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2 EXECUTI VE SUMVARY

The SESAME: (Simul ation-Estimation Stock Assessnent Model
Eval uati on) project

was undertaken to provide insight about nodel fornulation
for pelagic fisheries

assessnment, and to consider the policy inplications for
Regi onal Fisheries

Managenent Organi zations (RFM3s) with respect to scientific
advi ce provided from

t hese nodel s. Sophi sticated stock assessnment nodel s
currently attenpt to integrate

many different types of data into a single coherent
framewor k that describes the

popul ati on dynam cs and estimates the inpacts of fishing.
These inferences are

usual |y used to nake recomendations to nanagers to assi st
in the attai nnment of

managenent objectives. Pelagic fisheries data typically

i ncludes total catch in nass

or nunbers, frequency distributions of catch-at-length, -
mass or -age, fishing effort,

and, in sone case, tag rel eases and recaptures. The
relatively conplicated integrative

nodel s that are used for these assessnents have a nunber of
potentially attractive

features, but there are a nunber of issues related to the
statistical properties of these

nodel s, and technical issues related to the inplenentation,
t hat need further

consideration. W identified several problens that were
potentially inmportant for the

stock assessnent of |arge pelagic fisheries, and simulated
t he assessnent nodel ling

process in an attenpt to understand the relative inportance
of the different issues.

D fferent nodelling approaches were conpared, and we nake a
range of

recomrendati ons based on the results.

The southern bluefin tuna (SBT) fishery provided the main
enphasis for this study, in

part because of the range of stock assessnent nodel s that
have been applied to this

species in recent years, and the absence of objective

nmet hods for synthesizing

i nferences across nodels. However, the SBT life history,
fishery and data

characteristics share many features with other regiona
Australian fisheries,

particularly the tropical pelagic tunas and billfishes. A
second nmaj or conponent of



SESAME i nvol ved participation in the Standing Comrittee on
Tuna and Billfish

Met hods Working G oup (SCTB-MA3) . This latter project

i nvol ved col | aboration

with a nunber of international scientists with interests in
t he assessnent of Pacific

Ccean tuna fisheries other than SBT. The SCTB- MAG pr oj ect
was conpl enent ary

to the work undertaken with our simulated SBT system
because it enphasized a

different set of priorities, including the spatial dynam cs
of the fish popul ation. The

MAG proj ect focused on a fishery sinulator devel oped at the
Secretariat of the

Paci fic Community Cceanic Fisheries Programe (SPC-OFP), and
paraneterized to

represent plausible yellowfin tuna (YFT) dynamics in the
Western and Central Pacific

Ccean (WCPO). W include sone prelimnary results fromthe
MAG proj ect here,

but the MAG i s planning a nore conprehensive anal ysis.

Bot h t he SESAME SBT and SCTB- MAG YFT studies invol ved

si mul ati onesti mation

nmet hods for eval uating assessnent nodels. In principle, this
is asinple

1 This project was devel oped under a proposal initially titled

"Eval uation of conpl ex popul ation

nodel s used for the assessnent and managenent of mgratory fish stocks”
and was re-christened

Si mul ation-Estimation Stock Assessnent Mdel Evaluation (SESAME) to
avoid confusion with the

mat henati cal definition of “ conplexity” that relates to systens that

exhi bit energent behaviour, and is
not directly relevant to this project.



concept in which operating nodels are defined to simulate

t he dynami cs of fisheries

systens including data collection. These operating nodel s
tend to be considerably

nore detail ed than any stock assessnent nodel and may

i ncl ude pl ausi bl e processes

t hat have not been, or cannot be, reliably quantified in the
real world. Popul ation

nodel s of the sort used in actual stock assessnents are
applied to the sinul ated dat a,

and the quality of inferences are evaluated by conparing the
assessnment nodel

estimates with the known values fromthe operating nodel. By
repeating this process

nunmerous tinmes and wth different assunptions, the
statistical properties of the

nmodel s (including estinmator bias, variance and robustness to
assunption viol ations)

can be descri bed and conpared. In practice, there are a
nunber of reasons why this

met hodol ogy i1s not straightforward. There are purely
technical issues related to the

vast anount of data to be handl ed, conputational tine
constraints and the difficulty in

reliably automati ng conplicated non-linear function

m nim zation. And there are

conceptual difficulties relating to the specification of
oper ati ng nodel s and

assessnment nodels, and the flow of information between the
two (i.e. inevitably,

subj ective assunptions nust be nade in assessnent nodel s,
and nodels wth better

assunptions should generally performbetter, but how do we
sinmul ate the probability

of anal ysts maki ng good subjective assunptions?). W
approached this study fromthe

perspective of applied stock assessnent practitioners,
trying to understand what sort

of limtations that we currently have, and the types of
errors that we can expect to

have made in the recent past. However, we did not attenpt to
simul ate the whol e

assessnent process. W eval uated vari ous nodel s under
various conditions, but did

not attenpt to sinulate the types of decisions that are
normal |y undertaken when

conflicting nodel results are observed in a real assessnent.
We exam ned a range of assessnent nodels, though not al

were applied to every

operating nodel scenario. The sinplest nodels included Fox
and Schaef er ageaggregated

producti on nodels and Age- Structured Production Model s
(ASPMs) . For



t he SESAME SBT scenarios, the nore conplicated nodel s

i ncluded the Statistical

Cat ch- at - Age/ Length I ntegrated Anal ysis (SCALIA) nodel s
originally devel oped for

