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EXECUTIVE SUMMARY

A workshop was convened by the Honolulu Laboratory during
December 4-7, 1995, to review the population status of marine
turtles caught incidentally in the Hawaii-based longline fishery
for tuna and swordfish and assess the impacts of such
interactions on the turtle populations. Participants included 19
marine turtle biologists and population modelers from Australia,
Japan, Malaysia, Mexico, Taiwan and the U.S.A.

. Five population simulation models applicable to marine
turtle assessment and impact analysis were reviewed with respect
to their assumptions, parameters and data inputs. The models
included TURTSIM, a general length-based simulator of marine
turtle population dynamics developed at the Honolulu Laboratory;
linear deterministic matrix models (LDMs); the Potential
Biological Removal (PBR) method used in marine mammal
conservation; VORTEX Version 7, an individual-based stochastic
simulation package useful for Population Viability Analysis; and
the RAMAS/stage program used in biological risk assessment. The
models varied in their principal purpose or intended use, and
thus they also differed with respect to attributes such as
structure, parameterization, and treatment of parameter
uncertainty and stochasticity in population processes. In many
ways the models provided complementary capabilities.

The models were applied to assess the status of the Japanese
loggerhead (Caretta caretta) and Pacific populations of the
leatherback (Dermochelys coriacea) and likely impacts of the
Hawaii longline fishery on these populations. Attention was
devoted to these turtle populations because loggerheads and
leatherbacks constitute the majority of turtles taken in the
Hawaii longline fishery and recent information indicates that
nesting populations of several Pacific leatherback populations
have declined dramatically. Genetic evidence suggests that
nearly all of the loggerheads in the region of the Hawaii
longline fishery come from nesting areas in Japan. Natal origins
of leatherbacks in the region of the Hawaii longline fishery,
however, are unknown. Although there are clearly separated
nesting areas, it is not known if leatherbacks from these nesting
areas occupy different pelagic foraging areas, or to what extent
there is differential fishing mortality to Pacific leatherbacks
originating from different nesting colonies. For these reasons,
‘attention was given to leatherbacks from three "stocks": Pacific
Islands, Malaysia, and Mexico/Costa Rica.

The models explored at the workshop can only approximate the
complex dynamics of marine turtle populations. Yet even in their
simplicity they require a detailed knowledge of life history,
population processes and levels of mortality that will not be
achieved for many years. Application of all the models suffers
from a general lack of information about sea turtle biology and
population dynamics, and inadequate information about the
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magnitude and composition of incidental mortality due to fishing
and other human activity. Workshop participants reviewed
available information on life history parameters and incidental
mortality in the context of input requirements for the various
models. Best estimates of demographic parameters were decided by
consensus of the participants. When information was lacking for
the specific populations examined at this workshop, estimates of
parameters were made based on knowledge of better studied
populations in other regions of the world.

Major findings, accomplishments, and recommendations of the
workshop include:

® Analyses of Japanese loggerheads and Mexican leatherbacks using
the Linear Deterministic Matrix (LDM) model demonstrated the
critical need for research to determine age of maturity and adult
survival rates. The LDM studies indicated that the assessment of
longline fishery impacts is sensitive to assumed values of these
parameters.

® Under the conditions modelled with the VORTEX stochastic
population simulation package, it appears that the current
incidental mortality of loggerhead turtles in the Hawaii longline
fishery has little impact on loggerhead population dynamics.
(Loggerhead mortality in the Hawaii longline fishery has been
estimated at 52 turtles from February 24, 1994 through February
23, 1995 by extrapolation of NMFS observer data; revised and
updated estimates will be reported soon based on more extensive
statistical analysis). The Hawaii longline fishery interacts
primarily with loggerheads in the late juvenile stage (10-20
years of age, or 46-75 cm carapace length). The VORTEX model
suggests that, given accepted estimated levels of age-specific
mortality, there are sufficient numbers of turtles within the
susceptible late juvenile stage to make an additional removal of
52 turtles very small or negligible in comparison to the number
of individuals regularly removed through natural mortality. This
conclusion is based on a series of analyses which assume that the
Japanese loggerhead population is neither growing nor declining
over the long-term, i.e., the population growth rate is nearly
zero. If the population growth rate is in fact significantly
less than zero, the impact of incidental fishing mortality may be
more severe.

® Exploratory analysis using the TURTSIM model suggests that if
current Japanese loggerhead nesting levels are to be maintained,
the maximum incidental mortality of the late pelagic stage
loggerheads from all sources, including Hawaii longline fishing,
cannot exceed about 800 turtles per year. Estimates of loggerhead
incidental takes or mortality in other high-seas fisheries and in
coastal fisheries are not available.

® Application of the Potential Biological Removal (PBR) method
indicates that the allowable incidental mortality of adult
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loggerheads (cumulative mortality incidental to fishing or other
human activity) consistent with recovery of the affected
populations should not exceed 28 adult turtles. However, it is
mainly the late pelagic stage (immature) loggerheads that
interact with Hawaii longline fishing gear. If incidental
mortality is restricted to immature turtles the PBR would be
higher. This suggests that the PBR calculation should be
stratified by age or size of turtles. Provisional TURTSIM
simulations for Japanese loggerheads indicated a PBR of about 252
late pelagic stage (P2) juveniles, conditional on mortality
levels in other stages. This PBR would include mortality from
all P2 mortality sources including the Hawaii longline fishery.

® Under the most optimistic scenario examined for the Malaysian
leatherback population at Rantau Abang, Terengganu (hatchling
production per nester was fully restored and all fishing
mortality was eliminated), deterministic TURTSIM simulations
projected that the now severely depleted nesting population would
increase to about 260 nesting females in the year 2050. All
scenarios studied suggested that at its current level of fishing
effort the Hawaii longline fishery has relatively little effect
on the Malaysian leatherback population compared with other
sources of mortality.

