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SUMMARY

In tunaRFMOs there has been an effort to move to quantitative stock
assessments for pelagic sharks, especfalifhe main speciesuch as
blue sharkPrionaceglauca In IOTC, blue shark was last assessed in
2017 with the use of amtegratedlengthbasedagestructured model
(SS3).Thispapernowpresentsa preliminaryexercisewith datalimited
Management Strategy Evaluation (MSE) to test options for different
potertial management procedures (MPs3ing the datdimited methods
toolkit (DLMtool). Reference points havetyet been adopted for sharks

in IOTC,sofor thisexercise wset soméentative referencpoints noting

that those can be updatedthe futureas neededeighty-nine MPs were
evaluatedwith 9 considered potentially acceptabl®ptions andrade-

offs between those MPs askown andlescribedn the paperWe have
focused mainlyn tradeoffs between biomass and yield, but according
to the managenmt objectives agreed other performance metrics can be
applied Even thought this is a preliminary exercise at this point, we hope
that it provides initial thoughts and opens the discussion for the
advancement of the blue shark management and conservatithe i
Indian Ocean.
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1. Introduction

Blue shark Prionace glaucais one of the pelagic shark species most frequently
caught as bycatch of pelagic fisheries all over the world, sometimes as targeted species.
It is considered one of the main shark species inRFOs worldwide. In the Atlantic
and Indiam Oceans, from the previously conducted ERAs, blue shark received a high
vulnerability ranking as it was estimated as one of the most productive shark species, but
was alsaharacterized by a high susceptibility to longline gear (Cortés et al., 2015; Murua
et al., 2012), while in the Pacific it was found to be one of the most vulnerable species to
pelagic longliners

Blue shark is most likely the pelagic elasmobranch species for which more data is
currently available, including biological data, recent régmbrcatch, discard data and
length composition datadParticularly, an extensive review of the Atlantic and Indian
Ocean size composition was performed using detailed observer data (Coelho eBl., 201
However, there are still considerable uncertainiiethe reported historical catch data
and discard rates for this species.

In tunaRFMOs there has been an effort to move to quantitative stock assessments
for pelagic sharks, especially in the most recent years and for the main shark §pecies.
glaucais the only species with a quantitative stock assessment in the three oceans.
Specifically, in the Pacific Ocean, the North stegks last assessed using a production
model and an integrated ageguctured model (using SS3, the Stock Synthesis model
platform)which was used fomanagement advice: For that stock it was estimated that
spawning biomass is above biomass at Maximum Sustainable Yield (MSY) and relative
fishing mortality is below fishing mortality at MSY (ISC, 2017). In the Atlantic Ocean,
for the Sauith stock Bayesian production models were applied for weiche models
and/or model runs predicted that the stock was not overfished and that overfishing was
not occurringwhile others predicted that the stock was overfished and that overfishing
was occuring (Anon, 2015). For the North Atlantic stock, all scenarios considered with
the Bayesian surplus production model and also an integrated model (Stock Synthesis)
indicated that the stock was not overfished and that overfishing was not occurring,
howeverit was acknowledged that there still remained a high level of uncertainty in data
inputs and model structural assumptions, by virtue of which the possibility of the stock
being overfished and overfishing occurring could not be ruled out (Anon., 201ATICC
is the only tuneRFMO that has adopted a regulation measure regarding blue shark, which
aims to maintain the catches of blue shark to levels not higher than during the period
2011-2015.

Specifically for the Indian Ocean, a first stock assessment veasp#id in 2015;
however due to uncertainties in the input data it was not possible to provide stock status.
A new assessment was performed in 2017 by the IOTC Working Party on Ecosystems
and Bycatch (WPEB) with improved data. Four stock assessment maatelapplied in
2017, specifically a datimited catch only model (SRA), two Bayesian biomass dynamic
models (JABBA with process error and a Pdltanlinson production model without
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process error) and an integrated-agectured model (SS3). All modelsopluced similar
results suggesting the stock is currently not overfished nor subject to overfishing, but with
the trajectories showing consistent trends towards the overfished and subject to
overfishing quadrant of the Kobe plot. The maources of unceatinties identified were
catches and CPUE indices of abundance (I0OTC, 2017).

