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1. EXECUTIVE SUMMARY

1. 1impetus and goals for the review -

The consultant is required to provide a >ryeview of three simulation madels examining sea turtle

pogulation biology. The reviewer shall analyze these' reports, which examine {foggerhead -and
leatherback sed tuitles; fodusing on the fatlowing: : :

Assumptions in defining the stock structures based on genetic or other information;
Application of the most recent biological, nesting beach, and fishery interactions data;
Underlying dynamics of the population maodels; ‘
Applicability of the papulation modets to the ongoing protected species recavery and
fisheries management issues. ’

hall ol s

1.2 Main conclusions and recomméndations

The models of Chaloupka are specifically designed for Pacific-wide turtle population analysis_ and
appear o requice the least additional effort befare they can pravide the best information.on which
" to-proceed with' protected species recovery and fisheries ‘management analysis of refevance to
the ‘Hawaiian “longline “fishery and other US. interests.  Wetherall's leatherback model
concentrates ‘o the Mexican leatherback " population,. and is likely to. require considerable
- ‘modification to incorporate the interactions of the othec turtie meta-populationis and anthropagenic

impacts necessary to examine the wide range of issues of relevance to NMFS. The models of -

Chaloupka for leatherback and loggerhead tutle populations. are, perhaps. biolagically more
realistic than-that of Wethérall, and are cedainly fore camplex.” The valies and fiindtionat forms
of many of the parameters in the models of Chaloupka are unknown due to the paucity of suitable
studies on the relevant turtle populations. This increases uncertainly in. model . outputs.
Sensilivity analyses of the impact of the values and forms of these parameters on modef outputs,
assessments and perception of the population (recovery) need to be extended o identify those
-+ biological parameters which- are impartant to the dynamics of populations. This will. focus: data
collection on parameters  which will best support the derivation of management. Wethdrall's
model is less data intensive, offers useful insights into the pedormance of the models of
Chaloupka under uncertainty, and could be used to test the rabustness of those modets.

Scientific studies fo populate the parameters will tike 4 number of years to complete. it can be
foreseen that management: options will need to be déveloped in a sharter time *frame.
Chaloupka's models must therefore be used to derive  mdnagement interventians which are
robust ta mode! uncertainties.

{n their current form, Chaloupka's models will be useful for the identification of the likely causal
factors of population decline. With development of management strategy simulation framewarks,
for example, .the madels will tie suitable for the examination of robust management interventions
which hait declines in the short term, and result in:long team stock recovery. Theéy should also be

used to inform the derivation of management targets for-recovering turtle’ populations, and to
develop practical early warning monitoring indicators for wvulnierable sea turtle popuiations. The
models should form the basis of discussion warkshops examining potential management
interventions. ‘ : ‘

A number of recommendations have been made throughout the text of this report. ‘At present, the
models of Chaloupka represent the best available information on which to praceed with'species
recovery aad fisheries managemeat in the Pacific. Consideration of the recommendations in this
report will improve the madels, and ensure that madel outputs will pravide suitable information of
a quality sufficient for basing development of management strategies. -
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ZlNTRODUCHON

Both leatherback turtle (Dermochelys coriacea) and loggerhead tuttle (Carelfa caretta)
poputations in the Pacific have been strongly affected by human activities. These activities
include, for example, the loss of nesting habitat due fo beach development, egg and female
mortality on nesting beaches, huating in coastal waters, and incidental modality in fishedes.
Declines in the numbers- of female turtles retuming to nesting beaches has led to considerable
concern for the welfare of these populations. In the recent NMFS Bialogical Opinion (2001)
leatherback turtles were fisted as endangered, while loggerhead turties were listed as threatened.

As a result of the status of these popuiatxons there is a need to develop appmpnate strategies to

hatt declines and promote fecavery.

2.1 'Backgroimd

Simufation mode!s have been developed by the U.S.. National Madne Fisheries - Service
{Southwest Fisherdes Science Center) to provide a quanhtatwe foundation for assessing the
impacts of the Hawaii-based pelagic longline. fishery and other human activities on sea turtle
populations.  Two independent studies have teen oomplewd recently. In the first, twa' stochastic
simulation models were develfoped under contract by a sea turtie modeling specialist, assisted by
interactive warkshiops: of invited expeﬂs The first modefed Pacific leathetback sea turtles, with
emphasis on western Pacific populatnons of this - species. The second madeled the narthwestern
stack of Pacific: Ioggerheads_' In the second study, a simulation modat of the Mexican leatherback
. populauoa in the Pacxﬁc was developed.

An independent review of these mddets was requested, and forms the basis of this report.

2.2 fermé'of R’éférenée ‘.

‘The reviewer shall anaiyze the reports for logge(head and leatherback sea: turﬂes focusmg on
the followmg

Assumptsons in def ining the stock structures based oa genetic orother mformaﬂon
Application of the mast recent biclagical, nesting beach, and ﬁshery mteract!ons data;
Underlying dynamics of the population maodels;, .,

Apglicability of the. populatxon models to the ongomg protected spemes reoovery and
fisheries management issues.

H

Ao

2.3 Description of Re\ﬂew Activities

The rewewer :raveled to the NMFS Southwest Flshenes Science Center Honoluiu Hawaii, for a
two-day meeting with-the model authars on the- 2 and 3" May, 2002. Durmg this “useful
meeting, the models: were demonstrated and issues discussed.. The green turtle ‘warkshop
described in the Statement of Work did not go ahead, as work on that madel is stifl-underway.

