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This study highlighted the occurrence of a pelagic long line fishery targeting albacore tuna,
yellowfin tuna and bigeye tuna in the high seas of eastern Pacific Ocean. Species
selectivity of the fishing method was assessed. Hook depth, statistics of at-vessel survival
rate grouped by hooks number, length frequency, weight frequency, length weight
relationship, relative condition factor and Fulton’s condition factor were estimated for the
target species. This fishing method proved highly selective for albacore tuna, where
catches accounted for about 85% of catches, while other resources such as yellowfin tuna
amounted to 4.8% and big eye tuna accounted for 9.70%. The results showed that, fish
size increased with deeper depths. Hook No. 8 located at a critical depth indicated that
fork lengths of tuna registered above this depth were significantly smaller than that those
captured below it. Logistic regression model suggested a significant effect of hook depth
on the catch efficiency. The highest density of catch efficiency was located at the depth of
167.57 m. An alternative strategy showed that hooks deployed at the depths ranging from
124 to 211 m will result in a more considerable fishing efficiency. The analyses also
showed that the relative condition factors (Krel) of the three fish species were greater than
(1) implying that they were in good physiological condition at the time of capture.
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ABSTRACT

This study highlighted the occurrence of a pelagic long line fishery targeting albacore tuna,
yellowfin tuna and bigeye tuna in the high seas of eastern Pacific Ocean. Species selectivity of the
fishing method was assessed. Hook depth, statistics of at-vessel survival rate grouped by hooks
number, length frequency, weight frequency, length weight relationship, relative condition factor
and Fulton’s condition factor were estimated for the target species. This fishing method proved
highly selective for albacore tuna, where catches accounted for about 85% of catches, while other
resources such as yellowfin tuna amounted to 4.8% and big eye tuna accounted for 9.70%. The
results showed that, fish size increased with deeper depths. Hook No. 8 located at a critical depth
indicated that fork lengths of tuna registered above this depth were significantly smaller than that
those captured below it. Logistic regression model suggested a significant effect of hook depth on
the catch efficiency. The highest density of catch efficiency was located at the depth of 167.57 m.
An alternative strategy showed that hooks deployed at the depths ranging from 124 to 211 m will
result in a more considerable fishing efficiency. The analyses also showed that the relative
condition factors (Krel) of the three fish species were greater than (1) implying that they were in

good physiological condition at the time of capture.

Keywords: catch efficiency; hooks; hook depth; length weight relationship; relative condition

factors.
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INTRODUCTION

Tuna is a saltwater fish that belongs to the Scombridae family. This family of swimmers (with
records of 80 km/h) has more than a dozen species (Yagishita Yuta 2018). The most important in
the eastern Pacific Ocean are: Albacore Tuna, thunnus alalunga (Bonnaterre 1788); Yellowfin
Tuna, thunnus albacares (Bonnaterre 1788) and Bigeye tuna, Thunnus obesus (Lowe 1839, L Xu

et al. 2008).

The main fisheries of Albacore Tuna (Thunnus alalunga) are in temperate and tropical waters.
It is exploited by Asian long liners and its catch volume is estimated at 68,000 tonnes and is very
slightly overexploited but the biomass of the stock is not affected (Froese et al. 2012, 2016). The
Yellowfin Tuna have sizes between 40 cm and 170 cm (1.2 kg and 100 kg) (Collete B 2011).
Spawning biomass has increased in recent years and the level of fishing mortality in the eastern
Pacific is slightly below the exploitation level at Maximum Sustainable Yield (MSY) (Froese et
al. 2016). Big eye tuna can grow up to 250 centimetre (98 inches) or 8 feet, in length. Maximum
weight of individuals probably exceeds 180 kg, with the all-tackle angling record standing at 178
kg (Arrizabalaga, H. 2008). Its stock exploited in 2015 was 78,000 tons. It is at full exploitation
level with spawning stock biomasses and fishing mortality close to the values associated with

MSY) (Froese et al. 2016).

The weight-length relationship (WLR) and Fulton’s condition factor (K) are two main parameters
used in fishery research and have been closely related since they were first proposed (Froese 2006).
These parameters are essential, since various important biological aspects, namely; general well-

being of fish, appearance of first maturity, onset of spawning, which can be assessed using the
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condition factors deriving from the said relationship (Le Cren ED 1951, Dakua S et al. 2015). Also,
for conversion of growth-in length equations to growth-in-weight, for use in stock assessment
models, estimating biomass from length data, calculating total weight of fish caught from length-
frequency data, determining the relative condition factor of small fish compared to large fish and
for comparing between regional life histories of certain fish species (Wootton 1992, Pauly 1993,
Petrakis and Stergiou, 1995; Goncalves et al. 1996; Binohlan and Pauly 1998; Moutopoulos and
Stergiou 2002, Gh Moradinasab et al. 2012). Although the WLR and K may reflect the growing
conditions of some fish, a study combining the analysis of both indices has been reported. As a
result, consistent trends reflecting the characteristics of Albacore Tuna (Thunnus alalunga);
Yellowfin Tuna (Thunnus albacares) and Bigeye tuna (Thunnus obesus) populations in the high

seas of eastern Pacific Ocean are being worked on.

