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ABSTRACT

A study on the distribution pattern of underwater illuminance for squid net fisheries in
Malaysia was conducted from April to September, 1996 in sheltered waters of Kapas Island off
the coast of Terengganu, Peninsular Malaysia at Latitude 5° 13.6’'N and Longitude 103° 15.8'E.
Three sets of parameters were collected from three commercial squid fishing boats and
underwater illuminance as estimated using a theoretical model. It was found that the underwater
illuminance from the lighting systems of all the three boats managed to reach a depth of more
than 40 m (maximum depth of the fishing ground is 22 m). High Pressure Mercury lamps were
found to produce higher lighting efficiencies as compared to incandescent lamps. Squid net
fishermen in the study area were found to be employing excess power for the fishing operation.
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INTRODUCTION

Artificial light has long been used in
exploitation of commercial fish species (including
cephalopods) in all parts of the world. This method
has been developed empirically and the intensity
of light has been increased without any due
consideration to the theoretical knowledge of fish
attraction by light (Kawamura et al., 1983, Hayase
et al., 1983). The increase in the power of light
intensity over the optimum limitation has become
a serious concern for marine biologists (Nomura,
1985). Squid fishermen argue that the increase of
the power of fishing lights is necessary to attract
more squid in their effort to compete with other
fishermen operating in the same fishing ground.

In Malaysia, squid is mainly landed by trawls,
squid nets, squid jigs, purse seines and tra ps (Sakri
et al., 1995). With the exception of trawls, other
gears are usually operated at nighttime with the
use of artificial light onboard the fishing boat as a
means to aggregate squid for successful harvesting
operations (Ashirin & Ibrahim, 1992). Squid nets
are one of the most popular squid fishing gears in
Malaysia especially in the states of Kelantan and
Terengganu (on the east coast of Peninsular
Malaysia). The gear is operated only at nighttime
especially during moonless nights (after or before
new moon) by taking advantage of the squid
response to artificial light. This gear is very efficient
at catching squids and has great potential in the
near future. There are two types of lighting systems

installed onboard squid netting boats that are used
with the squid net; the attracting and the
controllable light systems. However, this study
concentrated only on the attracting light system
which is vital in aggregating squid before the
harvesting operations. Knowledge of underwater
light distribution patterns is important for the
success and development of squid capture fisheries.
Apart from the reaction pattern of squid to light,
the physical factors such as water transparency
that affect underwater illuminance should also be
considered in order to improve the catching
efficiency and reduce the energy consumption of
the squid fishing boats. Underwater illuminance
is often very difficult to obtain by direct
measurement due to the problems related to sea
conditiohs that researchers encounter during their
study. However, under-water illuminance can be
estimated theoretically using a model as has been
described by Hajisamae (1996), Hamid (1990) and
Ogura et al. (1985). The purpose of this study is
thus to determine the distribution pattern of under-
water illuminance of Malaysian squid netting boats
using the theoretical model based on Ogura’s
method.

MATERIALS AND METHODS

Ogura et al. (1985) described a theoretical
model for the estimation of underwater illuminance.
According to the model, underwater illuminance
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(I ) at a layer r meters below the sea surface may
be calculated using the following formula:

m= Id)—p—‘(—b-km (e

™
where;
W =
¢ = refraction angle
I¢p = C = total lumen of light source / 4p
Ak =areas of wave front at 1 m below the light
source

AW=areas of wave front at r m below the sea water
L =light transmission with a nearly

incident angle

kw
constant value of 0.98

u =attenuation coefficient of light in sea water
=1.7 / transparency
Y =a layer r meter below the surface of the
sea (m)
n =gin / sin
=an alinost constant value of 1.33
h =average height of light source above sea
level (m)

The formula for practical application is given
below:

km.e "¢
3[ | r] cosm  rcos¢ ]
e +—|x +

cos) nh| |[cos¢ nhcosm
Parameters required for the estimation of
underwater illuminance according to the
theoretical model as described by Ogura et al.
(1985) were taken from three commercial squid
fishing boats operating in Peninsular Malaysian
coastal waters of the South China Sea. For an
estimation of the underwater illuminance, three

sets of parameters were recorded from the three
boats.

