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Abstract
A pelagic tuna longline research cruise in the eastern and central Pacific Ocean in August of
2007 was conducted to compare catch rates with the use of different fishery factors, which
were hook type, bait type and hook number. Traditional tuna hooks (J4) and six circle hook
types (C150, C15s, C160, C16s, C180, C18s), along with five bait types (artificial squid
(ASQ), chub mackerel (CM), jack mackerel (JM), sardine (SD), and squid (SQ)) and hook
number as a proxy for hook depth were evaluated for their effect on bigeye and yellowfin
tunas catch rates (fish per 1,000 hooks) using Generalized Linear Models (GLMs). Results
from 21 sets indicated significant differences in bigeye tuan catch rates between individual
set and hook number and yellowfin tuna catch rate indicated significant effect on hook
number and hook type. Hook number (depth) was the paramount operational factor in
explaining bigeye tuna catch rate, on the other hand, yellowfin tuna catch rate indicated

equal effect on factors both hook number and hook type.
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Introduction

Due to the high commercial value of bigeye (Thunnus obesus) and yellowfin (Thunnus
albacares) tunas in the Japanese and Korean sashimi markets, bigeye and yellowfin tunas
are an important species in pelagic longline fisheries. Since 1990, bigeye tuna has
accounted for 44% of the total tuna longline catch by weight in the Pacific Ocean (Lawson,
2007).

There is increasing scientific and public concern regarding the responsible management
of fisheries resources and there is also a demand for the development of effective mitigation
methods when resource problems are identified. In pelagic tuna longline fishing, the
reduction of the incidental catch of sea turtles, sharks and seabirds has become a focus of a
international fisheries research (SCTB, 2003), In order to ensure rapid assimilation of
effective measures by the commercial fishery entities, scientists have been looking for
measures which can reduce bycatch while simultaneously maintaining fishing efficiency for
target species (e.g., bigeye tuna, yellowfin tuna, swordfish). One promising technology is the
use of circle hooks in place of traditional j-style hooks and tuna hooks. Several studies have
been conducted on the effect of circle hook types on the catch rate of target species (Watson
et al., 2005; Gillman et al, 2006; Watson and Kerstetter, 2006; Read, 2007, Kim et al 2006).

In contrast to J-style and tuna hooks, circle hooks tend to catch fishes in the corner of

the jaw rather than in the throat because the tip of the hook curves inside and the width of
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the hook is broad (Trumble et al., 2002; Cooke and Suski, 2004). Some vessels targeting
tuna have switched voluntarily to circle hooks following studies (Falterman and Graves, 2002;
Kerstetter and Graves, 2006) that suggested that they may increase tuna catch rates.

Additional research is being conducted in several Regional Fisheries Management
Organizations to compare the effect of fishery factors on catch rates of pelagic species. The
objective of this paper was to present an analysis of bigeye and yellowfin tunas longline
catch rates with various fishery factors, which were hook type, bait type and hook number,
based on a study conducted in the Pacific Ocean.

Materials and Methods

A Korean tuna longline vessel (411 GRT) was chartered from 7 to 31 August 2007 to
conduct longline fishing in the central eastern Pacific Ocean (4°08'S-1°~6°19’S and 170°05’ -
171°58’W). A total of 21 longline sets (one set per day) were monitored during the 25 days of
the cruise (Fig. 1). The fishing vessel targeted bigeye and yellowfin tunas and the main
fishing depth ranged from 100 to 300 m. The hooks were of two styles: traditional tuna hooks
of size 4.0 (J 4) with a 5° offset, and circle hooks of three sizes with a 10° offset and straight
type (C150, C15s, C160, C16s, C180, C18s) (Fig. 2). The number of hooks deployed in each
longline set ranged from 2,550 to 2,890. The hooks were sequentially set by type of hook in
the order of J4-C15s-C150-J4-C16s-C160-C18s-C180 during the initial seven longline sets
(set numbers 1-4 and 13-15; A type), J4-C18s-C180-J4-C15s-C150-C16s-C160 during the
seven longline sets (set numbers 5-8 and 16-18; B type) and J4-C16s-C160-J4-C18s-C180-
C15s-C150 during the last seven sets (set numbers 9-12 and 19-21; C type) (Fig. 3).

