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Review of the Stochastic simulation models for sea turtle dynamics
Developed by . ’
Milani Chaloupka

by Barbara L. Taylor
Protcctcd Resoutce Division _
Southwest Fisheries Science Center, La Jolla laboratory

Several models of sea turtle population dynamics were developed for the Southwest Fishegies
Scieace Ceater, Honolulu laboratory. Evaluating these models depends on ‘what questions the
models are intended to address. Increasing our biological understanding of turtle population
* dynamics (heuristic models) and making management decisions (mapagement models), such as
whether fishery impacts are significaat, are. completely different objectives and in ‘all likelihood
would require fundamentally different models. It is not clear fromi reading the documentation of
the models (both the User’s Guide-and. the Reports from workstiops) what the objective of these
models are. For cxample, the abstract of “Development of a stochastic mietapopulation model for
the western Pacific leatherback sea turtle stock: background maferial and documentation™ states: _
“The model was vde:signgd to support robustevaluation of thegffects bféohipetihg' .
mortality risks on substock abundance and also on substock-specific sex and ageclass
structure. Hence the model.can be used for simulation experimerits'to design f olicies to
support the long-term conservation of the western Pacific leatherback sea turtle ock.”

- Yet, theintroduction states: =~ : S : e
: “The model is, dg}dogfqghic-pmcess based and heuristic and is designed to help improve
- ourunderstandmg of leatherback sea turtle population dynamics.”
Twill, therefore, begin by discussing these two different classes of models (héuristic and
'managemeat) and then discuss the Chaloupka model in context of the management probleais 4 ,
facing turtles. | ' : R !

Heuristic models : e e
 The objective of a heuristic model is to leamn about the dynamics of the model subject: in this

case to leam about the population dynamics of sea turtles. -Heuristic miodéls ate valuable *
exploratory tools that are particularly useful when there are many gaps ift what'is known about a
species. Usually, funding constraints force knowledge to be gained incremeantally and these
exploratory models can guide decisions on prioritizing which gaps to fill. Given that our -
understanding of marinc turtles remains poor, particulady for Pacific leatherback turtles,
development of heuristic models is appropriate. S R :

- One common approach is to examine the sensitivity of population dynamics to different aspects

of life history. Such sensitivity analyses accomplish two important tasks: 1) finding the life
history aspect (such as adult survival rates) that have the greatest impact on the rate of population -
increase, and 2) secing how much improvement in our understanding of the status of a population
can bé expected from a research activity aimed at improving the estimatioti of a particular -
parameter (such as how egg survival changes with temperature). The first task can be
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accomplished through analytical equations or very simple models and much work has already
been accomplished in this acea to cstablish several geneal principles. For example, rate of
increase is most sensitive to the ages whea individuals have the highest chance of coatributing to
the next generation (also called reproductive value). Thaus, for long-lived species, which by
definition have high adult survival rates, it is common that the survival of individuals just
becoming mature together with the adults is very important to the population’s ability to grow.!

Another important role of scasitivity models involves choosing which research will result in the
greatest reduction of decision uncertainty. Although this is not unrelated t6 the demographic
seasitivity analysis described above, it also takes into account our level of uncertainty about
different factors and also the cost to reduce thatuncertainty, - o

- Tnboth cases the model is judged on the same basic featires. Ficst, does the model wilize the.

avadablcdata correctly? For example, if the population or a component of the population.
experiences wide fluctuations, does the model adequately mimic those dynamics. The second

- feature of a good heuristic model is that it is techaically sound. Many models involve hundreds

or thousands of lines of code, and making sure the code is sound is technically difficult. Often
model code or structural flaws can be spotted through using examples where the resulting
dynamics are known, . For example, a harvest of eggs starting in year zeio should first appear as a
reduction of adults at approximately year zero plus the age of sexual mattirity. The third is that
the model includes all the salient features of the biology relevant to the questions the model is

. attempting to.address. For example, if there is more than oge discrete population that occupies-

different areas in both feeding and breeding seasons, is that spatial's accounted for in the

- model?- Finally, the model should be sufficiently user frietidly that the biologists that know the _

animals best can use the model to help them think about future research.