The depth at which key target species are captured is fundamental to understanding the impacts of
tuna long line fisheries on target species and by catch (Bigelow et al. 2006). The actual fishing
depth that a hook can reach is determined by many factors, such as fishing gear, fishing operations
parameters. The optimal fishing depths for
commercially important pelagic species caught on longlines could be determined in
situ by instruments, such as sonar (Bullis 1955), expendable bathy-thermographs
(Matsumoto et al. 2001), micro-BTs (Okazaki et al. 1997, Mizuno et al. 1999),
depth recorders (Saito 1973, Hanamoto 1974, Nishi 1990), ultrasonic positioning
system (Miyamoto et al. 2006) and temperature-depth recorders (Beverly 2005, Bigelow et al.
2006). The hook depths with gear configuration can also be calculated by catenary geometry
(Yoshihara 1951, 1954). The theory predicting that a line suspended with a vertical load equal over

its entire length will take the form of a catenary absence of corruption factors (Bigelow et al.
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87 2006).To investigate the relationship between the structure of tuna longline gear and fishing
88 methods on gear performance and fishing characteristics, fishing rate, fork length distribution and
89 mortality rate at different depths, as well as the fishing mortality rate, were studied using the survey
90 of tuna longliners from 18 January 2014 to 26 December 2015 in the eastern Pacific Ocean. A
91 statistical analysis was made of the relationship between hook immersion time and fishing rate in
92 order to determine the characteristics of the longline fishery and to provide an important scientific
93 Dbasis for improving the efficiency of fishing and fishing selectivity of fishing gear. The present
94 study also provides a pre-comprehensive analysis of biological parameters (fork length frequency,

95 WLR and K) in catches of tuna sampled by longline.

96 1. MATERIALS AND METHODS

97 1.1. Survey Information

98 This study was carried out using the longliner "xin shi ji 71" with a total length of 56.5m, a width

99 of 8.5m, a depth of 3.65 m, a tonnage of 634 tons and the main engine power is 735kW. During a
100 period from 18 January 2014 to 26 December 2015 in the East Pacific high seas east of Tahiti
101 Island, French Polynesia(14°S; 115°W and 23°S ;124°W)(fig 1). The depth range of the hooks
102 was from 100 m to 330 m. This study involved a total of 622 individuals including 528 specimens
103  of Albacore Tuna, 63 of Bigeye tuna and 31 of Yellowfin Tuna. For each fish, we measured the
104 total fork length (Lt) to the nearest centimetre, determined the total weight (Wt) and the number

105 of each hook.

106  Figure 1. Distribution of deployment locations in survey of tuna longline

107 1.2. Fishing gear structure and fishing operations
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108 The main rope of longline is woven with 8 strands of nylon monofilament and has a diameter of
109 5.4 mm. The structure of the secondary line is an automatic shackle (with a loop) connected to a
110 red polyester cable 4 mm in diameter (PES) of 2 m in diameter by means of a box-type swivel.
111 Connect a 1.3mm diameter nylon monofilament, an S-shaped swivel and a hook with a total length
112 of 26m; the floatation cable consists of 80 braided polyester strands (PES), 5.5 mm in diameter
113 and 25 m in length; the float material is injection molded ABS, with a diameter of 360 mm and a
114 static buoyancy of 24.5 kg. The average speed of the rope during the rope launching process is 9.6
115 Kbn, the average rope speed is 6 m / s and each branch is equipped with 26 branching lines. The
116 length of the main rope between the two lines is 33 m and 3770 hooks are placed each time. The
117  start and end time of the rope is generally from 5:00 to 11:00 for 6 hours; the start and end time of
118 the hook is usually 14:00 to 17:00 the next day, 15 hours. The method of attachment is from the
119 beginning of the rope throw (at the start) and from the end of the rope throw (at the start), and the

120 average speed of the hook is 4.5 Kn.
121 1.3. Estimation of longline fishing

122  The longline fishing between two floating balls is catenary under the influence of the current. The
123 hooks on the symmetrical side of the catenary between two floating balls are numbered from
124  shallow to deep. Assuming that the catenary between two floating bales has the same shape and
125 that the distance between the floating bales is constant during operation, the longline fishing
126 principle proposed by Yoshihara [15] is used to calculate the depth of each hook. And the

127 horizontal distance between the hook and the nearest floating ball.