SBT assessnent, and our application of MJLTIFAN-CL. The
SCTB- MA\G YFT

study invol ved application of several nodels (MJLTIFAN CL,
A- SCALA and

ADAPT- VPA) by individuals from nunerous fisheries
institutions, in addition to

t hose applied as part of SESAME.

In undertaking this study, we had to stri ke a bal ance

bet ween exam ni ng many

scenarios for general trends and identification of
potentially troubl esone situations, or

| ooking at relatively few scenarios in detail, attenpting to
under stand exactly why

assessnment nodels performthe way they do. The initial
stages of the study suggested

that the conplicated assessnment nodels often have

unantici pated interactions between

conponents that are not easy to explain, and different
anal ysts have sonewhat

different views on what the inportant features are for
eval uation. As a result, we

opted for a nore superficial overview of the types of
probl ens that we m ght expect

and present an archive of results fromwhich further

i nferences m ght be gai ned. CQur

synt hesi s includes a nunber of observations relating to both
general and fairly

specific issues. Many of our conclusions are not entirely
new, but there are few

studi es that have attenpted to denonstrate and quantify
assessnent nodel

performance as conprehensively as SESAME. In the report, we
provi de specific

insights relevant to the assessnent of SBT (and note that
t hese issues are al so

applicable to the conditioning of operating nodels used for
t he eval uati on of

Managenent Procedures). Concl usions and reconmendati ons of
nor e gener al

rel evance include the foll ow ng:

1. The conplicated integrative stock assessnment nodels seem
to provide

reasonabl e i nferences (and better than sinpler nodels) when
t he nodel

structural assunptions and data are good.

2. W found the assessnent nodelling estimation errors to
often be | arger than



expected, particularly when operating nodels were
paraneterized with

“difficult” (less than ideal, but not inplausible)
characteristics. The “ best”

poi nt estimtes were frequently very biased, and often

hi ghly variabl e, when

assessnment nodels were repeatedly applied to stochastic
realizations froma

gi ven operating nodel. Sone system characteristics (e.g.
stock recruitnment

curve, natural nortality, tenporal variability in
catchability of the primary

rel ati ve abundance index) usually could not be reliably
estimated fromthe

fisheries data that are generally avail able. Sone inferences
(e.g. current

bi omass relative to biomss at sone historical point in
time, recruitnment trends

prior to the last few years) were generally nore reliable.

3. Inferences fromconplicated assessnent nodels often tend
to be sensitive to

arbitrary assunptions. The nodel behavior can be m sl eadi ng
in ways that we

woul d probably not anticipate wi thout simulation testing.

Si npl er nodel s

often seemto provide nore robust estinmates than the
conpl i cat ed nodel s

when certain types of assunption violation are present.

4. Qur attenpts to estimate statistical uncertainty using
the mul tivari ate-norm

approximation (fromthe inverse Hessian matrix at the node
of the I|ikelihoodbased

obj ective function) were not very successful (i.e. the
esti mat ed

confidence intervals were usually too narrow and did not
enconpass the

known operating nodel values with the expected frequency).

5. We believe that there is scope for inproving the
statistical properties of these

nodel s, including the statistical uncertainty estimation
conditional on the
assessnment nodel being
m ght i ncl ude:
restructuring the |ikelihood function (e.g. using robust

l'i kelihood ternms and

random ef f ects nodel s) or applying bias correction nethods.
Uncertainty

estimati on woul d presumably be inproved by using Bayesi an
posteriors

and/ or boot-strapping nmethods (the latter having the
attractive feature that they

reasonably correct” . |nprovenents



are less sensitive to errors in |ikelihood functions).
However, we fear that

statistical inprovenments will probably never entirely
resol ve the fundamenta

probl em that these nodels generally require too many
arbitrary assunptions.

For the time being, we recomrend that scientific advice
shoul d pl ace greater

enphasi s on the expression of nodel uncertainty rather than
stati sti cal

uncertainty conditional on the nodel being correct. Research
into met hods for

expressing uncertainty across nodels al so should be
continued. Simlarly,

di agnostic nmethods for conparing nodels should be eval uat ed
in a sinulation

context, to illustrate the [imtations that m ght be

expect ed.