Im=

a. Total candela of light source

The total candela (C) of light source was
estimated based on the types, the numbers and the
power of lamps on each boat. Total lumen of light
was initially estimated by multiplying the total
power of light source (watt) by lighting efficiency;
37.5 lumen/watt for high pressure mercury lamp
and 19.2 lumen/watt for incandescent lamp
(Nomura, 1985). The obtained value was then
converted to total candela using the following
formula:

Total candela = total lumen / 4

b. Average height of light source above
the sea level

The height of the light source was taken as the
vertical distance from the light source to the sea
level. This parameter was measured from the three
selected boats.

c. Water transparency

Water transparency was used to calculate the
attenuation coefficient of light in water (new) of
the selected fishing ground which was then
approximated using the formula of p = 1.7/
transparency (Ogura et al., 1985). Based on the
average transparency of about 13 m (the regional
transparency in this fishing ground is 10-15 m),
the light attenuation in water for this fishing
ground is computed to be approximately 0.13.

In addition to the above parameters, refraction
of light in water also determines the intensity of
underwater illuminance. The relationship between
the angle of incidence to the angle of refraction for
sea water is given in Table 1.

Table 1. Relationship between angle of
incident (§) and angle of refraction
(W) (after Nomura, 1985).

Incident angle  Calculated refraction angle

(9) @)
00 0
300 22002
60" 40030
75 46025
80° 47037
85° 48020
90" 48°35'
RESULTS

The total number of lamps and lighting
characteristics used by the three selected boats
are tabulated in Table 2. Boat A was equipped
with 34 lamps; total power generated was 16,700
watts, Boat B with 31 lamps; 15,300 watts and
Boat C with 26 lamps; 12,800 watts. Boat A has
the highest power light source among the
experimental boats. The average heights of light
source for Boat A, Boat B and Boat C were
measured to be 3.05, 2.80 and 2.65 m, respectively.

Application of the estimated underwater light
distribution for the three selected boats based on

the theoretical modeling formula were calculated
and shown in Table 3 for Boat A, Table 4 for Boat
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Tabel 2. Lighting characteristics of boats A, B and C

Boats Types of lamps Number Total Lighting Total Total *
of lamps wattage efficiency lumen candela
(lumen/watts)
Incandescent 25 12,500 19.2 240,000 19,099
(500w)
Boat A HP mercury (500w) 6 3,000 37.5 112,500 8,953
HP mercury (400w) 3 1,200 37.5 45,000 3,581
Total 34 16,700 23.8 397,500 31.632
Incandescent 0 0 0 0
(500w)
Boat B HP mercury (500w) 29 14,500 37.6 543,750 42,554
HP mercury (400w) 2 800 46.9 37,500 2,984
Total 31 15,300 38.0 581,250 46,254
Incandescent 20 10,000 19.2 192,000 15,279
(500w)
Boat C HP mercury (500w) 4 2,000 37.5 75,000 5.968
HP mercury (400w) 2 800 37.5 30,000 2,387
Total 26 12,800 23.2 297,000 23,634
*Totalcandela = C = Total lnmen/4n

B and Table 5 for Boat C. Using these values,
schematic diagrams of underwater light
distribution up to a depth of 40 m for the boats
were drawn and presented in Figures 1, 2 and 3.
From the results, it was found that the vertical
distance of light transmission in water for the
three boats were different. To simplify
computation, a 25 m depth was taken as a
reference point and assumed to be the sea bottom
(water depth in the fishing ground ranges from 8
m to 22 m). At the depth of 25 m, Boat B was found
to have the highest underwater light intensity
followed by Boat A and Boat C with underwater
illuminance values of 4.2, 2.9 and 2.2 lux,
respectively. It was also observed from the
schematic diagrams that the underwater light
from the light sources of the three boats managed
to reach a depth of more than 40 m below the sea
surface.

