.40-6.20 1
FEHE ST f2 Diaphus regain %1% fi B} Myctophidae HIEXT {6 & Diaphus 1 78 5.95 1
B [CHE 4T f4 Diaphus luetkeni JT 5 41 F} Myctophidae HIEXT {6 & Diaphus 1 49 1.37 1
FEIGHEAT f2. Diaphus fragilis }T % faFt Myctophidae £ 4T 4% Diaphus 1 47 1.32 1
S HE)T £ T2 1R} Myctophidae I 4T £ J& Diaphus 11 67-109 1.63-16.89 7
Diaphus chrysorhynchus
R JT % faFl Myctophidae #4711 )% Ceratoscopelus 19 53-110 1.90-11.47 5
Ceratoscopelus warmingii
Tk AT £ %1% 1} Myctophidae #4711 )% Ceratoscopelus 17 73-96 3.00-12.53 4
Ceratoscopel us townsendi
HE #1470 Bolinichthys pyrsobolus 47 % iR} Myctophidae W4T f2J& Bolinichthys 1 67 3.30 1

(f§ %% to be continued)
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(83 5 Tab. 5 continued)

2 s & B KEEH/mm KEWB/Eg Wik

species family genus number length range weight range frequency
KIEHEST 4 Lampadena luminosa 47 %8 fi Bl Myctophidae JEAT fi )& Lampadena 1 104 9.20 1
45 % 18 Gonostoma gracile Hi)tA R Gonostomidae 44t JE Gonostoma 4 67-82 0.93-1.97 1
J1)6 . Polymetme illustris £l Gonostomidae J15t 4 ) Polymetme 30 23-60 0.30-1.51 4
Hi Yt f4 )% Gonostoma Hi 1B} Gonostomidae 4540 8 Gonostoma 1 104 1.99 1
K45t Gonostoma elongatum )G Fl Gonostomidae 5% )& Gonostoma 185 76-166 0.95-14.49 8
4 £t 1 Diplophos taenia Hi AR Gonostomidae W11 J&E Diplophos 1 147 6.57 1
M B L1 Cyclothone alba Rl Gonostomidae .71 J& Cyclothone 2 92-93 4.55-4.71 1
¥ I Pterygioteuthis giardi H2E AL noploteuthidae  #LfiEJ& Pterygioteuthis 1 52 5.85 1
£ 5484 i 2 WY, Abralia multihamataithé 2 I4F} Enoploteuthidae 44 /i & k)% Abratia 33 11-190 0.10-213.0 9
B TR 12 A i 1 T, P 1Rl Enoploteuthidae #4513 1 & Abratia 2 35-36 3.78-5.09 1
Abralia andamanica
KA4R %10 Argyropelecus affinis  #8JijfaRl Sternoptychidae R 10JE Argyropelecus 2 46-50 1.76-2.36 1
Fi4R %10 Argyropelecus sladeni  #8JifaRl Sternoptychidae 2 10JE Argyropelecus 5 36-46 1.36-2.48 1
PARES e NS IEA} Onychoteuthidae  F44# 1% 8 Mor oteuthis 3 120-140  42.00-54.0 1
Mor oteuthis lonnbergii
B 1% Onykia carribbaea JUZ IR Onychoteuthidae B2 & Onykia 4 23-37 6.83-20.68 4
#5315 Sthenoteuthis oualaniensis ZZffiF} Ommastrephidae % 3R Symtectoteuthis 8 81-220 18.02-493.6 4
K5I Ornithoteuthis volatilis ZF A Ommastrephidae R JE Ornithoteuthis 11 52-224 7.13-201.4 7
i 515 Octopoteuthis sicula ¥ IR Octopoteuthidae 1§ 1 J& Octopoteuthis 2 166-177  242.0-332.0 2
