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Executive Summary

The 4" session of the Western and Central Pacific FiskeBlommission Scientific
Committee recommended that the “comprehensive mesegalan on Pacific-wide
bigeye age, growth and reproductive biology prdjeetimplemented to help reduce
uncertainty in this knowledge to improve the priegisof stock assessments. The
Fifth Regular Session of the Commission in Decen#8 endorsed funding for
phase 1 of this plan, “a 2 year pilot study in #EZs of Palau and Micronesia to
determine the sampling requirements for the bro&deific-wide phase 2 component
of the plan”. This document articulates the pregref this pilot study.

The work plan for the pilot project has been fimatl with sampling of bigeye
expected to occur in the period October 2009 taidgn2010, laboratory analysis in
February 2010 to May 2010, data analysis and mgleh June 2010 and pilot
project reporting in July 2010 with presentationre$ults and recommendations for
phase 2 at the"6Regular Session of the Western and Central PaSifientific
Committee.

Sampling protocols, preliminary training of techaits in Palau and Federated States
of Micronesia and the appointment of a samplingrdioator has been completed.
Protocols for laboratory analysis have been dradiedl preliminary arrangements for
laboratory analysis organized.



TABLE OF CONTENTS

EXECULIVE SUMIMAIY ...ttt ettt e e e e e e eeaeaanns 1

1.0 INErOQUCTION ...ttt e e e e et e e e e e e e e e e e eeeeees 3
1.1 BACKGIOUND ... eeeeem et e eennna s 3
1.2 Synopsis of Current KNnowledge.........ccoooiiiiiiiiiiiiieeeieieii e 3
1.3 Pacific wide research plan for bigeye agewgiand reproductive biology ... 4
1.4 DeSigN & ANAIYSIS .....uuuuiiieiiiiii e 4
1.5 POt STUAY.....uiieiiiee et 6

2.0 Pilot study Work plan & Progress ........ceeeeeeeeiiiiineeee e 7
2.1 WOTK PIAN ..ottt e e s 7
A (0 1o | (TSP 7

3.0 References



1.0 Introduction
1.1 Background

The 3rd session of the Western and Central Pa€ifiberies Commission Scientific
Committee recommended that a project on bigeye thrawd reproductive biology be
implemented to help reduce uncertainty in thesarpaters to improve the precision
of the stock assessments. The Fourth Regular ddessdi the Commission in
December 2007 endorsed funding for 2008 to prepar@mprehensive research plan
on Pacific-wide bigeye growth and reproductive dgyl. This plan was prepared in
the first half of 2008 and comprised two compone(ity a comprehensive review of
current knowledge on bigeye age, growth and remtdeki biology; and (2) the
research plan broken into an initial pilot phasedatermine the sampling regime
required to address the knowledge gaps with theigom required for stock
assessment purposes and a full implementation phBse report (Nicol et al. 2008)
was presented to the"4session of the Western and Central Pacific Fiskeri
Commission Scientific Committee which recommended iinplementation. The
Fifth Regular Session of the Commission in Decen#8 endorsed funding for
phase 1 (pilot) of this plan.

1.2 Synopsis of Current Knowledge

The review of current knowledge demonstrated camatdle knowledge uncertainty
in the WCPO with information from the central Pacgcant. Sex ratio information
has been consistently collected across the eqgahRuaicific Ocean in space and time
however information on size at maturity, spawnimgaa season, and frequency and
fecundity is derived from only a few studies (EFRDjlippines and Coral Sea, Figure
1). The methods used to estimate these paranted®es also varied between each
study making comparison problematic. The differsnioceestimates however supports
the hypothesis that reproductive parameters usethencurrent stock assessment
models are influenced by prevailing oceanography \ariation in estimates can be
expected both in longitudinal and latitudinal dirsems.
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Figure 1. Location of recent studies on bigeye wherreproductive parameters
have been estimated; Schaefer et al. 2005 (blackKgarley et al. 2006 (green); Sun
et al. 2006 (red).
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Differences in growth between locations (Figure s been observed between the
studies in the EPO and WCPO, however sample s@essaspace in the WCPO are
small. Ageing methods have also varied withoutdedion between methods. It is
unclear whether the observed differences in groweile are the consequence of
method comparison, sample size, or evidence obhgtuiation. The growth curve is
highly influential in the current stock assessméotdigeye (Hoyle et al 2008).
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Figure 2. Location of recent studies on bigeye wherage-growth have been
estimated; Schaefer et al. 2005 (black); Farley eil. 2006 (green); Sun et al. 2006
(red); Leroy 2001 (blue).