As noted above, blue shark has recently been assessed using quantitative methods
on all oceans, using mostly integrated -ageicture models. However some models
remain highly unceain due to uncertainties and conflicts in the inparameters.
Therefore, since a considerable number of the required pieces of information is already
available (mainly catch series, relative indices of abundance and size distributions), one
possible net step in the short/medium term for the assessment of the species could rely
on the improvement in information that could lead to more robust implementation of the
models currently used in assessment and a reduction of the uncertainty of the results.
Therefore, the objectives of this working document is to provide a draft option of that
possible next step, in this case with the development of a preliminary exercise with data
limited Management Strategy Evaluation (MSE) to test options for different maaagem
procedures (MPs).

2. Material and methods
2.1. Operating model

Usingt he R p a c ¢old(Garuthield anl HordyR018a;b;R Core Team,
2018 an agestructured spatial operating mode.d. Carruthers et al., 2014) was
constructed based on the I#TC 2017 Stock Synthesis base case sssent (Rice,
2017). In DLMtool an OM contains four separate components, each containing a set of
parametewalues for different aspects of the simulation:

AStock- parameters describing the stock dynamics

AFleet- parameters describing the fishing fleet dynamics

AObs (Observation) parameters describing the observation processes (how the
observed fishery data is generated from the simulated data)

Almp (Implementation) parameters describing the managementémpntation
(how well the management regulations are implemented)

The Indian Ocearblue shark OM is extensively documented in hieMtool
Fishery Library of operating models (And018).

2.2. Management procedure evaluation

Eighty-nine MPs were evaluatad the Indian Ocean blue shark MSE, including
four reference methods (FMSYref , FMSYref50 , FMSYref75 , and NFref ), which relate
to fishing under conditions of perfect knowledge. At this stage, no additional custom
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management procedures (complementarytite existing ones in DLMtool) were
developed to be tested by this preliminst8E.

A check for MSE convergence was performed, based on if the relative position of
the tested management procedures was stable with respect to the following performance
metrics(Figure 4.3.1):

AAAVY: Average Annual Variability in Yield.

ALTY: Average LongTerm Yield relative to Reference Yield (yield at FMSY).
AP10: Probability Spawning Biomass above 10% BMSY.

AP100: Probability Spawning Biomass > BMSY.

AP50: Probability Sawning Biomass above 50% BMSY.

APOF: Probability F < FMSY.

ASTY: Average ShofTerm Yield relative to Reference Yield (yield at FMSY).
AYield: Yield relative to Reference Yield (yield at FMSY).

The number of simulations (300) was sufficient and it suased that the MSE
model has converge®igure 1).
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Figure 1. Convergence diagnostic plot (continuous change in relative position of a
particular management procedure is an indication that more iterations are required for the
model to converge. All testedanagement procedures converged).

After checking for MSE convergence, acceptable management procedures (from alll
that were tested) were identified on the basis of compliance with previously agreed
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minimum performance limits and management performancget&ar Management
procedures that fulfill both the minimum performance limits and the management targets
are considered to be acceptable options for managing the fishery concerned. As a first
step, the minimum performance limits and management performanmyess considered

were aimed at selecting acceptable methods with a low likelihood of the stock being
depleted to low levels and a high probability that the stock biomass is maintained close
to the management target.

The defined minimum performance limigmd management performance targets
were:

1. Minimum performance limits used to eliminate management procedures
considered too risky for management:

80% probability biomass in years-b0 (last 40 years of projection time) and years
41-50 (last 10 years gdrojection time) of the projected years (50) above 0.2 BO. The
underlying reason for using both time periods was to warrant that management procedures
had a high probability of not falling below the biomass limit for the entire period of the
projection, wiile accounting for simulations where biomass may start below the limit and
need a reasonable time to rebuild. The second argument for assessing biomass levels over
the last 10 years of the fiftyear projection was to avoid an instance where the biomass
is well above the minimum limit for most the projection period, but declining and
eventually crashing during the end of the projection period.