128 D= hythyt*|\/1 + cot 6% - \/(1 - T])Z + cotGZ](l)

129 H~=

2xj-N-1 H
J 2=xtanf )

*sinh ™ 1"‘(tan@ *—vi1 ) t3 (2)
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130 where Djis the depth of catenary hook (j), hgthe length of branch line,
131 hythe length of float line, L half of stretched length of the main line deployed between

132 two consecutive floats, j the number of the catenary hook between floats (j =1,2,....26)

133 and Nis HBF (hooks between floats) + 1, H is the horizontal distance between successive floats.

134 The angle 6 between the horizontal and tangential line of the main line where

135 the float line was attached (degrees from horizontal) was taken from the relationship:

. H o _ 2 i -1
136 K=, = cotf” * sinh™ “(tanf) 3)

137 Where k is the sag ratio, H is the horizontal distance between successive floats.
138 Because the catenary angle could not be estimated for all TDR monitored sets,
139 30-85° is considered as appropriate angles, which corresponded to sag ratios ranging
140 from 1.04 to 3.57 (Bigelow et al., 2006). Catenary depths were not estimated for sets

141  with sag ratios outside of this range.

142 1.4. relationship between hook depth and fishing efficiency

143  The fishing process of longliners can be regarded as sampling the catch of hooks with different
144  water depths between two floaters and repeating M test, the results of the catch are captured
145  (expressed as "1") and uncaptured (expressed as "0"), which belong to the binomial distribution of
146  0-1 response, so the relationship between hook depth and fishing efficiency is very important. It
147 uses the connection function to express the Logistic regression model of the logit logic function in
148 the two distribution families. The response variable is the fishing efficiency at a certain depth,

149 which is expressed as the cumulative fishing efficiency at the depth of 100 m. For example, the
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150 fishing efficiency at the depth of 100 m is the proportion of the total catch of all the hooks in the

151  depth of 100 m. The probability of successful fishing can be predicted by this model:
. P
152 Logit(P)=In(7=5)=By+By * D (4)

153  Where, P represents the catch efficiency, i.e. the ratio of the number of catches (tails) caught in a
154  certain depth to the total number of catches; D is the hook depth (m);B0 is the intercept; B1 is the

155 regression coefficient of the model, and the significance level is set at 0.05.
156 1.5. Fork length and Weight frequency

157 Fork length frequency was calculated with a 5 cm fork length interval between 80 cm and 115 cm

158  for albacore tuna, 85 cm and 150 cm for yellowfin tuna and 75 cm and 180 cm for bigeye tuna.

159  Weight frequency was calculated with a 3 kg weight interval between 12 kg and 33 kg for albacore

160 tuna, 11kg and 75 kg for yellowfin tuna and between 12 kg and 108 kg for bigeye tuna.

161 The frequency formula is as follows:

162 F;=1*100% (5)

163  Where F; the frequency is for a certain interval, n; is the number of specimens in one fork length
164 interval or weight interval, and N is the total number of specimens in one cruise.

165 1.6. Weight—length relationship

166  The length-weight relationships were estimated using the following equation (Froese, 2006): W
167 =alLt’ (6)
168 Where W is whole-body weight (kg), Lt is the total fork length (cm), is a constant and b is

169 allometric coefficient. This allometric rate varies from 2 to 4, but most often is close to 3 (N’da
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170 etal., 2006; Layachi et al., 2007). The value of the allometric coefficient determines the type of
171 growth: b = 3, the growth is isometric, so the specific density of the fish does not change, b <3,
172 the growth is allometric minor, that is to say that the fish lengthens faster than it grows and b> 3,
173 the allometry is greater, that is to say that the fish grows faster than it lengthens. (Anderson and

174 Neumann 1996, Sparre and Venema 1998).

175  Since the Length-Weight functional relationship (6) is nonlinear the coefficients @ and b cannot
176  be obtained directly, and therefore, it needs to be further transformed into a linear equation by

177 taking logarithms of both sides:
178 Log W=Log a +b Log Lt(7)
179 1.7. Fulton’s condition factor and relative condition factor

180 For each individual, relative condition factor (Krel) and Fulton’s condition factor (K) were

181 calculated by following equations (Le cren 1951, Froese 2006):
W W,
182 Krel—ﬁ(B) K—E 100(9)
183  Where W is the whole body wet weight (g), Lt is the total length (cm), and a and b are the
184 parameters of length-weight relationship.

185 2. RESULTS

186 2.1.  catch characteristics of different hooks

187 The horizontal distance between two adjacent floats in longline fishing is 712 m, and the theoretical
188 calculation depth of the hook ranges from 78 m to 287 M. Two hooks in each basket are
189 theoretically at the same depth, as shown in Figure 2. The estimated depth of hooks for longline

190 fishing can be obtained by modifying the floating rate (Table 1).
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191 Figure 2.Vertical distribution of two float longline hooks