1.3 Pacific wide research plan for bigeye age, gmh and

reproductive biology
The goal of the ‘Pacific-wide Bigeye Growth and Rejctive Biology Study is to
improve stock assessment and management of bigagert the Pacific Ocean. The
specific objectives are:

1. To obtain data that will contribute to, and reduceertainty in, the maturity
schedule used in stock assessment models, oveedbhatorial and sub-
equatorial range of bigeye.

2. To obtain comprehensive information on the growdte rof bigeye and the
spatial and seasonal variation expected in thés rat

3. To obtain information on bigeye fecundity, and thitfuence of age and size
on batch fecundity, at a resolution suitable fa uisstock assessment models.

4. To obtain information on the spatial and seasoraiation in spawning
frequency and location, at a resolution suitable use in stock assessment
models.

1.4 Design & Analysis

A spatially stratified design that blocks longitudatitude and size with individuals
within these blocks randomly sampled has been adopTo maximise opportunities
for comparison with existing information (Schae@dral. 2005, Farley et al. 2006,
Schaefer and Fuller 2006, Sun et al. 2006) twoooptiare being considered for
spatial blocking: (1) a fine scale design whereckilog applies at a 32° longitude
10° latitude (Figure 3a); and (2) a coarser scakgh where blocking occurs at a 32°
longitude x 20° latitude (Figure 3b). Response terms, fixéfdces and random



effects for this design are detailed in Table e Tesults of the pilot study will be
used to determine whether the fine or coarse dsatking satisfy the data needs of
the stock assessment models. In addition, as spgvis assumed seasonal in sub-
equatorial regions, occurring during periods whea surface temperatures (SST) are
> 24°C, a temporal block of quarter is include@stimate this effect.
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Figure 3 Proposed blocking designs for the colldon of samples for the study on
bigeye reproductive and growth biology. (A) Fine sale resolution; (B) Coarse
scale resolution

w| S
S L. T
o

S0E

Table 1. Response terms, fixed effects, covariatesd random effects proposed
for the analysis of the data collected for the stud of bigeye reproductive and
growth biology.

Response Terms Growth rate, Maturation, Spawnegibn, Fecundity

Fixed Effects Quarter

Covariates Length, Age, Latitude, Longitude, SST

Random Effects block, capture method (Purse Selard Line or longline), set (depth)

Where practical the following biological materialdacapture data will be collected
for each individual sampled: gonad (for sexing, umation, atresia and spawning
frequency determination); whole migratory nucleysirated ovary sampling (for
batch fecundity); sagittal otoliths and the firsir®form ray of the first dorsal fin (for
age determination); fork length of fish (neares);oweight of fish (nearest g); capture
location (longitude and latitude); capture timessel name and flag; port sampled or
observer sampled; fishing method and set informafeg. hook/net depth); sea
surface temperature (SST) when available.



Histological methods (Schaefer et al. 2005, Suale®?006) should be applied to
determine sex, maturity state and spawning stat@atch fecundity should be

estimated using the hydrated oocyte method (Schagfael. 2005, Sun et al. 2006).
Preparation and ageing of otoliths should follow thethods outlined in Farley et al.
(2006) and Schaefer et al. (2005). For dorsalespthe methods should follow those
outlined in Sun et al. (2001).

To facilitate comparison with the study of Schaeétral. (2005) in the EPO,
individuals should be sampled for each 10 cm lemgfigrval from 30 to 150+ cm in
the WCPO. This regime should sample across tHadoge of maturity states for
females. Expert opinion recommends that at l@astlividuals be sampled per block
to ensure adequate statistical power. However paavelysis to confirm this
recommendation is warranted. This analysis wiél esisting bigeye data collected
from the pilot study. To avoid the potential fasufficient sampling the numbers per
fish size are outlined in Table 2.