® The Potential Biological Removal (PBR) of ‘adult leatherback
turtles was calculated to be 13 adults from the Pacific Island
nesting colonies; 0 adults from the principal Malaysian nesting
colony; and 12 adults from nesting colonies in Mexico and Costa
Rica. It appears, however, that leatherback interactions with
Hawaii longline gear chiefly involve immature turtles. If
incidental mortality is restricted to the immature turtles,
rather than affecting adults as assumed above, the PBR will be
higher. As with loggerheads, the PBR calculation for leatherbacks
should be stratified by age or size. While the stratified PBR
analysis appears to be feasible theoretically it is a topic
requiring further research. No stratified estimates were computed
at the workshop. An additional unresolved problem with
determining and implementing a stratified PBR (or allowable
removals computed by other methods) is the management issue of
allocating a total PBR among size classes of turtles and among
various mortality sources.

® Significant advances were made in the development and
application of quantitative methods and tools for marine turtle
assessment. The workshop enabled the integration of modeling
approaches and fruitful interchange and collaboration between
marine turtle bioclogists and modelers.

® Although the workshop was an excellent exercise in population
model integration, more research is required to further develop a
suite of analytical tools robust to shortcomings in biological
knowledge and data on human-caused mortality. It was recommended
that current efforts to develop analytical tools be expanded and
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that the development of turtle-specific population models be
encouraged.

® Results of the workshop are provisional and limited in scope.
More work is needed to carry out the assessments in greater depth
and to expand studies to other marine turtle species.

® The Workshop was a significant first step toward a
comprehensive assessment of the status of Pacific sea turtle
populations, and in particular the populations that interact with
the Hawaii longline fishery. It did not address several topics
germane to determining allowable take levels in the Hawaii
longline fishery. For example, the workshop paid only passing
attention to establishment of recovery criteria, tolerance levels
for declining populations, detection of population changes in the
face of variability, risk assessment, or other aspects of turtle
population monitoring. These important elements of a framework
for decisions on allowable takes need further study.

® Accordingly, it is recommended that NMFS build on the results
of this workshop and the recently completed draft U.S. Pacific
Sea Turtle Recovery Plan to develop and implement a comprehensive
quantitative framework for marine turtle recovery management
including establishment of recovery criteria (e.g., recovery
target population levels and recovery time horizons), tolerance
levels for declining populations, and robust procedures for
monitoring turtle populations and measuring progress toward
recovery goals. ‘

® During the course of the discussions workshop participants
identified numerous critical shortcomings in biological knowledge
and monitoring of human impacts. Among the primary needs is a
better understanding of mortality rates at various life stages,
age at maturity, and genetic composition (natal origins) of
turtles taken in various fisheries. A critical need exists for
comprehensive data on human-caused mortality, including
incidental mortality in fisheries.

® Regional coordination of sea turtle conservation programs
should be encouraged and strengthened, including better
mechanisms to monitor progress towards achieving data and
research needs. Cooperation is also required among government
fishery agencies to share data and coordinate management
strategies.

® Given the lack of data on life history parameters and levels of
mortality, it will take many years to develop robust quantitative
models that can provide precise guidance for recovery management
decisions. In the meantime, appropriate management actions must
be identified and taken on nesting beaches and in marine habitats
to stem population declines and enable populations to increase to
desired levels of abundance.
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® As a matter of high priority, NMFS should consult and cooperate
with other governmental agencies and experts, including those of
other countries, to address the causes of declines in Pacific
leatherback nesting populations and to implement effective and
appropriate management programs in nesting habitats and oceanic
foraging habitats to assure population recovery.

® Participants felt that the leatherback working group within the
IUCN Marine Turtle Specialist Group should be urged to assume
responsibility for coordinating research efforts to resolve data
and research needs with respect to Pacific leatherbacks and to
increase communication among scientists, managers, and policy
makers on leatherback conservation issues.
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INTRODUCTION
Motivation, Rationale and Workshop Objectives

Mortality and injury of sea turtles resulting from
incidental capture in various fisheries are widely recognized as
important issues in the conservation and recovery of these
threatened and endangered species. All sea turtles under U.S.
jurisdiction are currently listed and protected under the
Endangered Species Act of 1973. During recent years, forced
submergence from interactions with shrimp trawls in the
Southeastern United States and elsewhere worldwide has been a
focus of research and mitigation efforts. However, the urgent
need has also been emphasized to investigate the bycatch of sea
turtles by other fishing gear, such as coastal set nets, high-
seas driftnets, purse seines, and longlines. :

Only limited quantitative data exist on the number of
turtles caught by longline and the immediate or consequent injury
and mortality that take place. Turtles may be either dead or
alive when hauled aboard or alongside a fishing vessel during
gear retrieval. Further injury may occur during the hauling
process. Death may result from forced submergence or from the
hook penetrating a vital organ or blood vessel. Live turtles
with hooks deep in their throat may be cut free and released with
varying lengths of line trailing from the mouth. This line can
exacerbate the problem by entanglement and constriction of the
turtle’s flippers or neck. 1In other cases, the hook may only be
superficially imbedded in the mouth, flipper, or other body part,
hence easily removed if the turtle is brought on deck. However,
hauling a turtle aboard may not always be feasible or advisable,
especially when large adult animals like leatherbacks are
involved.

There is clearly an array of unknown and incomplete
information concerning the number of turtles caught by longline,
and how many of the turtles are alive or dead at the time of
retrieval. It is also unknown how many of those hooked are able
to survive if released and, of the survivors, how debilitating
their injuries may be during the post-release recovery period.

