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Fig.2 Acoustic data reprocessing
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Fig.3 Schematic diagram of extracting characteristic values of diel vertical migration
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Table 1 Upward migration characteristics of DSL

FosE (T1) LTIl (72) EBHER/(cm-s™)
Z= FEARE
¥ifd R f/IMH ¥ifd TR f/ME ¥l R /M
EEIUN 201 16:20 18:43 13:06 18:31 20:41 16:29 528+ 1.53 10.66 22
ko 86 16:50 18:43 14:31 19:08 20:41 17:45 5.11+1.48 9.59 22
X7 115 15:57 17:21 13:06 18:03 19:29 16:29 542+ 1.55 10.66 231
#2 RENHERTIBHISEE
Table2 Downward migration characteristics of DSL
FraRuH IR (T1) LEAR R (72) KR/ (cms™)
Zy AR
¥ R o/ ME ¥l TRME R/ME ¥ R R/ ME
EEZIN 201 4:38 6:20 1:22 6:52 9:56 3:23 5.56+2.13 12.26 1.44
ES 86 4:02 5:33 1:22 6:18 9:56 3:23 5.55+2.23 11.33 241
o= 115 5:06 6:20 3:05 7:17 9:29 5:10 5.57+2.06 12.26 1.44

R BF ] Ry 6:20( 4 2% ), doe W 45 AT 8 B 1B] Oy 9:56( &
), R IR I T AR T R D 1:22( 2 %), & 745

BFIE] Sk 3:23(5 2 ), 5 210 T BB I 1h B 8] °F- 34
4:02, G5 R [A] 2 Ny 6:18, & Zx (i) T i 8 T 4 5 a] °F
178 5:06, 45 B[R] SF-35 2k 7:17, A] LR A 2 ) R

1B % 1 B[R] 47 0% F 5 2%, Mann-Whitney U 45 5 (1) 45 2R
F W Z R4 Z ) N I A T IR F0 45 TR I () 24 777
B R (p<0.001), HGHE R F TR T2 %
N (5.56 £2.13) cm/s, Ho g K E N 12.26 cm/s( &

), R/NERN 144 em/s(XZE), XEH FTBH
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S35 R 5 5T Z 45 R 32T, Mann-Whitney U A6 56 14 45
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I7i) 245 52 9 S5 1 1S )2 1) R SR B 1 T By o [ A7
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K 4:52, 20°~31°S T BT 4 ] Ay 4:30, B £ B
o VI, TS R W T B 1) bR RS, F VA ARG
B 04 Bt o) AR X 422 300, LG W M 22 5 (p = 0.45), i
B 26 B 1 78 K, R [ S =2 [0 () 3 A% DR A7 7E B 3
PE2E R (p<0.001), H 280 H AR B a3

®3 TRSEBXREHHEEREEIBHEE
Table 3 Characteristics of DVM in different latitude regions of DSL

FEUgERHR(T1) L] (72) TR/ (cms™)
EF TN A en e FEA R - - - ) - - - ] }
¥IE BRE RME ¥iE BRE  RMAE ¥iE BRE R/ME
[ EER 200~31°8 124 16:20 18:22 14:00 18:37 20:41 17:10 5.50 +1.26 9.59 2.49
31°~43°S 71 16:23 18:43 13:06 18:25 20:41 16:38 499+ 1.86 10.66 22
[ N ER 20°~31°S 127 4:30 6:10 2:24 6:49 9:56 4:19 5.98 +2.05 12.26 2.82
31°~43°S 72 4:52 6:20 1:22 6:56 9:12 3:23 4.86+2.12 11.01 1.44

332 &S

38 35 X AN [R] 25 B2 S Rl %) DSL B 1% T BT B AR AE
HA T (3R 4) Al A, AN R 28 B 0 8Os )2, ) it
B Il R 45 BRI - 35 B (8] AR A3/, SN AE A T 2
Z5 . I LIRS R A 2 AR e W R, B 2
FERBE K, TR 2018, HAR A ER TR E A