192 Table 1: Estimated depth of each hook of longline

193  During the survey, a total of 622 Albacore Tuna, Bigeye tuna and Yellowfin Tuna were randomly
194 sampled. Amongst different hook position, hook 7 (the median number of hooks) captured the
195 most, up to 100, hook 1 had no registered catch, hook 2 and hook 13 only caught 7 and 5,
196 respectively. The species of albacore tuna (representing 85% of individuals) captured measured
197 83 ~ 120 cm, of the dominant fork length fell in the range 95 ~ 105 cm representing 77.4% of the
198 total. The results showed that there was no significant difference in fork length between hook No.
199 2 and hook No. 13 and other hooks (P > 0.1). There was no significant difference between hook
200 No. 3,4, 5, 6 and 7, and there was no significant difference between hook No. 8,9, 10, 11 and 12.
201 There was a significant difference in species length between the two hooks (P <0.1). The number
202  of species and the distribution of fork length caught by different hooks are shown in Figure 3.
203  Local weighted regression (red solid line) and linear regression (green solid line) were used to fit
204  the relationship between fork length and hook number respectively. The results showed that the
205 fork length of long fin tuna caught by hook 2-7 was almost the same. With the increase of hook
206  depth, the individual size of species increased slightly, and the water layer (192m) of hook 8 was

207 one.

208 Table 2: P value of multiple comparisons (t-test) for the fork length caught by different hooks

209

210 Figure 3. Fork length distribution (blue) and number of individuals (red) caught by different

211 hooks.

212 2.2.  Logistic model of hook depth and catch efficiency
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213 Logistic regression model showed that the effect of hook depth on fishing efficiency was extremely
214  significant (P<0.05, Table 3). The catching efficiency distribution model of the hook depth

215 distribution (the catching efficiency distribution of the hook distribution depth) is as follows:

e~ 8.450699 + 0.050431 * D

216 P= 1+ e—8.450699+O.050431*D(12)

217 Table 3: Estimates of modelled parameters by Logistic regression

218 The model indicates that the fishing probability density of the 167.57 m water depth is the greatest.
219  The depth of longline fishing hooks is more limited and has a number of discrete variables, and it
220 is more efficient to organize it in the upper and lower water bodies of the water layer. If the
221 maximum water catchment depth (167.57 m) is used as a reference, the confidence interval of the
222 hook depth to obtain 80% of the catch is 124 ~ 211 m (figure 4, A and B respectively represent the
223 distribution function map of fishing efficiency and the probability density function map), that is,
224  the hook is arranged in this water depth interval, will have a higher probability of successful

225 fishing.

226  Figure 4. Logistic regression between catch efficiency and hook depth.

227 2.3. Fork length and Weight frequency

228 Fork length frequency

229  The lengths of 95 to 100 cm are dominant in albacore tuna because they represent 55.067% of the
230 total specimens caught, the least dominant or the least capturing ones have lengths lower than 90
231 cm with a representation of 1.721% of the total of the specimens and also lengths greater than 110
232 cm with a representation of 1,912% of the total specimens. The size of albacore tuna ranged from

233 80 to 130 cm (Figure 5). For the yellowfin tuna, the lengths ranging from 105 to 130 cm were
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dominant because they represent 59.26% of the total of the specimens. The size of the yellowfin
tuna ranged from 85 to 150 cm (Figure 6). Finally, for Bigeye tuna, the lengths from 125 to 165
cm were dominant because they represented 60% of the total specimens. The size range of bigeye

tuna varied from 75 to 175 cm (Figure 7).

Figure 5.Albacore tuna length frequency

Figure 6.Yellowfin tuna length frequency

Figure 7. Bigeye tuna length frequency

Weight Frequency

For the albacore tuna, the dominant weight interval was from 15 to 21 kg because they represented
76.0994% of the total specimens. The weight of the albacore tuna ranged from 12 to 33 kg (Figure
8). While the dominant weight interval for yellowfin tuna, 21 to 26 kg and from 36 to 41 kg and
they represented 44% of the total specimens. The weight of the yellowfin tuna ranged from 11
to51 kg (Figure 9). Finally, for Bigeye tuna, the weight from 33 to 51 kg were dominant because
represented 40% of the total specimens. The weight range of bigeye tuna varied from 9 to 93kg

(Figure 10).

Figure 8. Albacore tuna weight frequency

Figure 9.Yellowfin tuna Weight frequency

Figure 10. Bigeye tuna Weight frequency

2.4. Length- Weight relationship

For these three- tuna species, the calculated parameters are summarized in Table 4. The

allometric coefficients of the three species are less than three which means that these species
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grow fast as they grow. There are strong correlations between weights and different sizes

because all values are high. Figures 11, 12, 13 show the linear regression curves for each species.

Table 4: Length-weigh relationship of albacore tuna, yellowfin tuna and bigeye tuna

Figure 11: Relationship between fork length and weight of albacore tuna (Thunnus alalunga).

Figure 12. Relationship between fork length and weight of yellowfin tuna (Thunnus albacares).

Figure 13. Relationship between fork length and weight of bigeye tuna (Thunnus obesus).