Longline setting began at around 9:50 am in the morning and finished by 3:20 pm. Longline



hauling began after about 3 hours of soaking, and hauling, the longline continued until the
following early morning when retrieval was finished by 8:50 am. Hauling started at the end
position of the set for 21 sets and hauling started at the start position of the set for three sets.
A total of 146,250 hooks (60,570 J 4 hooks and 85,680 circle hooks) were set in the
experiment,

There were 17 hooks deployed between each of the surface floats in succession and the
mean length of main line deployed was 135 km. The baits used were artificial squid (ASQ),
chub mackerel (CM), sardine (CD), squid (SQ) and jack mackerel (JM) and were sequentially
set in the order of ASQ, CM, CM, SD, JM, SQ, JM, SD, SQ, JM, SD, SQ, JM, SQ, SD, CM
and ASQ and CM between two floats (Fig. 4).

Catch rate (number per 1,000 hooks) comparisons were statistically analyzed using GLMs
and analysis of variance (ANOVA) tests in R (version 2.5 for Windows). Each GLM was fitted
as a robust Poisson model with bigeye and yellowfin catch as the response variable and the
number of hooks as an offset. A negative binomial error structure was also considered;
however the robust Poisson was preferred. Predictors included longline set, hook and bait
types categorized as factors. Hook number was also categorized as a factor or modeled as a
linear or 2" order (quadratic) polynominal. Hook numbers 1 to 17 were re-numbered from
shallow (1) to deep (9) such that hooks 1 and 17 were 1, hooks 2 and 16 were 2 etc. GLMs
were fit in forward and backward selection and reductions in the Akaike Information Criterion
(AIC) were used to determine the order of entry for the predictors. ANOVA tests compared
models that had different parameterizations of the hook number variable. The significance

criterion for the ANOVA tests was P<0.05.



Results

1. Catch composition

A total of 916 tunas and billfish were caught on 58,650 hooks (Table 1). Bigeye tuna was

the dominant species with 421 fish captured and representing 46.0% of the total tuna and

billfish 326 yellowfin were caught (35.6% of the total) with minor catches of albacore (12.1%)

and skipjack tuna (1.4%). Incidentally caught billfish were composed of swordfish (2.5%),

blue marlin (1.4%) striped marlin (0.7%) and shortbill spearfish (0.3%).

2. Bigeye and yellowfin tunas catch rate by fishery factors

Nominal catch and catch rates of bigeye and yellowfin tunas by bait type, hook number

and hook type are illustrated in Tables 2, 3 and 4 and these catch rates were shown high

variability between the 21 longline sets by hook number and hook type (Fig. 5 and 6).

Nominal bigeye tuna catch rate of each bait type was the highest with squid and yellowfin

tuna was sardine (Table 2). Nominal catch rate of both tunas indicated the increased trend

deeper depth (Table 3), and also were shown the largest catch rate with 16s of hook types

(Table 4). Longline set number was always the initial variable included in the stepwise

process, and second variable was hook number for both tunas. The two most probable

models that were obtained (Table 5 and 6) differed in how hook number was parameterized

(factor vs polynomial). The results from GLMs of bigeye tuna catch rate indicated that the

best fit model was between set number and hook number (factor and polynomial) (Table 5)

especially, GLM of quadratic hook number was more. Both hook type and bait type for bigeye

tuna catch rate was not significant (P=0,85, P=0.16) and yellowfin tuna catch rate also was

not significant on bait type (P=0.99). The best fit model of yellowfin tuna catch rate was



among set number, hook number (quadratic) and hook type (Table 6). When hook number
was included as a factor it was not possible to further evaluate models with bait type due to
singularities or a lack of contrast. This resulted from the experimental design whereby the
two shallowest and deepest hooks always had the same bait type artificial squid, chub
mackerel and jack mackerel, respectively (Fig. 2). Therefore this GLM had no ability to
determine an effect due to bait or hook number given the lack of contrast.

On bigeye tuna catch rate, hook number had the largest effect and yellowfin tuna catch
rate had been affected both hook number and hook type. Predicted catch rates of both tunas
also indicated low catch rates on shallowest hooks, high catch rates on intermediate hooks
and moderate catch rates on deepest hooks (Table 7), however, the deviance of predicted
CPUE was lower than nominal CPUE. Predicted CPUE variation fro yellowfin tuna by hook
type was alos lower than nominal CPUE (Table 9), and both the nominal data and the model

suggested that the best hook type for catching yellowfin tuna was 16s.



Discussion

It can be seen that bigeye and yellowfin tunas catch rate was highly variable among the
21 set operations (Fig. 5 and 6). Although a study objective was to determine effects of hook
type, hook position and bait type had the strongest influence on catch rate. The anticipated
effect of depth was the reason that baits types were ordered so that each bait type was
deployed at all hook position depths in the study. This facilitated the finding that bait type had
no significant effect on both tunas CPUE. However, each hook type conducted in every depth
using three-array, which was A, B and C type, for analyzing the influence on CPUE. The
results showed that bigeye tuna catch rate was not significant on hook type, but yellowfin
tuna catch rate was.

