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The behavioral properties of fish near Yokji Island in the South Sea of
South Korea obtained using fish track technique

Jung Hwa Cuor', Junsu Park’, Junseong PArk’ and Myounghee Kanc™

'Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong 53064, Korea
Department of Maritime Police and Production System/Institute of Marine Industry, Gyeongsang National University,
Tongyeong 53064, Korea

The objective of this study was to provide fundamental information on fish swimming behavioral properties. Acoustic data
was collected at nighttime from the 10™ to 12 March, 2016 near Yokji Island in the South Sea of South Korea, and
was analyzed using the fish track technique. This technique is to identify groups of single targets, which shows a pattern
of systematic movement. As a result, the differences of the behavioral properties such as depth, swimming speed, vertical
direction, horizontal direction, tortuosity, and depth change among days were minor; however, statistical results (Welch
analysis of variance) showed significant difference between days. Especially, the target strength (TS) of the 11"
significantly different from the 10™ and 12", It could be assumed that gizzard shad, which was the dominant species from
the catch on the 11" March, might have affected this difference. The correlation between TS and other properties was

very week. The significant difference seemed even small differences of average values because of the large data volume.

Keywords : Echosounder, Fish behavior, Fish tracking, South Sea
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Fig. 1. Study area. The bottom panel is the expanded map from the upper panel. The yellow circle indicates the location in 10" March
and the green circle means that in 11™ and 12™ March. The red square is the area of trawling during daytime.
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Table 1. Parameter settings for single target detection and fish tracking

Parameter name Value
Single target detection Target strength threshold -65 dB
Pulse length determination level -6 dB
Minimum normalized pulse length 0.3
Maximum normalized pulse length 1.5
Maximum beam compensation 10 dB
Maximum standard deviation of minor-axis angle 1.2
Maximum standard deviation of major-axis angle 1.2
Fish tracking Major and minor-axes alpha 0.7
Range alpha 0.7
Major and minor-axes beta 0.5
Range beta 0.5
 Major and minor-axes exclusion distances (m) . 4
_ _Range exclusion distance (m) 04
Major and minor-axes weighting (%) 30
Range weighting (%) 40
* Minimum number of single targets in a tack 3
Minimum number of pings in a track 5
Maximum gap between single targets 5

Table 2. Description of fish behavioral descriptors

Descriptor Unit Description
Target strength dB re 1 m? Mean TS of the targets in a fish track.
Depth m Average depth over all targets in a fish track.
Swimming speed m/s The accumulated distance between targets divided by the total time.
Vertical direction degree It is calculated from a line drawn from the first to the last target in a fish track. The

vertical direction of 0° describes a direction parallel to the X-Y (horizontal) plane (that
is, no vertical direction), -90° means a downward direction, and 90° an upward direction.

Horizontal direction degree The horizontal direction is calculated from a line drawn from the first to the last target
in a track. The horizontal directions is between 0° and 360° where 0° describes a direction
either geographically northwards or towards the bow.

Tortuosity It was calculated as the sum of the distances between adjacent targets in a detected track,
divided by the straight line distance between the first and last targets in a track. A fish
traveling in a straight line will have an index of tortuosity equal to 1. Fish traveling
more circuitous paths will have index values greater than 1.

Depth change m The depth of the first target minus the depth of the last target in a fish track. The depth
change with a plus sign means that the fish swims toward the water surface and the
depth change with a minus sign shows that the fish swims toward the sea bottom.

$-1.9] alongshipZ}, athwartshipZ}, TS, <=4, 8734 (ping A 58 Ve EY Yol Ao 249 A4, EY
gap)®| 7 o &3tk o714, olE a0l VHEAlE 49| B, 324 Ato]o] o) Y ot o] <15k
% 4 qlinl, ol Sof 34 Fro) £ A4S A4 30% A AHSE ol 4 7% Shehulelis Table 1] Ui}
=, A9 40%E AT A9 B4 FRE AR Y otk of JMeR 3 olf W% S4e
= Z2F0) 7S 217 30%, A8 40% HeE EA Y] comma-separated values (CSV)& A 0.8 S&3]%it) o]
T A B ol A% 4 EY 58 Ve ol A o] 83k o s S TS, o9 &
S Balejol AEHoR Baon B o/ B 4l $9 &E, 4 Wl 7w, 49 W 7

Journal of the Korean Society of Fisheries Technology | 135



M

N
Ton
1=
HM
=4
I
HM
0x
o
02
lon

Tortuos1ty ol 2= Wlo|w, o]5 EAJ O] AN

2 Table 29| 7|&31% L} o] 7] 4 Tortuosity+=

o it 32 Ajele] 219 500 S w4

o] AUALIE o] 3 o ol

S ol TetulEolt. o2 Sof ojsv}
o] gk To] ek,

Ly

EA AN

o WEo| AR Aol7h QA shelals] el
Welch A4 (Analysis of Variance, ANOVA)S ¢]
Boholeh =7k TS thE o s 54 Afolo] A
WAE o] §15to] Kendall] BF--b WIS o]
ShAth TS+ of 7o A} & Ad& 7HAJ AL, Al
o] 45 TSV} oAl AeFe Helth o7& vige
2 o]Fo] TS¢ 5 54 WAE Fhelstalat skglct

