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STANDARDIZED CPUE OF MAJOR SHARK SPECIES CAUGHT BY THE
PORTUGUESE LONGLINE FISHERY IN THE INDIAN OCEAN

Rui Coelhd? Pedro G. Linb& Miguel N. Santo

SUMMARY

Portuguese longliners targeting swordfish and dpeyan the Indian
Ocean regularly capture elasmobranch fishes aatoyrcOf those, the
blue shark Prionace glauca) and the shortfin makddurus oxyrinchus)
constitute the two main shark species capturededent effort by
IPIMAR has been recovering historical catch dataetasmobranchs
captured since the late 1990’s to the present dais.paper reports the
CPUE trends of those two major shark species duhagtime period.
Nominal CPUEs for each species were calculatedygsek 1000 hooks
deployed. Data from Vessel Monitoring Data (VMS)amailable and
processed between 2006 and 2010, and for those freaCPUES were
standardized with Generalized Linear Models (GLMmsing year,
month (categorized by quarter), location and vesselexplanatory
variables. Model validation was carried out witlresidual analysis.
The results presented in this paper provide tte fireliminary trends
on elasmobranch catch rates available from theuBoese longline
fishery operating in the Indian Ocean.
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1. Introduction

Fisheries management is usually based on stocksaesat models that require data on
the abundance of the species under assessmentrfH8bWalters 1992). Ideally, data
for such models should be fishery-independent withndomized experimental design.
However, when assessing pelagic and migratory epebat cover wide geographical
areas (e.g. tunas, billfishes and pelagic shafishleries-independent sampling designs
would generally be too costly and difficult (evenpossible) to implement. Therefore,
most stock assessments currently carried out flagmespecies are based on fishery-
dependant data, available from the commercial fishehat interact with those species.

The data usually gathered from the commercial fisseand analyzed is the Catch per
Unit of Effort (CPUE, either in number or biomasaid it is important to standardize
those CPUESs to account for effects (consequentieedishery-dependence) other than
the annual effects that are being analyzed. Bydstalizing the CPUES, the effects of
the covariates considered are removed from the an@FPUE values, and those
standardized CPUEs can then be used as annuakmdéabundance.

The objective of this study is to present prelimyn@PUE indexes for the two main by-
catch shark species (BSHPrionace glauca and SMA -Isurus oxyrinchus) captured by
the Portuguese pelagic longline fishery targetingrdfish in the Indian Ocean.

2. Material and methods
2.1. Data collection

Data for this study refers to the official fisheristatistics collected by the Portuguese
Fisheries authorities. The catch data in the pagfers to the total weight per species
captured per fishing set. In a recent effort by Rloetuguese Marine Research Institute
(IPIMAR), this historical catch data from the Portuguesgliners targeting swordfish
in the Indian Ocean started to be compiled andyaedl The current database
comprises information from 10,242 fishing sets iearrout between 1998 and 2010.
Information on effort (humber of hooks used pen setavailable for 8,085 of those
fishing sets carried out between 1999 and 20Eble 1).

General location (FAO major fishing areas: 47, 650 is available for the entire time
series, while starting in 2005 more detailed infation (on the FAO Subarea) started to
be collected. The Vessel Monitoring System (VMS)ykwaplemented on these vessels
during the 2000’s, although these data is currebiyng filtered, processed and
analyzed. The location data between 2006 and 2@1@lready integrated in the
database, while the information from the previoaary is still being processed and not
yet available. Therefore, this study presents naim@PUE information between 1999
and 2010, while the preliminary standardized CPWEre only estimated and analyzed
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between 2006 and 2010 (using VMS data integratéll tive available catch and effort
data) Tablel).

Table 1: Number of fishing sets with catch, effort anddbon (VMS) information
carried out by the Portuguese longline fleet inltitdan Ocean. The percentage of sets
per year analyzed for this paper is indicated. Mfens to those years for which VMS
information is not yet processed and thereforeuset for the analysis.

Setswith catch  Setswith effort Setswith VMS % used for

Year information information information analysis
1998 113 0 NA NA
1999 247 195 NA NA
2000 327 324 NA NA
2001 701 443 NA NA
2002 877 578 NA NA
2003 866 525 NA NA
2004 756 495 NA NA
2005 896 652 NA NA
2006 2221 1886 1559 70.2
2007 1723 1479 1300 75.4
2008 360 360 242 67.2
2009 525 525 381 72.6
2010 630 623 522 82.9

2.2. Data analysis

The response variable considered for this study @atsh per Unit of Effort (CPUE),
measured as biomass of live fish (kg) per 1,00kbaleployed.