Maﬁagemazt models _ ' . ‘ i
Management models differ fundamentally because they are designed to facilitate management

" decisions despite uncertainty about both the biology of the targct species and the human-caused

risk factors. “Thus, the primary measure of model performance is thié quality of the management
decisions. Although there is some overlap with heuristic models ‘because both can be used to
prioritize future research, they strongly differ in the treatment 6£ uncertainty and in the evaluation
of model performance. Managemeat models tend to be created to address -very specific

"Although the factorial design used in the Chaloupka model’s i be a technical
improvement over single factor sensitivity analyses, they suffer in transpareacy to the user. Both _
the Guide and the Report need a longer description of what has been. doge but more importandy

‘need to step the biologists and managers through some examples so that they caa better

understand the sensitivity measures. As it stands, I would gitess that tost users would remain

 unenlightened as to how to prioritize futurc research. The other very influénitial factor thatis
‘neglected in this sensitivity analysis factorial design approach is'spatial structure. It seems taken

for granted that spatial structure is known and that demographic parameters arc the only
unknowns.
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species will not be.placed at further jeopardy of extinction? The possible actions may include: 1)
no action, 2) complete closure; 3) seasotifarea closures, 4) gear médiﬁéaﬁgns, 5) closure when
kills exceed a quota, etc. The outcome should- always fully iﬁqorpOratfz our ignorance about the
target species and risks-such that the tesulting decision errors (either over- or uader-protecting
the target species).are as precise as possible. When our ignorance is great; for example not

questions. For example, what fisherics ‘management bptions will ensire that an endangered

knowing what population is being affected by the fishery, then the errors will be large. Decisioas

can then be made with full-realization of the level of precaution being exercised.

| The Chqlaupka models

The Chaloupka models in their essence are heuristic models. The conclusion of the leatherhack

COPOTLSHAleS; . .. .o T Lo
“The model:was designed to suppoit evaluation of the potential effects of'@bitat:sg?@ific
competing mortality risks oni stock abuwidance and sex-ageclass structure. Given the

demographic data limitasions, the miodel appears able th capiiire the essential procssses

* of western Paific leatherback deriog raphy. This is especially 50 from a heuristic stand-

paitina tool to integrate existing knowledge and to support a learning-based approach to

_ N -xggdgr.:_tmgjngslgadterbaclcdepwgraphjﬁgiv T exposure to ¢o mortali
The conclusion also notes that the model involves. pproximately 100 differential equat
There are 150 parametess in the model. Although'thé docarhentation in the-

there are demographic data limitations, the exten i

.that makes clear to the masgager the enormous extent of

recision with

the westemPac fic historically ;
ncorporate uncertainty into'simulatio more concrete
certainties are-about leathieiback turtls ¢ Pacific,

e fishery interaction, anid thei »

firset data on western Pacific leatherbick rties, these data should be .
Maps are an excellent tool to communicaté the level of data available,

sat questioas center on a particular are: Thete is only one ma,
the genetic data

shown in the leatherback report andiitiis for'the entire Pacific. From the genctic data,
animals sampled in the lor g-line fishery (n = 14)it is clear that most, if not all, of the 2
_ fic. The map shows three nesting sites in the western Pacific although £
are mentioned with nesting seasons in Table:L.- What isn’t mettioned is what is known abo 1t
other areas, i.e. an > the only extant beaches o are there Large areas abo “which litte to

nothing is known? It would be usefiil to conveyour extent of kiowledge by indicating with

 shading the areas that have good data and thiose for which theté are no surveys on a more detailed
. map of the nesting area (Malaysia to the Solomon Islands). ‘The legend to this map could also

3
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‘Westémn-most area _ ific and that there are some beach es from the western

‘as to the abundance of

indicate basic information oa the quality of the studies such as sumber of genetic samples,
duration studies, and the proportion of the beach or nesting season covered. Also, knowa _
locatioas of the different age and sex categories.at sea should be indicated. I'belicve this would
be a few satellite tracks (probably not available whea this workshop was conducted) and a
handful of dots on the map. This clearly indicates t0 the manager that virtually nothing is knowa
about these animals cxcept at the few nesting beaches that kiave been studied. =

| IE NMESisitends to uscthls médé[ for decisions abouubeeffect of ttie long:line fishery then

there should be'a section that details all that is known about that fishery, which would include the
seasoa and locations of turtle catches together with any genetic data. Although data are sparse
-with only 14 samples, they are extremely influential in assessing.the risk posed by the fishery.

