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Fig. 1 Positions of the experimental stations in the northern waters of Taiwan during August
11~30, 1999 (A) and June 28~October 4, 2000 (@). Numbers beside the symbol are the haul

number,
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Table 1 Luring time, depth layers, sampling numbers, and zooplankton individuals/m?® in the northern waters of
Taiwan during August 11~30, 1999

Luring time of attracting Individuals of zooplankton (ind./m?)

fish lamps (min) Depth layers (m) Numbers Mean Standard deviation
0~10 5 146.82 77.45
10~20 5 146.82 92.73
5 20~30 5 116.21 91.65
30~40 5 144.20 110.09
40~50 5 435.12 505.83
0~10 5 622.16 520.89
10~20 5 228.48 164.41
35 20~30 5 324,04 255.69
30~40 5 256.50 211.71
40~50 5 339.56 319.12
0~10 5 337.14 344.09
10~20 5 184.92 132.89
65 20~30 5 199.84 100.68
30~40 5 117.18 81.33
40~50 5 138.91 107.04
0~10 5 165.45 113.92
10~20 5 109.23 43.38
95 20~30 5 128.48 82.55
30~40 5 114.87 ‘ 94.44
40~50 5 78.38 38.59

Table 2 Results of two-way ANOVA for zooplankton individuals/m® among luring time and depth layers

Source SS MS df F
Luring time (A) 729594.04 243198.01 3 4.88™
Depth layers (B) 353603.38 88400.85 4 1.77
Interaction (A*B) 660737.60 55061.00 12 1.10
Model 1743935.03 91786.00 19 1.84"
Error 3990907.88 49886.35 80
Corrected Total 5734842.91 99

*p < 0.05; **p < 0.01.
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Table 3 Duncan’s multiple-range test for luring time of fish attracting lamps of 5, 35, 65 and 95 min based on the
zooplankton individuals/m® in the northern waters of Taiwan during August 11~30, 1999

Luring time of attracting fish lamps (min.)

Kinds of zooplankton F-value Pr>F
5 35 65 95
Chaetognatha 15.26 32.19" 19.98 15.65 3.59 0.0171
Lucifer 39.77 55.49" 23.96 20.30 5.05 0.0030
Mysidacea 4.24 10.59" 4.88 1.80 3.50 0.0191
Copepoda 144.34 275.16" 159.78 91.41 3.89 0.0119
Ostracoda 2.43 0.58 0.19 0.71 0.79 0.5005
Heteropoda 0.00 0.02 0.1 0.00 0.87 0.4593
Squillinae 0.39 0.05 0.11 0.16 1.46 0.2309
Other crustacean 5.22 10.64™ 5.40 3.89 4.25 0.0077
Medusa 0.62 0.52 0.73 0.62 0.21 0.8916
Engraulidae 0.50 0.32 0.18 0.18 1.02 0.3896
Scombridae 0.34 0.77 0.25 0.21 1.71 0.1707

Underlining indicates a significant difference; *p < 0.05; »*p < 0.01.

Table 4 Duncan’s multiple-range test for the depth layers of 0~10, 10~20, 20~30, 30~40, and 40~50 m based on
zooplankton individuals/m? in the northern waters of Taiwan during August 11~30, 1999

Kinds of Depth layer (m) F-value Pr>F
zooplankton 0~10 10~20 20~30 30~40 40~50
Chaetognatha 30.33 17.02 21.73 16.49 18.28 1.50 0.2090
Lucifer 24.26 23.35 34.34 43.40 49.06 2.02 0.1000
Mysidacea 3.73 4.02 3.82 5.70 9.63 1.27 0.2874
Copepoda 280.68" 133.26 146.22 100.32 177.88 2.48 0.0508
Ostracoda 1.06 0.13 0.54 0.10 3.08 0.99 0.4160
Heteropoda 0.00 0.00 0.14 0.00 0.03 0.90 0.4658
Squillinae 0.14 0.17 0.17 0.03 0.37 0.81 0.5227
Other crustacean 6.44 4.93 5.98 7.69 6.41 0.38 0.8232
Medusa 0.63 0.54 0.60 0.68 0.66 0.07 0.9908
Engraulidae 0.63 0.32 0.17 0.08 0.28 1.51 0.2066
Scombridae 0.34 0.66 0.17 0.20 0.59 1.01 0.4072

Underlining indicates a significant difference; *p < 0.1.
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Table 5 Capacity of fish attracting lamps, depth layers, sampling numbers, and zooplankton individuals/m? in the

northern waters of Taiwan during June 28~October 7, 2000

Capacity of attracting Depth layers (m)

Numbers

Individuals of zooplankton (ind./m?)

