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Abstract

In the present study, the blue shark catch and effort data from observers’ records of the
Taiwanese large-scale longline fishing vessels operating in the North Pacific Ocean
during the period of 2004-2018 were analyzed. The catch per unit effort (CPUE) of blue
shark, as the number of fish caught per 1,000 hooks, was standardized using delta
lognormal approach. The standardized CPUE of blue shark showed a stable increasing
trend. The results suggested that the blue shark stock in the North Pacific Ocean seems
at the level of optimum utilization. The blue shark by-catch was estimated using the
area-specific nominal CPUE multiplying the fishing effort and accounting for the
coverage rate. Estimated blue shark by-catch in weight ranged from 1 ton in 1973 to
1,247 tons in 2020.

1. Introduction

Blue shark is the major shark by-catch species of Taiwanese large longline fishery.
Since FAO and international environmental groups has concerned on the conservation
of elasmobranchs in recent years, it is necessary to examine the recent trend of sharks
by examining the logbook of tuna fisheries. However, standardization of Taiwanese
catch rate on sharks is not straightforward because the data have been confounded with
many factors, such as target-shifting effects. Therefore, the observer program for the
large longline fishery was conducted to obtain detailed data for more comprehensive
stock assessment and management studies. Recently, the increase of coverage rate of
observations enabled us to get a better estimation of shark by-catch. Thus, the objective
of this study is to update the historical catches and CPUE of blue shark in the North
Pacific based on observers’ records.

A large proportion of zero values is commonly found in by-catch data obtained
from fisheries studies involving counts of abundance or CPUE standardization. The
delta-lognormal modeling, which can account for a large proportion of zero values, is an
appropriate approach to model zero-heavy data (Lo et al., 1992). As sharks are common
by-catch species in the tuna longline fishery, the delta lognormal model (DLN) was also
applied to address these excessive zeros of shark catch for CPUE standardization in this

study.

2. Materials and Methods



2.1 Source of data

The logbook data of Taiwanese large-scale longline fishery from 1971 to 2020,
provided by the Overseas Fisheries Development Council, Taiwan were used in this
study. These logbook data contain basic information on fishing time, area, number of
hooks and catches of 14 species including major tunas, billfishes and sharks. The
species-specific catch data including tunas, billfishes, and sharks from observers’
records in 2004-2020 were used to standardize CPUE of blue shark of Taiwanese
large-scale longline fishery in the North Pacific Ocean. The summary of these data were
shown in Table 1. In addition, the standardized CPUE was applied to back-estimate the
historical blue shark catch of Taiwanese large-scale longline fleets.

Blue sharks caught by Taiwanese large-scale longline fishery were mainly
observed in the equatorial waters (Figure 1). Based on the suggestion of the ISC shark
working group in 2012, the North Pacific Ocean was stratified as 2 areas namely A
(north of 25°N) and B (0°N-25°N). For standardization, CPUE was calculated by set of
operations based on observers' records during the period of 2004-2020.

It should be noted that the fishing effort of the Taiwanese LTLL fleet before 2014
was overestimated because the observers could not observe the whole process of
handling catch. Hence, we adjusted the fishing effort from the observer’s report in this
study. The average operation time was 16 and 14 hours for bigeye and albacore fleets,
respectively. However, the maximum observing time period for the observer is 10 hours.
So, the observed effort (hooks) before 2014 was adjusted by using the reported hooks
divided by the adjusted factor 10/16 and 10/14 for bigeye and albacore fleet,
respectively. The adjusted fishing effort was used to estimate the nominal and
standardized CPUE.

2.2 CPUE standardization

A large proportion of sets with zero catch of blue shark (~50%) were found in
observers’ records. Hence, to address these excessive zeros, the delta lognormal model
(DLN) (Lo et al. 1992) was applied to the standardization of blue shark CPUE. The
DLN is a mixture of two models, one model is used to estimate the proportion of
positive catches and a separate model is to estimate the positive catch rate. The model
was fit using glm function of statistical computing language R (R Development Core
and Team, 2013) to eliminate some biases by change of targeting species, fishing

ground and fishing seasons.