Personnel met during the two-day meeting were from NMFS:
Dr Mike Laurs
Dr Jeay Wetherall

and the sea turtle modeling specialist
Dr Milani Chaloupka

Documentation made available to the reviewer is summarized in Appendix A2
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3. REVIEW OF THE MODELS

The documentation for the three models was reviewed and discussed at the two-day meeting in
Hawai. The first two models were developed by Dr Chaloupka, and modeled pépulatians of
western Pacific leatherback sea turie stocks and nomthwestemn Pacific loggerhead sea tudle
stacks respectively. These models are discussed together in Section 3.1. The third madet was
developed by Dr Wetherall, in colfaboration with a number of Mexican scientists, and simulated
the responses of Mexican Pacific leatherback populations to anthropogenic impacts. This made!
is discussed in.Section 3.2. = '

3.1 Chaloupka turtle models

Or Chaloupka developed twa models which are similar in basic structute and approach. These

stachastic simulation models were developed for the westem Pacific leatherback sea turtle stock

{which includes a sex- age class- and substack-structure) and nocthwestem Pacific loggerhead

sea fudle stock (which comprises a sex- and age class-structure). In botft cases the structure is

linked: by corvetated time-varying habitat- ‘density- and’ temiperature-dependent demagraphic
- processes, incorporating environmental and demiographic stochasticity. o

3.t.1 Assumptions in defining the stock structures ba'se‘f‘_‘.‘,’ﬁ genetic or other
information Cor Mhhef ot _

In thxs %gction. issues relating to assumpﬁ,c_ins? mdefiﬂlﬂg t'he'ﬂs_toék structures based onig_eh_et_ic ar
 othier information which are unique to each model.are discussed. : Lot

Leathierback madel

Meta-populations are modeled as discrele sub-stocks ariginating from Maiaysié and Mé_!aqesia.
Although current opinion is_that there is-no evidence of dispersal between feattierback substacks,

the model i flexible enough to. allow this capacity to. be enabled i data:-are; cofig¢cted

. subsequently.that prove otherwise...

The east Pacific population (Mexico stock).is: nat included currently in the madel. However, there
is genetic evidence that Mexican leatherbacks are caught in the Hawaiian longline fishery (NMFS
Biolagical Opinion, 2001). Hence, this metapopulation should be included in: the model. . As a
résuit, of the. madel’s fomnulation, it appears sufficieatly flexible to-affow this population to be
added. o ' L R

Loggérhead madef

. The model concentrates on the northwestem Pacific (‘Japanese’) loggerhead stocic “This stack is

" known to inferact with the Hawaiian longline fleet, and fisheries on the: US. Pacific and Mexicap
west coast The southwestern loggerhead stock, with nesting sites around eastern Australia, is
not curently included in the model since best:information: suggests:that the two stocks -do ot
mix. However, while the NMFS Biological opinion supparts the fact that the vast majority ‘of
individuals caught in the Hawaiian fishery originate from the Japanese nesting stock ("nearly 100
percent’), it does state that that “the rest derived from Australia”, referencing a personal
commurication with P. Dutton (Jan 2001). Consideration should be given on whether the
Australian . metapoputation should be simulated ‘within the model or whether the level of
interaction with fisheries of interest is sufficiently minimal for its impact to be ignored. ;
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3.1.2 Application of tﬁe most recent hiological, nesting beach, and fishery
interactions data .

In this. section, issues related to application of the most recent btologlcal aesting beach, and
fishery interactions data which are umque to each model are dlscussed

Leatherback model

The mode appeérs to be based on the iateét knowledge of the biology of leatherback turties.
Limited biologica! information is actually available for westem Pacific leatherback stock. As a

result, the author sensibly used biological data from leatherback stocks from the Pacific, Atlantic '

and tndian Oceans to parameterize the model. Inevitably, this intraducas uncertainty into the

is discussed further in Section 3.1.4.

_ outputs from the madel when attempting to simulate the westem Pacific stock. The impact of this

On page 12 of the manuscript, the assumption is made that there are no sex-or substock-specrﬁc

-differences in survivat probabilities. . However, it is noted in the next paragraph that ciutch'loss to
“tidal inundatian .or beach erosion is low for the Malaysiaq substock but quite sagmﬂcant for the

Melanesian subistock of the narthern Papuan coast.: Egg predation by veranids and pigs is also
high in this area, but not for the Malaysian substock. The default assumption of no sub-stack
differences in survival probabilities for eggs and hatchlings therefore appears unrealistic. Since
the capacity to adjust survival probabilities. for stacks is avaifable within the 1 wiodel, the impact of
stock-specific survival probabilities at various developmentai stages should be examined.

Suarez et al. (in press, in NMFS Biolagical Opinion, 2001) noted that 40-60% of leatherback

nests on Jamursba-Medi were lost to inundation and erosion; and that 90% of those nests not
taken by poachers aor the sea were destroyed by feral pigs {see abova). This suggests that egg
survival probability in specific locations may be significantly lower than the bouads currently
operating in the leatherback mode! (for example). The effect on moadel’ perforrnance of wider
survwal pmbabdlty dtstnbutlons shouid be exammed. A related issue is raised i in Section 3.1.3.

Dlscussuon on the form cf the p(obabildy of leaﬂlerbaek eggs hab:hmg asa nonhnear functxon nf
nes{ temperature in the: manuscript would be suppaited through reference to, the form of tﬂls
relationship for other turtle species. Based an the data available for teatherbacks preseatéd in

Figure 8a, there is little information to define the functignal form selected. However, the choice of

this {orm is supparted by the greater data set avadable for !oggem&d turﬂes

in general different populatxons in-the miodel are appropnately affected by différent area—spemf >
hazards {be-they natural or anthropogemc) However, recent evidence suggests that western
Pacific turtles may suffer mortality in fisheries operating in Chilean waters (NMFS Biolagical
Opinion, 2001). If correct, this -additional interaction and source of mortality shou!d be added to
the model.

The y-axis in Figure 8b needs mare explanatlon sincé :t !mpues that ‘individual Ieatherback
frequency’ can be negative.