The standardized CPUEs were estimated with GemedhlLinear Models (GLMs)
using the Delta method approach. This approachclvasen because pelagic sharks are
captured as by-catch in this fishery, and theretfageefore some sets with zero catches
in the database, particularly for SMA. With the @aeethod approach two separate
models are estimated. The first model assumesaatah error distribution with a logit
link function that is used to model the proportminfishing sets with positive catches.
For this model, the binomial response variable w@ded with 1 = set with positive
catches for the species of interest and O = sdt wnatro catches for the species of
interest. The second model uses the nominal CPUlkeqgbositive sets for the species of
interest as the response variable, and assumeshibse positive catches follow a
normal error distribution after a log-transformatio
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The initial covariates considered for the modelsane

* Year (analyzed between 2006 and 2010);

» Vessel (categorical variable corresponding to ifferént vessels);

* Quarter of the year (4 categories: 1 = January &wchl 2 = April to June, 3 =
July to September, 4 = October to December);

e Latitude (4 categories divided by the quartiles);

* Longitude (4 categories divided by the quatrtiles).

Significance of the explanatory variables was asxkswith likelihood ratio tests
comparing each univariate model to the null modehsgidering a significance level of
5%), and by analyzing the deviance explained by eawvariate. Goodness of fit and
model validation was carried out with a residualgsis.

The final standardized CPUEs were estimated byt lEgfisare means (LSMeans). The
final expected CPUE was calculated as the yeadpatility of having a positive set
multiplied by the expected catch rate conditionahie set being positive.

All statistical analysis for this paper was carrmat with the R Project for Statistical
Computing version 2.13.0 (R Development Core Te@di}

3. Results and Discussion
3.1. Description of the catch and effort

The total effort (in number of sets and hooks dggdh) of the Portuguese longline fleet
in the Indian Ocean remained relatively constamivben 1999 and 2004, followed by
an increase during 2006-2007. For the more recegutsyof 2008 to 2010 the effort was
again similar to the initial years of the early Q@0(Figure 1). The total BSH and SMA
catches also tended to increase initially, witheakpduring 2006-2007, followed by a
sharp decrease in 2008. During recent years, &tsiigrease has been observed.
Through the entire period the catch variations agzanied the effort trendr{gure 1).
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Figure 1. Descriptive plots of the total effort in sets (A)d hooks (B), and the total
catch of blue shark (C) and shortfin mako (D) (ietric tons - MT) for the Portuguese
longline fleet operating in the Indian Ocean.

3.2. CPUE analysisfor blue shark

The percentage of fishing sets with zero catche®&H in the dataset was 4.0%. The
nominal BSH CPUE data was asymmetrical and skewetid right, but after a log-
transformation the data becomes more symmetrichbal shaped, closer to a normal
distribution Eigure 2). Therefore, using a Gaussian distribution for elimdy the log-
transformed blue shark CPUE data seems to be anasle procedure for CPUE

standardization.
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Figure 2: Distribution of the nominal blue shark CPUE, ahd log-transformed blue
shark CPUE conditional to the set being positive.

The explanatory variables tested for the BSH atiticbuted significantly for explaining
part of the deviance, and therefore the model weasl the complete simple effects
model (Table 2). The covariate that contributed more for explagnipart of the
deviance was the vessel effect, followed by quastethe year. The other covariates
contributed less, but were also significant. As endMS data becomes available in the
near future, we expect to add additional yearkécanalysis and also include significant
first order interactions in the models.

In terms of residual analysis, the Pearson ressdse¢med to be randomly distributed
along the predicted values and without any notileetiends in terms of increasing or
decreasing variance. The QQ plot showed a very ddodf the residuals to the

expected normal values, and the histogram of tls&rilolition of the residuals also
followed a bell shaped normal distributioRidure 3). Some potential outliers were
identified, but given the preliminary nature of sbkemodels those outliers were not
excluded from the final models.
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Table 2: Deviance of the parameters used for the blue&kshadels. For each parameter
it is indicated the degrees of freedom (Df), dew@arexplained (absolute value and
percentage), residual deviance left after inconmgaeach parameter, total cumulative
deviance explained by the model (in %), and sigaifce of each parameter.