The limited information presently available on the incidence
of longline hooking and mortality of turtles in relation to the
Hawaii-based pelagic longline fishery has been presented in
recent reports issued by the National Marine Fisheries Service
(Schmitten 1994, Diaz-Soltero 1995, Balazs and Pooley 1994,
Balazs, Pooley, and Murakawa 1995). To increase the scientific
understanding of this complex bycatch issue, one recommendation
by NMFS was to convene a working group of experts to examine the
status of Pacific sea turtle populations and their related
conservation issues, and to determine what level of incidental
take these populations can sustain. The present report of the
resulting expert workshop has been prepared in response to that
recommendation. '




The specific objectives of the workshop were to assemble and
review information on the biology, exploitation, and status of
sea turtles that interact with the Hawaii-based longline fishery
and, using a variety of quantitative computer simulation models,
assess impacts of the fishery on turtle populations.

Workshop Process

The workshop was designed as a facilitated working session
in which consensus methodologies would be used where necessary to
focus the participants on the workshop objectives. This was
particularly true when it came to deciding on what values to
place on critical parameters for the population models and for
making overall recommendations. The workshop involved a give-
and-take between participants, with the biologists providing most
of the life history parameters and the population modelers
identifying which parameters were required to insure tractability
in the estimation procedures.

While it was hoped that the five population models could be
"run" on microcomputers available on site during the workshop,
the iterative and bootstrap nature of many of the estimation
procedures required work to be conducted overnight during the
workshop week, with preliminary results presented the following
morning. The many available permutations of critical life
history parameters then were run in the months following the
workshop.

The workshop began on Monday, December 4, 1996 with
introduction of the participants and a general discussion of the
objectives and likely outcomes of the workshop. There was
substantial discussion on how the workshop could best apply to
the NMFS Biological Opinion concerning the Hawaii-based longline
fishery and how the Honolulu workshop would compare with another
recent workshops addressing Atlantic and Gulf of Mexico turtle
interactions. The Honolulu workshop participants decided to
focus their efforts on providing basic information for testing
the five alternative population models and seeing how sensitive
the results were to some variability in these parameters. The
remainder of the morning was spent by the various biologists
presenting what information they had for turtle populations in
their areas.

The afternoon of the first day began with general
introductions to the five population models (described in detail
in this report). Following a thorough discussion of salient
characteristics and differences between the models, information
concerning loggerhead turtles was introduced, using the data
requirements for the VORTEX model. Data were simultaneously
entered into all five models, with clarification of differences
in data needs focusing the discussion.




The focus then shifted to leatherback turtles, where the process
was repeated. This stage continued through Wednesday, December 6.

The workshop wound up on Thursday, December 7, with a summary
roundtable discussion of the differences in results and
approaches between the five population models, the different
perspectives between biologists, population modelers, and
resources managers, and on recommendations derived by consensus
for further work on this issue.

References

Balazs, G.H., S.G. Pooley, and 14 workshop participants. 1994.
Research plan to assess marine turtle hooking mortality:
Results of an expert workshop held in Honolulu, Hawaii,
November 16-18, 1993. U.S. Dept. Commer., NOAA Tech. Memo.,
NOAA-TM-NMFS-SWFSC-201, 166 pp.-

Balazs, G.H., S.G. Pooley, S.K.K. Murakawa, and 15 other workshop
participants. 1995. Guidelines for handling marine turtles
hooked or entangled in the Hawaii longline fishery: Results
of an expert workshop held in Honolulu, Hawaii, March 15-17,
1995. U.S. Dept. Commer., NOAA Tech. Memo., NOAA-TM-NMFS-
SWFSC-222, 41 pp.

Diaz-Soltero, H. 1995. Annual report on implementation of a

Biological Opinion. U.S. Dept. Commer., NOAA Memo., June
14, 1995.

Schmitten, R. 1994. Formal Section 7 Consultation on the
Fishery Management Plan for the Pelagic Fisheries of the
Western Pacific Region: Long-term Operation of the Hawaii
Central North Pacific Longline Fishery. U.S. Dept. Commer.
NOAA Memo. July 25, 1994.




BACKGROUND

THE MODELING CONTEXT

To establish an effective recovery program for marine
turtles a comprehensive quantitative framework is required. At a
minimum, such a framework would include:

Impact Assessment Models - quantitative models of turtle
life history and population dynamics in which the effects of
various natural phenomena and anthropogenic factors are
explicitly described.

Recovery Criteria - a set of standards by which the status
of the population is judged. For example, establishment of
abundance thresholds and time frames as reference points for
decisions on up-listing or down-listing populations.

Monitoring Procedures - systematic methods for measuring
population abundance and other population attributes upon
which recovery progress is judged, updating impact models
and projections, and applying recovery criteria.

To develop and implement these program elements for Pacific sea
turtles a significant effort on the part of NMFS, the USFWS and
cooperating agencies of foreign governments will be required. In
particular, the first two components are critical to determining
reasonable and effective incidental take levels for turtles in
longline fisheries. As a first step toward development of the
quantitative framework, the workshop focused solely on the first
element, quantitative models of turtle population dynamics.

Four modeling tools were explored (TURTSIM, Linear
Deterministic Matrix Models (LDM), RAMAS/stage, and VORTEX). The
workshop provided an opportunity for modeling experts to better
understand the problems associated with turtle population studies
in the Pacific, and a chance for turtle biologists to learn about
some of the tools available for modeling turtle population
dynamics and impacts of human activity. In addition to applying
several approaches to simulation and analysis of population
impacts, the workshop explored the Potential Biological Removal
(PBR) method, developed in marine mammal conservation, as a
possible means to setting turtle take guidelines.

In this section a summary of background information is
provided to prepare readers for later discussions. Included are
the basis of selecting the populations to study at the workshop,
knowledge of life history parameters and population trends, and
information on fishery takes and other mortality.