An explanat;on of the age ciass groupings for alt age dasses should ‘be added to the Iegend of
Figure 11. ,

Loggerhead model

Loggerhead turﬂes have adifferent bfology and demography to that of leathierbacks. - This is
simulated appropriately within. the' madel. - A greater volume of biological infdcmation is available
for loggerhead turtles in the Pacific compared to the leatherback stocks of interest. However,
there is still refatively fittle information available on loggerhead tutle demography in the
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nocthwestern Pacific stock. As a result, the author sensibly used data avaifable fromstocks in the
Allantic Ocean and other areas of the Pacific Ocean, most notably from Austrafia (the
‘southwestem’ stock). It is unknown whether these data accurately reflect the demography . of the
narthwestern stock, and further data coflection and analysis is required fo better parameterize the

It is difficult to reconcile the age classes in Table 2 with the growth patlerns and-age class
divisions detailed in Figure 3 and the prose on page 10. Faoc example, the prose indicates that
loggerheads recruit to the benthic phase at around 70-80em CCL: while in Table 2 benthic
* juvéniles-are 95cm+ and 10-14 years old (and are described as having just'spent 10-15yé&ars in

the pelagic habitat). The comparison between Table 2 and Figure 3aand b is also confissing. -|
suggest that a clearer explanation of the process is given. For example, a figure of the pateqtial
age distributions of each stage would be useful, to illustrate the degree of ovedap: -

The incidental capture of pelagics in the westem U.S. coast fistieries is. viewed ‘as;‘négiigib(e' in

the model, based on the information available (23 leatherback- and- 24 loggerhiead tules since

1990, according to the NMFS Biological Opinian, 2001). - Since data on-loggerhead:matality is
fimited, it would be prudent to ensure that additional sources of marfality.can be-easity added on
the rélevant age class stage in the event that further information changes the current ‘apinion.

3.1.3 Underlying dynamics of_‘tﬁe pbpﬁ!ation models -

In this »éecﬁon‘ issues relating to the underlying dynamics of the population’ modeii’s'";@hid:'are

specific to each model are discussed first. {ssues cammon to both madels are then detailed. -

teatherback model

- In.the leathetback made repott, Figure 16 shows considerable flactuations i the rtio
.age classes/stages for one realization of the ‘model.- This appears to result fargely from the Gse of
stock. proportion to display trends: Low recruitment levels ‘of the year "1 age class result in
warmwater juveniles representing a higher progortion ‘of the stock, -déspite the fact that ‘their
numbers may be little different from previous years. ' To allow easier interpretation of the
dynamics, it would be better to show the aumbers or biomass of each stage in such graphs.- This
shauld provide a clearer indication of the interactions betweerr age groups. R

Laggerhead modet

" Figure 17 presents the relative age class praportions in the stock for ane realization of the made.

However, if this is a measure of the p&oportion of total stock, these proportions add up to more
than 1. While the sum of the pelagic and benthic substacks in Figure.17a.may equat 1, what is

the proportion of the year 1.age class refative to?  This needs further explanation.

Issues commion to both ﬁxbd,els

A aumber of issues were identified relating to the undédyingj‘;dynafﬁics‘ which are comiman.to

both the leatherback and loggerhead models. These are detailed below.

" it was interesting to note that demagraphic stachasticity. does riot appear sufficient ta recover a
papulation from fow levels. D’erisity'_qepengen'ce;__;_ the existence of which is cantrovéssiat -for
‘turtiés (as noted in the madel -documentation), is refied upon ta recover depleted : popufations.
Currently, the model does nat incorparate random events which may stimutate stock' racovery
{e.g. faverable enviropmental conditions) Conversely, catastrophic events (e.g. random events
such as hurricanes which may increase the levels of mortality in many age classes} are also not
simulated. The incorporation of these “events in the :moded, . through conditionai - distributions
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{defining the probability of an event occurring, and if that event accurs, the likely magnitude), and
the option to ‘switch® eveats an or off, should be cansidered,

Variability in the number of nesting individuals has been shown to decrease at low population
sizes (Chaloupka, pers. comm.}. This may be a useful indicator against which to parameterize
and tune the madel. For example, superficial examinatian of model gerfarmance suggests that
the level of density dependence set in the model may influence the level of fluctuation in
simulated nester abundance relative to population size. However, it should be nated that there
wilt be many parameters interacting in this' dynamic. ‘which may reader the causal relationships

unclear. A more thoraugh test of the madel pedformance should be made before tuning goes

ahead.

Empirical dedvation of the survival probability valies for the majority of age classes is dane
through tuning of the model (required due to the lack of data to define the valyes and
distributions). ‘The survival probabilities are within very narrow distdbutions. Since the modet is
fikely to be highly sensitive to these values and distributions, further examination of their forms is
appropriate. to examine their impacts on model perfdrmance (e.q. éxamiine the use of correfated
‘nonmal, distributions, log-odds).  Further- data collection ‘and experimental analysis to improve
these estimates, and hence reduce the requirement for tuning, is imipartant.

Given uncertainty over the value for initial population size used to seed the model, robustness of
the model fo changes in initial population abundance estimates shauld té"exarnined. Particularly
where density dependence is operating, modet performance under changing initial estimates may
not be straightforward. ) : .

A factofial experimental design was used to examine the influence of pasticutar variables on
model outputs. The parameters examined were not sampled over a particularly large’ range.

Muttiple equitibria may result if a larger range is examined. This would be an impaortant.-finding for

the madet in. its current form, and something users shauld be made aware of, since it'could be
misconstrued as evidence for phase-shifts. . & would- also. assist in the identification of  areas
"where data callection and analysis should be focused. It is- therefore recommended that'wider

parameter rangés are examined in the factorial.experimental design.

SRR

3.1.4 Applicability .of the pquliationém&&éls to the ongoing protected species
recovery and fisheries management issues »

I

In this section, all issues on applicabiity of the population madels to ongoing pratected species
recovery and fisheries management issues were common to both models. . .