Model for positive catch rate values

Parameter Df Deviance Re_sid. % % t_otal P-\_/zalue
deviance deviance deviance (Chi test)
Null 1 4079.7
Year 4 115.13 3964.6 2.82 2.82 <0.001
Vessel 13 870.87 3093.7 21.35 24.17 <0.001
Quarter 3 399.15 26946 9.78 33.95 <0.001
Latitude 3 155.01 25395 3.80 37.75 <0.001
Longitude 3 90.96 2448.6 2.23 39.98 < 0.001
Model for proportion of positive catches
Parameter Df Deviance Resid. % % total P-\éalue
deviance deviance deviance (Chi test)
Null 1 1337.5
Year 4 13.743 1323.8 1.03 1.03 0.008
Vessel 13 109.831 12139 821 9.24 <0.001
Quarter 3 29.523 11844 2.21 11.45 <0.001
Latitude 3 8.3568 1176.1 0.62 12.07 0.039
Longitude 3 34937 11411 261 14.68 < 0.001
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Figure 3: Residual analysis of the final simple effect miodeed for the blue shark
CPUE standardization. Left graphic represents tbargen residual along the fitted
values; the middle graphic represents the QQPlud; &he graphic on the right side
represents the histogram of the frequency disiobutf the Pearson residuals.



I0OTC-2011-WPEBO7-36 8

The nominal CPUEs of the BSH catches between 18892810 Figure 4) showed
some significant variability along the years andemeral decreasing trend. The years
with the highest nominal CPUEs were 2000, 200120@b. For the standardized series
analyzed (between 2006 and 2010), no apparenthyfisignt trends are noticeable with
the standardized CPUEs remaining relatively stdidaveen those year3 dble 3,
Figure 4). It should be noted that the time series of stasided CPUEs analyzed is
still very short (5 years), and should thereforedgarded as a preliminary analysis.

Table 3: Nominal CPUEs and relative index of abundance1@®@0 hooks) for blue

sharks captured by the Portuguese pelagic lon§Bhery in the Indian Ocean. For the
standardized CPUEs it is indicated the standaar ¢8E), the Coefficient of Variation

(CV in %), and the upper and lower limits of thé&®&onfidence Intervals (Cl).

Nominal o Lower Upper
Year CPUE Index CV (%) SE 95% Cl  95% CI

1999 955.0
2000 1349.4
2001 1379.7
2002 965.5
2003 994.3
2004 1024.5
2005 1429.2

2006 622.8 567.8 3.2 18.5 531.6 604.0
2007 742.4 790.7 6.3 53.2 686.5 894.9
2008 977.8 5229 7.0 34.0 456.3 589.6
2009 619.1 721.8 5.9 41.8 639.8 803.8
2010 721.7 606.7 3.4 20.5 566.5 646.8
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Figure 4. Plot of the annual relative index of abundanaetlie blue shark captured by
the Portuguese pelagic longline fishery in the dndDcean. Blue-diamond markers
represent nominal CPUESs and the solid red linessagnts the standardized CPUEs.
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3.3. CPUE analysisfor the shortfin mako shark

For the shortfin mako the percentage of fishing sath zero catches was much higher
than for the blue shark, specifically 36.7%. Thenmal SMA CPUE distribution was
also skewed to the right, with a peak of initiat@ealues Figure 5). With a log-
transformation of the positive sets the data besomere symmetrical and bell shaped,
closer to what is expected by a normal distributieigur e 5). Therefore, and like in the
procedure also carried out for the blue shark,guaiGaussian distribution for modeling
the log-transformed shortfin mako CPUEs also seamsasonable procedure for this
species.
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Figure 5: Distribution of nominal CPUEs and log-transform@BUESs (conditional to
the positive fishing sets) for shortfin mako capturin the Indian Ocean by the
Portuguese longline fleet.

All the explanatory variables tested for the SMAibuted significantly for explaining
part of the deviance, and therefore the models wssé the complete simple effects
model [Table 4). The factor that contributed mostly for explanpithe deviance was the
vessel effect, followed by year, longitude andtlate. Quarter of the year seemed to be
the variable contributing less for the models. wise, as more VMS data becomes
available we expect to add additional years tcathedysis.
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Table 4: Deviance of the parameters used for the shortfako models. For each
parameter it is indicated the degrees of freedoi), (@eviance explained (absolute
value and percentage), residual deviance left afimrporating each parameter, total
cumulative deviance explained by the model (in &y significance of each parameter.