The standardized CPUE series for blue shark was constructed with interaction. The
main variables chosen as input into the DLN analyses were year (Y), quarter (Q), area
(A), latitude (LAT), longitude (LON) and HPB (number of hooks per basket, HPB). The
following additive model was applied to the data in this study:

For the DLN modeling, the catch rates of the positive catch events (sets with

positive blue shark catch) were modeled assuming a lognormal error distribution:

Part 1: Lognormal model
In(CPUE) =p+Y+Q+A+HPB +LON + LAT + Q*A + Q*HPB + A*HPB + &1 (1)

where p is the mean, Q*A, Q*HPB, A*HPB are interaction terms, &1 is a normal
random error term. The effect of gear configuration, HPB, was categorized into two
classes: shallow set (HPB = 15), and deep set (HPB > 15) (Walsh, 2011), and quarter

was categorized into 4 classes: the Ist quarter (Jan-Mar), the 2nd quarter (Apr-Jun), the
3rd quarter (Jul-Sep), and the 4th quarter (Oct-Dec). The area strata used for the
analysis were shown in Figure 2. To estimate the proportion of positive blue shark catch

(PA), we used a model assuming a binomial error distribution (&2):

Part 2: Binomial model
PA=p+Y+Q+A+HPB+LON + LAT + Q*A + Q*HPB + A*HPB + & 2)

To estimate the historical blue shark catch, the area-specific CPUE standardization

was used and the DLN models were as follows:

Part 1: Lognormal model
In(CPUE) =p +Y + Q + HPB + LON + LAT + Q*HPB + &3 3)

Part 2: Binomial model
PA=p +Y+Q+HPB + LON + LAT +Q*HPB + &4 4)

The best model for both Lognormal and Binominal models were selected using the
stepwise AIC method (Venables and Ripley, 2002). For model diagnostics, the Cook's
distance (Cook and Weisberg, 1982) was used to assess the influence of observations
that exert on the model. The distribution of residuals was used to verify the assumption
of the lognormal distribution of the positive catches. These diagnostic plots were used to

evaluate the fitness of the models. In addition, deviance analysis tables for the



proportion of positive observations and for the positive catch rates were also provided.
The final estimate of relative annual abundance index was obtained by the product of

the main annual effect of the Lognormal and Binomial components (Lo et al., 1992):
Standardized CPUE = CPUE*PA 5)

Empirical confidence interval of standardized CPUE was estimated by using a
bootstrap resampling method (Efron and Tibshirani, 1993). The number of bootstrapped
sub-samples was generated based on the sample size of CPUE in each year. The 95%
confidence intervals were then constructed based on bias corrected percentile method
with 10,000 replicates (Efron and Tibshirani, 1993).

2.3 Estimate of historical blue shark catch
Annual blue shark by-catch in number (Cy) from 2004 to 2020 was estimated by

the following equations:

2 Nominal CPUE;,xLogbook ef fort;,

Cy221

(6)

Coverage ratey

C = Z% Standarized CPUE;yxLogbook ef fort;,,

(7

Coverage ratey

nowhere y is year, i = 1 is area A and i = 2 is area B. Coverage rate is the total catch
(bigeye tuna, albacore tuna, yellowfin tuna, and swordfish) in logbook to that in Task 1
(Nominal annual catch). Annual blue shark by-catch in number before 2004 was
back-estimated using the same equation but annual nominal CPUE or area-specific
standardized CPUE was replaced by the mean of nominal CPUE and the mean of
standardized CPUE in the period of 2004-2015 because no observers' records were
available before 2004. As the weight records from observers were inconsistent (often
recorded as processed weight instead of whole weight) and might be biased, the catch in
weight of blue shark was estimated using the multiplication of mean weight (assumed to
be constant) and estimated or back-estimated catch in number. The mean FL of blue
sharks was calculated from observers' data and the mean weight was obtained by
substituting the mean FL into the W-FL relationship as following: W =
5.009x10°FL*%* (Kohin and Wraith, 2010).

3. Results and Discussion



The mean length of blue sharks reported by observers was 212 cm FL (n = 3,281)
and the estimated mean weight was 63.74 kg. The blue shark bycatch data are
characterized by many zero values and a long right tail (Figure 3). Overall, there were
51.69% of sets had zero bycatch of blue sharks (Table 2). The best models for
Lognormal and Binomial models chosen by AIC values were “In(CPUE) =p + Y + Q +
A+ HPB + LON + LAT + Q*HPB + A*HPB (AIC=5,182)" and “PA=p + Y+ Q+ A+
HPB + LON + LAT + Q*A + Q*HPB + A*HPB (AIC= 5,756)”, respectively. The best
models were then used for the later analyses. In addition, the best models for
area-specific CPUE standardization were shown as follows: Area A: “In(CPUE) = p +
Y+ Q + HPB + LON + LAT + Q*HPB (AIC= 2,064)" and “PA=pn + Y+ Q + HPB +
LON + LAT + Q*HPB (AIC= 1,790)”and for Area B: “In(CPUE)=pu + Y + Q + HPB
+ LON + LAT + Q*HPB (AIC= 2,898)" and “PA=p + Y + Q + HPB + LON + LAT +
Q*HPB (AIC= 3,740)”

The standardized CPUE series for the blue shark using the DLN model was shown
in Figures 4. The detail values for nominal and standardized CPUE were listed in Tables
3-4. The standardized CPUE trend contains the combined effects from two models, one
that calculates the probability of a zero observation and the other one that estimates the
count per year.