Fig. 2. Representative echograms including detected fish tracks. A
number of fish tracks are expanded in the right upper panel. The
color shows the volume backscattering strength (Sy, dB re m™).

m
%

U ol BS S

3¢9 10, 11, 12994 TS Hatyh #&2HA= ZF
-59.4+3.4 dB, -59.7+3.2 dB, -59.543.4 dB% Y¥H&
ARG grol TAESITE 5 S0l W FEAX)
Z¥7F 0.4+0.2 m/s, 0.3+0.2 m/s, 0.3+0.2 m/s= 10
1194} 12900 vl3to] o7 o WE S o 4 9lo

o

+

\I

O do 1

_‘EL

cEEN gk dlolele] F2b 50%e] ek Wl 22k 0.2~0.5
ol 4] 7|HE olgsto] §RH ofF =4 oanL m/s, 0.2~0.4 m/s, 0.2~0.4 m/se] ol glom, oF |
2 Fig. 200 UERASIck 8BS o] A (h mis ol4o] g pslslch 4 Wisl 2we) el
track) Ji= 717} 12,438, 12,376, 14,6330]91.0.0], GPS  Z|thzke 79| u]ZalA]ul, A|IARLS]Z0} A3
glojele] ofgt Aure] ot 5 &= ZH2F 018, 017, Lol g 717k 101.7~271.8° 69.0~273.8° 115.1~278.0°
015 m/sel . 2 39 119e] 7 ot 8 o2 FYshe 4
TS (dB re m?) Net swimming speed (m/s) Horizontal direction (deg)
4o| |3 | 280] |
™ 1 : 240 | |
.55! 1 J l 180 | I
= T i I £ 7 $ |12 L |
'“‘l =l Cd | “ 60/ I 3 |
651 . v l | -1 . . i o G
a0 31 312 3110 3111 312 ano
Vertical direction {deg} Depth change (m) Tortuosity
901 . \ 6 101
GDI l l | 4 i . 8
30 :
! 2 6
SRt i 1oL
301 1 |
50/ I ! * i T zi & = =
901 ] | a4 : ; : ol .
ano 3 312 3110 311 3Nz 3o 312

Fig. 3. Fish behavioral properties on 10", 11" and 12" March
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Table 3. Welch One-way ANOVA results on the behavioral properties
Behavioral properties Grouping SS df MS F p
Between groups 766.8 2 383.4 34.6 0.000
TS Within groups 436519.5 39,445 11.1
Total 437286.4 39,447
77777777777777 Between groups 337 2 169 4981  0.000
Swimming speed Within groups 1336.3 39,445 0.0
Total 1370.1 39,447
77777777777777 Between groups 7568668 2 3784334 337 0000
Horizontal direction Within groups 442 888,768.3 39,445 11,228.0
Total 443,645,635.0 39,447
77777777777777 Between groups 49,3070 2 246535 2312 0.000
Vertical direction Within groups 4,206,596.8 39445 106.6
Total 4,255,903.8 39447
77777777777777 Between growps 7Ll 2 355 3672 0.000
Depth change Within groups 3,816.9 39,445 0.1
Total 3,888.0 39,447
77777777777777 Between groups 2615 2 1308 758  0.000
Tortuosity Within groups 68,065.6 39,445 1.7
Total 68,327.1 39,447
______________ Between growps 1189912 2 594956 9978  0.000
Target depth Within groups 2,351,993.5 39,445 59.6
Total 2,470,984.7 39,447