DISCUSSION

This study has presented a simple method for
determining the underwater light distribution
pattern using a theoretical modeling formula. The
results obtained present an approximate value of
underwater illuminance due to the influence of
factors such as sea condition and fishermen'’s
practice in handling lighting equipment. The main
factor that could affect the results is the variation
in the actual lumen values of light used under
actual field conditions. This is due to the
fishermen's practice of occasionally changing the
voltage of their electric generators to a higher or

lower value than the standard (220-240 volts).

Referring to the illuminance diagrams of Boat
A, Boat B and Boat C (Figures 1, 2 and 3), for an
isoilluminance of 11lux as a reference, the depths
below the sea surface for Boat A, Boat B and Boat
C are 30.5, 32.5 and 29.0 m respectively. The
result shows that Boat B has the most effective
vertical underwater illuminance followed by Boat
A and Boat C, even though Boat A possesses the
highest power light source among the selected
boats (Table 2). It can therefore be concluded that
underwater light distribution does not only
depend upon the power of the light source (total
wattage) but also on the efficiency of the lamp
(Table 2). This result differs from the study
conducted by Ogura et al. (1985). They concluded
from a study on the intensity of light lighted by
incandescent lamps for squid lift net fisheries in
Thailand that the distance of light in water tends
to increase proportionally with the power of light.
It was found from this study that even though
Boat B had a lower power light source than Boat
A, their total lumen is not. This means that the
total lumen of light determines underwater
illuminance more than the power of light source.
On the other hand, Boat B which had a slightly
higher power of light than Boat C (2500 watts)
produced approximately twice the amount of total
lumen. It is thus clear that Boat B was employing
the optimun light power compared with the other
two boats. This fact is very important to the squid
fisheries as fishermen could significantly reduce
the cost of the is operations by having an
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Tabel 3. Calculated values of underwater illuminance (lux) of boat A

IA=0 IA = 15° IA = 30° 1A = 45° A =60°
d h r 0] h r 0] h r 0] h r 0} h r lo
1 0 1 951291i{10 10 50694 {21 09 23863 {33 08 13568 {59 08 7492
2 0 2 348353:12 20 35387 {25 19 17345 :39 17 10202 :66 15 5816
3 0 3 174851 : 14 29 25429 129 28 12904 :44 25 7803 :72 23 4567
4 0 4 100758 : 16 39 18676 33 37 9771 :49 34 6049 :79 30 3620
5 0 5 62002 18 49 13954 | 36 46 7503 |55 42 4740 i85 38 2892
6 0 6 41410 : 20 59 10572 :40 56 5827 i60 51 3748 {92 46 2325
7 0 7 28320 :i22 69 8101 :44 65 4568 {65 59 2986 98 53 1880
8 0 8 19934 24 78 6269 (48 74 3601 {71 68 2394 {105 61 1528
9 0 9 14353 : 26 88 4891 i51 83 2771 :76 76 1930 i111 6.8 1247
10 i 0 10 10526 :28 98 3843 {55 93 2296 81 85 1563 {118 76 10.21
14 0 11 7837 |30 108 3039 |59 102 1847 |86 093 1272 124 84 8.39
12 ¢ 0 12 5909 (32 118 2417 {63 111 1492 :92 102 1039 131 91 6.92
130 0 13 4504 (33 128 1931 {66 121 1210 :97 110 851 {137 9.9 572
14 ¢ 0 14 3466 i35 137 1550 :70 130 985 102 119 699 144 106 4.74
15 ¢ 0 15 2689 (37 147 1250 i{74 139 804 :108 127 5.76 i150 114 394
16: 0 16 2101 ({39 157 1011 :78 148 659 {113 136 476 i157 121 328
17 i 0 17 1652 (41 167 820 81 158 541 118 144 394 163 129 273
18 i 0 18 1307 (43 177 668 85 167 445 124 152 327 i170 137 228
19 : 0 19 1039 (45 186 545 89 176 368 :129 161 272 176 144 191
20 0 20 829 47 196 446 93 185 304 134 169 227 183 152 160
21 0o 21 6.67 49 206 366 96 195 252 :140 178 189 189 159 134
2200 22 536 51 216 3.01 10 204 209 :145 186 158 {196 167 1.13
23 0 23 433 53 226 248 104 213 174 150 195 132 i202 175 095
24 1 0 24 3.51 55 235 205 108 23 145 (156 203 1.11 i209 182 0.80
25 : 0 25 286 57 245 170 111 232 1.21 161 212 093 i215 190 067
26 0 26 233 i59 255 141 115 241 1.01 166 220 078 i222 197 057
27 ¢ 0 27 1.91 61 265 117 119 250 084 (171 229 066 229 205 048
28 0 28 156 63 275 097 122 260 071 7.7 287 055 1235 21.3 04
29 ¢ 0 29 128 65 284 081 126 269 059 (182 246 047 242 220 034
30; 0 30 1.05 67 294 067 (130 278 050 (187 254 039 248 228 029
31 0o 33 0.87 69 304 05 (134 287 042 193 263 033 255 235 025
32 i 100 32 072 70 314 047 137 297 035 i198 271 028 i261 243 021
33: 0 33 060 72 324 039 (141 306 030 (203 280 024 268 251 0.18
34 1 0 34 049 74 334 028 (145 315 025 i209 288 020 274 258 0.15
35: 0 35 041 76 343 033 149 325 021 214 296 017 281 266 013
36 : 0 36 034 78 353 023 152 334 018 219 305 014 i287 273 011
37 i 0 37 028 80 363 020 156 343 015 {225 313 012 i294 281 0.09
38: 0 38 024 :82 373 016 {160 352 013 i230 322 010 300 289 0.08
3 0 39 020 {84 383 014 {164 362 011 i235 330 009 307 296 007
40 i 0 40 0.7 86 392 012 167 371 009 :241 339 0.08 i313 304 0.06
Key:
1A = Incident Ange (°)
d = Distance of destination of lightin water (m)
h = Horizontal distance (m)
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Tabel 4. Calculated values of underwater illuminance (lux) of boat B