2. Removing management procedures that are unlikely to accomplish the
management targets for the stock:

50% probabity that the biomass in the last 10 years of the projection period (years
41-50) is above 0.25 BO (assumed target level).

The acceptable management procedures were then inspected in relation to current
conditions, trends in B/BMSY and F/FMSY and analysfstradeoffs of several
performance metrics (e.g. yield vs probability of overfishing and/or being overfished).
The value of information was analyzed through the sensitivity of the performance of the
MPs with respect to the assumed parameters in the @Nhamobservation error model
(OEM). This analysis was performed for the four management procedures with the
greatest sensitivity.

3. Results

Fourteen management procedures overtook the performance limit of at least 80%
probability that biomass is abo®20 BO in the last 40 years of the projectiéig(re
2). Twelve management procedures met the requisites for the performance metric of at
least an 80% probability that biomass is above 0.20 BO in the last 10 years of the
projection periodKigure 3).
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All management procedures that passed the performance limit of at least 80%
probability that biomass is above 0.20BO0 in the last 40 years of the projection also passed
the limit of at least an 80% probability that biomass is above 0.20 BO in the last 40 year
of the projection period.

Two management procedures, DAAC and AvC , met the requirements for the first
performance limit (at least 80% probability that biomass is above 0.20B0 in last 40 years),
but did not pass the second performance limit (at lea®D@nprobability that biomass is
above 0.20BO0 in last 10 years of the projection period).

Nine management procedures passed the requirements for the management
objective of at least 50% probability that biomass is above 0.25B0 in the last 10 years of
the fifty-year projection periodRigure 4). Three of the management procedures that
passed both performance limits did not passed the requirements for the management
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Figure 2. Probability of each management procedure meeting the performance limit
of a least 80% probability that biomass is above 0.20B0 in the last 40 years of projection.
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Figure 3. Probability of each management procedure meeting the performance
metric of at least an 80% probability that biomass is above 0.20B0 in last 10 years of th
projection period.

Page7



IOTC-WPEB142018036

Years 41 — 50
m B> 0258,
Fratio_ML [ Fratio_CC [l LstepCE2Z [
ML [ cct I m 0
sETZ2 [l me10 [ Isloped [l
CompSRA2010 ] ooes [ LtargetE1 [l
SPmed || ooce [ Etargetlopt [l
sPRA_ML ]| curE [ Islopet @
DBSRA_40 | ce_cc [ pTeso [l
LOStarget | ex_cc [ pTet0 [
CompSRA | mes [ LstepCE1 [
DBSRA_ML | GE target [ LesPr_resf [
Tl rmrri rmrrim
0 60 0 60 0 60
Lstepccd [l oo [ ccs [
LstepcC1 cwrE?s [ Reontrol2 [
mo W poe7s [ Reontrol [
GE shope [ yPR_Ccc [ SPslope [
Fdem_CC [l Fadapt [ Fratio [
BT W YPR_ML [ pcAc_ML [
™ W LesPR_ItTTAC [ Geontrel [
largetE1 [ largetE4 [ oesra [
Ltargett [ Foem_mL [ s [
MRreal [ LtargetEd [ oywF
Tl rmrri rmrrim
0 60 0 &0 0 60
pesrRA<i0 [ mcos010 [N o -
minenLopt! [ weo [ e
matlenim2 [T pcac 40 D, HOAAC -
po4ot0 pcac [
ver sotim [ o
Fdem [ [ | nores
pepF [ Fratic4010 [
matlenlim [ DArc [N farget1 -
Ltargets [ sevzsy DCACA1 -
LBsPA_itse [ sPsre [
rTrrii rmrrim rmrrim
0 60 0 60 0 60

Probability

Figure 4. Probability of each management procedure meeting the management
objective of at least 50% probability that biomass is above 0.25B0 in the last 10 years of
the fifty-year projection period.