2.5. Fulton’s condition factor and relative condition factor

The condition factors (k) for the three species are on average 1.92 + 0.15, 1.41 £0.18 1.74 £ 0.42
respectively for Thunnus alalunga, Thunnus albacares, Thunnus obesus, and relative condition
factors (krel) on average 1.01 + 0.08, 1.34 + 0.31, 1.02 £ 0.2 respectively for these species. The
mean values of K are greater than 1 which means that our specimens were in good condition.
Table 5 summarizes the calculated values of K and Krel for each species and Figures 14 to 16
illustrates the distribution of K values of the three species according to different classes of fork
length. The k values are high in Thunnus alalunga when lengths are between 100 cm and 110
cm. The k values are high in Thunnus alalunga when the lengths are between 100 cm and 110
cm with a value of 1.95, in Thunnus albacares between 85 cm and 90 cm with a value of 1.81

and in Thunnus obesus between 85 cm and 95 cm with a value of 2.43.

According to the distributions of K the Thunnus obesus have higher values. By contrast, on
average Thunnus alalunga has higher k values than the other species and Thunnus albacares has

a higher average Krel value.

Table 5: Mean =+ standard deviation of Condition factor (K) and Relative condition factor (Krel)
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276  Figure 14. Condition factor (K) per fork length (cm) class of albacore tuna (Thunnus alalunga).

277  Figure 15. Condition factor (K) per fork length (cm) class of yellowfin tuna (Thunnus albacares).

278  Figure 16.Condition factor (K) per fork length (cm) class of bigeye tuna (Thunnus obesus).

279 DISCUSSION

280 3.1. Vertical distribution characteristics of individual size of tuna

281 The vertical distribution characteristics of tuna are related to individual size, and the smaller
282 individual fish are distributed in shallower water layers. This phenomenon has been reported in
283 archival marker tracking tests such as albacore tuna (Cosgrove R et al. 2014, 2015, Williams A J
284 et al. 2015), bigeye tuna (Fuller D W et al. 2015, Musyl M K et al. 2003) and yellowfin tuna
285 (Dagorn Let al. 2000; Schaefer K M et al. 2014). According to one view, juvenile tunas cannot
286 fully utilize their own heat preservation mechanism as adults and therefore cannot dive deeper into
287 water ( Dickson K et al. 2000); another point of view is that juvenile tunas have changed in the
288 process of growing dietary habits, adults tend to eat in deeper waters (Gofii N et al. 2008). Longline
289 fishing usually catches adult albacore tuna (representing 85% of our individuals) individuals with
290 a fork length of 90-105c¢m (Harley Set al. 2014), and the fork length of this study ranges from 83-
291 110 cm. The size of the body of the fish increases with the depth of the hook, but the relationship
292 is not very close because of the narrowness of its length (Figure 3, comparison of the length
293  distribution at the fork of the hook 8-13 and hook 1 -7). This may be due to the fact that the hooks
294  in this study are distributed between 60 and 230 m. Fish with smaller body lengths tend to inhabit
295 the surface and are less likely to be caught. For example, satellite archive data labelled by Cosgrove
296 et al. 2014 showed that the average depth of albacore tuna with a fork length of 78 cm was 19 m

297 and that it moved vertically in shallow waters at 50 m, while the tagged release test of Childers et
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298 al.2011 suggested that albacore tuna larvae were distributed in the shallow mixed layer at 50 m
299 most of the time. However, the positive correlation between fish size and habitat depth distribution
300 should be further investigated from the day-night catch capture period and the fishing area, since
301 tuna populations typically a type of "W migration" or "V" large scale vertical migration.
302 Alternating day and night, that is, they mainly live in warm surface waters with a layer of shallow
303 mixture at night. Dive into the colder waters deeper at dawn. This type of behaviour was also
304 significantly different in different waters, such that temperate white tuna showed no behavioural
305 diving during the day (Williams A J et al. 2015). Therefore, future studies should take into account
306 the effects of different fishing areas and catch time on the vertical distribution of individual

307 albacore size.

308 3.2. Hook depth distribution with optimal fishing efficiency

309 The probability of fishing each hook of a longline can simply be expressed as a relationship, i.e.
310 the product of the fishing probability density per unit of time and the depth range of the hook
311 affecting the length of the hook. Fish population and integration is carried out during soaking time.
312 Assuming that each hook affects the fish population (the fish may be attracted to some vertical
313 extent around the depth of the hook) and the soaking time is the same, the probability of fishing
314 for the hook depends on this probability density function. Due to tuna habitat preferences, its
315 distribution is very dense in some depth. According to the logistic statistical model, this study
316 considered the fishing probability density of the 167.57 m water layer to be the greatest. Although
317 the vertical distribution of white tuna is large, if the hook is placed in the water layer with a high
318 probability of fishing object density, the best fishing performance will be obtained. In this study,
319 a fishing efficiency of 80% was chosen as the candidate fishing strategy. Based on the highest