The-madels of Chaloupka have identified a‘number of biological parameters which are important
to the dynamics of: poputations. The values and distributions of thése' parameters are often
unknown, due to the paucity of studies which have been performed oq study poputations... This
renders model outputs open to uncertainty. However, as niated in Section 3.1.3, these models
are useful tools (o identify those parameters and processes own which data collection and

- analysis should be concentrated.:

Studies required to populate many of these important model paramsters are likely to. take a
number of years to produce; answers ta management questions will undaubtedly. be required in a
shodter timescale than this. 'The models must therefore be used to identify management
interventions which will fead to population recovery, and are also robust to uricertainties in the

- The madels already aliow simple management analyses to be performed, by settidg the level of
stock abundance assessment emrar in harvesting strategy evaluations. Curmently the perceived
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stock level is selected as.a randam value around the true stock level, as defined by a lognormai
prabability density function with an adjustable caefficient of variation However, this is not very
cealistic. ln general, one might expect that if stock size is overestimatéd in one year, it is more
likely to be overestimated in the following year as well. Therefare, it is strongly recommended
that the level of error is comelated between years in these simutations.

A more cealistic approach would be to perform management stralegy simulations. Here, the
manager's perception of stock status is detemiined by the stock assessment methodolagy (rather
thaa as a random variable araund the tiue stock level). Management action (determined by
management coatrol fules):is' then applied to the actual' stock thrdugh a- harvest strategy (e.g.
feduction. in effoct.if stock shows a decline}. Stack status following management intervention is
then re-assessed after a particufar time period, and the action cycle cepeated. Monte Caro
simulations can then assess the likely impacts of management gver time. - Management strategy
simulation has become relatively common in fistieries (e.g: Kell et al. 1999; Punt, 1995; 1997).
{ncarporation of a-management strategy simulation structure within' the' models would allow the
impact of interventions such as the clasure of the fishery, (the modeis are already capable of
madeling this action), gear modifications (which mighit be simulated through a reduction in
mortality in fishery or catch rates, for example; aithoughi this aitst reafistically refate the fevet of
modality reduction to the modification made) or conservation efforts leading to a decrease in
juvenile mortality, as seen in Mexico (perhaps initiated through a miodification of the eqg or
Juvenile -survival prababilities) to' be assessed’ The feasibility of incorparating management
strategy simulations should be axamined. o o ’

—

'-Manégement strategy - simulations, ‘and "management action i general, vr,equire a goal against

. which the performance of management interventions can’ be related.” However, fio goals or '

targets appear to exist currently for sea turtiés. Without such goals; it is difficutt lo state whether
there are deficiencies in the cuent model structure and oiitputs.- Wetherall.ef af. {2002). provide
~-an excellent discussion:of the need to quantify recovery objectives and thie reductions-in humar.
caused mortality necessary to achieve it. R ' ’

The models currently-have the facility to measure the performarice of interventions through uasi-
extinction. curves, which-provide managers with'a meastre of the Tikelihood' of adult popufation
+abundance falling below a set tevet of initial aburidance within a padicular time scale. Thisis a
~-sensible measure, butis most useful in‘a'situation wheré the aifn is sustainable’ exploitation.’ For
many of the. stocks in question; what is desired is 4. recovery of population numbers to a
sustainable level (whatever that level'may ba): ‘Recovery targets are ve;yidiffer'ent,from!hose of
steady-state managemedt. o T : LT :

Some suggestions forfécbvery, fargets are:

- the recovery of the stock ta fevel X over Y years (examined within the model as the
probabifity of the poputation achieving this);
- aparticular increase in survivorship of mature aduits (which may be practically identified
through tagging); . )
- .an increase in the percentage of first.time breeders (although this would be open to
- varations in the number of experienced nesters retuming each year, and- would also
require a time series of data collection ta confirm trends).

Recovery plans will involve reductions in the anthropogenic impacts on stocks. The impact of
plans must also be examined from the sacia-economic/fieet perspective. This could be examined _

eithier within or outside the madel (using modet outputs).

Management strategy simulations also. require thé,deyelopment of performance criteria, so that
the relaive success of different management approaches can be judged. - Examples of
management performance criteria include: .
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- the time taken for the population to achieve the management target;

- the ralio betweea biomass at the end of a management period (e.g. 20 years) and
unexploited levels.

An appropriate set of performance criteria need to be identified so that they can be added to the -

model, as necessary.

QOnce a turtle population has recovered, there isa need to identify. further, practical, early waming
manitoring indicaters for management. These need o allow suitable mitigation approaches to be
put into effect in good time if a recovered stock shows signs ‘of decline. These indicators are
frequently different from those used as recovery goais Potential mdlcators may include:

- number of females on nestmg beaches (but see discussian below);
- number of juveniles successfully hatching; . )
- for loggerheads speaﬁcally the number of dean reerurts ta the bentmc phase

The Chatoupka models appear to be surtable and va!uabie tools to 1denhfy these pracﬁcal'

recovery and momtonng indicatacs for maaagement

The number of females nestmg on beaches has: been suggested as a criteria with Wwhich to
monitar’ popu(atxon status (sée above) However since. beachi: nesting aumbers - fluctaate
considerably in hea{tny populations, its use as’ an mdtcater may- ‘be reduegd. - Short teemi trerids
provided by most manitaring studies may nge incomrect impressions of the papulation; downward
trends: in a heaithy population which arse merely .due to. tandom -variation- may.lead to
management action whea it is not requu'ed - However, merecqvery signal may-be stronger if the

papulation is tecavering fram extremely fevels: {or: isicrashing)..- This- should 'be: ‘exdmined

_through simulations where management degision rules. are based updn the monotonous: incréase
of decrease in the aumber of mdwrduals breedmg {eg.a dea'ease»-over three years Ieads to
management mterventlon) ‘.

