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Abstract

We studied behaviour pattern of anchovy (Engraulis japonicus) shoal by a method of shoal
echo integration and tested species identification by a method of artificial neural network using
the acoustic data collected in the East China Sea in March 1994 and in the southern coastal
waters of the East Sea of Korea in March 1995.

Between areas, frequency distribution of 10 shoal descriptors was different, which showed
characteristics of shoal behaviour in size, bathymetric position and acoustic strength. The
range and mean of shoal size distribution in length and height was wider and bigger in the
southern coastal waters of the East Sea than in the East China Sea. Relative shoal size of
length to height was bigger in the southern coastal waters of the East Sea than in the East
China Sea. Fractal dimension of shoal was almost same in both areas. Mean volume
reverbration index of shoal was 3 dB higher in the southern coastal waters of the East Sea
than in the East China Sea. The depth layer of shoal distribution was related to bottom depth
in the southern coastal waters of the East Sea, while it was between near surface and central
layer in the East China Sea. Principal component analysis of shoal descriptors showed the
correlation between shoal size and acoustic strength which was higher in the southern coastal
waters of the East Sea, than in the East China Sea. Correlation was also found among the
bathymetric positions of shoal to some degree higher in the southern coastal waters of the East
Sea than in the East China Sea.

The anchovy shoal of two areas was identified by artificial neural network. The contribution

factor index (Cio) of the shoal descriptors between two areas were almost identical feature. The
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shoal volume reverberation index (Rv) was showed the highest contribution to the species

identification, while shoal length and shoal height showed relatively high negative contribution

to the species identification.
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Fig.1 Locaton of acoustic detection trawling in
the East China Sea (March 1994) and east
south sea (March 1995).
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Table 1. Species composition of midwater trawl catch carried out the location of acoustic detection

Location

East China Sea

Southern coastal

Species St 11

St 14 waters of East Sea

Catch(kg) % I Catch(kg) % Catch(kg) %

Engraulis japonicus 405 80.7 15.2 945 130.5 95.3
Trichiurus lepturus 0.9 1.8 0.6 3.6

Collichthys niveatus 2.1 4.2 0.1 0.3

Pampus echinogaster 1.1 2.2 0.2 1.6

Maurolicus muellert 0.4 0.3
Scomber japonicus 3.8 2.8
Harengular zunast 2.6 1.9
Others 5.6 11.2 0.1 0.1
Total 50.2  100.0 16.1 100.0 1374 100.0
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Table 2. Acoustic descriptors of shoal measured by

MOVIES software
Abbreviation Shoal descriptor Unit
Morphology
H,.. Height m
Lo Length m
P Perimeter m?*
A Cross-sectional area
Dfract Fractal dimension
Elon Elongation
Bathymetric
Depth Bottom depth m
D, Shoal depth m
min Shoal minimal m
altitude %
Altr Shoal altitude index
Energetic
Rv Volume reverbration dB
index of shoal

N-1 N Nr/

Fig. 2 Schema of shoal measurement by shoal
echo integration.
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Fig. 83 A structure of feed-forward neural network
used in the study for species identification.
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Tabel 3. Input parameters and output terms for
species identification in artificial neural
network

input parameters output terms

Rv
Amin
D min
Alt,
Lo Anchovy and
H,.. other species
Elon
Dfract
A
P

Table 4. Structure of feed-forward neural network

(backpropagation)
number of layer in the algorithm 3
number of descriptor of shoal in input layer 10
number of descriptor of shoal in hidden layer 4
number of descriptor in output layer 2
learning rate 1.0
training tolerance 0.100

output function sigmoid (logistic)

Tabel 5. Number of data to learning, testing and
identifying using by an artificial neural
network in each area

area Southern coastal

data for waters of East Sea East China Sea
learning 540 581
testing 60 64
identifying 30 7
Total 630 716
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Table 6. Statistics of shoals descriptors of anchovy by area

East South Sea (n=630)

Mean

Descriptor Range Min Max Std. Error  Std Var Skew Kurt
A 2317.3 2.7 2320.0 69.4 7.6 191.2 36550.4 8.0 78.9
Apin 73.0 1.0 74.0 12.0 0.4 11.0 120.7 2.7 9.8
Alt, 83.6 2.8 86.4 211 0.6 14.5 200.4 1.8 4.9
Depth 65.3 25.5 90.8 66.3 0.4 10.7 114.2 -0.8 1.6
Dfract 2.3 1.1 3.4 1.5 0.0 0.2 0.1 2.8 16.7
Elon 41.7 1.0 42.6 6.2 0.2 5.0 25.3 3.3 16.5
Hpox 56.1 0.6 56.7 4.4 0.2 4.8 23.3 5.3 45.4
Lo 177.0 7.0 184.0 22.7 1.0 24.6 606.4 3.3 13.3
P 772.9 17.1 790.0 71.1 3.8 95.6 9145.1 4.0 20.1
Din 67.4 10.2 77.6 49.8 0.5 12.6 158.3 -1.0 0.8
Ruv 18.7 -56.1 -37.4 -50.0 0.1 3.0 9.0 1.0 1.9
East China Sea (n=852)