SPECIES COMPOSITION OF THE TAKE

Five species of marine turtles occur in the region of the
Pacific fished by Hawaii longline vessels: loggerhead (Caretta
caretta), leatherback (Dermochelys coriacea), green turtle
(Chelonia mydas), olive ridley (Lepidochelys olivacea) and
hawksbill (Eretmochelys imbricata). Information on the likelihood
of fishery interactions with each species has been collected by
scientific observers deployed by NMFS on Hawaii longliners since
February 1994. During the first year of the observer program (24
February 1994 - 23 February 1995) the following species
composition of turtle takes was reported (Diaz-Soltero 1995):

Observed
Species ESA Status Take Percent
Loggerhead Threatened 20 53
Leatherback Endangered 9 24
Olive ridley Threatened 4 10
Green turtle Threatened o2 5
Hawksbill Endangered 0 0
Unid. hardshell -- 3 8
Total 38 100

Given workshop time constraints, attention was focused on
loggerheads and leatherbacks; consideration of the other species
was deferred. Loggerheads and leatherbacks were studied because
together they constituted at least 77% of all observed turtle
interactions. Further, information presented at the workshop by
(e.g., Chan and Liew draft, Spotila et al. draft) indicated that
nesting populations of leatherbacks have declined severely in
many areas of the Pacific.

In the Pacific, loggerhead nesting colonies occur only in
Japan and Australia (Eckert 1993). Genetic studies of loggerheads
taken during 1990-1991 by high-seas driftnet vessels in the North
Pacific Transition Zone (Bowen et al. 1995) suggest that the vast
majority of loggerheads in the region fished by Hawaii longline
vessels originate from nesting beaches in Japan. Hence, it was
assumed that loggerhead takes in the Hawaii longline fishery were
from the Japanese population, and impact analyses were directed
toward this population. On the other hand, leatherback nesting
occurs in numerous localities in the Pacific, with colonies
reported in China, Mexico, several Central American countries,
Irian Jaya and Malaysia. Natal origins of leatherbacks taken in
the Hawaii longline fishery are unknown, as genetic work is just
starting. Workshop studies focused on leatherback populations
reported to be in most serious condition, namely those from
Mexico, Central America and Malaysia.




LIFE HISTORY PARAMETERS AND POPULATION TRENDS
Japanese Loggerheads

Few comprehensive biological studies have been conducted on
Pacific sea turtles (Eckert 1993). With respect to Japanese
loggerheads, Mr. Kamezaki provided available information on
biological parameters of nesting; e.g., clutch frequency and mean
clutch size (Kamezaki draft). Rates of somatic growth in juvenile
loggerheads have been estimated based on chronology of skeletal
structures but maturation and natural mortality rates are
unknown. Accordingly, workshop participants proposed tentative
ranges for maturation and survival rates based on experience with
other loggerhead populations (e.g., populations nesting in the
southeastern U.S. and Australia). These estimates are indicated
in the analyses presented later in this report.

Mr. Kamezaki also presented historical data on Japanese
loggerhead abundance. As in most marine turtle populations,
these data were limited to estimates of nesting activity on
principal loggerhead nesting beaches (Figure 1) . Nesting beach
survey methods were not described.

Leatherbacks

Life history parameters for leatherbacks are even less well
known than for loggerheads. Estimates of adult mortality have
been inferred from resighting histories of nesting females, but
rates of growth, maturation and juvenile mortality are largely
unknown. The workshop participants simply made educated guesses
of likely ranges for vital rates. The parameter estimates and
assumptions pertinent to each model application are presented
below in the relevant sections.

Dr. Chan presented information on nesting frequency, clutch
size, egg survival and other nesting parameters for Malaysian
leatherbacks (Chan and Liew draft). She also described the
history of leatherback nesting at Rantau Abang, Terengganu,
Malaysia since 1961 (Figure 2), which shows continuing severe
declines in the number of nesters. Dr. Abreu summarized recent
information gathered and reported by Mexican biologists (see
Appendix C) which provided a first approximation of the current
status of leatherback nesting in Mexico and best estimates of
nesting parameters. He discussed nesting survey statistics
indicating declines in the size of leatherback nesting colonies
in Mexico on the order of 20% per year (detailed data were
unavailable to workshop participants).

FISHING MORTALITY AND OTHER HUMAN IMPACTS

A critical aspect of assessing human impacts is obtaining
accurate information on the magnitude of mortality caused by




incidental takes in fisheries, harvesting of eggs, and other
activities. Only limited data on human impacts were available to
the panel. Preliminary estimates of turtle takes and mortalities
in the Hawaii longline fishery during the first year of the NMFS
observer program were reviewed (Diaz-Soltero 1995) :

Estimated Estihated
Species Take Mortality
Loggerhead 442 52
Leatherback 178 _ 21
Olive ridley 88 10
Green 44 5
Hawksbill 0 0
Total 752 88

These preliminary estimates were computed simply by
multiplying the overall mean turtle take rate recorded by NMFS
observers by the total longline fleet effort reported by vessel
captains assuming simple random sampling in the observer program.
More reliable estimates are being derived by NMFS using
stratified random sampling models that account for variations in
take rate by type of fishing operation, geographic location and
other factors. Based on the limited sample of carapace length
measurements or estimates recorded by NMFS observers, it appears
that most loggerhead and other hardshell turtles interacting with
Hawaii longline gear are juveniles and most leatherbacks are
juveniles or subadults.

Other fisheries likely (or known) to interact with
leatherbacks.and Japanese loggerheads include high-seas fisheries
of Japan, Taiwan, South Korea and other countries (e.g., pelagic
longline, tuna purse seine) and coastal fisheries of wvarious
countries (longline, gillnet, trawl, and other gears). Reliable
information on turtle takes in these fisheries is extremely
limited or unavailable. In the North Pacific estimates of turtle
take were ‘derived for the high-seas driftnet fisheries of Japan,
Korea and Taiwan over a 2-yr period when observers were deployed
(Wetherall et al. 1993); these fisheries were terminated in
December 1992. Dr. Chan mentioned that estimates of mortality to
leatherbacks in coastal trawl and gillnet fisheries of Malaysia
had been computed and reported. Incidental mortality to turtles
is monitored in Pacific coastal gillnet fisheries off California
and in the eastern tropical Pacific tuna purse seine fishery.