As noted, the madels are excellent. -discussion: toals. . They can form the focus.of warkshops

discussing the use of selected manag ent mterventicp using the simulations suggested abave

{as well as others) tHis essenual thal red conclusions.to workshaps be-grodiced. These
may include_handouts to be:tiken awa :

¥ icipants. Handauts should present the ﬁnd(rﬁs
graphlcaﬂy, showing trends of decline or overy resulting: from particular intetventions ‘for
example (e.g.. 95% of suns achieve performance measure:if a particuladintesvention is: initiated).

An altemative’ suggestion is the basic traffic i light approach {Caddy: and -Mahon; “1995; Caddy,

1998). Given the development of a battery of suitable indicators, a system of red/green lights for
these indicators for a given situation/intervention can be produced. ‘Each indicator €an then be
weighted for ‘desirability’ by the workshop participants to identify the most appropriate outcomes.

3.1.5 Specific items

in this section, issues specific to each madel’ are discussed ﬁrst 1ssues common to both modets
are then detailed.

Leatherbacks

There are a number of mis-speflings and grammatlcal errars in the manuscnpt the majonty of
which will be picked up by a spell-check or grammar search.

On Page 11, the second paragraph refers ta benth:c recrurtment. whtch rs not a stage of the
leatherback ffecycle. .
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{oggerheads

There are a number of mis-spellings and grammatical efrocs in the maauscript, the majarity of
which should be picked up by a spell-check or grammar search

In the intf‘oduciiim; the common species name referred to in the first line should be leatherback,
not loggerhead.

{ssues common ta hoth models

These cammients focus on the issue of handing over the models to. other users. Methods to
assist the handover process are suggested.

These complex models -offer a potentially bewildedng array of parameters for adjustment. Most
of these paramelters aré refered to by acronyms, which give little insight into the processes they
~control. 1t is recomended that a-list of parameters avaitable within the model is: developed,
fisting the acronyms; full names, what they represent, and suitable ranges for these parameters
based on the available data. These lists or tables should be broken down into sections, with
related parameters grouped together (e.g. under reproduction, dispersal, fishery related
parameters etc). Also, the acronyms presented . in graphs. in the ‘dacumentafion are not
transparent ~for ease of model use, these variable names should be spelt outin full.

The problems’ encaunteréd when running the madal (jre_squired screen fgsoluﬁon in IBM éCs, for

example} shoald be-docurmerited for other users.

There nieeds:to be SOmé'st‘mple diagnostics: within’ the mode!@nctudingmecapacxtyto add
statistical fittingroutines: for a time when sufficient dala are available) to ideatify dnd. highlight
unrealistic changes-or pathological model behavior. Consid : training will be’required for
users. new to-the ‘madet,- and- even simple’ diagnostics would enable ‘them fo identify pdor ac

unrealistic model:perfarmance, and examing ok'diS‘GusS' the likely-causes.

Given that the processes modeled contain considerable uncertainty, the facus on single todel
-runs in the documentation: can. be highly misleading. 1 would suggest focising on rdas with
uncertainty- displayed.ia the outputs, to'avoid the-impression that users can rely on single nins to
identify trends. I tum, it would be useful'to be able th Sét the level'of uncertainty to be disptayed

-around-the output trends {e.g. be able-to'sat probaility levels for each output).

3.2 Wetherall Mexican featherback model (TU_RTSI_M)

The TURTSIM model allows fﬁscrete-time simdla_ﬁ_ciq‘ of madde turtle. Qppu!ation dyha,rﬁiq’s,; and

human-caused mortality on nesting' beaches and: oceanic- habitat ~ The ‘fodel assumes

. 'popufations aré"structured by carapace length, sex, and state ‘of maturity, and incorporates
biolagical details peitaining to egg and hatchling production, somatic growth, natural and human-
caused mortality, ‘maturation and remigration. Density-dependence is incarporated;inta growth,
remigration and hatchiing production functions. B

3.2.1 Assumptions in defining the stock structures based on genetic or other
informatjop s

in its current fbrm, the ‘model concentrates on the ‘Mexican- leatherback population, as a
poputation which is independent of other stocks. Based on the available genetic information, this
appears appropriate. However, if this model were fo he used to examine the impact of mitigation
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measures in the Hawail longtine fishery, ather stocks would need to be included (e.g. those frorn
Malaysia and from Metanesia). This is discussed further in Secnon 3.24.

3.2.2 Application of the most recent brologrcal nestmg beach, and fishery
interactions data

Growth parameters for the leatherback population are based on 15 individuals aged from a dump
~ in Peru. This represeats a fimited data set on which to base estimates of von Bertalanffy growth
parameters, although the data do appear to produce a reasonable von Bertalanffy. growth curve.

It would be interesting to see how estimates of growth for this stock campare with those for other
teatherback stocks.

The estimation of variabifity in growth !gnores length-at-age data from the dlseased mdxwdua!s
since‘these individuals show low growth rates compared to those. samp(ed from Peru. However,
these diseased individuals may ‘répresent a natural extreme in the. fevel. of individual growth

- variability. Since informiation suggests that these diseased individuals could stifl reproduce their

fength-at-age data shou!d be included in-estimates of mdmdua( vanabdxty

Growth in' the model is densdy dependent. This is modeled through changes to. the von

Bertalanffy growth parameterK: However, the majority of density dependent growth models (e. g.

