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Determination factors for catch rate of the target species
between circle hook and straight shank hook
in the Korean tuna longline fishery
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We conducted experiments to compare the catch rate of bigeye tuna and yellowfin tuna between circle hooks
and straight shank hook in the Korean tuna longline fishery at the eastern and central Pacific Ocean from 2005
to 2007. We analyzed difference of fork length, survival and hooking location between a circle hook and a
straight shank hook for both tunas, respectively. There was no difference in the mean fork length size of
yellowfin tuna caught on the two type of hook but bigeye tuna was significant. In case of survival, there was no
difference between two hook type, but the difference of hooking location was significant for both species. We
also analyzed to find determinants of both tunas catch rate using generalized linear models (GLMs) which were
used latitude, longitude, year, month, depth, hook type, bait type and so on as independent variables. Spatial
factors, latitude and longitude, and temporal factors, year and month, affected catch rate of bigeye tuna and

yellowfin tuna. And also, depth such as a marine environment factor was influenced on catch rate.

Keywords: Bigeye tuna Thunnus obesus, Yellowfin tuna Thunnus albacares, Circle hook, Straight shank
hook, Catch rate
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Fig. 1. Map showing the survey areas by the Korean tuna
longline fishery in the Pacific Ocean during 2005 —2007.
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Table 1. Off —set angle and size of four types of longline hooks deployed on the Korean research longline fishery in the

Pacific Ocean during 2005 — 2007

J4.0 Cl15 Cle6 C18
Off-set Straight Off-set Straight Off-set Straight Off-set
Length (cm) 6.2 6.6 7.4 8.1
Width (cm) 32 4.7 5.3 5.5
Off-set angle 3° -5 - 77 —10° - 7 —10° - 7" —10°

<)

[

(

Fig. 2. Four types of longline hooks deployed on the research longline cruise: one size of straight shank hook (J4.0) with a
5° off-set and three sizes of circle hooks (C15, C16, C18) with 0° and 10° off-set.
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Fig. 3. Sequential order of hooks set by the Korean tuna longline fishery in the Pacific Ocean during 2005 —2006. (b) was
set the initial fourteen and (c) was last fourteen in 2006 survey. (d) was set 1 to 4 and 13 to 15, (e) was 5 to 8 and 16 to 18

and (f) was 9 to 12 and 19 to 21 in 2007 survey.
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Table 2. Nominal CPUEs (number per 1,000 hooks) of
bigeye tuna and yellowfin tuna by fishing depth of the
Korean tuna longline fishery in the Pacific Ocean during
2005-2007

Depth Hook number Bigeye tuna Yellowfin tuna

1 (shallow) 1,17 5.55 2.74
2 2,16 6.26 3.80

3 3,15 5.35 3.51

4 4,14 7.95 4.11

5 5,13 8.46 4.89

6 6,12 7.19 4.04

7 7,11 8.69 5.65

8 (deep) 8,9,10 8.52 5.88
standard deviance 1.37 1.07
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Table 3. Nominal CPUEs (number per 1,000 hooks) of °l ‘04] Pek7t 2t Cou e
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Korean tuna longline fishery in the Pacific Ocean during of| T;H iy _JZ_/\]_ﬁE_q_ Table 631} ZFt}, Er,].ao]—cﬂ 7]_
2005—2007
Aol A 2ol SR A A A =
Hook type Bigeye tuna Yellowfin tuna = o I oo 4 =0ro oo
14.0 7.06 3.66 T Hoﬂ Eat‘ ]E ]7]' Eq E" o=
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Table 4. Summary of p-values of student’s t-test and ANOVA test between arrays of each hook type in 2006 and 2007 for