In a review of studies evaluating catchability associated with circle hooks compared to
other types of hooks, Kerstetter and Graves (2006) reported that yellowfin tuna exhibited
significantly higher catch rates with circle hooks in the US Atlantic coastal pelagic fishery, In
the Gulf of Maxico pelagic longline fishery, Hoey and Moore (1999) reported that vessels
caught 32.9 fish (all species combined) per set using circle hooks and only 27.2 fish per set
using J-style hooks. Falterman and Graves (2002) found a significant increase in CPUE for
circle hooks relative to J-style hooks for both yellowfin tuna and all species combined.
Cooke and Suski (2004) found that circle hooks more frequently hooked fish in the jaw and
concluded that catchability was consistently higher for circle hooks than J-style hooks.
These prior studies primarily addressed fisheries where hook depth was not a large source of
variation, and their results suggest that further research on deep tuna longline methods, with

better control of the variables and more statistical power might show significant effects of



hook type.

No significant differences in catch rate in term of individuals per 1,000hooks between

traditional hooks and circle hooks indicates that introduction of circle hooks to replace

traditional hooks in tuna longline fishing should not negatively affect the catch of bigeye tuna.

This may facilitate the application of the circle hooks in the tuna longline fishery, especially in

eastern and central Pacific Ocean where bigeye tuna are most targeted. During the day,

bigeye tuna inhabit depths within the thermocline or at the bottom of the thermocline (Musyl

et al. 2003, Bigelow and Maunder 2007). High catch rates at intermediate hook numbers are

consistent with the tropical oceanography of the eastern and central Pacific Ocean where the

thermocline and oxycline are relatively shallow compared to higher latitudes and the western

Pacific. The deepest hooks in the longline monitoring study may have fished at depths of

~300 m which is deeper than the thermocline and oxycline, thus resulting in lower catch rates

compared to the higher catch rates obtained by hooks fishing at intermediate depths.
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Table 1. Catch in number of tunas and billfishes by hook type

Hook type
Species
Total (%) J4 150 15s 160 16s 180 18s

Bigeye tuna 421 (46.0) 117 48 42 63 72 31 48
Yellowfin tuna 326 (35.6) 76 37 41 38 55 29 50
Albacore 111 (12.1) 21 18 18 13 14 11 16
Swordfish 23 (2.5) 3 6 3 3 4 2 2
Skipjack 13 (1.4) 3 2 1 2 3 1 1
Blue marlin 13 (1.4) 0 2 2 4 2 3 0
Stripted marlin 6 (0.7) 0 1 1 1 2 0 1
Shortbill spearfish 3(0.3) 1 0 1 0 0 0 1
Total 916 221 114 109 124 152 77 119

(%) (100.0) (24.1) (124) (119 (13.5) (16.6) (84) (13.0)

Table 2. Summary of bigeye and yellowfin tunas catch and CPUE (number per 1,000 hooks) by bait
type caught on 21 longline sets

Bait type
ASQ CM M SD SQ
(artificial squid)  (chub mackerel)  (jack mackerel) (sardine) (squid)
Number of bigeye tuna caught 6 63 117 116 119
Average CPUE 1.74 4.57 8.48 841 8.62
Number of yellowfin tuna caught 5 69 84 87 81
Average CPUE 1.45 5.00 6.09 630 587

Table 3. Summary of bigeye and yellowfin tunas catch and CPUE (number per 1,000 hooks) by hook
number caught on 21 longline sets

Hook number

1,17 9
’ 2,16 3,15 4,14 5,13 6,12 7,11 8,10
(shallow) (deep)

Number of bigeye
19 31 37 50 70 57 66 56 35
tuna caught

Average CPUE 275 449 536 7.25 10.14 826 957 812 10.14

Number of yellowfin

16 40 33 35 52 34 41 49 26
tuna caught

Average CPUE 232 580 478 5.07 754 493 594 7.10 7.54
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Table 4. Summary of bigeye and yellowfin tunas catch and CPUE (number per 1,000 hooks) by hook
type caught on 21 longline sets

Hook type
J4 150 15s 160 16s 180 18s
Number of bigeye tuna caught 117 48 42 63 72 31 48
Average CPUE 6.78 696 6.09 9.13 1043 449 6.96
Number of yellowfin tuna caught 76 37 41 38 55 29 50
Average CPUE 441 536 594 551 797 420 725

Table 5. Model comparison of a generalized linear model fit to bigeye tuna catch as a function of set
number, hook number, and bait and hook type. Bold indicates the best fitting GLMs.