Beverton and Holt, 1957; Lorenzen, 1996} have related changes in popu!almn densily ta changes

in the von Bertatlantfy growth parameter L, (or the related asymplotic weight W), rather than to

. changes in K. The von Bedalanffy growth' function describes grawth as the aet result of
anabolism (the build .up of body materials, related to.L.) and catabolism (the breakdown of
exxsung body materials, related to. K}, Catabohsm {K)} is.presumed. o  be affected: by: the amaunt

- of body matedal to be broken: dawn {weight of the organism; lavel: of metabolic activity) and
therefore mdependent of population density. Anabcllsm (L.} is dependent on:the: foad resources
dvailable to individual fish; and therefore popufation: densdy While density. dependeat growth has
been modeled in K in the past, the authior should be aware of the current conventton

The model does not have xmpﬁcrt relatnonshxps between the. actlon of densrty dependent growth
‘and natural mortality {the ratio_between M. and K has a sigaificant’ influence:on the: thearetical
maximam yleld and optrmum effort levels in calculations of the: yzeld—per-reerwt. type) or density
dependent growth aad fecundlty At present density dependence:acts. on: these characteristics
via its effect on growth. This may léad to unexpected model behavior. These interactions shautd:
be mvesﬂgated and the development of retationships between these parameters conSIdered.

Since fittle data exists on dens&ty dependenca, assumptlons on the form of its relahonshrp wrth
parameters are arbitrary. Quite frequently, however, a sigmoid form is selected, which may be

more biolegically realistic than those presented in Figure 8 of the manuscript. in thrs form; levels.

close to the maximum densrty have little effect on a parameter while further decreases in density
have an increasing effect. This effect decreasés to a biological asymptote at very low densities.

It would be interesting to examme the effect of thls form of density dependent relatzonshrp on
model outputs. .

On page 10, the assumption of 85% survival for aduits does not appear to match with the
calculation of 30% for M in section 4.4 of the manuscript. This aeeds explnation..

On page 19, the calcutation that 1/8™ of Hawaii longfine mortaliies were from Mexica needs

explanation; Y« of mortafities are from the eastern Pacific, and there is a 50 50 sptit assurned
~between Mexico and Costa Rica populations, hence the value of 1/8"‘ R

"
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3.2.3 Underlying dyanamics of the population models

_ tnitially, survivorship tevels in the model are tuned based on the adult naturat survivorship levels,
to achieve equilibrium. - This has fed to' 3 10:fald increase in the survivorship levels for the
younagest: age group where there is low adult survival, compared to the situation where adult

survival is tigh (Table 1 of the manuscript). This'is unlikely to be biologically realistic, and may |

explain the surprising and somewhat contradictory. différences in fecovery times between low and
high: survivorship: simulation runs (page 23 of manuscript) where higher rates of fecovery were
predicted under assumptions. of fow natiral sutvivershig: and noalinear density dependence. A
situation where low survivorship achieves recovery goals mare quickly represents a problem for
conservation.. If correct, mitigation measures increasing the survivorship of populations. would
slow the rate atwhich the population recovered; dn - effect which may also be found whera density
dependent growth is operating {increasing poputation size decreasing growth rates, and therefore
bigmass fecovery).. To coafitm whether this is'a reSult of model tuning, it would be apprapriate to
attempt tuning the modat with survivorship:in each developmental graup constrained within likely
bounds. - . ' L C ' . S

'3.2.4 Applicability of the population models to the ongoing protected species

recovery-and fisheries management issues

in the documentation, the. model of Wetherall et.af. is used to examine the influence of various
anthropagenic: influences on. the Mexican leatherback population: specifically. . - Following
" examination of the points detailed in previous sections, this maodel appears’ suitable ‘for this
- purpose. - . . - :

Hor :

\ ' agement studies can be perfohiiéd,_ as.are examined ia the manuscript. h :}ﬁdde{
contains no stachasticity, besides the - influence..of density dependence on growth: and related
factors. This fimits simulations to less realistic deterministic studies. N

One of the advantages of the approach taken io this madel is that it is less data intense. This
fower complexity offers a useful opportunity to compare outputs with the moare -complex
leathefbat;k model of Chatoupka. This is discussed in Section 4.
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4. CONCLUSIONS AND RECOMMENDATIONS

The madels of Chaloupka are specifically designed for Pacific-wide turtie popufation analysis, and
appear to require the least additional effort before they can provide the best infarmation on which
. to proceed with protected species recovery and fisheries management analysis of relevance to
the Hawailan longline fishery and other US. interests. Wetherall's  leatherback model
concentrates on e Mexican leatherback population, and is likely -to- require considerable
modification to incorparate the interactions of the ather turtle meta-popufations and anthropogenic
impacts necessary to examine the wide range of issues of refevance ta NMFS:

The maodels of Chaloupka for leatherback and loggerhead tustle populations are: perhaps
biotogically more realistic than that of Wetherall, and-ace certainly more complex. The values and
- functional forms of many of the parameters.in the models of Chaloupka are unknawn, due o the
paucity of suitable studies on:the refevant turtle populations. - This increases the uncertainty, in
model outputs. . Sensitivity analyses of the impact.of the values- and. functional foams of these
parameters on model outputs, assessments and perception of the population (recovery) need to
" be extended to identify those biological parameters which are important to the dynamics of
populations. This will focus data collection on parameters which will best support the derivation
of management Wetherall's model .is less data. intensive, offers. usefu insights into the
"performance of e madels’ of Chaloupka under uncertainty,. and -could- be used ta test the
robustness of those modets. ' -

—

Scientific studies to:populate the parameters will take a number of yéarsi'td‘oompete, and it can
be. foreseen that:management options will need to be developed in a shorter time frame.
. Chaloupka’s models -miust. therefore be used to derive management’interventions which are’,
robust to model uncertainties. . ‘

In their current form;. Chaloupka's models. will be useful for the identification of the fikely. causal
factors of population decliie, ‘and provide the best infarmation 6n which to proceed with protected
species. recavery’ and" fishéries - management in- the Padifi . the development of
management strategy simulation framewarks, for example, the riiadefs will be suitable for the
examination of rabust managémient intervéntions which halt declines it the shart term, and in the
fonger temn result in stock recovery. They should also be used. to inform the derivation jof

" management-targets for recovering turtle papudations, and to develop, practical early. warming
monitaring indicators for vilherable sed tudie pagulations. The models should form the basis of
discussion workshops to exémine potential managementinterventions. '

A aumber of recommendations have been made throughiaut the text of this report. The main
recommendations were: o )

Chaloupka models:

* add the east Pacific (Mexico) metapopulation to the leatherback model; :

¢ consider whether the Australian metapopulation should be added to the loggerhead
modef;

« examine the impact of stock-specific survival probabilities at various developmentat
stages in both models; ‘ .

s support the choice of nest temperature relationship for leatherbacks with information from
other turtle species; .