* For example, there is‘only one sample that could plausibly have come from the eastem Pacific.
. There are only two samples that could have come from Malaysia: (although the Malaysian sample
" sizé is small, o= 9) but the

re are 9 samples that are common inJamursba:Medi; Papua, which

may have a population of around 1000 pesters in the mid 1990s when it:was last siirveyed and

 has cereainly niot experienced the population collapse as has Malaysia. From these data, it is
_extreaely likely thatthe pelagic distibation
- ‘which'is an assumption made in the model.. Th

ults from:the.western Pacific is nottandom,
ﬂlestrucmmofthemodelisc!eaﬂy L
Hline fishery bemuseofmcorreetaswmpﬁons

ct

bcachesunhzeverydxffei:entpe gic hal

s
scenario for the Jong-line fishery turtles is that they originate from some beach(es)
Pacific cxcluding Papua New Guinea and probably. Malaysia: Thus; althogh the
uncertain, it is clear that pelagic distributi

. probably in oppdSite‘Hémisphetés. From these carly genetic and tracking data, the iost likely

in the westerm

nisphere pelagic distribltions even tiough they match the
ly. Itisalso clear that becanse the'nesting the .

ected pop

nesting grouad. Th

temperature, beach condition (crosion or increased temperature duetoforest clearing).

It iinportant for mianagers and turtle biologists fo.be able to easily ideatify for which

 We have no.certain knowledge of harvests of ég ng adults, beach
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parameters there are direct data, for which parameters there are data from the Sa;[nc species but in

another focatiod, for which parameters there are data from other sea turtles (and the caveats to

usiag such data) and for which parameters there are absolutely no data whatsoever. The list of
parameters for which there are direct data would be very short. “There are data for some nesting
beaches for a variable. number of years.on the number of nesting females, the number of clutches -
laid for those females, the number of eggs per clutch 4rd tiow tempetatiire affects hatching ~
success and sex ratio, and age at first reproduction. There are genetic data for afewof the. ..

‘beaches, the feeding area off central California and from the long-liné fishery. There are a few

(but highly important) satellite tracks. The list of ‘parameters for which there are data from other
leatherback populations would also be short but would; importandly, include adult survival and
could also include maximum observed rate of increase. Again, there are so few data that there
should be much more detail presented on the quality of the'data:” At a bare minimum, each
pacameter should be preséated with samplo sizes and estimates of precision. It is not sufficient to
simply rote that there is small sample size (as was done i several cases). There is a great - o
difference, for cxample, between a curve for the proportion reproductively mature by age that is
based on 20 samples distributed cvenly accoss the ages when maturation occurs versus 20

" samples that all came from one end of the range of matuting ages. thncvarpossnblc,ﬁgums of

the raw data (mot the fitted curve) should be provided:: Looking at absgracts from a special issue
on [Le:ifhetbaéks,g‘(aﬂablé on the web, it appears that there is stll a great deal of uncertainty
about the average age of sexual maturity (ranging between 5 4nd 15years) and that this
parameter has a strong influence on populationidynamics. - S

Several othier ijatz’miéteg useddata fx:oin‘othevr turtl s species. There stiou dbcd'SCUSSlonof .

whetfice this is appropriate. Leatherb ack turtles have followed a diffeteiit svolutionary path than
the Hiardshell Sea turtles and occupy a unique ecological niche. Leatherbacks occupy the coldest
watets, dive deeply and eat jelly fish, which may have patchy distributions and may vary

' differently in time than do the prey of other sea turtles: Using data on density dependenge from
‘green tuctles, which primarily feed.on sed grasses-and-are miuch xed in space, is -, .-

fix ace,is | .
questionable. Even loggerheads, which feed on crustacéans, may have much more site fiddlity to

their feeding grounds than the leatherback, which is truly pelagic and probably more mﬂucnced

- bycurrents andoccanogmphlc features. Site fidelity and'the amourt of atchiness and variability v

in food resouirces will clearly affect the functional-form for deinsity dependence. What wedo
know about Jeatherback turtles regardiag density dependence is that there are two cases (St ]
Lucia in South Africa and St. Croix) whete beaches have been efféctively protected and the -

populations have demonstrated that they can and do grow.