A Residual  Degrees of

Predictor AIC ) Pseudo-R2
Deviance freedom
Set number 938.95 13.21 355 0.24
Hook number 931.00 21.16 355 0.23
Set number + hook number 919.79 34.37 354 0.19
Set number + poly(hook number,2) 916.05 40.11 353 0.19
Set number + bait 925.65 28.51 354 0.20
Set number + hook type 940.95 13.21 354 0.24
Set number + poly(hook number,2) +
. 917.77 40.39 352 0.18

bait type
Set number + poly(hook number,2) +

917.93 40.23 352 0.18
hook type
Set number + poly(hook number,2) +

919.74 40.42 351 0.18

bait type + hook type
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Table 6. Model comparison of a generalized linear model fit to yellowfin tuna catch as a function of

set number, hook number, and bait and hook type. Bold indicates the best fitting GLMs.

. A Residual  Degrees of
Predictor AlIC ) Pseudo-R2
Deviance freedom
Set number 814.23 52.92 355 0.13
Hook number 857.35 9.8 355 0.19
Set number + hook number 806.43 62.72 354 0.11
Set number + poly(hook number,2) 806.69 64.47 353 0.11
Set number + bait 810.19 58.96 354 0.12
Set number + hook type 810.22 58.93 354 0.12
Set number + poly(hook number,2) +
. 808.66 64.49 352 0.11

bait type
Set number + poly(hook number,2)

801.59 71.57 352 0.09
+ hook type
Set number + poly(hook number,2) +

803.11 72.05 351 0.09

bait type + hook type

Table 7. Predicted CPUE (number per 1,000 hooks) by hook number from a generalized linear model

of bigeye tuna CPUE as a function of set number and hook number (2" order polynomial) and

yellowfin tuna CPUE as a function of set number, hook number (2" order polynomial) and hook type

caught on 21 longline sets

Hook number

1,17 9
2,16 3,15 4,14 5,13 6,12 7,11 8,10
(shallow) (deep)
Predicted bigeye tuna CPUE 1.68 201 253 283 310 3.66 383 350 3.51
Predicted yellowfin tuna CPUE  1.75 2.15 2.26 251 255 293 299 3.00 3.04
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Table 8. Predicted CPUE (number per 1,000 hooks) by hook type from a generalized linear model of
bigeye tuna CPUE as a function of set number and hook number (2™ order polynomial) and yellowfin
tuna CPUE as a function of set number, hook number (2" order polynomial) and hook type caught on

21 longline sets

Hook type
J4 150 15s 160 16s 180 18s
Predicted bigeye tuna CPUE 3.03 2.84 2.83 3.05 3.13 3.00 2.98

Predicted yellowfin tuna CPUE 2.14 2.28 2.58 2.63 3.09 2.95 2.88
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List of Figures

Figure 1. Longline research area in the eastern and central Pacific Ocean from 20
September to 23 October 2006, also showing the location of a previous study
(Kim et al 2007).

Figure 2. Four types of longline hooks deployed on the research longline cruise: one size of
traditional tuna hook (J 4) with a 5° offset and three sizes of circle hooks (C15,

C16, C18) with a 10° offset.

Figure 3. Sequential order of hooks set during the initial fourteen (A type) and last fourteen
(B type) sets on the research longline cruise.

Figure 4. Five types of bait used on the research longline cruise.

Figure. 5. Variation in (a) bigeye and (b) yellowfin tunas catch rate for each hook number and
set number.

Figure. 6. Variation in (a) bigeye and (b) yellowfin tunas catch rate for each hook type and
longline set number.
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Figure 1. Longline research area in the eastern and central Pacific Ocean from 7 to

31 August 2007, also showing the location of a previous study.
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Figure 2. Seven types of longline hooks deployed on the research longline cruise:

one size of traditional tuna hook (J 4) with a 5° offset and three sizes of circle

hooks (C150, C15s, C160, C16s, C180, C18s) with a 10° offset.
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Figure 3. Sequential order of hooks set on the research longline cruise.
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Figure 4. Five bait types used on the research longline cruise.
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Figure. 5. Variation in (a) bigeye and (b) yellowfin tunas catch rate for each hook number and
set number.
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Figure. 6. Variation in (a) bigeye and (b) yellowfin tunas catch rate for each hook type and
longline set number.
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