S o 4= Qi =7 W) 7two] Wity R ©] Tamhane®} Games-Howell-2 AM&-5FITE ARS 117
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AR} oA o HOg Felal Q= AS o 4= et o= AL, Tortuosity™= 1023} 12U o= F-2J7h '1401
oW AMEL WO 717} 41-54° -43~3.0° -1.7~5.4° = Holx| ekofrt TSE 9Fo] = EAY TdsH 11
B HE o9 k2 o] ®9Jo Kl ql= S & = o] 1043 129 HlEf -5k AtolE HAANE 1043}
ALt A 7ho] o] Fo] Kk 4=419] Bt} FEHA = 12902 {2J3t zfol& Holx] gkt
717} 33.1£8.2 m, 29.7+7.3 m, 29.1£7.6 m&, 102o] 7} Table 4= EE 2AE 5285t Auta - o3y
A AL, O oS 1Yol 12¢90] thar f3E Ao o], Bt AP A, olglH vE AA S
P2 S U = Qlrk Al wise] Aok Higk> Z7F Eideh 39 1192 ok A 13.6 cm®] Hoj7t
3.07 40 m, 249} 3.5 m, -2.17} 1.6 m& 1 WS 23.6%2] o3 v|&a 7P wo] ofFE AL ok 4= 9l
A = S o 4 Stk Tortuosity= ©157+9] 75%7F A, 3¢ 110] 1093} 12K T} o2 9-3F0] them,
2.3 52 245 YERAL, 10 o)/do] g vERyit 53] Fo|i Hojrt o] Autel] ks 7131 A o8 47t
ok 4= Qdek W, BE 4, §9 &, A WSt A,
o o2 = EMo| £ AX 4 Hsks O W Fo%E o)zt Slith
AR o] 5 54l gt Welch FA%F] WAEP
go] LI 0.05K} A9t nfeb WE off H% 5 TSQH OIF S SN AEEH
5ol d¥ foJeiA Ao} drar & 4= Qlek (Table 3)' TS} ol 19 WFE 54 JuAE gofst 4
A ol £ AWE AelE Hetsl] flsto] AR A I, TSeF F@Ee= vl ofeh o] Al r =
= AAIBIAE A o] HESEA] ko ARe H A 0.092, n = 39447, p < 0.05)2 7}5c} TSQ} 43 W5}
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Table 4. The catch results from the trawl survey

Main species information

Total
Date . Mean length Mean weight Species Wélght/ weight
Species (em) © Total weight (ke)
&)
Lophius litulon 31.3 513.5 36.1 62.1
Pseudopleuronectes yokohamae 27.1 225.5 17.9 30.9
Liparis tanakai 56.2 2,116.9 11.1 19.1
Konosirus punctatus 12.9(FL) 53.7 11.0 18.9
Lepidotrigla microptera 22.5 121.6 5.9 10.2
March 10 Pennahia argentata 17.7 67.2 53 9.1
Okamejei kenojei 22.2(DW) 337.7 3.1 5.4
Chelidonichthys spinosus 19.5 74.3 24 4.2
Lateolabrax japonicus 75 3,200 1.9 32
Pampus echinogaster 9.6(FL) 23.6 1.8 32
Kareius bicoloratus 31.6 421.5 1.5 2.5
Konosirus punctatus 13.6(FL) 57.1 23.6 28.9
Lophius litulon 32.7 624.1 17.9 21.8
Pseudopleuronectes yokohamae 25.6 192.5 12.6 153
Paralichthys olivaceus 58.0 2,456.6 10.0 12.3
Lepidotrigla microptera 21.9 124.5 7.4 9.1
Chelidonichthys spinosus 19.4 753 5.7 6.9
March 11 o o
Okamejei kenojei 25.2(DW) 383.1 4.1 5.0
Pennahia argentata 19.0 822 4.0 4.8
Kareius bicoloratus 314 347.5 3.7 4.5
Liparis tanakai 56.2 2,225 3.6 4.5
Pseudorhombus
18.4 60.4 1.5 1.9
pentophthalmus gunther
Lophius litulon 32.1 554.8 24.0 31.1
Pseudopleuronectes yokohamae 27.1 230.7 14.4 18.7
Konosirus punctatus 13.5 47.7 13.1 17.0
Liparis tanakai 53.5 2,015.6 10.9 14.1
Paralichthys olivaceus 62.8 4,940.5 7.6 9.9
March 12 Lepidotrigla microptera 23.0 151.7 5.6 7.3
Kareius bicoloratus 32.6 404.4 53 6.9
Chelidonichthys spinosus 18.9 69.3 5.0 6.4
Thryssa kammulensis 8.7 16.0 3.0 39
Pennahia argentata 18.2 67.3 2.8 3.6
Pampus echinogaster 9.4 243 2.6 34
2= oFst 9Fo] AR atA (r = 0.013, n = 39447, p I =z
< 0.05), TS®} 4=2] W} Zte= Whoh= ofgt 50 At ol A ol o] -9 Sieof ek AHE v R,
A (r = -0.013, n = 39447, p < 0.05)=5 LERfch TS9} 29 sjalrlEe)ol A 28wt 7] (50 kHz)= 0|85}
B AL oF9) /\]'-‘"11'3’—]‘73]] (r = 0.101, n = 39447, p Z3)EE (25 cm)S O R AR 89 S Hot
< 0.05)2 UeRA A, TSS9 Z=4] W3} (r = 0.008, n = 0.6 m/so| It} (Shin et al,, 1997). AA = EAE A2
39447, p < 0.05) 12]al TSL} Tortuosity (r = 0.079, o] & ol Al HA|2] (30 em)E Ao oFo] olile} 7ho
n = 39447, p < 0.05)= °FRt O] AHHAE HERITE PAZS ALESlo] 2A}EE AT}, AJdol7} 15 m Ao g

138 | Journal of the Korean Society of Fisheries Technology
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