Model for positive catch rate values

Parameter Df Deviance Rgsid. % % 'gotal P-\éalue
deviance deviance deviance (Chi test)
Null 1 1731 0 0
Year 4 31.1 1700 1.80 1.80 < 0.001
Vessel 13 225.7 1474 13.04 14.84 < 0.001
Quarter 3 9.0 1465 0.52 15.36 0.001
Latitude 3 14.1 1451 0.81 16.17 < 0.001
Longitude 3 16.6 1435 0.96 17.13 < 0.001
Model for proportion of positive catches
Parameter Df Deviance Re_sid. % % FOtal P-\_/alue
deviance deviance deviance (Chi®test)
Null 1 5251 0
Year 4 71.0 5180 1.35 1.35 < 0.001
Vessel 13 968.1 4212 18.44 19.79 < 0.001
Quarter 3 9.2 4203 0.18 19.96 0.026
Latitude 3 26.9 4176 0.51 20.48 < 0.001
Longitude 3 36.5 4139 0.69 21.17 <0.001

In terms of model validation, the Pearson residsalmed randomly distributed along
the predicted values and without any noticeabledsein terms of increasing or
decreasing variance. The QQ plot showed a very ddodf the residuals to the
expected normal values. Finally, the histogramhaf tesiduals also followed a bell
shaped normal distributionFigure 6). Some potential outliers were identified
(particularly two that were easily identified withe Persons residuals), but given the
preliminary nature of these models they were notoneed.

The nominal CPUEs of SMA catches between 1999 &i@ Figure 7) showed some
significant variability along the years. The stamtized CPUEs analyzed between 2006
and 2010 also showed some variabilityalfle 5, Figure 7). Like for the blue shark
analysis, it should be noted that the time seriegamdardized CPUEs analyzed for the
shortfin mako is still very short, and should tHere also be regarded as preliminary.
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Figure 6: Residual analysis of the final model used for #ertfin mako CPUE

standardization. Left graphic represents the Peaiessiduals along the fitted values; the
middle graphic represents the QQPlot; and, thetrgtde graphic represents the
histogram of the frequency distribution of the Rearresiduals.

Table 5: Nominal CPUEs and relative index of abundancél®@0 hooks) for shortfin
mako captured by the Portuguese pelagic longlsteefly in the Indian Ocean. For the
standardized CPUEs it is indicated the standaar ¢8E), the Coefficient of Variation
(CV in %), and the upper and lower limits of thé&®&onfidence Intervals (Cl)..

ver "COUE  ndex  CVOS  SE g gsicy
1999 169.5
2000 135.6
2001 106.4
2002 56.7
2003 133.3
2004 23.1
2005 72.5
2006 109.0 115.9 5.1 4.6 106.8 125.0
2007 97.4 129.6 7.5 8.6 112.7 146.6
2008 78.9 117.2 7.7 10.7 96.3 138.2
2009 68.3 167.7 7.6 11.5 145.2 190.2
2010 126.8 106.8 4.3 6.1 94.7 118.8
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Figure 7: Plot of the annual relative index of abundancedioortfin mako from the
Portuguese pelagic longline fishery in the Indiace&n. Blue-diamond markers
represent the nominal CPUE, and the solid redripeesents the standardized CPUEs.

3.4. Final considerations

Using GLMs with the Delta method approach is a camiynused procedure to analyze
fisheries data with zeros in the response variabid,has been previously applied to the
blue and mako sharks (e.g. Cortés 2009; Mejutd.20©9). With the Delta method
approach, two separate models are estimated. Tdteniodel represents the expected
probabilities of capturing at least one specimenngueach set. The second model
estimates the expected mean catch rate conditioriaé fact of having captured at least
one specimen in the set. In this particular studg, assumed that the first model
followed a binomial distribution (binary responsariable with a logit link function),
while in the second model the log-transformed catths (of the positive sets) were
assumed to follow a normal distribution.

Other alternatives for dealing with zeros in thepense variable are available to
standardize CPUEs. An extensive revision on availabethodologies for CPUE
standardization was carried out by Maunder & P@004). The Delta method has the
particularity that it can be used when the respmasiable is continuous but has a mass
of zeros, such as the case of our study where BIgES were calculated as biomass
(kg) per effort (1000 hooks). Maunder & Punt (20@30 mentioned other possible
approaches such as the Zero-Inflated Poisson (Zi) the Zero-Inflated Negative
Binomial (ZINB), but those models can only be usdtien the response variable is
discrete (e.g. count data). In such cases thetefbald be used as an offset variable to
the model.
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The models and CPUEs standardizations presenttdsirstudy should be regarded as
preliminary, as this collection of historical dagastill being carried out byPIMAR.
The historical VMS data from the yearly 2000’s il being analyzed, and as the data
becomes filtered and processed to be incorporatéiei catch and effort databases we
expect to present more complete models that incthdecomplete time series for all
years.

In terms of modeling, the Delta method and modéigsen seem adequate for this
analysis as verified by the residual analysis. Hexefuture work will explore other
alternatives for modeling continuous response b@gmwith a mass of zeros, such as
tweedie models (e.g. Candy 2004; Shono 2008). Axtditly, we also expect to explore
alternative modeling options that can account lier lack of independence between the
samples, such as mixed models or generalized d&gimeqguations.
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