Although countries with large high-seas longline fleets
collect extensive statistics on fishing effort and the catch of
target fish species, apparently they have not yet implemented
programs for monitoring turtle bycatch. Data from other sources
(e.g., research vessels or fisheries training vessels) may exist
that would be useful for provisional estimates of the magnitude
and composition of turtle takes in these fisheries but such data
have not yet been made available to the international community.




In addition to capture or entanglement of juvenile, subadult
or adult turtles in fishing gear, mortality to eggs or adult
females on nesting beaches may be a significant source of human-
caused mortality. Loss of nesting habitat and nearshore foraging
habitat due to shoreside development, recreational use of beaches
and other human activity may also be a significant source of
mortality to turtles. In Japan, it has been reported that some
loggerheads are taken on the nesting beach or in nearshore waters
by local fishermen. Mr. Kamezaki indicated that such mortality
was not great. In the case of leatherbacks, on both Mexican and
Malaysian nesting beaches harvesting of eggs has long been
carried out as a part of local culture. Nesting leatherbacks
also have been harvested. All harvesting of leatherbacks is now
illegal in Mexico and Malaysia. In the report presented by Dr.
Chan, (Chan and Liew draft) the history of egg harvest and
decline of nesters in the Rantau Abang leatherback population was
documented.
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Figure 1. Trends in loggerhead nesting activity on principal nesting beaches of Japan.

Data provided courtesy of Naoki Kamezaki, Sea Turtle Association of Japan.
(Computed from nest counts assuming average of 3.4 clutches per nester.)
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Trend in leatherback nesting activity at Rantau Abang, Terengganu, Malaysia.
Data from Chan and Liew (draft).
(Computed from nest counts assuming average of 5.7 clutches per nester.)
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INTRODUCTION TO MODELS:
ASSUMPTIONS, PARAMETERS AND INPUTS

Several methods useful in the analysis of sea turtle
population dynamics and evaluation of human impacts were reviewed
and subsequently applied by panel members with expertise in each
method. The Linear Deterministic Matrix (LDM) model is
particularly useful in evaluating the relative importance of
various life history parameters to determining a population’s
long-term viability and response to human impacts. The
RAMAS/Stage model explicitly includes stochasticity in population
parameters and allows estimation of the risk that a population
abundance will decline (or grow) beyond some threshold as a
result of environmental fluctuations or management interventions.
VORTEX allows assessment of human impacts by simulating the fates
of individual members of a population over time under specified
probabilistic scenarios for maturation, reproduction, mortality
and other processes. TURTSIM is a length-based simulator of
turtle population dynamics that features detailed representation
"of life histories, stochasticity in population processes, and
flexibility in specifying scenarios of human intervention. The
Potential Biological Removal (PBR) method is a formula that may
be used to determine conservative levels of allowable take on the
basis of information on a small set of population parameters,
even when such information is scanty or preliminary.

In this section, each of these methods is described in
greater detail and principal assumptions and input information
requirements are specified.
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Introduction to TURTSIM Model

Jerry Wetherall

Southwest Fisheries Science Center
Honolulu Laboratory
National Marine Fisheries Service
2570 Dole Street
Honolulu, HI 96822-2396 USA

TURTSIM is a computer program written in the C language
which simulates the dynamics of a marine turtle population. It
provides a flexible framework for assessing impacts of natural or
anthropogenic changes in mortality, growth or reproduction on
turtle populations, complementing other tools. The current batch
mode version of TURTSIM is a prototype for a more sophisticated
GUI- based, interactive simulator now under development. The
main features of the prototype include:

1. Population structure - In TURTSIM the abundance of turtles
is modeled by carapace length class, not by age. At each
annual time step, the number of turtles in each length class
is updated by a growth transition probability matrix.
Currently, the matrix is generated internally by a
stochastic form of the von Bertalanffy growth model. Other
theoretical growth models, or empirical growth increment
data, could be used. Males and females are modeled
separately.

2. Stages - Life stages (e.g., pelagic juvenile, subadult,
adult) can be defined based on carapace length and natural
mortality rates specified for each stage. 1In addition,
TURTSIM computes separate dynamics for immature and mature
turtles, by sex, through user-specified length-specific
maturation probabilities.

3. Remigration - TURTSIM uses a length-structured queuing
routine to provide realistic modeling of remigration.
Remigration probabilities are determined each breeding
season based on time elapsed since last nesting.

4. Density-dependent hatchling production - Annual natural
hatchling production is computed using a Ricker function, so
that egg survival is inversely related to density of nesters
on the nesting beach. Users must specify the nester
abundance at maximum hatchling production (typically a value
much higher than current nester abundance). Some of the
eggs may be removed from the beach for artificial rearing in
a hatchery; the hatchery output is then added to the natural
hatchling production.
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Parameterization - The following turtle life history
parameters may be specified: growth parameters (currently,
von Bertalanffy K and asymptotic carapace length), length at
hatching, clutches per nester, clutch size (the latter two
parameters may be different for neophyte and veteran
nesters), nesting beach area (relative value), initial
number of nesters, number of nesters at maximum hatchling
production, egg survival, hatchling sex ratio, remigration
interval probabilities, length-specific maturation
probabilities, and stage-specific annual survival (for user-
specified stages). Survival rates here pertain to base
level "natural" mortality. Additional mortality due to
fishing, harvesting and other causes is specified in the
mortality history table (see below).

For each parameter, base ("best information"), minimum and
maximum values are specified, along with an estimate of the
coefficient of variation (inter-annual).