5 320 5 W 9 IERF Octopoteuthidae W5 % )& Octopoteuthis 1 104 56.00 1
Octopoteuthis megaptera
¥k H £ Scopelarchus guentheri R H {48} Scopelarchidae : H f1J& Scopelarchus 1 77 2.71 1
Hifig 121 Ctenopteryx siculus HitE 8B} Ctenopterygidae  Hifig 1311 J& Ctenopteryx 1 40 5.97 1
%8 Psenopsis anomala K HBEF} Centrolophidae JI16E 5 Psenopsis 5 29-53 0.78-4.02 2
R 77 3k B8 Cubiceps whiteleggii  [F1#88} Nomeidae 773k 8 J& Cubiceps 23 110-123  22.67-37.67 1
445 44 Fistularia petimba JR%5 faF} Fistulariidae JH45 40 )8 Fistularia 5 47-75 0.15-0.49 2
254 i, Liocranchia reinhardti — /\3k 5} Cranchiidae 2545 51 J% Liocranchia 1 67 2.70 1
K &E Melanolagus bericoides /NI #EF} Microstomatidae 22K & Melanolagus 1 15.4 18.22 1
1654 E Metasepia 5l Sepiidae 16 5% Metasepia 1 34 2.70 1
H 7% 1% ff5 Brama japonica L, fifj & Bramidae 9,45 J&% Brama 2 130-212  54.90-285.0 1
(5] 61 Maurolicus muelleri KB faFl Argentinidae [a] 5 & Maurolicus 1 29 0.63 1
B £ f% Nesiarchus nasutus AL Gempylidae B Ip % B Nesiarchus 1 820 1025.9 1
Z & fi Malacosteus niger Z2 i f Bl Malacosteidae Z2i )& Malacosteus 3 92-142 7.80-9.40 2
£k 1% Nemichthys scolopaceus #8 iiA} Nemichthyidae #8 {5 J& Nemichthys 12 56-172 0.65-29.89 7
#R i £ Lestrolepis japonica PR £ R Paralepididae HiL i £ 8 Lestrolepis 4 80-92 0.72-1.60 2
W42 Leptocephalus 3 52-200 0.17-33.22 2
JEE 3k FRFLEH Poromitra crassiceps  fL3k#iF} Melamphaidae FRSLEYJE Poromitra 1 68 5.48 1
|5 17 £ & Melanostomias JHE O 145} Melanostomiatidae S5 [ 441 J§ Melanostomias 2 155-175  10.0-18.438 1
H 7 FR % Bregmaceros japonicus i F} Bregmacerotidae & Bregmaceros 4 68-80 1.64-2.84 2
/N5 Zemion hololepis 5%} Macrurocyttidae /N5 J& Zenion 1 24 4.40 1
%1 Chauliodus sloani % B} Chauliodonitae 44 J& Chauliodus 118 102-227 0.15-25.0 9
A F5 85t Woodsia nonsuchae Y% £ B} Phosichthyidae Bt 1a )R Woodsia 2 92108 7.52-11.8 1
H )& Sepiola H 5 Fl Sepiolida 1 69 50.29 1
4+ Wi fi Coccorella atrata JI V5 Wit B} Evermannellidae 431 ff1J& Coccorella 2 58-86 2.10-8.23 2
W 6 T i fili Navodon xanthopterus #4ff fili 2} Monacanthidae A fifi j& Navodon 1 36 1.85 1
i g 44 Trichiurus lepturus H# AP} Trichiuridae W4 & Trichiurus 1 105 26.01 1
X E#fi il Benthodesmus tenuis  ##4f1&} Trichiuridae SR £ Benthodesmns 5 15-167 0.45-19.96 2
e #2 i€ 0 Zu cristatus ML 11 B} Trachipteridae 220 )7 Zu 1 120 4.30 1
1 ffi Chiasmodon harteli M fa Al Chiasmodontidae X 15 JE i J& Chiasmodon 2 93-97 7.36-9.62 1