6. The age-aggregated production nodels, Fox in particular,
performed better

t han expected under a range of circunstances. In the SESAVE
SBT

simul ati ons, the Fox nodel generally perforned as well as or
better than the

SCALI A nodel s that estinmated natural nortality, and seened
to be robust to

sonme of the problens that produced bad behavior in the
SCALI A nodel s. The

prelimnary results fromthe SCTB MAG YFT study suggested

t hat the Fox

nodel perfornmed as well as or better than the SCALI A and
MULTI FAN- CL

nodel s for nost or all of the operating nodel scenarios (in
terns of relative

bi omass estimates). W found the YFT results particularly
surprising, and

guesti on whet her the operating nodel specifications provided
adequat e

diversity to challenge the assessnent nodel s.

7. W were not left with a good inpression of (at |east our
i mpl enent ati on of)

age-structured production nodels. In both sinulated SESAVE
SBT and

SCTB- MAG YFT applications, they were prone to nuneri cal
probl ens, and

generally required unrealistically good prior know edge to
yi el d performance

conparable with the nore conplicated nodel s.

8. Rel ative abundance indices (standardized CPUE) are |ikely
t he nost inportant



input for fitting nost pelagic fisheries stock assessnent
nodel s. The sinple

age- aggregat ed nodel s seened to describe the sinulated YFT
dynam cs as

wel | as the conplicated nodels, while ignoring several
auxiliary types of data

(but this was | ess evident in the SBT sinulations),
presumably in part because

the effort-fishing nortality relationship was very good.
Tenporal trends in

catchability for the rel ative abundance indi ces produced
serious problens for

all assessnent nodels in the SBT simulations, and attenpts
to estimate

catchability variability were not very successful (despite
reasonabl y good

auxiliary data). This strongly suggests that effort

st andardi zation (or

devel opnent of fishery-independent surveys), and
guantification of

uncertainty in abundance indices, needs to be one of the
hi ghest priorities for

any stock assessnent.

9. W would encourage a greater diversity of sinulation
testing to cover a

broader range of problens that regularly chall enge stock
assessnent anal ysts,

including alternative exploitation histories, spatial
dynam cs, bi ol ogi ca

characteristics, and data characteristics. These studies
woul d probably benefit

fromexplicit consideration of several problens that we
encount ered here,

related to the definition of plausible operating nodels, the
handl i ng of prior

information that may be avail able to anal ysts, and the
actual criteria selected

for eval uating nodel performance.

Addi ti onal concl usions and research recomendati ons
pertaining to the interface of

sci ence and nmanagenent are descri bed bel ow.

Overall, this study | eaves us with a deeper appreciation of
the Iimtations of

assessnment nodelling. This position of healthy skepticism
seens to be growing in

popul arity anong fisheries scientists in recent years, as
exenplified in the words of

Schnute and Richards (2001): “ Recent failures of inportant
fish stocks give

mat hemat i cal nodels a poor reputation as tools for fisheries
managenment ... W



recommend that nodel ers remain skeptical, expand their

know edge base, apply

common sense, and inplenent robust strategies for fisheries
managenent.” This

t heme under pi ns our advice for managers and policy makers
with respect to pelagic

fisheries stock assessnment nodelling (a non-technical
sumary of issues relevant to

managers i s appended to the report):

1. Considerable uncertainty is inevitable with current

nmet hods of stock

assessnment. It is inportant that managers and assessnent
scientists continue

to decrease their focus on “ best” point estimtes, and
enbrace the stock

assessment uncertainty. W recommend that nodel structural
uncertainty

shoul d be explored with primary inportance, while
statistical uncertainty
conditional on the nodel being
secondary (unless the

i nferences are robust to the najor plausible structural
uncertainties). The

conplicated integrative nodels are useful for expressing the
uncertainty about

the stock status and inplications of managenent actions,
whi l e sinpl e nodels

do not have sufficient structural flexibility for achieving
this (although, in

many cases, the sinple nodels may yield point estimtes of
conpar abl e

quality to the conplicated nodels).