* add patential mortality arising from mid/south American fisheries to the westem Pacific
leatherback metapopulation;

« add the capability to simulate random favorable and catastrophic events to the models;

« examine alternative distributions (form and value} for age class specific survival in both
models; ;
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+ examine the robustness of models ta changes in the initiat population abundance
estimates;

* examine wider ranges for the parameters tested in the factorial experimental design;

+ correlate the level of stock abundance error in the harvesting strategy evaluations;

«  examine the feasibility of expanding models to incorporate more realistic management
strategy simulations: R ' )

« use the modets to identify suitable recovery and monitosing criteria for turtie populations
{which may not be the same); ’ : :

+« use the.models as discussion tools: within wodc;sho{)s to develop'management strategies
based on such criteria, . : 8 : : ‘ ’

fssues and iieéommeﬂdatidns relating to-the handover of the .#nodels were alsa. discussed

.. (Section 3.1.5), including the inclusion of simple diagnastics within the models to assist new
-aperators in model use and interpretation. s

. Wetheralt model:

.« consider whether the modet-should: Se}expaﬁded t6 include other leamerback stocks in.

the Pacific of relevance ta the Hawaii-longline fishiery; or whether the model. should
cancentrate on analysis of the. Mexican stock: oaly; P C s

* the length-at-age data from diseased individuals should be included in the estimates of

individual variability;

= consider whether density dependence should be changed to act on the von Bedtalanffy
growth parameter L, rather than K:

* examine and consider implicit relationiships between the action of density dependeat
growth and both natural mortality and fecundity:

« consider different forms of density dependence in the model; -

« ' tune survivorship of each developmentat group to eliminate the compensatory shifts in
that of the youngest age group when adult survival is modified: :

« examine the addition of further stachasticity to the model to render it mara reafistic.

i
At present, the madels of Chaloupka represent the best avaitable information on which {o proceed
with protected species recovery and fisheries management in the Pacific. Consideration of tt[e
fecommendations in this report will improve the models, and ensure that model outputs - will

provide suitable information of a quality sufficient for basing development of management
strategies. ’ :
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- 5. OTHER ISSUES OF POTENTIAL INTEREST TO NMFS

Comments in fh_is section do not falf under-the informaiidn required by the térms of reference.
They are raised as they may be of interest to NMFS staff. : -

CEFAS have been collaborating with NMFS Sautheast Fisheries Sciencd Centar (Miami) to
develop specific madels and methodologies to imprave the estimates of bycatch (in particular of
dead bluefin tina discards) in the U.S pelagic fongline fishery in‘the Affantic, and the calculation

of uncertainty about these estimates. The methads may prove effective in improving estimates of

turtle-bycatch from the Hawaii longfine fishery, and ‘may identify refated fictors (e.g. aréas, time
periads, fishing methodologies. or characteristics) that could suggest potential mitigation
meastres. ‘ o o ) DA AN

The issue of seabird bycatch in longline fisheries was nated as an important factor in the EIS.
The problem of seabird (in particular albatross) incidental mortality in tongline fisheres has been
nated in the fishedes operating. under. the: auspices of CCAMLR {Commission for the
Conservation of Antarctic. Marine :Living Resources; ‘www.ccamir.org), ‘of which the USA is a
member. ' A number of mitigation measures have:been developed, ‘somé of which may be
adaptable for fisheries in the Pacific. g o T ey :

—

e e
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Al Repoi:t Generation and Procedural ltems -

1. The report should be prefaced with an executive surﬁmary of findings ‘and/or
- recommendations. : )

2. The main-bady of the repoart should consist of a background, description of review

dctivilies, summary of findings, _oqnc!x_‘:sioﬂslreoommendaﬁons, and references.

3. The report should also include as éebaréte'appendiceé the bibliography of alt materials

provided and a copy of the statement of work

L
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A.2 Review and Background Documents

Chaloupka, M. (2002). Development of a stochastic mefapopulation model for the westemn
Pacific leatherback sea turtle stock.  Report prepared for Hie' US National Marine Fisheries
Service, Southwest Fisheries Science Center, Honolulu Laboratory. Honoldly, Hawaii. 109p.

Chalgupka, M. {(2002). Stochastic simulation madel of westem Pacific leatherback sea turtie
metapopulation dynamics — User's Guide. - For the US National Mardine Fisheries Service,
Southwest Fisheries Science Center, Honolulu Labaratory, Honoluly, Hawaii. 41p.

'Chéioupka, M. (2002). Development of-a stachastic population model for the westém Pacific

foggerhead sea turfle stock. Report prepared for the US National Marine Fisheries Service,
Southwest Fisheries Science Center, Hanolulu Laboratory, Honolulu, Hawaii. 102p.

Chaloupka, M. (2002). Stochastic simutation model of northwestem Pacific loggerhead sea turtie
population dynamics — User's Guide. For-the US National Marine Fisheries Service, Southwest
Fisheries Science Center, Hanolulu Labaratory, Honolulu, Hawaii. 37p.

Chaloupka, M. (2002). Stochastic simulation madeling of southemn Great Barrier Reef. green
turtle population dynamics. Ecological modeling 148, 79-109.