320 catch depth (167.57 m), operating water depth was extended up and down to a fishing rate of 124-
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321 211 m. The most common method for precise hook depth placement is to adjust the shortening
322 ratio, the length of the float cable, the length of the branch line, and the time or distance interval
323 of the cable. For example, if the brackets of this study are more concentrated in the 124-211 m
324 water layer, it is necessary to increase the length of the float cable or bypass line and increase the
325 rate of shortening by reducing the speed of the cable. Although adjusting the depth of the hook is
326 extremely practical, adjusting the hook strategy requires more comprehensive considerations, such
327 as the total length of the line, the hook distribution density, the adequacy of the consistency of the
328 work cycle, etc., any factor. Adjustment can upset the balance of the strategy as a whole. For
329 example, if you reduce the speed of the cable, the density of the hooks will increase in the space,
330 which will cause a strong interference or an interesting overlap between the hooks (when the cable
331 s in a fixed time mode); or a reduction in the total number of hooks, effort and work are not

332 obtained. Effective use (when the string is in fixed distance mode).

333  3.3. length-weight relationship

334 Parameters @ and b of relationship between lengths and weights indicate allometric growth of
335 fishes (Froese 2006). These parameters are influenced by many ecological and individual factors
336 (Perc,in and Akyol 2009). Generally only the values of b are taken into account when interpreting
337 the results from the length-weight relationship (Froese 2006). In this study the parameters of the
338 length-weight relationship showed an allometric regression of 2.7135 for albacore tuna, 2.3275 for
339 yellowfin tuna and 2.4047 for bigeye tuna. The growth was negatively allometric for all species.
340 Mohamed H and Alaa Eldin (2012) , Zhenhua M, and Gang Yu (2016) have similar results
341 according to the studies of L Xu et al (2008). The growth of yellowfin tuna and bigeye tuna was

342 positively allometric.
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343  As the target species, albacore tuna accounted for most of the longline catch, 85% compared to
344  other species such as yellowfin tuna and bigeye tuna, which accounted for only 15% of our
345 specimens. This result indicates that the pelagic longline used in the eastern Pacific to catch

346 albacore is highly selective for this species. (Coll et al. 2010, Macias et al. 2012).

347 Length data for 528 albacore tuna specimens showed that fork lengths ranged from 83 to 128 cm,
348 for yellowfin tuna the 31 specimens showed that fork lengths ranged from 82 to 153 cm and bigeye
349 tuna the 63 specimens showed that fork lengths ranged from 76.6 cm to 180 cm. However, fish in
350 the length class between 95 cm and 100 cm accounted for most of catches (55%) of albacore tuna,
351 between 105 cm and 130 cm accounted for most of catches (59.26%) for yellowfin tuna and

352  between 125 cm and 165 cm accounted for most of catch (59.26%) for bigeye tuna.

353 The K and Krel values were also used as a parameter to estimate the characteristics of fish body
354  structures, such as b values for some fork length. However, the arguments between K, Krel and b
355 have lasted since 1920 (Froese 2006).In this study, the mean value of albacore tuna K is greater
356 than that of other species, indicating that albacore tuna specimens caught had thicker bodies than
357 other fish in the same length range for the two other species (Figures 14 to 16). However, we

358 recognize that empty stomachs can induce a decrease in K values (Perc,in and Akyol 2009).

359 However, fish with high K are not the biggest fish species. It can be noted that K value of the
360 albacore tuna, with fork length between 83 and 90 cm is 2.2, while the K is 1.81 for the yellowfin
361 tuna between 85 and 90 cm and 2.3 for the bigeye tuna of the length between 75 and 95 cm. These
362 results may indicate that increasing environmental sensitivity to larger / older and premature fish
363 (Stenseth et al., 2002) may result in a decrease in their K values. During our study, we found that
364 K values showed an increasing trend for tuna less than 100 cm. However, K values decreased when

365 lengths greater than 120 cm in albacore tuna, 140 cm in yellowfin tuna and 145 cm in bigeye tuna.
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366 This allows us to suggest the division of the population structure of the three species into two
367 stages (growth stage and old stage), this will help to study the sensitivity to environmental
368 conditions for older fish (Shaofei J et al. 2015). We suggest that b values should primarily be used
369 to evaluate growth rates because of their high growth rate at growth stage, whereas K values should

370 be used to assess the sensitivity of fish to environmental factors or health conditions.

371 The presence of few fish with lengths greater than 110 cm in albacore’s tuna, 135 cm in yellowfin
372 tuna and 145 cm in bigeye tuna in our specimens. This may indicate a case of growth overfishing,
373  or confirm a size-based vertical distribution so that larger size groups live at deep water layer out

374 of reach for the fishing depth in the present study.