The nominal CPUE of blue shark showed a strong inter-annual fluctuation.
However, this variability was smoothed in the standardized CPUE series (Figure 4).
This indicated that the standardization process removed certain variability attributes to
the explanatory variables. The standardized CPUE series for blue shark using the DLN
model was shown in Figure 4. The standardized CPUE series contains the combined
effects from two models, one that calculates the probability of a zero observation and
the other one estimates the count per year. In general, the standardized CPUE series of
the blue sharks caught by the Taiwanese LTLL fishery decreased from 2005 to 2009 and
showed a slightly increasing trend thereafter (Figure 4).

The diagnostic results from the DLN model do not indicate severe departure from
model assumptions (Figures 5-9). Additional residual plots for each factor were
provided in Appendix A. The ANOVA tables for each model are given in Appendix B.
Most main effects tested were significant (mostly P < 0.01) and included in the final
model. Furthermore, the diagnostic results for area-specific CPUE standardization could
also be found in Appendix C.

Estimated blue shark bycatch based on nominal CPUE produced higher values than
those estimated through standardized CPUE. The detail values for each method were

showed in Table 5. In this study, the historical blue shark by-catch obtained from



area-specific standardized CPUE were chosen as the input values of stock assessment
models. The results based on this method indicated that the estimated blue shark
by-catch in number ranged from 5 in 1973 to 20,547 in 2002. The blue shark by-catch in
weight of Taiwanese long-scale longline fishery ranged from 1 ton (1973) to 1,315 tons
(2002) in the North Pacific Ocean (Table 5). The estimated catch was relative low
before 1995 and increased to more than 500 MT and fluctuated thereafter and peaked at
1,315 MT, 1,152 MT, and 1186 MT in 2002 2004, and 2015, respectively (Table 5).

The back-estimations of historical blue shark by-catch in this report were based on
the mean of observers’ records and standardized CPUE from 2004-2018. However,
many factors may affect the standardization of CPUE trend. In addition to the temporal
and spatial effects, environmental factors are important which may affect the
representation of standardized CPUE of pelagic fish i.e., swordfish and blue shark in
North Pacific (Bigelow et al., 1999), and big-eye tuna in Indian Ocean (Okamoto et al.,
2001). In this report, environmental effects were not included in the model for
standardization. The results obtained in this study can be improved if longer time series

observers' data are available and environmental factors were included in the model.
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Figure 1. Distribution of nominal CPUE of the blue shark caught by the Taiwanese
large-scale tuna longline fishery from 2004 to 2020.
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Figure 2. Area stratification used for the estimation of blue shark by-catch of the
Taiwanese large-scale longline fishery in the North Pacific Ocean.
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Figure 3. Frequency distribution of the blue shark (number) per set caught by the
Taiwanese large-scale longline fishery from 2004-2020.
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Figure 4. Nominal and standardized CPUE with 95% confidence interval of the blue
shark caught by the Taiwanese large-scale longline fishery from 2004 to 2020.
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Figure 5. Diagnostic results from the lognormal model fit to the Taiwanese large-scale

longline blue shark bycatch data.
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Figure 6. Diagnostic results from the binomial model fit to the Taiwanese large-scale

longline blue shark bycatch data.
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longline blue shark bycatch data.



17

Residuals vs Fitted Scale-Location
g - 45950
=+ — o,
>,
@ 24814
o o = 2 1 e, @802
= L]
s
e e TR OGO G e = w |
E) o -
L __\ 1
S @
4 [ @
= ' o o E -
=
+ ° 5 .
202 : |
. 4814 e
T ]
4585 g -
T T T T T T T T T T T T T T
-3 -2 -1 0 1 2 3 4 -3 -2 -1 0 1 2 3 4
Predicted values Predicted values
Normal Q-Q Residuals vs Leverage
= — = -
= o = 7
z z
c o o = 27 e
@ @
@ @
& o & 7
:;3' = - o
@ (7
T o s0de wm o Cook's distance . ¥
dg120 4814 e
o | -
o - ' @ a7
: oasss 4595 P T
T T T T T T T
4 -2 0 2 4 0.0 0.1 02z 0.3
Theoretical Quantiles Leverage
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Table 1. Summary of observers’ data from the Taiwanese large-scale longline fishery

used in this study.