correct” should be

2. Assessnent scientists and managers shoul d work together
to identify nethods

for managing the fishery that are robust to the major
under | yi ng and

foreseeabl e uncertainties. Formal Managenent Procedure (MP)
devel opnent

(or Managenent Strategy Evaluation) is growing in popularity
and seens to

represent a prom sing nethod for achieving this objective.
MPs have a

di stinct advantage in that they quantify the risk of the
conbi ned assessnent

and managenent, within a feedback control system (cl assi cal
assessnent s

generally assune a pre-determ ned pattern of future catch or
effort in fishery

proj ections, which is not an adequate representati on of how
effective fisheries

managenent generally works). MPs are al so eval uat ed using
per f or mance



nmeasures that should be readily defined from managenent
obj ectives (whereas

assessnent nodel evaluation such as we have undertaken in
SESAME, mi ght

i nclude many estimators that are largely irrel evant,
dependi ng on the type of

managenent deci sions that are required). In an MP context,
t he conplicated

assessnment nodels would play an inportant role in
conditioning the operating

nodel used to sinulate the uncertainty in future fishery
dynam cs, and shoul d

play a role in nmonitoring the performnce of the MP at
periodic intervals. In

this manner, there would be no need for a conprehensive
application of the

conplicated integrative nodels every tinme that a nanagenent
decision is

required. Sinple nodels, or even data-based stock status

i ndi cators often

seemto provide an excellent basis for making short-nmedi um
t erm deci si ons

once they are “ tuned” to be robust to the ngjor
uncertainties identified in the

operating nodels. However, it still renmains to be seen
whet her operating

nodel s can be reliably specified to adequately represent
nost fisheries

syst ens.

3. Managenent decisions should focus on reference points
that can be reliably

estimated to the extent possible. e.g. MSY has a conveni ent
t heoreti cal

interpretation, but if we cannot estimate it, it mght not
be of much practica

use. In contrast, we seemto have nore success estimating
rel ative bi omass,

whi ch suggests that the 1980 bi omass rebuilding target in
t he CCSBT m ght

provi de a reasonably quantifiable target.

4. As the enphasis on stock assessnent shifts fromthe
traditional provision of

advi ce, toward the devel opnment of nanagenment strategies that
are robust to

uncertainty, there needs to be an increase in the anount of
i nteraction between

scientists, managers and industry. Wthout effective
conmuni cati on of

industry priorities and managenent objectives, scientists
are likely to inpose

their own val ue judgnents into the process and potentially
constrain the range



of options under consideration inappropriately. Simlarly,
managers wll need

to beconme conversant with the concepts of uncertainty
guantification and ri sk,

to participate in the exploration of alternative managenent
decisions (e.g. it

will be inportant to be able to trade-off objectives of
optim zi ng expected

performance as opposed to providing a reasonabl e degree of
robustness to

unlikely events). The conplicated nodels provide useful
tools for these

di scussions, but they will never elimnate the difficult
deci sions that have to be

taken to resolve conflicting managenment objectives.

5. A greater reliance on conplicated nodels will probably
require an increase in

technically conpetent staff and resources for fisheries
assessnent. However,

in the case of MPs, despite an initial increase in
resources, an MP shoul d be

relatively easy to inplenment in subsequent years. |ntensive
revi ews of

operating nodels should only be required at periodic

i nterval s, as managenent

obj ectives change, unantici pated events occur, or
substantially new data

beconmes available with which to evaluate the MP performance.

6. Wiile there is an increasing recognition that nore effort
needs to be spent on

gquantifying fisheries nodel uncertainty, the nethods for
doing this are

currently rather ad hoc, and woul d benefit from many avenues
of research

Si mul ation-estimati on studi es eval uate the perfornmance
[imts and data

requi renents of nodels in a known setting. Retrospective
anal yses eval uate

t he consistency of a given assessnment nodel as data

accunul ates over tine.

Met a- anal yses conbi ne experience across fisheries systens.
Goodness-of -fit

di agnostics hel p deci de when a nodel structure is

i nconpatible with the data.

Wiile we are optimstic of the benefits of the shift toward
uncertainty

guantification, we also recognize that there is potentially
a risk of overenphasi zi ng

uncertainty, such that in the context of pre-cautionary
managenent, this could | ead to unreasonable | oss of economc
opportunity.



| dentifying the appropriate balance in uncertainty
guantification remains a
maj or chal | enge.

7. The quality of assessnment nodel performance and
uncertainty quantification

i ncreases as data i nproves. No amount of statistical

W zardry or

conput ati onal power can overcone the fundanmental limtations
of poor dat a.

Data col |l ection prograns should strive for continual

i nprovenent (e.g. for the

SBT fishery, direct ageing information should be collected
and efforts shoul d

continue to find reliable fishery-independent abundance

i ndi ces). However,

not all data are equally informative, and given finite
resources, there should be

prioritization of data collection prograns. Sinulation
studi es are an inportant

tool for providing guidance to this prioritization. In the
guest for better data, it

is often not recognized that a neasure of the actual error
associated with the

data is also desirable (e.g. statistical nodels usually
requi re assunptions about

the relative reliability of catch | ength sanpling, but
formal anal yses rarely

underpin these assunptions). If advice is expected with
regard to

fundanmental | y new objectives (e.g. ecosystem nanagenent),
then there wll

probably be requirenents for fundanentally new data (e.qg.
t hrough fishery-i ndependent

observational studies).