Mortality history table - Users may specify magnitudes of
annual mortality due to fishing, egg harvest, nester
harvest, or other human activities over the simulation
period of interest. Along with each mortality entry, the
user supplies information about the applicable time period
for the mortality (years), mortality source (e.g, type of
fishing gear), and sex and length range of turtles affected.
Mortality may be expressed either as an absolute number of
turtles killed per year or as an annual exponential
mortality coefficient. If absolute mortalities are given
the program computes the equivalent instantaneous mortality
coefficients using iterative approximation methods.
Optionally, the user may specify multipliers that are used
to scale annual mortality coefficients in relation to their
current values. The various modes of specifying mortality
may be mixed over time to describe very complex mortality
patterns. The history table may also be used to alter other
model parameters, such as nesting beach area, hatchling sex
ratio, or supplemental hatchling production (hatchery
output) over the course of the simulation.

For each history table entry, base, minimum and maximum
values are specified, as well as coefficients of variation.

Initialization - TURTSIM begins by setting up the population
in a steady state given specified base ("natural") mortality
rates, growth and maturation rates, reproductive parameters
and initial nester abundance. To achieve the steady state,
the program treats the base mortality in the first length
stage as an unknown variable and solves for the Stage-1
mortality that results in a steady state population given
the other conditions. At the outset of the simulation the
initial population may be scaled by user-specified stage-
specific factors to alter the initial size structure.
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Parameter Uncertainty and Stochasticity - TURTSIM allows
users to indicate a degree of uncertainty associated with
the specified base values of each model parameter. At
present, such uncertainty is indicated by upper and lower
bounds for each parameter. Under the Monte Carlo run option
(see below) parameter values may be sampled from uniform
distributions between the specified bounds. Further, most
model parameters and mortality table entries are regarded as
variables that may fluctuate randomly over time (e.g., in
response to environmental stochasticity). Presently,
TURTSIM can apply multiplicative lognormal noise to stage-
specific base natural mortality coefficients, additional
mortality coefficients, remigration rates and various
reproductive parameters. The user specifies a coefficient
of variation and autocorrelation coefficient for each
parameter. '

Projections - TURTSIM computes the population dynamics at
annual time steps over a specified time horizon according to
the mortality history table entries, and projects the size
of the nesting population and other variables into the
future. At various junctures, TURTSIM outputs abundance,
base mortality and additional mortality by length stage as
well as additional mortality by source.

Sustainability - When deterministic dynamics have been
assumed (all noise turned off), at the end of a simulation
run TURTSIM determines whether the population would persist
indefinitely under current conditions (e.g., the current
mortality regime). If so, TURTSIM computes the limiting
values of abundance by stage, sustainable mortality by
source, and other statistics.

Recovery monitoring - TURTSIM includes a simple recovery
monitoring function. It assumes that a primary recovery
goal is to restore the nesting population to a specified
target level and that "recovery" is achieved when, during a
specified time interval (window), the average nesting
population exceeds the target level and the trend in the
nesting population is positive.

Run options - Users dictate the type of analysis and output
by setting command-line switches. Current options include:

Base run - The model is run with all parameters and
mortality history table entries at their base ("best
information") values.

High/low/base run - The model is run under three
settings: (1) all parameters and mortality history
table entries at base values; (2) specified parameters
or table entries at minimum values, the remainder at
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base values; (3) specified parameters or table entries
at maximum values, the remainder at base values.

Sensitivity run - The sensitivity of model outputs to a
specified life history parameter or table entry is
evaluated by computing the percentage change in outputs
caused by a 1% increase in the flagged parameter.

Monte Carlo run - The model is run repeatedly under
random sets of parameter values and table inputs. If
there is uncertainty associated with a flagged
parameter, its nominal value for the current replicate
is determined by sampling from a uniform distribution
bounded by the specified maximum and minimum values
(see above). In addition, if a flagged parameter
varies randomly between years its nominal value will be
modified each year by a multiplicative lognormal noise
term. Flags for the two types of errors are set
independently.

Outputs - As currently written, the simulation model outputs
the stream of annual nesting population sizes, assumed to be
a primary means of recovery monitoring. These are produced
for each case (e.g., base, high, low). A separate program
is used to display the population trajectories vs. time at
the terminal and generate printer plots. Under the Monte
Carlo run option, model output includes percentiles of the
frequency distributions of time to recovery and other
recovery variables.

Except for Monte Carlo runs, values of several model
variables are output at the end of each simulation. These
include the size of nesting population, annual recruitment
(neophyte nesters), annual hatchling production, abundance
by specified stages, and natural and fishing mortality by
stages, and mortality by source.

Outline of User Inputs for TURTSIM Prototype
a) Life History Parameters

The user provides the following life history parameters:

Growth

® Asymptotic carapace length of von Bertalanffy model
® Coefficient K of von Bertalanffy model (per year)

® Mean carapace length at hatching
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Nesting

® Mean number of clutches per nester

® Mean clutch size (neophytes)

® Mean clutch size (veterans)

® Area of initial nesting habitat (baseline conditions)

® Number of nesters per season resulting in maximum annual
hatchling production

® Egg survival; average percentage of deposited eggs
surviving to enter the sea

® Location and Shape parameters of remigration interval
probability distribution (in the prototype these must be
previously estimated from data on remigration interval
frequencies)

® Average sex ratio at birth

Survivorship

® Lower and upper carapace lengths defining discrete life
history stages within which natural mortality coefficients
are assumed to be constant (maximum of 10 stages in the
prototype)

® Corresponding stage-specific average annual base survival
rates (in the presence of "natural" mortality only)

Maturation

® Carapace length for which the probability that an immature
female will mature during the coming year is 0%, 25%, 50%,
75%, and 100% (i.e., endpoints and nodes of the maturation
ogive) .