North Pacific
Year No. of Hooks No. of Sets
2004 392,682 161
2005 213,504 69
2006 923,483 348
2007 578,008 230
2008 574,549 244
2009 533,061 235
2010 489,556 263
2011 491,471 264
2012 557,652 270
2013 589,828 307
2014 387,352 205
2015 603,353 427
2016 692,524 435
2017 611,036 399
2018 612,760 373
2019 560,822 394
2020 216,683 146

Average 531,078 281




19

Table 2. Estimated annual blue shark zero-catch percentage of the Taiwanese large-scale

tuna longline fishery in the North Pacific Ocean.

Year BSH Zero %
2004 82.61
2005 18.84
2006 37.93
2007 59.13
2008 46.72
2009 60.85
2010 51.71
2011 51.52
2012 38.15
2013 38.44
2014 63.41
2015 57.85
2016 48.28
2017 34.09
2018 49.87
2019 40.10
2020 49.32

Average 48.28
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Table 3. Estimated nominal and standardized CPUE values for the blue shark of the

Taiwanese large-scale tuna longline fishery in the North Pacific Ocean.

Year Hook BSH N.CPUE S.CPUE Lower95  Upper95
2004 392,682 49  0.124783  0.147007  0.119786  0.190439
2005 213,504 203  0.950802 0.850155  0.815557  0.942581
2006 923,483 560 0.606400 0.487180  0.442419  0.540237
2007 578,008 218 0.377157 0.308837  0.275284  0.354149
2008 574,550 300 0.522148  0.420067 0.377468  0.476844
2009 533,061 152 0.285146  0.250009  0.222676  0.284361
2010 489,556 443  0.904902 0.590936  0.519201 0.685832
2011 491,471 243  0.494434  0.448900 0.406241  0.502369
2012 557,652 397 0.711914 0.626778  0.573702  0.700734
2013 589,828 476  0.807015 0.666010 0.600482  0.746708
2014 387,352 192 0.495673  0.429208 0.376139  0.500601
2015 603,353 894  1.481720 0.969575  0.826118  1.127442
2016 692,524 755  1.090215 0.736594  0.648297  0.844858
2017 611,036 717  1.173417  0.941099 0.855808  1.036623
2018 612,760 655 1.068934 0.743804 0.652538  0.851038
2019 560,822 629  1.121568 0.891693  0.810999  0.992195
2020 216,683 277 1.278365  0.843811  0.758639  0.960718




Table 4. Nominal and standardized CPUE values of the blue shark by area.

Area A AreaB
Year N.CPUE S.CPUE N.CPUE S.CPUE
2004 0.0077 0.0098 0.3523 0.3013
2005 0.9523 0.8494 0.8945 1.1181
2006 0.5962 0.5009 0.6326 0.5131
2007 0.4815 0.4324 0.1736 0.1692
2008 0.6173 0.5205 0.4563 0.3772
2009 0.4894 0.4281 0.1582 0.1590
2010 - - 0.9049 0.5900
2011 0.5175 0.4907 0.4934 0.4509
2012 0.0438 0.0486 0.8428 0.7384
2013 0.3944 0.3385 1.2619 1.0662
2014 0.5146 0.4522 0.3527 0.3948
2015 2.7198 2.3327 0.9699 0.7293
2016 1.5870 1.1939 0.4683 0.4047
2017 1.3826 1.0565 1.0452 0.9114
2018 1.3454 0.9708 0.7350 0.5783
2019 1.4768 1.2456 1.0608 0.8552

2020 3.0772 2.5283 0.6481 0.5451
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Table 5. Estimated annual blue shark by-catch in number and weight (ton) of the

Taiwanese large-scale longline fishery in the North Pacific Ocean based on nominal

CPUE.

Estimated catch

Year Number (n) Weight (ton)
2001 14,896 953
2002 20,547 1,315
2003 11,762 753
2004 18,006 1,152
2005 13,857 887
2006 13,387 857
2007 12,392 793
2008 10,528 674
2009 7,328 469
2010 10,051 643
2011 14,054 899
2012 10,375 664
2013 8,602 551
2014 10,930 700
2015 18,532 1,186
2016 7,027 430
2017 10,606 367
2018 9,872 402
2019 20,873 1,298
2020 24,368 1,247




Appendix A. Additional residual plots for the Delta-lognormal GLM model.
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Appendix A. Figure 1. Annual residual plots from the lognormal model.
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Appendix A. Figure 2. Plots of the Pearson residuals vs. the covariates for the variables
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Appendix B. Deviance tables for the Delta-lognormal GLM model.