From the tested MPs, 9 were sadered potentially acceptable management
procedures for the Indian Ocean blue shark, specifically:

ADCAC: DepletionCorrected Average Catch. An MSY proxy that accounts for
catches occurring whilst dropping to productive stock si@egput Control Method

ADCAC_40: DCAC assuming depletion is 40%. DCAC where stock depletion is
fixed at 40% Output Control Method

ADCAC4010: DelayDifference assessment linked to aDrule . A 4010 harvest
control rule is added to the Deldjfference management proagd. Output Control
Method

AMCD: Mean Catch Depletion management procedure. Management procedure to
demonstrate high information content of depletion TAC = mean catches*2*depletion.
Output Control Method
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AMCD4010: MCD linked to a 4@0 rule. A 4010 havest control rule is added to
the MCD management procedu@utput Control Method

AHDAAC: Hybrid Depletion Adjusted Average Catch. Essentially DCAC
multiplied by 2*depletion and divided by BMSY/BO (Bpeak) when below BMSY, and
DCAC above BMSY Output Corrol Method

Altarget1: CPUE target management procedure. TAC is adjusted to achieve a target
CPUE.Output Control Method

Altarget4. CPUE target management procedure (more biologically precautionary).
TAC is adjusted to achieve a target CPQEtput Cotrol Method

AMRnoreal. Area 1 Marine Reserve with no reallocation. Sets a marine reserve in
Area 1 with no reallocation of fishing effort to aredrthut control method$Spatial

These MPs include eight output control methods (methods that return aahdC
one input control method (MRnoreal, a spatial control that prevents fishing in area 1 and
does not reallocate this fishing effort to area 2).

A comparison of the median biomass and median yield over the last 5 years of the
projection relative to the last year in the historical period is showE@yure 5. All the
acceptable management procedures imply a reduction in yield in the long tertadffive
years of the projection) with respect to current yield (last year of the historical period).
Yield decrease in the range of 0.31 to 0.57. There is an obviousofifasiith respect to
the expected lonterm yield relative to current yield and the egfed longterm biomass
relative to current biomass.

Itargetl and MRnoreal are the management procedures that represent a smaller loss
in yield. HDAAC shows the higher value in expected lbeign biomass at the expense
of decreased lonterm yield. A lowerreduction in long term yield comes at the expense
of being less precautionary (lower expected loemgn biomass).

The other acceptable management procedures have similar performance in terms of
expected long term yield relative to current yield and exqgdoingterm biomass relative
to current biomass.

Paged



IOTC-WPEB142018036

1.0 5
= 08 -
@©
QO
=T
o B
™ 3 |
E o 06 Itarget1
g L2 MRnoreal
Sy 4
Q0 = M%‘l
>® 044 AC4010
C [T} "
o =
°
S HDAAC
=
0.2 1
0.0 T | T T
0.0 05 1.0 1.5 20

Median Biomass (last 5 years)
relative to current

Figure 5. Median biomass and median yield over the last five years of the
projection relative to the last year in the historical period.

Trends in biomass relative to biomass at maximum sustainabl&@YR and
fishing mortality relative to the rate corresponding to maximum sustainable yield
(F/IFMSY) for each simulation, management procedure and projection year are presented
in Figure 6. In general, the relative biomass for the stock increases throeigindjection
period for all the acceptable management procedures, with the median relative biomass
increasing from the first year to the final year of the projection. Nevertheless, the
distributions show quite notable variability, suggesting that althdluigimethods work
well on average, the final biomass was very low in some simulations.

The distribution of fishing effort for each management procedure in the final year
of the projection period is shown figure 7; trends appear to be fairly flat for the
projected years, and less variable than the biomass trends.
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Figure 6. Distribution of B/BMSY (top) and F/FMSY (bottom) for the projection years for DCAC (left panels); DCAC_40 (middle panels)
and MCD (right panels).
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Figure 6 (continued. Distribution of B/BMSY (top) and F/FMSY (bottom) for the projection years for DCAC4010 (left panels); MCD4010
(middle panels) and Itargetl (right panels).
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Figure 6 (continued. Distribution of B/BMSY (top) and F/IFMSY (bottom) for the projection years for MRnoreal (left panels); HDAAC
(middle paned) and Itarget4 (right panels).
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Relative fishing effort

DCAC
DCAC_40 ~
MCD
DCACA4010~
MCD4010
Itarget1
MRnoreal ~
HDAAC ~
Itargetd

Figure 7. Relative fishing effort in the final year tife projection by management
procedure