fish lamps (Kw) Mean Standard deviation
0~10 9 397.89 280.67
10~20 9 450.32 301.65
16 20~30 9 461.61 255.27
30~40 9 418.35 352.80
40~50 9 311.82 188.65
0~10 9 318.36 183.74
10~20 9 340.04 129.64
24 20~30 9 384.13 217.68
30~40 9 275.57 192.09
40~50 9 301.75 200.96
0~10 9 280.50 235.04
10~20 9 322.18 223.22
32 20~30 9 414.20 352.61
30~40 9 362.96 259.33
40~50 9 287.41 238.07
0~10 9 267.19 293.71
10~20 9 263.38 309.72
40 20~30 9 261.54 262.01
30~40 9 240.31 154.98
40~50 9 254.81 139.87
0~10 9 260.26 202.03
10~20 9 244.09 289.76
48 20~30 9 386.33 350.70
30~40 9 258.44 223.67
40~50 9 266.31 199.36
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Table 6 Results of two-way ANOVA for total individuals/m® among the power of fish attracting lamps and depth

layers
Source SS MS df F
Capacity of attracting fish lamps (A) 594396.92 148599.22 4 2.39*
Depth layers (B) 241801.23 60450.31 4 0.97
Interaction (A*B) 184335.44 11520.96 16 0.19
Model 1020533.60 42522.23 24 0.68
Error 12444252.53 62221.26 200
Total 13464786.13 224
*p<0.1.

Table 7 Duncan’s multiple-range test for capacity of fish attracting lamps at 16, 24, 32, 40, 48 Kw based on
zooplankton individuals/m® in the northern waters of Taiwan during June 28~October 7, 2000

Capacity of attracting fish lamps (Kw)

Kinds of zooplankton F-value Pr>F
16 24 32 40 48

Chaetognatha 45.16 33.03 51.80%* 26.66 37.04 2.84 0.0253
Lucifer 4.35 3.29 5.94 1.84 5.75 0.85 0.4952
Mysidacea 28.21* 23.40 19.64 10.12 12.73 2.32 0.0585
Copepoda 292.68*  224.75 222.05 205.26 194.67 2.22 0.0685
Heteropoda 0.00 0.00 0.14 0.00 0.00 1.00 0.4087
Amphipoda 4.86 4.92%* 1.22 1.48 2.78 3.16 0.0150
Isopoda 0.05 0.01 0.00 0.00 0.00 1.36 0.2479
Pteropoda 28.44 30.13 27.99 19.96 16.49 0.98 0.4207
Tunicata 0.01 0.14 0.28 0.00 0.29 1.63 0.1681
Medusa 1.85 1.22 1.79 1.33 1.36 1.11 0.3509
Others 1.02 1.87 1.16 0.58 0.76 0.63 0.6387
Engraulidae 1.35 1.22 1.44% 0.81 0.63 3.04 0.0183

Underlining indicates a significant difference; *p < 0.1.
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Table 8 Duncan’s multiple-range test for the depth layers of 0~10, 10~20, 20~30, 30~40, and 40~50 m based on
zooplankton individuals/m® in the northern waters of Taiwan during June 28~October 7, 2000

Depth layers (m)

Kinds of zooplankton F-value Pr>F
0~10 10~20 20~30 30~40 40~50

Chaetognatha 38.66 36.52 51.19 40.71 30.68 1.43 0.2248
Lucifer 3.06 3.72 8.90* 3.01 2.47 2.01 0.0946
‘Mysidacea 15.82 23.10 21.27 17.26 16.65 0.42 0.7934
Copepoda 218.19 230.29 261.64 219.21 210.08 0.62 0.6506
Heteropoda 0.00 0.14 0.00 0.00 0.00 1.00 0.4583
Amphipoda 4.43 2.14 3.37 2.89 2.44 0.81 0.5230
Isopoda 0.02 0.00 0.00 0.00 0.04 0.91 0.4596
Pteropoda 21.44 23.51 30.83 27.19 22.03 0.53 0.7166
Tunicata 0.1 0.14 0.38 0.06 0.02 1.61 0.1719
Medusa 1.34 1.77 1.71 1.42 1.30 0.61 0.6526
Others 0.84 1.55 1.64 0.69 0.64 0.61 0.6582
Engraulidae 0.91 1.11 1.58* 0.86 0.99 2.06 0.0868
Underlining indicates a significant difference; *p < 0.1.
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OX\ _______________ 72-112.00