Lognormal model (positive catch):

Df Deviance Resid. Df Resid. Dev F PrGF)
NULL 2466 1524.3
Year 16 259.804 2450 1264.5  34.3583  <2.2e-16 ***
Quarter 3 3.283 2447 1261.2 2.3153 0.07392
Area 1 0.528 2446 1260.7 1.1173 0.2906
HPB 1 11.337 2445 1249.3  23.9879 1.03E-06 ***
LON 1 25.111 2444 1224.2 53.1337 4.19E-13 ***
LAT 1 61.728 2443 1162.5 130.6129  <2.2e-16 ***
Q:HPB 3 2.206 2440 1160.3 1.5559 0.19811
A'HPB 1 7.635 2439 1152.7 16.1555 6.01E-05 ***
Binomial model:

Df Deviance Resid. Df Resid. Dev F Pr(>F)
NULL 4769 6607.0
Year 16 253.21 4753 6353.8 15.8255 <2.2e-16 ***
Quarter 3 17.63 4750 6336.1 5.8769 0.0005241 ***
Area 1 128.95 4749 6207.2 128.9462 <2.2e-16 ***
HPB 1 6.75 4748 6200.4 6.7546 0.0093509 **
LON 1 94.65 4747 6105.8 94.6524 <2.2e-16 ***
LAT 1 338.06 4746 5767.7 338.0559 <2.2e-16 ***
QA 3 13.93 4743 5753.8 4.645 0.002995 **
Q:HPB 3 44.53 4740 5709.3 14.8445 1.16E-09 ***
A'HPB 1 15.71 4739 5693.6 15.71 7.38E-05 ***
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Appendix C. Diagnostic of area-specific standardization modeling.
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Appendix C. Figure 1. Diagnostic results from the lognormal model fit to the Taiwanese

large-scale longline blue shark bycatch data in area A.
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Area A:

Residuals for PA Model
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Appendix C. Figure 2. Diagnostic results from the binomial model fit to the Taiwanese

large-scale longline blue shark bycatch data in area A.
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Figure 3. Residual plots for the lognormal model fit to the large-scale

longline blue shark bycatch data in area A.



Residuals vs Fitted

o -
01208
©g33
-
<
[+
@
w ™
= \b
3
& O — e — L
@
o
N x
%
+ %,
°
BT
T T T T T
5 0 5 10 15
Predicted values
Normal Q-Q
o -
12080
938%
-
=
@
@
R
c
s
o
g o
o
]
n o
<+

Theoretical Quantiles

IStd. Pearson resid|

Std. Pearson resid

05 10 15 20

0.0

30

Scale-Location

<1208
0939

7873
8

-5 0 5 10 15
Predicted values
Residuals vs Leverage
1 ez ‘\k“-__k khk‘*n,_k
< ‘-‘“'*'\-\_k -
1 & TTreeel
kel
=)
— <
o co@ ¢ o
@
- @
-I:;@-“ Cook’s distance S L
- g e . /’_)‘J,,-» B
787 e e
T T T T T T
0.0 0.1 0.2 03 0.4 05
Leverage

Appendix C. Figure 4. Residual plots for the binomial model fit to the large-scale

longline blue shark bycatch data in area A.
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Area B:
Residuals for positive CPUE
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Appendix C. Figure 5. Diagnostic results from the lognormal model fit to the Taiwanese

large-scale longline blue shark bycatch data in area B.
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Area B:
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Appendix C. Figure 6. Diagnostic results from the binomial model fit to the Taiwanese

large-scale longline blue shark bycatch data in area B.
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Appendix C. Figure 7. Residual plots for the lognormal model fit to the large-scale

longline blue shark bycatch data in area B.



Area B:

Residuals vs Fitted

_| o7

Residuals
o]
|

Predicted values

Mormal Q-Q

Std. Pearson resid.
a
|

Theoretical Quantiles

IStd. Pearson resid|

=
w
z
=
o
n
©
@
o
=
w

0.5 1.0 15 20

0.0

Scale-Location

34

21078

-3 -2 1 0 1 2 3
Predicted values
Residuals vs Leverage
<
@
o
’ <1488
.
)
k=
g 1407
------ Cook’s distance
o
T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Leverage

Appendix C. Figure 8. Residual plots for the binomial model fit to the large-scale

longline blue shark bycatch data in area B.