Table 2. Number of fish per size class that is remmended to be sampled by
port samplers and observers

Size Number sample Commentar
per strata
30-40 12 fist Macroscopic examination unreliable, approxin
50:50 sex ratio, double number of samples
4C-50 12 fist
5C-60 6 fisk Macroscopic examination possible onbo
6C-7C 6 fisk fishing vessels provided technicians are suitably
7C-8C 6 fish trained
80-90 6 fish
90-100 6 fish

100-110 6 fish
110-120 6 fish
120-130 6 fish
130-140 6 fish
14C-15C 6 fisk
>15(C 6 fisk

1.5 Pilot study

The pilot study will determine the sampling reqments for each strata of the Pacific
wide study and the feasibility of sampling fromdtine and purse-seine vessels over
a 2 year period. Region 3 is the priority of th€ 0O stock model and has been
selected to immediately satisfy some of the datais®f the stock assessments for
bigeye. Fish caught from the Palau and MicronE&Zs are on average larger in size
than the other areas with region 3. The stocksassent model currently assumes
that these are older fish with higher reproductiugput. The fish could also be
younger but faster growing individuals. Undertakthe pilot study in this area will
resolve this issue in addition to providing theommhation necessary to determine the
sampling requirements of the Pacific-wide study bdth EEZs are located in the
WCPO warmpool, there is little expectation of seas@ariability in reproduction

and sampling in a single season only would be redubr this pilot study. This
would equate to 78 samples from each EEZ.



2.0 Pilot study work plan & progress

2.1 Work plan
The work plan for the pilot is reflected in theléoting milestones table.
Date Activity Progres
February 200  Inceptior Project included as activity
service agreement between SPC
and WPCFC
March 200! Preliminary visit to Palau ¢ Complete..
FSM for training and project
coordination
April 200¢ Quality assurance test 4 BET otoliths sent tTropical
commercial ageing servicemish Ageing for analysis
providers Reliability confirmed by
CSIRO.
May 200¢ Appointment of dati Selection process cpleted anc
collection coordinator. co-coordinator appointed
June 200 Second Palau, FSM, SF Completec
project coordination meeting
July 200¢ Otolith drill extraction Complete:

training of trainers.

August 200 Third Palau, FSM, SP
project coordination meeting

September 208 Training and provisioning ¢
Palau and FSM observer and
port samplers with extraction
equipment and data records.

October 200 Data collectio.

November 200 Data collectio.

December 2009 Data collection.

January 2010 Data collection.

February 2010  Histology & ageing.

March 2010 Histology & ageing.

April 2010 Histology & ageing.

May 201( Histology & agein.

June 201 Dataanalysis.

July 2010 Pilot study report preparation.

August 2010 Presentation of pilot study
results to SC6.

2.2 Progress

Sampling protocols have been prepared. Where ljesgonads are to be collected
fresh and preserved in 10% buffered formalin. Whesservation cannot occur at the
time of sampling, the gonads are to be frozen &ed freserved in 10% buffered
formalin in their frozen state when feasible. @isl are to be extracted, cleaned,
dried and stored in vials along with the first ggorm ray of the first dorsal fin.
Capture data to be recorded are: fork length df f{isearest cm); weight of fish
(nearest g); capture location (longitude and ld&)u capture time; vessel name and
flag; where it was sampled (Port, vessel or bdiklting method and set information
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(eg. hook/net depth); and sea surface tempera®&®d)(when available. At sea
observer sampling of large fish is likely to belgesnatic (time constraints and access
to fish for otolith extraction from potentially tgvalue individuals). To help resolve
these difficulties, at sea observers, to treatyettard set as a biological sampling set
and not undertake other observer tasks on these Ber larger specimens that have
not been graded at sea, gonads and length to leetedl at sea when gutted and the
fish tagged so that the fish can be identified wheading occurs. The otoliths are to
be extracted after grading if the individual isdgd B or lower. Preliminary training
of technicians/observers in Palau and FederatetesStef Micronesia in sampling
methods and the appointment of a sampling coomlindts been completed.
Protocols for laboratory analysis have been dradiedl preliminary arrangements for
laboratory analysis organized. CSIRO to prepar r@ad gonads and read otolith
annual increments and SPC will undertake readirdpdy increments.
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