0] 77 7E i 3 M 22 5 (p < 0.001), HUSHZ m FiE &1
S AR B 1] 5 S5 R R AR A/, BORAEAE P2
5 (p=031,p=0.85), Hu FiEH M HERZE
5 1a) 3R AS A TR], AN [R) 46 B 9 30 A% R /N FLAF
M EMZE R (p=0.03),
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Table 4 Characteristics of DVM in different longitude regions of DSL

FFUGESTR) (T1) LEORER) (72) R/ (em's ™)
TR Iy 1) GG AR
¥ KM BoME W BOKRE B/ME ¥IfH B HAME

M EER 44°~52.5°E 13 16:39  18:11 15:18 18:25 19:52 17:44 636+ 1.15 8.58 4.62
52.5°~67.5°E 157 1620  18:43 13:06 18:31 20:41 16:38 531+1.58 10.66 22
82.5°~97.5°E 26 16:09  17:04 14:51 18:31 19:47 16:29 471+1.18 7.67 2.46

) R 44°~52.5°E 12 4:41 5:35 3:09 6:39 7:46 4:43 6.82+2.38 12.26 3.86
52.5°~67.5°E 157 4:41 6:20 1:22 6:53 9:56 3:23 5.62+2.08 11.79 1.44
82.5°~97.5°E 27 4:24 5:49 2:24 6:49 9:12 4:19 4.88+2.14 10 1.64

4 itig JZ 1 NASC {EAFTEPIANWE AR, J3 A T PIAS 28U 2
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2 Fh R AR, Rostad 252 i BIF 57 %6 B, DSL
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Study on the diel vertical migration characteristics of the deep scattering
layer in the southwestern Indian Ocean

Wan Shujie', Chen Xinjun"**>*

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of Sustainable Exploitation of
Oceanic Fisheries Resources, Ministry of Education, Shanghai 201306, China; 3. National Engineering Research Center for Oceanic Fish-
eries, Shanghai 201306, China; 4. Key Laboratory of Ocean Fisheries Exploitation, Ministry of Agriculture and Rural Affairs, Shanghai
201306, China)

Abstract: Based on the data from 56 acoustic survey sections in the southwestern Indian Ocean from 2011 to 2020,
a total of 201 diel vertical migration were observed. The characteristics of diel vertical migration of the deep scatter-
ing layer and its spatiotemporal differences were analyzed. The research results show that the deep scattering layer
in the southwestern India Ocean exhibits a stratification phenomenon, with the first scattering layer located in the
shallow water layer below 200 m. The average depth of its nautical area scattering coefficient (NASC) peak is
(58.66 £ 24.63) m, and there is a significant difference between summer and winter (p < 0.001); the second scatter-
ing layer is located in the water layer between 400 m and 700 m, with an average depth of (589.02 = 66.33) m for its
NASC peak. There is no significant difference between summer and winter (p = 0.51). The average time for the scat-
tering layer to migrate upwards is 16:20, the average time for the end of migration is 18:31, and the average migra-
tion rate is (5.28 £ 1.53) cm/s; the average time for the scattering layer to start migrating downwards is 4:38, and
the average time for the end of migration is 6:52. The average migration rate is (5.56 = 2.13) cm/s. As latitude in-
creases, the start time of downward migration become later and the migration rate slows down; as the longitude in-
creases, the migration rate of the scattering layer also slows down, and there is a significant difference between dif-
ferent longitude sea areas (p < 0.001). Analysis suggests that studying the seasonal changes in the physical and
chemical environment of the sea area, as well as the different life cycle stages of organisms in the scattering layer,
are the main reasons for the spatiotemporal differences in the vertical structure and diurnal vertical migration char-
acteristics of the scattering layer. They are of great significance in explaining the diurnal vertical migration behavi-

or of tuna and indicating the distribution of tuna fishing grounds.

Key words: deep scattering layer; diel vertical migration; spatiotemporal differences; southwestern Indian Ocean
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