Chaetognatha, copepoda, other crustacean, squillinae,

engraulidae
10 28.80
g
€ 20 5.06
Fig. 2 Zooplankton  mainly Ez
distributed at a luring time of 35 = Ostracoda
min in the waters of northern
Taiwan during August 11~30, 30 212
1999. *Environmental illumination Medusa
at depths of 40 and 50 m was
calculated by the model of InY = 40 1.17*
7.3965 — 1.8729InX. where Y is
illumination (lux) and X is the Lucifer, mysidacea, heteropoda, scomberidae
depth (m); F = 60.18, Adj. R®=
0.9521. 50 0.74*
OX\ _______________ % -112.00
Medusa
10 28.80
Heteropoda
W
ﬁ 20 5.06
. . =2
Fig. 3  Zooplankton mainly 3 Chaetognatha, lucifer, copepoda, amphipoda,
distributed under attracting fish = tunicate, engraulidae
lamps at 32 Kw in the waters of 30 212

northern Taiwan during June 28~
October 7, 2000. *Environmental
illumination at depths of 40 and
50 m was calculated by the model 40 1.17*
of InY = 7.5764 — 1.7601InX
where Y is illumination (lux) and
X is the depth (m); F = 299.24,
Adj. R?=0.8791. 50 0.74*

Pteropoda, mysidacea

(XN]) UOHBUIWINI |B)USWUOIIAUT

(XN[) UOHEBUIN]] [EIUSWIUOLIAUT



HAR TRRBMERITREFENE 9

140
120 —
100 —
80 —
60 —
40 —
20 —

] | ]

600 —
500
400 -
300 -
200 —
100

(b) 35 min

I | ]

350
m —
250 —
200 —
150
100

50

ind./m?

(c) 65 min

160 —

120 —

80

40 —

(d) 95 min

! | | |

Fig. 4  Aggregating condition of
copepoda (@) with various luring
times of 5, 35, 65, and 95 min.
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Table 9 Average individuals/m® of chaetognaths, lucifers, mysidacea, amphipoda, pteropoda, and engraulida, and
the average catch of stick-held nets at 16, 24, 32, 40, and 48 Kw of fish attracting lamps in the northern waters of

Taiwan during June 28~October 4, 2000

Capacity of attracting fish lamps (Kw)

Item F-value Pr>F
16 24 32 40 48

Chaetognatha (ind./m?) 45.16 33.03 51.80** 26.66 37.04 2.84 0.0253
Lucifer (ind./m?) 4.35 3.29 5.94 1.84 5.75 0.85 0.4952
Mysidacea (ind./m3) 28.21* 23.40 19.64 10.12 12.73 2.32 0.0585
Amphipoda (ind./m?) 4.86** 4.92%* 1.22 1.48 2.78 3.16 0.0150
Pteropoda {ind./m?) 28.44 30.13 27.99 19.96 16.49 0.98 0.4207
Engraulidae (ind./m?) 1.35 1.22 1.44** 0.81 0.63 3.04 0.0183
Catch of stick-held net (kg) 8.21 13.27 31.57 59.67 13.30 1.05 0.3918
Loliginidae (kg) 0.77 2.67 4.82 4.52 3.07 0.85 0.5035
Trichiuridae (kg) 6.48 9.67 8.84 11.29 6.70 0.11 0.9795

Underlining indicates a significant difference; *p < 0.05; *p < 0.01.

EEZHLIZE 20 ~ 30 m KBE S » BIEERHT
FEFRERH AR A YR ERGEN - 1 Fig. 3 /R
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(3
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Fig. 5  Aggregating conditions of
chaetognaths and lucifers with various
luring times of 5, 35, 65, and 95 min.

PERS B W R HERFFE 0~ 10 m - TR » #85E
BIIERHE - 53 Fig. 5a ~ d IR BIRESE (&
hZ@) REWE BhZO) RERRSRT 5 -
35~ 65 J¢ 95 min FREZ BT AR a8 > 8
B)f8TE - Figure 5a B - BEECMMEIEAE 30 ~
40 m 7kfE - {EEERAREHREE 35 min 4% » I
BB B3F 0 fAI7E 10 ~ 20 m Z/KfERY (Fig.
5b) » AR Ry 65 & 95 min BF - EEE I
ARV ERSE iE - BITREZE 20 ~ 30m
BE (Fig. 5S¢ & d) - RSN B EIMIHERIE S
PSR - PEARBEIE S min B - HEG T HARYEY
THES B IS ELRTE 30 ~ 40 m /KFF (Fig. 5a) » &4

FRFHT Ry 35 min B » BB T3S 40 ~ 50 m (Fig.

5b) - ARy 65 B 95 min BF - RIXEIFA=
30 ~ 40 m (Fig. 5¢ & d) - BRI EAB TS
HEEFHEN - HIBSEEREL - HIE S
AR - BN EA s Bk RS %
TR DIRH S kit s s, g
BREH&IEE S -

00-10 10-20 20-30 30-40 40-50
—®&@— Chaetognatha —O— T ucifer

Depth layer (m)

o R

AR EBRIM - ARIFTRE—- AL %
Fr UL TR RIRFEE T XA
REFEREL ISR EERE - 5 &l
FRCGH RATE RS R R SRS )
BFFIE > DURGT B BRI AR RSk
EfnRE RN B8 - SLUERISZE - ik
—GHBCEEHTE -

25308

NAGRTEE (1981) #5#E - WIE TS5 7 b b HER
& EEREER, 115-124.