For most of these life history parameters, the TURTSIM prototype
requires the following input information:

Base value (e.g., expected value)

Upper and lower bounds for the parameter (simple maxima and
minima, or 95% confidence limits if available)

Coefficient of variation of the parameter (with respect to
interannual variation)

Autocorrelation coefficient (interannual)
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For a few parameters the TURTSIM prototype uses only a base value
and permits no variation within a simulation run.

b) History Table

TURTSIM allows a user to specify levels of human
intervention or alteration of life history attributes that
have occurred historically or will occur in the future.

For example, a user may specify additional mortality to
various life stages caused by harvesting, incidental fishery
takes, or habitat impacts, beneficial actions such as
artificial augmentation of egg production, or miscellaneous
effects such as alteration of hatchling sex ratios. These
inputs are elements of a "history table" that drives the
simulations. Starting from an initial equilibrium state
consistent with assumed baseline demographic parameters and
nester abundance, TURTSIM uses the history table entries to
advance the population over time. Each row of the history
table is a data record providing the following information:

Source of intervention or alteration. A descriptive
label (e.g., "egg_harvest", "longline fishing",
"gillnet_fishing", "nester harvest",

"hatch supplement", etc.)

Type of intervention or alteration. An alphabetic code
indicating whether the intervention involves egg
mortality, nester harvest, mortality to other stages
(in which case the code indicates which genders are
affected), nesting beach reduction, etc.

Time interval (years) over which source has operated
(or will operate)

Carapace length interval (upper and lower bounds) of
turtles affected (in the prototype this applies to
mortality impacts only)

Magnitude of intervention or alteration. For example,
if the type refers to harvest or incidental takes, then
this entry refers to number of turtles killed per year
by the indicated source. The magnitude of mortality may
be specified in terms of the absolute number of turtles
killed, the corresponding instantaneous rate of
additional mortality, or a scalar multiplier of the.
current mortality coefficient. A code is used to
indicate which mode is applicable.

In specifying the magnitude of an intervention the user
inputs a mean value, upper and lower bounds, a
coefficient of variation and an interannual
autocorrelation coefficient. Accompanying flags
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(indicator variables) are set to indicate whether noise
will be applied and whether, under the Monte Carlo
option, the magnitude will be sampled from the
specified range.

c) Initial Conditions, Recovery Criteria and Run Options

The user specifies several parameters used to initialize
simulation runs, monitor simulated population recovery and
control execution:

Base year - starting year of the simulation
Horizon - duration of the simulation (years)

Recovery target level - upper threshold of nester
abundance which indicates recovery (recovery criterion)

Recovery window - length of time interval during which
magnitude and trend in nester abundance will be
compared with the recovery target level to measure
recovery

Critical level - lower threshold of nester abundance to
indicate critical level of decline in nesters (for risk
assessment)

Initial nester abundance - abundance of nesters at
outset of the simulation run (an equilibrium population
is established consistent with this level of nesters)

Run type - indicates user’s choice of run option (base
run, high/low/base run, sensitivity run or Monte Carlo
run) .

Replicates - indicates number of simulation replicates
under Monte Carlo option.
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Introduction to Linear Deterministic Matrix Models

Selina Heppell

Duke University Marine Laboratory
135 Duke Marine Lab Road
Beaufort, NC 28516-9721 USA

A life table containing age-specific survivorship and
fecundity rates can be converted into a 2-dimensional array used
to quickly iterate population size through time. The matrix can
be age-based, with one row and column representing a single year
of an organisms life, or stage-based, where groups of ages are
combined into meaningful categories such as size or reproductive
state. Column entries may be thought of as "where individuals in
a stage came from" while rows are "where surviving individuals
are going"; in other words, individuals make transitions from
(st)age j (column) to (st)age i (row). The top row of the matrix
contains fertilities (Fi), or the number of newborns that are
created by each remaining stage. Survival probabilities appear
in the remaining matrix entries, coupled with the probability of
transferring to another (st)age (e.g., growing) or remaining in
that stage (diagonal entries, only possible in stage-based models
where and individual can remain in a particular stage for more
than one time step). The minimum parameters needed for a
deterministic matrix model are:

1. Age- or stage-specific annual survival rates.

2. Age- or stage-specific fecundity, in terms of female
offspring produced annually per female.

3. Stage transition probabilities, measured directly from field

data or calculated using a set number of years in a stage.

These parameters are most easily measured through
mark-recapture data (1 and 3) and nesting beach information (2).
They can also be derived if the proportion of individuals in each
stage can be measured, assuming that the population is at a
stable distribution. Details on matrix models may be found in
Caswell (1989). :

While these models are nice because they require little
data, they contain important assumptions that make them
unsuitable for calculating population dynamics quantitatively.
First and foremost, they do not include variability, and thus
converge on a constant, exponential growth or decline after
several iterations (see discussion of RAMAS models for
incorporation of variability). Also, they do not include
density-dependence. However, they can be used to qualitatively
compare the effects of different management options that impact
stage-specific survival or fecundity. Using analytical
techniques described by deKroon et al. (1986), the proportional
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change in population growth rate (A) can be measured given a
proportional change in a model parameter. Recently, I discovered
that these proportional changes (elasticities) can be predicted
without a complete life table, using only 3 parameters: age at A
maturity, population growth rate, and adult annual survival rate.
I have also used age-based deterministic models to calculate
population projections, primarily to examine the potential
effects of management on shifts in the population age-structure.
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Introduction to the Potential Biological Removal (PBR) Model

Tim Gerrodette

National Marine Fisheries Service
Southwest Fisheries Science Center
P.O. Box 271
La Jolla, CA 92038 USA

Under the U.S. Marine Mammal Protection Act, marine mammal
populations are supposed to be managed so that they are
maintained at an Optimum Sustainable Population level, defined as
a level between carrying capacity and the maximum net
productivity level. The 1994 amendments to the Marine Mammal
Protection Act specified that the number of marine mammals of a
particular stock (management unit) that will be permitted to be
removed from the population each year is computed according to a
simple formula:

PBR= N,

1
min Rmax

Fg

where N,;, = a minimum abundance estimate of the population, R,, =
the maximum net recruitment rate for the population, F, = a
"recovery" factor between 0.1 and 1.0.