iA=0 1A=15° IA =30 1A = 4% IA =60°
[0} h r (0] h r 0] h r 0] h r (0]
1488937 : 10 10 86056 :21 09 40668 | 33 08 23199 : 59 08 129.98
538969 i 12 20 59138 i25 19 29176 | 39 17 17253 i 66 15 10092
268319 i 14 29 41989 i29 28 21490 44 25 1308 |72 23 7925
153676 i 16 39 30545 :33 37 16143 : 49 34 10069 i 79 30 6281
95484 18 49 22642 (36 46 12313 ; 55 42 7844 : 85 38 5017
6262 {20 59 17039 {40 56 9508 | 60 51 6170 i 92 46 4034
42695 {22 69 12982 i44 65 7417 : 65 59 4894 : 98 53 3262
29976 (24 78 9995 48 74 5835 ! 71 68 3908 :105 6.1 2650
21537 {26 88 7764 {51 83 4623 { 76 76 3140 {111 6.8 2163
15764 (28 98 6077 {55 93 36.86 8.1 85 2535 {118 76 1772
117.18 30 108 4788 {59 102 3955 8.6 93 2058 {124 84 1456
8823 32 118 3795 i63 111 2381 92 102 1675 {131 91 1201
6717 33 128 3024 i66 121 1925 97 110 1369 :137 99 993
5163 35 137 2421 i70 130 1563 { 102 119 1123 (144 106 823
40.01 37 147 1947 i74 139 1274 {108 127 923 150 114 683
31.24 39 157 1571 i78 148 1041 {113 136 761 157 121 569
24.55 41 167 1272 81 158 853 118 144 629 163 129 474
19.40 43 177 1034 i85 167 7.01 124 152 521 {170 137 396
15.41 45 186 843 89 176 578 129 161 433 176 144 331
12.30 47 196 689 (93 185 477 134 169 360 {183 152 278