/NAFEEE Squaliolus laticaudus  fi & F} Squalidae i )& Squaliolus 1 112 13.79 1
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Fig. 3 NASC distribution of mesopelagic fishes living in
200-1000 m depth range during the day in the Nansha (2013),
Zhongsha and Xisha (2014) areas in the spring

HZEFUPHHEAE] 10~200 m FIF K 200~1000 m
FRME A B A T3 25 5 (Mann-Whitney K 5,
P>0.05; Kolmogorov-Smirnov 45, P<0.01; Moses
K5, P>0.05; Wald-Wolfowitz ¥ 36, P>0.05), &
B 25 R 5 B R E R o A — BBl Sa); FEE
rryb PG VDT 1] 10~200 m FE K 200~1000 m

%1 TRAR A R I TP R T R ARG 2 BRI B A A AR 127
0.25 T
- = kTSEmBL 24°N
Myctophidae
0.20F — Hteast R :
= Gonostomidae P 22°N
£ ~e- B0 b
S 0.15¢ Stomiidae, ® - o R
= . N 20°N
a, e 1 7 e o o0 g
E o.10} .
BN i 18°N
0.0} s L .
L i 16°N
-9 1
0 1 1 1 1 1 M
0 50 100 150 200 250 300 14°N
£ K:/mm body length
K2 2014 4FFHib PUINESRE O ER T MA 12°N
FHANGL G R} £ 28 1 A B e
Fig.2 Fish body length distribution of Stomiidae, Myctophidae O°N o <1000
and Gonostomidae in the Zhongsha and Xisha areas ‘ O 2000
in the spring of 2014 &N T O 3000
{ C 4000
. 6°N -
24°N - O 5000
0 250 500 km
. N 8 ‘ >5000
2°N L} I 1 |/ ‘I O
106°E 110°E 114°E 118°E 122°E

K4 HERMUQI3 HE)FIrhYr | FHTHQ2014 48) K H KT
VR TE] 10~200 m 62K BUME(NASC, m*/nmi®)53 fii
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Tab. 6 Two independent sample Mann-Whitney and Kolmogorov-Smirnov Z test statistics of NASC
for different latitude scope in the Nansha area in the spring of 2013

i ¥ latitude

i fE latitude

6°N-7°N 7°N-8°N 8°N-9°N 9°N-10°N 10°N-11°N 11°N-12°N
6°N—7°N <0.01° <0.01° <0.01° <0.01* <0.01*
7°N-8°N <0.01° 0.849° 0.058° <0.01° 0.132°
8°N-9°N <0.01° 0.980° 0.123° <0.01* 0.180°
9°N-10°N <0.01° 0.086° 0.316" <0.01° 0.966°
10°N-11°N <0.01° <0.01° <0.01° <0.01° <0.01*
11°N-12°N <0.01° <0.05° 0.138° 0.406" <0.01°

e BT FER PAE. LR a M b 4393278 Mann-Whitney 1 Kolmogorov-Smirnov Z £ 5.
Note: Data in the table mean the P values. The superscript a and b denote Mann-Whitney and Kolmogorov-Smirnov Z test, respectively.
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Hh K R

F 24 8

FT7 04FFFF, ANEHEPEEHSESEEEFWHELR Mann-Whitney 1 Kolmogorov-Smirnov Z #&4&
Tab.7 Two independent sample Mann-Whitney and Kolmogorov-Smirnov Z test statistics of NASC for different lati-
tude scope in the Zhongsha and Xisha areasin the spring of 2014

2 i latitude

2 latitude

12°N=13°N  13°N-14°N  14°N-15°N  15°N-16°N  16°N-17°N  17°N-18°N
12°N-13°N <0.01° <0.01* <0.01* <0.01° <0.01°
13°N-14°N <0.01° <0.01* <0.01* <0.01° <0.01°
14°N-15°N <0.01° <0.01° 0.01* <0.01* <0.01*
15°N-16°N <0.01° <0.01° <0.01° 0.207° 0.972°
16°N-17°N <0.01° <0.01° <0.01° <0.01° 0.053°
17°N-18°N <0.01° <0.01° <0.01° <0.05° 0.066"

e RIPHEERR PAE. AR a fil b 43538 /8 Mann-Whitney Fl Kolmogorov-Smirnov Z 5.
Note: Data in the table mean the P values. The superscript a and b denote Mann-Whitney and Kolmogorov-Smirnov Z test, respectively.

