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Outline of the presentation

The model specifics
Parameterization and assumptions.

Results

Comparisons with a Mark-Recapture estimate.
Stock Status Summary.
New Information Sensitivity.



Approach

Builds on work of Kolody et. al. 2011.

Focuses on key areas, namely areas, natural
mortality, steepness and selectivity.

Runs assessed on these key options and on
weights to the Likelihood (i.e. CPUE vs length
composition).

Ground truths results with the tag data using
simple MR methods.

Examines the effect of the over-dispersion
parameter on assessments.
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Assessment Model

e Stock Synthesis Software

* |ntegrates:
— Total Catch
— CPUE
— Catch-at-Length
— Tag Releases and Recoveries
— Biological research

e Quarterly time-step (1950-2011)
— Annual/4 season configuration



Main Assumptions:

* 4 Fishing Fleets

— PL = Maldives Pole and Line

* CPUE, tag recoveries
— PSLS = EU/SEZ Purse Seine Log Sets

* tag recoveries

— PSFS = EU/SEZ Purse Seine Free School Sets
* tag recoveries (French nominal CPUE examined)

— Other = Gillnets, non-EU/SEZ PS, LL, other
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Alternate Hypothesis




CPUE:
Standardized Maldives PL/Nominal Maldives PL
(Nominal French PSFS, Chassot et al 2011)
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Proportion

length comp data, sexes combined, whole catch,
aggregated within season by fleet
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Main Assumptions:

* 50% Maturity 38cm
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Main Assumptions: tagging program

* option :
— RTTP + small-scale (>100000 releases)
— includes smaller fish and extends time range
— PSFS and PSLS tag recoveries (tag seeding rep rate)
— PL tag recoveries (estimated reporting rate)
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Main Assumptions: tag age estimation
‘cohort-slicing” ages 0 — 4+
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Main Assumptions: M

Different M schedules Run

=== MB
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Main Assumptions: Selectivity

* (pseudo-) length based cubic spline
* independent for each fleet

* Options examined:
— Stationary
— Time variant by blocks

— Time variant by year recent years (estimation
problems)



Estimated Parameters (N)

All models:

— Virgin recruitment (1) & SigmaR (1)

— Selectivities (22)

— Catchability (1-2)

Most models

— Seasonal recruitment distribution off annual (3).
— Recruitment deviations (26 annual + 78 seasonal)
Some models

— M (3-5)

— Tag Reporting Rate PL (1)

2 Area Models

— Movement rates by season and age (32).



Results

Kolody results (2011).

Case (estimated M one area, M2)

Case (estimated M 2 area, M9)
Comparisons with Tag Data

Case (M12 one area weighted to CPUE).
Final recommendations.



Likelihood units

What does likelihood say about
M and Steepness
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One area

Negative
Model Runs Bo Bursy Cusy Baou/Bus | Faou/F | Con/C o
SR No. Y MY MY hood)
4189250 | 1487700 | 1039160 | 1.89 023 | o039
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Log recruitment deviation

Length-based selectivity by fleet in 2011
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Spawning biomass (mt) with ~95% asymptotic intervals
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Spawning biomass (million mt)

One area sensitivities-M
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Spawning biomass (million mt)

One Area Sensitivity-Interaction with
steepness and M
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Maldives PL Nominal Index
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Spawning biomass (mt) by area

Two Area Key Results
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Movement rate
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Age-0 recruits (1,000s)
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One and 2 area sensitivity

Spawning biomass (million mt)
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Caveats

15t attempt to do this simultaneously.

The F MSY are complicated to calculate as we
have different available Biomass in each area and
different fisheries operating (assume last period
selectivity and based on available Biomass).

Splitting inevitably provides higher reference

points for management (should be interpreted
with caution).

Movement across regions are sensitive to tags
recovered and the reporting rates (which are few
tags across regions).
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Rescaled Likelihood
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Fishing Mortality
comparisons between
Peterson estimate and SS-II|

Fishing Mortality | ______|___2006 2007 __2008] 2009

Estimate 0.14 0.16
Indian Ocean PS F |82 0.02 0.03
Estimate 0.11 0.31
Maldives PL F SE 0.04 0.07

Integrated
Assessments

SS--11l ( one area) 0.06 0.141 0.43 0.25
SS-lll (2 area) 0.06 0.23 0.57 0.49
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Caveats

Closed population assumption is not correct.

F's a function of RR in Maldives and ascension
(attraction rate in PS fisheries).

Discrepancies in 2005 and 2008 could be primarily due
to different ascension rates and RR.

In 2006 if no difference between FADs and other gear
attracting Skipjack is assumed then F’s are similar.

If RR ~20% in Maldives PL in 2008, then F’s are again
similar.

Could use a stratified Peterson by size and compare it
to the pooled results.