Q
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21 21 9.86 49 206 6564 (96 195 394 {140 178 300 (189 159 233
22 22 7.94 51 216 463 {10 204 327 {145 186 250 196 167 196
23 23 6.41 53 226 381 {104 213 271 150 195 209 {202 175 165
24 24 520 56 235 314 108 223 226 {156 203 175 {209 182 139

25 25 422 57 245 260 {111 232 188 {161 212 146 215 19.0 117
26 26 344 59 255 215 115 241 157 (166 220 123 (222 197 0899
27 27 2.81 61 265 178 {119 260 131 171 229 103 (229 205 083
28 28 230 63 275 148 122 260 110 {177 237 087 {235 213 071
29 29 1.89 65 284 123 126 269 092 182 246 073 (242 220 060

w
o
w
(=)

1.56 6.7 294 103 130 278 077 187 254 062 {248 228 051
128 69 304 086 134 287 065 193 263 052 (255 235 043
1.06 70 314 071 137 297 054 198 271 044 (261 243 036
0.88 72 324 060 :141 306 046 ;203 280 037 :268 251 0.31
073 74 334 050 145 315 038 {209 288 031 :274 258 026
0.60 76 343 042 149 325 032 (214 206 027 (281 266 022
0.50 78 353 035 152 334 027 (219 305 022 (287 273 019
0.42 80 363 030 156 343 023 {225 313 019 :294 281 0.16
0:3& 82 373 025 {160 352 019 {230 322 016 (300 289 014
0.29 84 383 021 i164 362 016 {235 330 014 (307 296 012
024 86 392 018 i167 371 014 {241 339 012 i313 304 010
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Key
IA = Incident Angle ( ©)
d Distance of destination of light in water (m)
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Horizontal distance (m)
r Vertical distance (m)
[0] llluminance (lux)
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Tabel 5. Calculated values of underwater illuminance (lux) of boat C

IA=0° IA =15° IA=3C |A = 45° IA =60°
d h r 0] h r o h r 0] h r [n} h r 0]
1:0 1 794335 {10 10 48364 :21 09 2291633 08 131.03:59 08 73.61
20 2 285337 {12 20 3288 :25 19 16298:i39 17 9672 i66 15 56.82
3:0 3 141293 (14 29 23167 {29 28 11925i44 25 7291 {72 23 44.41
4:0 4 80604 16 39 16743 :i33 37 8911 i49 34 558 {79 30 35.06
5:0 5 49930 18 49 12350 :36 46 6767 {55 42 4335 i85 38 27.91
60 6 32668 {20 59 9254 :40 56 5207 {60 51 3399 i 92 46 22.37
7.0 7 22229 i22 69 7024 144 65 4049 i65 59 2688 i 98 53 18.04
80 8 1558 i24 78 5391 :48 74 3176 {71 68 2141 {105 6.1 1463
9:0 9 1118 (26 88 4175 {51 83 2510 {76 76 1716 i111 6.8 11.91
10: 0 10 8174 28 98 3257 i55 93 1997 {81 85 1383 i118 76 974
11:{0 11 6070 30 108 2563 {59 102 1598 :86 93 1120 :i124 84 7.99
12: 0 12 4566 32 118 2027 :63 111 1284 {92 102 910 {131 91 6.58
13,0 13 3474 33 128 1612 :66 121 1037 :97 110 743 i137 99 543
14: 0 14 2668 35 137 1288 {70 130 841 i102 119 6.08 i144 106 449
15i 0 15 2067 37 147 1034 :74 139 684 108 127 500 {150 114 373
16: 0 16 16.12 39 157 833 78 148 558 113 136 4.11 187 121 3.10
17: 0 17 1266 41 167 674 81 158 457 118 144 340 (163 129 2:58
18: 0 18 10.00 43 177 547 85 16,7 375 (124 152 2.81 170 137 2.15
19: 0 19 7.95 45 186 445 89 176 309 (129 161 233 176 144 1.80
20 0 20 6.34 47 196 364 93 185, 255 134 169 194 183 152 1.51
210 21 508 49 206 298 96 195 210 (140 178 161 189 159 1.26
22: 0 22 4.09 51 216 244 10 204 174 145 186 134 i196 167 1.06
23: 0 23 3.30 53 226 201 104 213 144 150 195 112 i202 175 0.89
24: 0 24 267 55 235 165 i108 223 120 156 203 094 i209 182 075
25: 0 25 217 5.7 245 1.37 {114 23,.2 1.00 {161 212 078 i215 190 063
26 0 26 177 59 255 113 115 24:'1 083 (166 2.0 066 i222 197 0.53
270 27 145 61 265 094 i119 250 070 i171 229 055 i229 205 045
28 0 28 119 63 275 078 (122 260 058 (177 237 046 235 213 0.38
291 0 29 0.97 65 284 065 i126 269 049 182 246 039 i242 220 0.32
300 0 30 0.80 67 294 054 :130 278 041 (187 254 033 1248 228 0:27
31M:0 31 0.66 69 304 045 {134 287 034 i193 263 028 i255 235 023
32: 0 32 055 70 314 037 {137 297 029 i198 271 023 i261 243 0.20
33| 0 33 045 72 324 031 {141 306 024 203 280 020 268 251 017
34: 0 34 037 74 334 026 145 315 020 209 288 017 i274 258 0.14
35: 0 35 0.31 76 343 022 {149 325 017 i214 296 014 i281 266 0.12
36: 0 36 0.26 78 353 018 {152 334 014 i219 305 012 i287 27.3 0.10
37: 0 37 022 80 363 015 (156 343 012 225 313 010 {294 281 0.09
38: 0 38 0.18 82 373 013 {160 352 010 230 322 009 {300 289 0.07
390 0 39 015 84 383 011 {164 362 009 {235 330 007 i307 296 0.06
40: 0 40 013 86 392 0.09 (167 371 007 241 339 006 i313 304 0.05
Key:
IA = Incident Angle ( ©)
d = Distance of destination of lightin water (m)
h = Horizontal distance (m)
r = Vertical distance (m)
I® = llluminance (lux)
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Figure 1. Schematic diagram of distribution pattern of underwater illuminance employed by boat A.
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Figure 2. Schematic diagram of distribution pattern of underwater illuminance employed by boat B.