Chaloupka, M. and Limpus, C. (2001). Treads in thé abundance of sea turtles resident in
sauthem Great Barrier Reef waters. Biological conservation 102, 235-249.

Chaloupka, M. and timpus, C. (2002). Survival probability estimates for the endangered:

loggerhead sea turtle resident in southecn Great Bamier Reef waters. Marine Biology 140, 267-
277. .

National Marine Fisheries Service, 2001 Biological Opinion on the westemn Pacific pelagic ﬁs'hery.'
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National Marine Fisheries Service, 2001 final Environmental impact Statement (EIS) oa i:he
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Wetherall, J., Sarti, L, Dutton, P. and Garcia, D. (2002). Status of Mexican featherbacks in tﬁe
Pacific Ocean: A simutation of human impacts. Draft manuscript, 62p. .
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A3 Center for Independent Experts Statement of Work

Consulting Agreement Between The University of Miami and Dr. Graham Pilling
May 29, 2002
General

Simulation models have beéen developed to provide a quantitative foundation far assessing
impacts of the Hawaii-based pelagic tongline fishery and other humian activiies an sea turtie
papulations. Two independent studies have just been completed. One study involved the
development and application of a stochastic simulation madel of Pacific leatherback sea turtles,
with emphasis on western Pacific populations of this species, and a second simulation madel of
Pacific loggerheads. These madels were developed under canfract by. a seaturtle modefing
specialist assisted by interactive warkshops of invited experts. The other study involved the
development and application of a simulation model 6f the Mexican featherback population in the
Pacific by a NMFS modeler in cotaboration, with two Mesxican leatherback experts, using a
+ different modéling approach. These analyses, which evaluate the dynamics of sea turle
populations and theif sensitivity ta longline fishing and other human-caused mortatity factors,
nieed to be reviewed independently. The reviews should examiine the assessment methods,
models, and findings. , :

These reparts are expected ta play an importaat rale.in the development of mitigation and .
© recavery efforts by the NMFS Southwest Region through fishery.management regulations and
ather measires, fikely in'the context of an ESA biological apinion on the Hawaii longline fishery.
As aresult, the review should consider nat only the basic population science underlying these
models, butdlsa the dpplicability of the models to evaluation of mitigating.effects and the -
analyses' use of the best available information on bath population modeling and sea turtle
biology. ’ _— o

4

Thie reviewer shall analyze the repotts for Idggérheadﬁénd leatherback sea mrt_ies, facusing op
the following: ] ' -

“Assumptions in definiag the stock structures based on genetic or other information;,.:
Application of the moast recent biological, nesting beach, and fishery interactions data; -
Underlying dynamics of the popuiation models; » :
Applicability of the papufation madels to the ‘ongoing protected species recavery and.
fisheries managementissues.

AW

Specific

The reviewers duties shalf not exceed two weeks — several days to review the reports {two of
which are parallel in structure and simutation methodology); participation in a two-day workshop
in Honolulu, Hawaii, on May 2-3, 2002, which will focus on the use of the first (stochastic
simulator’s) approach for developing a model of the Hawaiian green sea turtie papulation; and

Several days ta produce a written repart of the findings. Finally, no consensus, pre-final review, or
rejoinder commerits are required.

The itemized tasks of the review include:

1. Anaiyzing the following documents provided to'the consultant by the NMFS Honolulu
Laboratory:

20

002791



a. Leatherback turtle stock assessment simulation regort by Dr. Milani Chaloupka,
including narrative description, warkbooks, and model code;

b. Loggerhead turtle stock assessment simulation report by Or. Mitani Chaloupka,
including narrative description, workbooks, and model code:

¢. Mexican teatherback simulation moadel feport by Dr. Jerry Wetherall, Laura Sarti,
and Dr. Peter Outton.

2. Reading (no commentary required) the following background documentation provided to
the reviewer by the NMFS Honolulu Laboratory:

a. 2001 Biological Opinion on the westem Pacific pe!aglc fistiery; -

b. 2001 final Envu'onmental lmpact Smtement {EIS) on the western Pacific pelaglc
" fishery; dnd;

C.. Matenais forthe green sea turtle workshop provided by the consultant.

3. No Iater than May 20, 2002 subm(ttmg 4 written report of ﬁndmgs analyses, and
conclusions conceming the’ three saa tastle sfack assessment snmulauon ceports. Thas
repart mustaddress the utility of the populatton simatation madels and methodology to

. answerquestions concerning the status of Pacific leatherback and loggerhead sea turtle
populations and the assessment;. mmgauon and reducﬂon of human-caused mortality.
- The repoct must tnelude the followmg element&

a. Executxve summary of findings and recommendaﬁone

b. Main body consisting of background; description of review activities; findings and

‘conclusions;-arid ‘recommendatians. - The conclusion must contain.a statement
asté whe&rer ';‘anaiyses represent the best available mformation on ‘which to
‘proceed With' protected ‘Species recavery and ﬂshenes managemeat, and
. whether the lntbr(nation quaﬁty is sufﬁc:ent for b i g development of :
- -5’managemeﬂt strategxes o T

The report shou{d mdude as separate appendices the bibliography of aif materials referenced ig
the review, including those documents prowded by the Center for lndependent Experts.and.the!
Southwest Fisheries Science Center: arid a copy of the statement of wark. ) f,
Full phatacopies (or POF files) and cttaﬂons of all papers, feports or other written matedals cxted'
by the rewew should be prowded separate(y. .

The ﬁnal report’ should be addressed to the "Umversxty of Mlaml lndependent System for Peer
Review,” and sent to Or. David Die, vid emall to ddie@rsmas. mlamLedu-

Reviewer name:

Signature: I ‘ : Date:

1 The written report will undergo an intemal CIE review before it is considered final. After completion, the

CIE will create a PDF version of the written report that wilf be submitted to NMFS and the consultant.
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