Tradeoff between the expected relative yield and the probability of overfishing
(F>FMSY), and the probability of the biomass being below three different reference
points (B<BMSY, B<0.5BMSY, B<0.1BMSY) is presentedFigure 8. The Itargetl
management procedure results in the highest-temg yield with remarkably low
probability of overfishing and biomass being below the different reference points
(B<BMSY, B<0.5BMSY, B<0.1BMSY). The HDAAC management procedure show
the lowest probabilities that the biomass will fall below the different reference points.
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Figure 8. Tradeoff between the expected relative yield and the probability of
overfishing (F>FMSY) and the probability of the biomass being below ttifesrent
reference points: B<BMSY, B<0.5BMSY, B<0.1BMSY.

Comparison of longerm vyield (LTY: fraction of simulations getting over half
FMSY vyield in the last ten years of the projection) vs sterh yield (STY: fraction of
simulations getting over half FMSY vyield in the first ten years of the projection) and
variability in yield (VY: fraction of simulations where average annual variability in yield
is less than 10 percent) vs biomass level (B10: the fraction of simulations in which
biomass stays above 10 percent of BMSY) is showsigare 9.

Only one MP (HDAAGQG presents a probability lower than 50% of short term and
long term yield getting over half FMSY vyield. The remaining MPs have similar
probabilities, except for Itargel which presents more than 80% probability of short term
and long term yield getting ovealf FMSY yield. All MPs have a very high probability
(close to 100%) of the biomass being above 0.1BMSY but a very low probability (close
to zero) that the VY in yield is less than 10%.
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Figure 9. Tradeoff between longerm and shosterm vyield, and the traeeff
between biomass being above 0.1 BMSY and the expected variability in the yield.

The distribution of various statisti¢performance metrics) can be examined for the
acceptable (or all tested) management procedures using boxpldtgguie 10 the
distributions of the performance metrics B/BO, B/BMSY, F/FMSY, average annual
variation in yield (AAVY), average annual vaii@t in effort (AAVE), and relative long
term yield in the last 10 years of the projection.

Regarding these performance metrics, all MPs have a high probability of biomass
in the last 10 years of projection being above 0.2B0. Only DCAC and DCAC10 present
less than 90 percent probability that the biomass is above 0.2B0. From the acceptable
MPs, three have more than 90 percent probability of the biomass in the last 10 years of
projection being above BMSY, the remaining MPs have a probability of being above
BMSY between 81 and 89 percent.

All acceptable MPs present a similar probability of AAVY being less than 30% in
the last 10 years of the projected time, varying between 49 and 58 percent for the different
MPs. Similarly, for the AAVE MPs presented similar ipabilities of being below 30%
variation in the last 10 years. Regarding the relative-teng yield most MPs presented
similar relative long term yield, except HDAAC which had lower relative i yield
and Itargetl which presented a slightly higreative longterm yield.
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Figure 10. Performance metrics B/BO, B/BMSY, F/FMSY, average annual
variation in yield (AAVY), average annual variation in effort (AAVE), and relative {ong
term yield in the last 10 years of the projection for the acceptaoi@gement procedures.

The proportion (%) of simulations ending up in each of the four quadrants
F>FMSY & B<BMSY; F<FMSY & B<BMSY; F<FMSY & B>BMSY; F>FMSY &
B>BMSY - of the Kobe phase plot by acceptable management procedure is presented in
Figures11.

Of the acceptable MPs, MRnoreal has the lowest probability of the stock being in
the F<FMSY & B>BMSY quadrant of the Kobe phase plot. HDAAC and Itarget4 had
the highest probability (97%) of the simulations ending up in the F<KFMSY & B>BMSY
guadrant of the Kime phase plot. Except for DCAC and DCAC_40, which had a
probability of being in the F<KFMSY & B>BMSY quadrant of the Kobe phase plot of
around 80 percent, but had the highest probabilities of the simulations ending up in the
F>FMSY & B<BMSY quadrant of thKobe phase plot, all remaining MPs had relatively
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