IFR Journal Vol. IV No.1, 1998

Horizontal distance (m)

0 5 10 15 20 25 30
] 1 1 1 ] 1
10 lux
5 4 499
10 2 lux
1 82 1 lux
0.5 lux
15 ¢ 21
0.63
6.3
_ [
g 20 ;
§ 0.1 lux
® : 0.27
2
a 2.
=] 25 >
w "
o ¥
=
2; o
> 0.80 »
30 ¢ | %10
0.31 :
35 1 0.06
0.09
0.13
40 ¢ 45°(Q)
30°§W)
- 154Q)
0()

Figure 3. Schematic diagram of distribution pattern of underwater illuminance employed by boat C.



S. Ibrahim, AM. Ambak, K. Samo, M.Z. Zakaria, Z.A. Shahardin and S. Hajisamae

appropriate lighting system. It would also enable
squid fishermen to have selective fishing based
on the preferences of the squid species for
underwater light illuminance.

This study also reveals that the squid netting
boats in Terengganu waters have been using
excess power in their attracting light system.
Hajisamae (1996) noted that the minimum
preference level of underwater light illuminance
for Sepioteuthis lessoniana and Loligo chinensis
is only 1.5 lux. However, it was found from this
study that at a depth of 25 m, Boat C recorded an
underwater light intensity of 2.2 lux. This shows
that, even though Boat C employed the smallest
power of lighting system, it was still excessively
powered and illuminated beyond the 25 m depth.
From the results of this study, it is recommended
that high pressure mercury lamps be used for the
squid net fishery as they provide larger lighting
efficiencies, longer life span and lower energy
consumption as compared to the incandescent
lamps. This is supported by the fact that there is
no significant difference in daily CPUE (Catch Per
Unit Effort) between squid fishing boats using high
pressure mercury lamps and those using
incandescent lamps as the main light attracting
system (Hajisamae, 1996).
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