bigeye tuna and yellowfin tuna

Hook types
Species Year Straight
Cl5s Cles Cl18s Cl50 Cl6o Cl180
shank hook
. 2006 0.275 0.094 0.397 0.180 — — —
Bigeye tuna
2007 0.771 0.026* 0.412 0.334 0.095 0.734 0914
2006 0.013%* 0.163 0.163 0.499 — — —
Yellowfin tuna
2007 0.325 0.247 0.021* 0.150 0.406 0.562 0.942
*0.01 <p<0.05
Table 5. Summary statistics for mean fork length (FL) of bigeye tuna and yellowfin tuna on the two hook types
Number of samples Mean length (cm)
Species p-value
Circle hook Straight shank hook Circle hook Straight shank hook
Bigeye tuna 914 400 129.5 125.9 0.022%*
Yellowfin tuna 450 180 124.2 122.0 0.129
*0.01 <p<0.05
Table 6. Summary of Fisher’s exact tests of differences in the location of hooking between hook types
Number of samples
Species Circle hook Straight shank hook p-value
Body Jaw Mouth Throat Body Jaw Mouth Throat
Bigeye tuna 2 2 746 133 2 — 294 72 <0.001***
Yellowfin tuna - - 419 20 - — 155 16 0.034*

#4550 < p< 0.001, *0.01 < p< 0.05
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Table 7. Effect of hook type on survival. The odds ratio “OR (alive)” from the Fisher’s exact test is the probability of an
animal being retrieved alive on a circle hook compared to the probability of it being retrieved alive on a tuna hook. A
value greater than one indicates that the species was more likely to be alive on circle hook than on J4.0 hook

Number of samples

Speci OR (ali -val
pectes Circle hook Straight shank hook (alive) prvatue
Bigeye tuna 939 407 1.230 0.115
Yellowfin tuna 454 182 0.954 0.789

Table 8. Model comparison of a generalized linear model fit to bigeye tuna catch. Bold indicates the best fitting GLM

Models Degrees of ARes.idual AIC Pseudo-R?
freedom Deviance
YR 1,112 36.14 2,040.89 0.038
MN 1,111 32.31 2,045.71 0.034
Lat 1,113 41.24 2,034.78 0.043
Lat® 1,112 50.32 2,026.70 0.052
Long 1,113 0.08 2,075.94 0.000
Long? 1,112 9.59 2,067.44 0.010
Depth 1,107 3391 2,048.11 0.035
Depth? 1,112 21.69 2,055.33 0.023
HT 1,108 24.09 2,056.93 0.025
Size 1,111 13.62 2,064.40 0.014
Off-set 1,113 2.71 2,073.31 0.003
Lat+YR 1,110 57.02 2,022.01 0.059
Lat**+MN 1,109 73.32 2,006.71 0.076
Lat*+Long? 1,110 57.07 2,021.96 0.060
Lat*+Depth 1,105 80.40 2,003.63 0.084
Lat™*+HT 1,106 58.63 2,024.39 0.061
Lat*+Size 1,109 55.65 2,024.37 0.058
Lat*+Off-set 1,111 50.33 2,027.70 0.052
Lat*+Depth+YR 1,103 85.05 2,000.98 0.089
Lat*+Depth+MN 1,102 101.90 1,985.12 0.106
Lat*+Depth+Long? 1,103 84.83 2,001.19 0.088
Lat+Depth+HT 1,099 93.05 1,996.98 0.097
Lat*+Depth+Size 1,102 89.20 1,997.82 0.093
Lat*+Depth+Off-set 1,104 81.49 2,003.54 0.085
Lat*+Depth+MN+YR 1,101 103.93 1,984.10 0.108
Lat*+Depth+MN+Long> 1,100 103.28 1,985.75 0.108
Lat**+Depth+MN+HT 1,096 112.79 1,980.24 0.118
Lat*+Depth+MN+Size 1,099 110.08 1,979.94 0.115
Lat*+Depth+MN+Off-set 1,101 101.93 1,986.10 0.106
Lat*+Depth+MN+Size+YR 1,098 112.53 1,978.50 0.117
Lat*+Depth+MN+Size+Long? 1,097 111.80 1,980.23 0.117
Lat*+Depth+MN+Size+HT 1,096 112.79 1,980.24 0.118
Lat*+Depth+MN+Size+Off-set 1,098 110.09 1,980.93 0.115
Lat*+Depth+MN+Size+YR+Long’ 1,096 114.89 1,978.14 0.120
Lat*+Depth+MN+Size+YR+HT 1,095 115.95 1,978.07 0.121
Lat+Depth+MN+Size+YR+Off-set 1,097 112.61 1,979.42 0.117
Lat*+Depth+MN+Size+YR+HT+Long’ 1,093 118.30 1,977.73 0.123
Lat*+Depth+MN+Size+YR+HT+Off-set 1,095 115.95 1,978.07 0.121
Lat*+Depth+MN+Size+YR+HT+Long?+Off-set 1,093 118.30 1,977.73 0.123