*8 FETENTEEREREEMRRE
Tab. 8 Mesopelagic fishes density and biomassin the central-southern part of the South China Sea

FH4{E average  H %L median 75% 25% % KMH max  fx%/ME min
i H item
8.26x107* 8.23x107* 1.47x107  5.79x107° 2.09x1073 2.09x107°

PP (grm?)  NASC=2244 m*-nmi > 143.4 64.1 46.4 1015.2 24.9 2491.9
biomass density  NASC=2638 m?-/nmi > 168.6 75.3 54.5 1193.4 29.3 2929.4

NASC=2387 m?-/nmi > 152.5 68.1 49 .4 1079.8 26.5 2650.7
RE B 9 o — 4 2
FRIE/(<1070) W B area 120%10" km 0.1830 0.0818 0.0592 1.2958 0.0318 3.1808
biomass NASC=2387 m”-nmi
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Preliminary study on the nautical area scattering coefficient and dis-
tribution of mesopelagic fish speciesin the central-southern part of the
South China Sea

ZHANG Jun, JIANG Yan’e, CHEN Zuozhi, GONG Yuyan, CHEN Guobao

South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of South China
Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture; Scientific Observing and Experimental Sta-
tion of South China Sea Fishery Resources & Environments, Ministry of Agriculture, Guangzhou 510300, China

Abstract: Two acoustical surveys were conducted using a Simrad EK60 scientific echosounder (38 kHz
split-beam transducer) in the Nansha, Zhongsha, and Xisha areas during spring 2013 and 2014 to explore the
abundance and spatiotemporal distribution of mesopelagic fish species in the central-southern part of the
South China Sea. The abundance and distribution were estimated using the echo-integration method based on
acoustic data and mid-water trawl samples. We identified 79 fish and squid species in 60 genera, 37 families,
16 orders, and 3 classes in the Zhongsha and Xisha areas during spring 2014. Osteichthyes was the most
abundant (65 species), followed by Coleoidea (13 species), and Chondrichthyes was only represented by one
species. Stomiidae, Myctophidae, and Gonostomidae (Osteichthyes) were the most abundant families and
were represented by 20, 13, and 6 species, respectively. The nautical area scattering coefficient (NASC, m2/nmi2)
of mesopelagic fish in the Nansha area was much lower than that in the Zhongsha and Xisha areas, and the
former presented more obvious ascending intensity at night. The NASC composition of fish living in 10-200 m
depth range at night was not different from that of fish living in 200-1000 m during the day in the Nansha
area in spring of 2013, but the difference was significant in the Zhongsha and Xisha areas in spring of 2014.
The NASC composition values of fish living in 200-1000 m during the day for the different latitude scopes in
the Nansha, Zhongsha, and Xisha areas were significantly different. The NASC of mesopelagic fish in the
central-southern part of the South China Sea was (2387+601) m*/nmi’. We estimated the abundance of mesope-
lagic fish in the central-southern part of the South China Sea to be (82+21) million tons based on the existing
mesopelagic fish target strength parameters and the median value. These results indicate that the NASC of
mesopelagic fish in the central-southern part of the South China Sea was 29.2% higher than the global aver-
age. Mesopelagic fish are a potential major strategic fishery resource and are very important for China to
develop.

Key words: mesopelagic fish; nautical area scattering coefficient; spatial-temporal distribution; acoustical estima-
tion; South China Sea
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