LIEIEEE (1958) RASMPY/NT P OMBHER. BA
BKERIHI®RE, 6: 60-67.

NAEZ, BB, /M 1], IFEREE, 5
(1952) SLAFTEDOEMINGRE. KEWEGH, 4
263-291.



12 ZER4 - R - BRAEGE - BB

JTHIE (1972) BT 7 v 7 OEBRICHEER
BoBRMIZSOVWT. HARTERGIE, 28
278-292.

FEHE (1975) By 5 7 OARE L HIE. WS
Ty, BERBEMRE 6, HigARHIRE,
211-220.

HEE (1972) SEOHNITRIC 04, B 47 £
BHAKERZGEFAGL VRV VL, HEKE
Bait, 38(8): 907-912.

FEE (1978) AOTRIEHE. EEMEEHE,
85~98.

HREIRFER (1996) AN AM-REI5%E.5 A 16
BE 14 K.

REH#%H 2002) BFHREAR—HBEIR. 1 B 1508
5K,

FEEM (1978) EH (Trichiurus japonicus) B EHF
(Trichiurus lepturus) Z BYERRSE. HHRIFFCREE)
YIWFZeREET], 17(2): 117-124.

STHERE— (1969) W & 7 F A4 UL OFHEBRWIR. X
WEKEWEATES, 60: 29-81.

BIFHEA (1957) RAREBYOREARBHHTL - 18
HORY & BRERMMR. AIEBHEE, 106): 349-359.

BIESA (1952) £ABEYOREAEREBHZN - A
DR & € OBME. FARERHEEL, 2(2): 51-59.

BB R (1973) & ME L8 (Scomberomorus
commersoni) 5 1MEE (Scomberomorus niphonius)
BT SEKERERFTKELEYRIFFES,
24: 45-55.

WEEK (1957) BEE~A UV OLRBRIASE - 1781 &’
HITOV . RIRTABKERARIATHE, 5: 13-22.

RERE, ER (1971) EBERILR RSN
REFFERERIPITHFETEET], 10(2): 47-57.

TREHE, MASCRE, PREE (1972) ZEiME AT A2 ERAT II83
HIERH R B RAYISE. SEkEZRGT], 10):
10-20.

¥xRE (1970) SRR IREYRENS M - |
EmE/KE BT ERES, 16: 133-158.

Bk (1971) MR SERE B I I i
7. EEAKEREARERE, 17: 95-121.

FBARRER (1972) JOEFIRRSE. 1B 47 FEEEAK
EBGEFAGI VRV VL, OAKESRGE,
32(8): 928-929.

WEFE (2003) hHERESMMEREER. TERE
EEZEEWEE, Ak, 128-129.

WE, /08, FiRE (1992) BEZEEDE. KE
ikt 522-523.

MILER (1948) AEEBR A EH. BAWEK, RHE,
58-73.



HAR TREBMESRITREEENR 13

Study on the Aggregating Behavior of Zooplankton
under Fish Attracting Lamps

Shaur-Sheen Chyn’, Chia-Lin Lee, Wei-Fu Kang and Shyue-Geng Liau

Marine Fisheries Division, Fisheries Research Institute

ABSTRACT

The purpose of this study was to investigate the aggregating behavior of zooplankton under fish attracting
lamps using a commercial stick-held net fishing boat. The experimental design was divided into 2 parts. The first
part used fixed power at 8 Kw for fish attracting lamps both above and under the water level. Zooplankton
specimens were sampled by a closing net (with a 51-cm mouth diameter) at depth layers of 0~10, 10~20, 20~30,
30~40, and 40~50 m, after the fish attracting lamps were turned on at 5, 35, 65, and 95 min, respectively. In the
other part, the power for lamps under the water was maintained at 8 Kw, but power for lamps above the water
varied at 16, 24, 32, 40, and 48 Kw. Zooplankton specimens were sampled at the same depth layers as used in
the first part, while the luring time was up to 30 min.

Based on the 2 factors of luring time and the power of fish attracting lamps in this study, zooplankton
slowly aggregated when lights were turned on, and it took about 35 min to complete this aggregating procedure,
and then the zooplankton gradually dispersed. The results also showed that the average numbers of
individuals/m’ of the chaetognatha, mysidacea, copepoda, amphipoda, etc. were affected by the power of lamps.

Key words: fish attracting lamp, zooplankton, aggregating behavior.
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