YR: year, MN: month, Lat: latitude, Long: longitude, HT: hook type, Size: hook size and Off-set: circle hook with off-set
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Table 9. Model comparison of a generalized linear model fit to yellowfin tuna catch. Bold indicates the best fitting GLM

Models Degrees of ARes'idual AIC Pseudo-R?
freedom Deviance
YR 540 67.60 1,150.64 0.101
MN 539 43.97 1,175.27 0.065
Lat 541 18.09 1,199.15 0.027
Lat? 540 25.90 1,192.34 0.039
Long 541 69.17 1,148.07 0.103
Long? 540 69.26 1,148.98 0.103
Depth 535 28.42 1,194.82 0.042
Depth? 540 24.14 1,194.10 0.036
HT 536 25.15 1,197.09 0.037
Size 539 7.37 1,211.87 0.011
Off-set 541 14.73 1,202.51 0.022
Long2+YR 538 77.11 1,143.13 0.115
Long2+MN 537 73.50 1,147.74 0.109
Long2+Lat2 538 93.45 1,126.79 0.139
Long2+Depth 533 88.18 1,137.05 0.131
Long2+HT 534 77.70 1,146.54 0.116
Long2+Size 537 73.06 1,148.18 0.109
Long2+Off-set 539 75.12 1,144.12 0.112
Long2+Lat2+YR 536 105.76 1,116.48 0.157
Long2+Lat2+MN 535 101.41 1,121.83 0.151
Long2+Lat2+Depth 531 110.83 1,116.40 0.165
Long2+Lat2+HT 532 102.55 1,123.69 0.153
Long2+Lat2+Size 535 96.83 1,126.41 0.144
Long2+Lat2+Off-set 537 100.53 1,120.71 0.150
Long2+Lat2+Depth+YR 529 123.28 1,105.96 0.183
Long2+Lat2+Depth+Month 528 118.50 1,111.74 0.176
Long2+Lat2+Depth+HT 525 117.37 1,115.87 0.175
Long2+Lat2+Depth+Size 528 116.65 1,113.59 0.174
Long2+Lat2+Depth+Off-set 530 113.50 1,114.73 0.169
Long2+Lat2+Depth+YR+MN 527 132.31 1,098.93 0.197
Long2+Lat2+Depth+YR+HT 523 129.79 1,105.45 0.193
Long2+Lat2+Depth+YR+Size 526 128.57 1,103.67 0.191
Long2+Lat2+Depth+YR+Off-set 528 127.40 1,102.84 0.190
Long2+Lat2+Depth+YR+MN+HT 521 139.18 1,098.06 0.207
Long2+Lat2+Depth+YR+MN+Size 524 137.60 1,096.64 0.205
Long2+Lat2+Depth+YR+MN-+Off-set 526 136.61 1,095.63 0.203
Long2+Lat2+Depth+YR+MN+Off-set+HT 521 139.18 1,098.06 0.207
Long2+Lat2+Depth+YR+MN+Off-set+Size 523 138.56 1,096.68 0.206
Lat*+Depth+MN+Size+YR+HT+Long+Off-set 521 139.18 1098.06 0.207

YR: year, MN: month, Lat: latitude, Long: longitude, HT: hook type, Size: hook size and Off-set: circle hook with off-set
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