375 CONCLUSION

376  This article provides information on relationship between the depth distribution of the hook and
377 the length distribution, the survival rate of the hooks of each group of hook and fork lengths using
378 the logistic regression model, the relationship between the depth fishing and the effectiveness of
379 fishing has been analyzed statistically. On parameter values from the length-weight, relative
380 condition factor and Fulton condition factor of catches of albacore tuna (Thunnus alalunga) and
381 yellowfin tuna (Thunnus albacares) on the high seas Eastern Pacific. There is a weak positive
382 correlation between the size of the body of the fish and the depth of the hook. The 192 m (the layer
383 of water where the hook is) is the critical layer of water. The shallow layer of species has a length
384 well below the depth of the water layer. The deeper the capturing water layer, the higher the
385 survival rate of the transported fish. In addition, the effect of hook depth on fishing efficiency is
386 extremely important. The fishing probability density of the 167.57 m layer of water is the largest.
387 Depending on the depth of the water, 80% of the catches are caught between 124 and 211 m deep.

388 It can be said that the three fish in this study showed a negative allometric growth pattern indicated
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389 by the growth coefficient (b <3). The three fish species were in a good state indicated by the

390 calculated condition factor (K> 1).
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472 TABLES

473 Table 1: Estimated depth of each hook of longline

Hook
number

Estimat
ed 63. [ 84. | 10 | 124. | 14 | 16 | 17 | 19 | 20 | 21 | 22 | 22 | 23
depth( 2 2 153 7 3411217412049 (5513692125

m)

474

475 Table 2: P value of multiple comparisons (t-test) for the fork length caught by different hooks

Hook 2 3 4 5 6 7 8 9 10 | 11 | 12
number
3 0.446
4 | 0494 O'f7
098 | 0.81
5 0394 | )
6 0269 | 0-68 | 050 1 559
9 5
7 0274 0'57 1 0'§ o618 | 0.940
8 0.701 0'36 0.;)5 0.008 | 0.001 <01'00
9 0.788 0'89 0'?9 0.021 | 0.004 | 0.002 0'381
0.00 | 0.00 | <0.00 | <0.00 | <0.00 | 0.19 | 0.14
100201 | 7 5 , , , 5 5
0.10 | 0.10 0.79 | 0.67 | 0.48
11 0.616 | , | 0048 | 0020 | 0.017 | 7 N 9
0.09 | 0.09 073 | 0.62 | 0.54 | 0.94
1210581 |7, 5 | 0043 | 0018 | 0016 | ] ; ;
0.15 | 0.17 057 | 051 | 0.99 | 0.69 | 0.73
13 0478 | 7 57 0132|0089 | 0.090 | - . ; |

476

477 Table 3: Estimates of modeled parameters by Logistic regression
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Coefficients Estimate Stapdgrd Z- statistics P
deviation
Lo —-8.450699 0.200235 -42.20 <0.001
I 0.050431 0.001131 44.61 <0.001

478

479 Table 4: Length-weigh relationship of albacore tuna, yellowfin tuna and bigeye tuna

species equation a b R? allometric

albacore tuna

Wt= 7.109E-05Lt>71%

(thunnus 0.7494

alalunga) 7.109E-05 2.7135 Minor

yellowfin

2.3275

tuna(thunnus Wt= 0.000458Lt 0.7378

albacares) 0.000458 2.3275 Minor

bigeye tuna
Wt =0.0003063Lt >

(Thunnus 0.8495

obesus) 0.0003063 2.4047 Minor

480

481 Table 5: Mean =+ standard deviation of Condition factor (K) and Relative condition factor (Krel)

Size Range of
species Weight range (kg) | range(cm) Range of K | Krel Mean+ SD K | Mean + SD Krel
albacore tuna
(thunnus
alalunga) 12-33 83-128 1.38-2.74 |0.78-1.41 1.92 £ 0.15 1.01 £0.08
yellowfin
tuna(thunnus
albacares) 11-61 82-153 1.17-1.84 0.81-1.89 1.41+0.18 1.34+0.31
bigeye tuna 9-93 76.6 - 180 1.04-3.58 |0.65-1.67 |1.74+0.42 1.02+0.2
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(Thunnus

obesus)

482

483 Figure Captions

484  Figure 1. Distribution of deployment locations in survey of tuna longline

485 Figure 2.Vertical distribution of two float longline hooks

486  Figure 3.Fork length distribution (blue) and number of individuals (red) caught by different hooks.

487 Figure 4.Logistic regression between catch efficiency and hook depth.

488 Figure 5.Albacore tuna length frequency

489  Figure 6.Yellowfin tuna length frequency

490 Figure 7.Bigeye tuna length frequency

491 Figure 8.Albacore tuna weight frequency

492  Figure 9.Yellowfin tuna Weight frequency

493  Figure 10.Bigeye tuna Weight frequency

494  Figure 11.Relationship between fork length and weight of albacore tuna (thunnus alalunga)

495 Figure 12. Relationship between fork length and weight of yellowfin tuna (thunnus albacares)

496 Figure 13. Relationship between fork length and weight of bigeye tuna (Thunnus obesus)

497
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498

499

500

501

502

503

Figure 14. Condition factor (K) per fork length (cm) class ofalbacore tuna (thunnus alalunga).