One Area weighted Likelihoods

Francis paper (2011).
How do we weight the different components
of our likelihood.

CPUE (cv=0.05)

Length based data
e PL:min (N/10, 150)
e PSLS, PSFS: min (N/10, 250)
e Other: min (N/10, 10)
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Spawning biomass (mt) with ~95% asymptotic intervals
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Tag Overdispersion and Weights

* Hypothesis 1: Poisson Distribution like, and
weight higher than CPUE or Effective S.

* Hypothesis 2: Over-dispersion high. Weights
high.
Lmq = Z Ryq Z Pyga 108 (Pyga/Pyga)

a=1

L',;agﬂ — Z{log (f (Ryg—l— TR l])) —log (I'(Ry, + 1))

)

R R, .
“log (T ([T _Lfféfl))) _ (:_ i) log(7) + Ry, log(T — ]}
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Spawning biomass (million mt)
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Stock Status-I|

* Regardless of parameterization, the stock
appears to be bouncing around optimal
spawning stock size levels.

e Estimate of F-optimal currently difficult to
estimate accurately from SS.

* Proxy F (C/CMSY) and F-standardized also
indicate stock is near or optimal F or slightly
higher than optimal rates (in some cases).



Stock Status-II|

Optimal Yield is between 325K-625K Tons
based on choice of models presented.

Optimal Spawning Stock Size (0.8M-2M Tons)
BO levels (1.5 M-9M Tons).

Current levels recommended:
— B,yy1/Bysy = 1.47 (1.25 — 1.69) -(Model M2)-1 Area
— Byo11/Bysy = 1.11 (0.99 — 1.23) -(Model M9)-2 Area
— B,yo11/Bumsy = 1.15 (1.01 — 1.29) -(Model M12)-1 Area



General Conclusions:

Assessment still highly uncertain, but generally
optimistic (as in Kolody et. al. 2011)

Relative abundance indices questionable, though
given weight as that is only source of information
available on available Biomass.

Life history seems favourable with substantial
young, weakly selected spawners

Recruitment variability seems to drive large
fluctuations in abundance including 2005-6 peak
and consequential decline in abundance.



Priorities for further investigation:

Population structure needs to be further developed.

Abundance indices: pre-20047?
— PSFS standardization? Still not available

— PL atoll records-Relationship between standardized and nominal and
extrapolated to entire TS based on the standardized ratio. This will still
cause problems though as CPUE increases with catch.

— Alternative only PL (BB from NM or sails ) CPUE should be used for
entire TS using nominal catch.

Tagging data:
— Add small scale tagging in the 1990’s.
— Analysis of mixing rates.
Growth curve:
— rapid early growth + large LL fish (effect marginal)

Potential for maturity bias?
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Growth bias

e Difficult to model the growth fn in SS-IlI.

 However, rapid growth will bias current estimate
to be low and optimal yield targets and reference
F’'s would likely increase with the new curve.

* In addition, sensitivity to different growth curves
(Kolody et. al. 2011) indicates that the bias is
minimal (probably as the bias cancels out by the
length composition data from the fisheries,
selectivity and maturation schedules).



However as far as Exploited Fish
Population dynamics

The resilience of a fish population to fishing is very much dependent on its biological
features relating to growth, maturity, fecundity, natural mortality, life span etc.

Yellowfin Bigeye
Reproductive mode Serial spawning Multiple spawners
Fercundity 2 million+ 2 million+
Growth rate 45-50cm (1yr) 40cm (1yr), 80cm (2yr)
Age to maturity 2-3yr (100-110cm)  ¢3yr+ (100-130cm)
Life span 7-8yr 17r
Recruitment to fishery | 0.5-1yr(PS), ~2+yr(LL)| 0.5-1yr(PS), 2+yr(LL)
Albacore Skipjack
Reproductive mode ? Serial spawners
Fercundity 0.8-2.6 million 2 million+
Growth rate 40cm (1yr) Myr)
Age to maturity 4-5yrs (80cm) r (44cm)
Life span 18+yr ~4yr

Recruitment to fishery | ~2yr(troll), 5+(LL) 0.5-1yr(PS)
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The woods are lovely, dark and deep.
But | have promises to keep,
And miles to go before I sleep,
And miles to go before | sleep.
Robert Frost



SKIPJaCK Growin Assumptions

=== RH11-70cm KO0.37

new gr curve (paige 2012

e | EP11-83cm KO0.22

Ages



Use Richards growth curve that
approximates Eveson (2012)
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Recruitment (1,000s)
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Faster growth implies

Higher Yield
Higher F-rates.

_lower chance of exceeding target reference
points.



Additional Runs for new CPUE
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2 Runs Examined

 The first fit to both the Maldives and new PS
CPUE

 The second discounting Maldives CPUE, and
fitting to PS CPUE.
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