Descriptor Range Min Max Mean Std. Error Std Var Skew Kurt
A 521.5 1.6 523.0 29.5 1.4 41.3 1709.1 4.9 36.9
Ain 46.2 0.9 47.1 23.3 0.3 8.8 78.0 0.4 0.4
Alt, 82.5 2.6 85.1 50.4 0.7 19.3 372.8 -0.8 -0.5
Depth 35.6 37.1 72.7 52.0 0.3 9.3 85.5 0.5 0.3
Dfract 5.4 1.1 6.4 1.5 0.0 0.4 0.1 6.8 74.3
Elon 25.2 1.0 26.2 4.9 0.1 2.8 7.6 2.1 7.7
H s 19.4 0.3 19.7 3.4 0.1 24 5.9 18 49
Lomar 68.0 7.4 75.4 13.8 0.3 9.2 85.0 3.2 12.9
P 291.3 15.7 307.0 38.2 1.0 30.1 903.4 3.6 18.4
D, 63.1 6.4 69.5 25.2 0.5 15.1 228.7 1.2 0.1
Ru 23.7 -61.3 -40.2 -53.4 0.2 3.2 18.1 0.1 0.3

Bl 3 gl o] A2 F e 47 B 839

atel] 71018 Ao 2 Helth

EC

2. |ZEHIT ME

e

of L FA A3t
FAREY 4738 Fig. 501 Jeb igdh.

o

golry) ®7l 5]

TR o EH A9 ¥ A, A 134 A
2 899 9&) FEAH 57%F Vel Al 1
891 8 35%2 o]Fe Zol, Fo], £3
w2 EHE o7 el E Jehl = $HAE
E2 48 c0os’>0.7 )& YA o] 2 Fle
FRA ARG FEst BAC g AV cos’=
0.61)5 JYeEhfo] olF9 279 AAAFAER]
FE S AT YT el Uk A 2 8

©:

A

g oo £XE Ul e S A
=& AA( cos®> 0.8 )3 YEhL) o

L BN 22%2 35 AT £ A
o

& deldl e SFAERZEE 2 29)7 54
& oj= gRlXE o] AX Y AeF Y
23 e=%

FE e o ZEFAHX o A Al 13} Al 2
82ld o R 64.9%F VEMAL Al 1
89 FEA ] 34%E o] 79 dol, ¥o], 7
HA 9 2 olTe FHE YEh= SHAE
¥ cos*>0.8 )& YERNA T} A A IF 7
A 1890 o8 F#A(cos’=0.4)S Ve
ok A 2 9908 289 30%=2 A 244 o
o] A FAlo] ¥ AT cos?>0.7)S U
ok ®vbE, A F Al E 0T EX FH A
9 ojFo] AL YElllE AR E ol a4
Az Qo) A2 e Re g Yeiyt.

ol Fel Z#HE 8%, TG R AT
o] A7 AHNBRERA 3, A F5ad &
oo ¥X FHA o] & 4B-F Yz

Ar e

2 X2 M1 OHE

_57,



ARD - ¥ - AN - YT

il : Southern coastal 30
. 5e waters of East Sea -

¥ 40 [ : East China Sea ¥
S 30 3
S <
S S

5 20 3 10
g e
w10 <

0 0

5 25 45 65 85 105 135 175 215 265 25 125 225 325 425 525 625 725
Lmax (m) Dmfn (m)

S S
25 75 125 176 225 275 325 575 25 125 225 325 425 525 625 725
H max (M) A min {m)

Frequency (%)

o 8 8 8 8 8
Frequency (%)

- N oW b

o o o (=] Q

Frequency (%)
o B8 8 8 &
Frequency (%)

o = oW

o 1%, jo) w o o

50 250 450 650 850 1050 1250 2.5 125 22,5 32.5 425 525 62.5 72.5 825
P{m) Alt, (%)

60

Frequency (%)
n B [o2] @®
(=] o (o] o (=]
, —————1
Frequency (%)
n -
(=] o [=}

5 50 500 5000 15 75 135 195 255 31.5 435
A (m?) Elon
S 80
]
320 -
g [ ¥ 80
> 15 ! >
N S 40
S 10 L 3
8 g
@ s § 20
0 st 0 S
-62.25 ~54.75 -47.25 -39.75 1 1.8 2.4 3.4
ARv (dB) Dfract
_— |

Fig. 4 Histogram shows the frequency distribution of shoal descriptors detected in the study areas.
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Fig.5 Component plot of shoal descriptors
detected in the survey areas.
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Table 7. Species identification capability in each
areas by neural network

area Southern coastal

species waters of East Sea East China Sea
Anchovy* 1.047 1.010
Other species** 0.001 0.034

* identified anchovy with itself
** identified anchovy with other species

Table 8. Distribution of the contribution factor
index (Cio) of shoal descriptor parameters

area Southern coastal East China Sea
parameters waters of East Sea
Rv 7.441 7.180
Ain -2.603 -2.724
D, -2.882 -3.034
Alt, 0.047 0.114
L,ox -3.822 -3.712
H, .. -4.039 -4,086
Elon -0.205 -0.254
Dfract -3.998 -4.113
A -0.161 0.013
P 3.865 3.596
Southern coastal waters of East China Sea
East Sea
Contnibution tactor indax Contupution tactor index
o 2 4 6 B 0 2 “ 6 8
Ry _ . e B Rv _ N ] -
e ) ame )
Arel l Arel
ion [] eon []
e e ]
A U A '

Fig. 6 Contribution factor index of input parameters in
trained network for species classification of
anchovy shoals in the East South and East China
Sea(black bar : positive contribution, white bar :
negative contribution).
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