Figure 15. Condition factor (K) per fork length (cm) class of yellowfin tuna (thunnus albacares).

Figure 16. Condition factor (K) per fork length (cm) class of bigeye tuna (Thunnus obesus).
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Figure 1

Fig 1. Distribution of deployment locations in survey of tuna longline
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Figure 2

Fig 2. Vertical distribution of two float longline hooks
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Figure 3

Fig 3. Fork length distribution (blue) and number of individuals (red) caught by different
hooks.
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Figure 4

Fig 4. Logistic regression between catch efficiency and hook depth.
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Figure 5

Fig 5. Albacore tuna length frequency
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Figure 6

Fig 8. Albacore tuna weight frequency
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Figure 7

Fig 7. Bigeye tuna length frequency
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Figure 8

Fig 6. Yellowfin tuna length frequency
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Figure 9

Fig 9. Yellowfin tuna Weight frequency
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Figure 10

Fig 10. Bigeye tuna Weight frequency
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Figure 11

Fig 14. Condition factor (K) per fork length (cm) class of albacore tuna (thunnus
alalunga).
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Figure 12

Fig 15. Condition factor (K) per fork length (cm) class of yellowfin tuna (thunnus
albacares).
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Figure 13

Fig 16. Condition factor (K) per fork length (cm) class of bigeye tuna (Thunnus obesus).
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Table 1(on next page)
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1 TABLES

2 Table 1: Estimated depth of each hook of longline

Hook 1 2 | 3 4 s e | 7189|1011 ]| 12]13
number
Estimate

105. 143. | 161. | 177. | 192. | 204. | 215. | 223. | 229. | 232.

d 632 842 | > 247 | O T e s e
depth(m)

4 Table 2: P value of multiple comparisons (t-test) for the fork length caught by different hooks

ook 2 3 4 5 6 7 8 o | 10 | 11 | 12
3 0.446
4 0.494 | 0.871
5 0.394 | 0.983 | 0.818
6 0.269 | 0.689 | 0.505 | 0.599
7 0.274 | 0.715 | 0.518 | 0.618 0.940
8 0.701 | 0.063 | 0.052 | 0.008 0.001 | <0.001
9 0.788 | 0.099 | 0.091 | 0.021 0.004 0.002 | 0.813
10 0.291 | 0.008 | 0.005 | <0.001 | <0.001 | <0.001 | 0.195 | 0.148
11 0.616 | 0.100 | 0.102 | 0.048 0.020 0.017 | 0.791 | 0.679 | 0.489
12 0.581 | 0.090 | 0.092 | 0.043 0.018 0.016 | 0.730 | 0.624 | 0.547 | 0.945
13 0.478 | 0.159 | 0.173 | 0.132 0.089 0.090 | 0.571 | 0.517 | 0.994 | 0.697 | 0.731
5
6 Table 3: Estimates of modeled parameters by Logistic regression
Coefficients | Estimate Stapdgrd Z- statistics P
deviation
Bo —8.450699 0.200235 -42.20 <0.001
b 0.050431 0.001131 44.61 <0.001

8

Table 4: Length-weigh relationship of albacore tuna, yellowfin tuna and bigeye tuna

species

equation

RZ

allometric
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albacore tuna
Log W= -4.1482 +

(thunnus 0.7494
2.7135Log L
alalunga) 7.109E-05| 2.7135 Minor
yellowfin
tuna(thunnus  [Log W= -3.3391 + 0.7378
albacares) 2.3275Log L 0.000458 | 2.3275 Minor
bigeye tuna
Log W= -3.5139 +
(Thunnus 0.8495
2.4047Log L
obesus) 0.0003063 2.4047 Minor

10 Table 5: Mean + standard deviation of Condition factor (K) and Relative condition factor (Krel)

Weight range Size Range of |Range of |[Mean=+SD |Mean+SD
species (kg) range(cm) (K Krel K Krel
albacore tuna
(thunnus
alalunga) 12-33 83-128 1.38-2.740.78-1.41 [1.92+0.15 |1.01 £0.08
yellowfin
tuna(thunnus
albacares) 11-61 82-153 1.17-1.84 |0.81-1.89 [1.41+0.18 |1.34+0.31
bigeye tuna
(Thunnus
obesus) 9-93 76.6 - 180 [1.04-3.58(0.65-1.67|1.74+042 [1.02+0.2
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Figure 14

Figure 11.Relationship between fork length and weight of albacore tuna (thunnus
alalunga

Figure 11.Relationship between fork length and weight of albacore tuna (thunnus alalunga)
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Figure 15

Figure 12. Relationship between fork length and weight of yellowfin tuna (thunnus
albacares)
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Figure 16

Figure 13. Relationship between fork length and weight of bigeye tuna (Thunnus
obesus)
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