Trea'lmen{ of uncertainty for management decisions concerning the long-line fishery impact

A good management model should have the fallowing properties: 1) uses all available data
including uncertainty, 2) allows timely.management decisions despite inevitable uncertainties, 3)
decisions are based on transparent criteria; 4) analysis is repedtable, and ) the results provide.
managers and constituents with the probability of making decision érrors (over-protecting turtles
by aver-restricting fisherics or under. protecting tutles by under-regulating fisheries). Such,
models could have features that allowed managers to see the besiefit of research investments. For
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Utility of the Chialoupka models and recorimiendations -

example, if the distribution of potential growth rates minus the distribution for fishery kill rates
led to a realized growth rate could be either increasing or decreasing, a useful management model

- would allow scientists and managers to estimate how-much precision ia the kill rate would need

to be inicreased to definitively answer whether the fishery kill alone was unsustainable. Another
use would be to see whether the decision erwor rates can be substaatially reduced by research
investruents in the areas where data can be readily gained. o :

However, there is a minimum amount of data that is required before it is wbxthw_hile doing any
model. Forexample, it is not possible to estimate a kill rate without knowing the stock origias of -

the turtles being killed.. Although receat researchiis helping to narrow the range of possible

nesting beaches that are the stock origia for the long-line fishery, it will probably take several
imore years to obtain this critical primary data. Once the beach or beaches of origin are known,

 additional data will need to be gathered on the competing risks and the general trend of the
 -stack(s). Given that it is likely that these stocks nest in femote areas it may take several more’

Yyears to obtain these data.

Another impoxtant factor for the agcncy tc,;-act.:onbis whether these riesting beaches are Dnstmct
Population Segments. The first step in creating an appropriate management model once the

‘critical data are available is knowing what populations tainclude in the model. If the affected

stocks prove to differ significantly genetically ghoth mitochondrial and nuclear DNA) then.
examination of listing the affected stocks as eithier Distirict Populition Segmients or Recovery

“Units is warranted. Tt is unlikely to be appropriate to use the severe decline in Malaysia that may
" be resulting from degradation of nesting hiabitat asa reason that thie long-Tinie fishery is not.
‘significantly increasing jeopardy becausc these are alimiost cértai

inly different DPSs under the -

i

Although thé Chaloupka m .

els.are inappropriate (at léast:fof—léathcrbacl’é:tﬁgglcs) to use m

- making managemcat decisions about effects of the long-line fishery they can still be used for
hedristic purposes by turtle scieatists with some alterations.” The structure of the model needs to

be adjusted to allow for partitioning of the pelagic habitat by differeat nesting beaches. One easy
way to deal with this problem is simply to run the model 6aly for onc nesting beach at a time,
which is probably appropriate. because they-have trivial levels of dispersal between nesting
beaches and may have little overlap at sea whore harvests occur. If there is substantial overlap of
“stocks™ where they could be subjected to the samie mortality source (say around the Kai Isfands) )
thea this simple solution won’t work. '

L]

It makes no sease to me fo assume that adepleted population would haizé_ a mp@agan growth

-+ Tate of zerd, ic. that a depleted population would not have a‘positive population growth rate if

the mortality risks that caused the depletion are removed. - As [understand the calculation of.
survival rates, the survival rates between the first year and the age of sexual maturity are solved

 toyielda growthmteof zero. Density dependence is only accounted for in reproductive - -~
parametess. Evea if density dependence does occur primarily through reproductive parameters,

6
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 the survival rates ia this model are esseatially frozen in time unless the user selects human-

caused mortality factors. Thus, is seems quite important that the base-line levels for survival
rates be selected comectly as that severely constrains the maxihmm growth rates. There are
several causes for concern in thie way survival rates are calculated. First, survival rates for adults
(from other papulations) are likely to contain some unknown amount of humaa-cause mortality.
Thus, these rates can only be considered minimum natural survival rates. Second, Iam very
skeptical about the estimate of survival within the first year, ‘especially after the hatchlings leave

the beach. This phase seems like an obvious paint where Alee effects could occur. The natural -

history of sea turtles clearly takes advantage of predator satiation by having hatchlings emerge en
masse during a particular moon phase or at least most emerge at the same time of the night.
Predators (both above and below the water) become gorged allowing many hatchlings to escape
into safer habitats. As nests become rare it can be expected that hatchling survival could
dramatically decrease. Thus, it becomes particularly important to obtain direct data. -
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