Thus, the number of animals killed (i.e., in a fishery)
should not exceed PBR. Management of incidental mortality by
this formula is intended to be practical and conservative. It is
practical because only a few simple quantities are required, they
are quantities we are able to estimate, and default values are
provided when no information is available. It is conservative
because such a level of mortality will allow a marine mammal
population to remain at, or recover to, an Optimum Sustainable
Population level, even if significant errors have been made in
the estimation of some quantities. For example, if population
size (N,;,) has been overestimated, the permitted kill (PBR) will
be too high, but the population will still recover. This
consideration of estimation errors (in statistical terms, a
biased estimate, not simply an imprecise one) is an important
part of the philosophy behind the PBR approach.

Several workshops and simulations of population dynamics
have resulted in the following specifications for the 3 elements
of the PBR formula. N, is the 20" percentile of a log-normally
distributed population estimate. R,, is measured for the stock
in question from observed growth rates, or set at 0.12 for
pinnipeds and sea otters, and 0.04 for cetaceans. Fp is, by
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default, set at 0.1 for endangered species, and 0.5 for depleted,
threatened, or unknown status populations.

Stock assessment reports, including PBR calculations, have
been completed for 145 marine mammal taxa under the authority of
NMFS. 1In general, the above scheme for computing permissible
mortality levels was feasible, although there were heated
discussions of some stocks for which little scientific
information was available. One key issue, about which
discussions and simulations continue, is how to use genetic,
tagging, and morphological information to define "stock" in a
manner consistent with conservative management.
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Introduction to VORTEX Model Version 7

Philip S. Miller

IUCN/SSC Conservation Breeding Specialist Group
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Apple Valley, MN 55124 USA

INTRODUCTION

The VORTEX computer simulation model (Lacy et al. 1995) is a
Monte Carlo simulation of the effects of deterministic forces, as
well as demographic, environmental, and genetic stochastic
events, on wildlife populations. VORTEX is an individual-based
model that simulates population dynamics as discrete, sequential
events that occur according to probabilities that are random
variables following user-specified distributions.

VORTEX simulates a population by stepping through a series
of events that describe an annual cycle of a typical sexually
reproducing, diploid organism: mate selection, reproduction,
mortality, increment of age by one year, migration among
populations, removals, supplementation, and then truncation (if
necessary) to the carrying capacity. Although VORTEX iterates
life events on an annual cycle, a user could model "years" that
are other than 12 months’ duration. The simulation of the
population is itself iterated to reveal the distribution of fates
that the population might experience.

The following description of VORTEX is adapted from a
detailed discussion of the model by Lacy (1993).

DEMOGRAPHIC STOCHASTICITY

VORTEX models demographic stochasticity by determining the
occurrence of probabilistic events such as reproduction, litter
size, sex determination, and death with a pseudo-random number
generator. The probabilities of mortality and reproduction are
sex-specific and pre-determined for each age class up to the age
of breeding. It is assumed that reproduction and survival
probabilities remain constant from the age of first breeding
until a specified upper limit to age is reached. Sex ratio at
birth is modelled with a user-specified constant probability of
an offspring being male. For each life event, if the random
value sampled from the uniform 0-1 distribution falls below the
probability for that year, the event is deemed to have occurred,
thereby simulating a binomial process.

The package can model monogamous, polygynous, or
hermaphroditic breeding systems. In a monogamous system, a
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relative scarcity of breeding males may limit reproduction by
females. In monogamous or polygynous systems, the user can
specify the proportion of adult males in the breeding pool.

Males are randomly assigned to the breeding pool each year of the
simulation, and all males in the pool have an equal chance of
siring offspring. In a hermaphroditic system, the user specifies
the frequency of selfing in the population. Selfing is assumed
to consist of sexual reproduction, not asexual, clonal
reproduction. Under this system, VORTEX labels all individuals
as females.

The "carrying capacity", or the upper limit for population
size within a habitat, must be specified by the user. VORTEX
imposes the carrying capacity via a probabilistic truncation
whenever the population exceeds the carrying capacity. Each
animal in the population has an equal probability of being
removed by this truncation.

ENVIRONMENTAL VARIATION

VORTEX can model annual fluctuations in birth and death
rates and in carrying capacity as may result from environmental
variation. To model environmental variation, each demographic
parameter is assigned .a distribution with a user-specified mean
and standard deviation. Annual fluctuations in probabilities of
reproduction and mortality are modelled as binomial ,
distributions, while environmental variation in carrying capacity
is modelled as a normal distribution. The variance across years
in the frequency of births and deaths resulting from the
simulation model (and in actual populations) will therefore have
two components: the demographic variation resulting from a
binomial sampling around the mean for each year, and additional
fluctuations due to environmental variation and catastrophes.

CATASTROPHES

Catastrophes are modelled in VORTEX as random events that
occur with specified probabilities. Any number of types of
catastrophes can be modelled. Following a catastrophic event,
the chances of survival and successful breeding for that
simulated year are attenuated by severity factors. For example,
a disease epidemic might occur once in 50 years, on average,
killing 35% of animals, and reducing breeding by survivors by 25%
for that year. Such a catastrophe would be modelled as a random
event with a 0.02 probability of occurrence each year, and
severity factors of 0.65 for survival and 0.75 for reproduction.
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GENETIC PROCESSES

Genetic drift is modelled in VORTEX by simulating the
transmission of alleles from parent to offspring at a
hypothetical genetic locus. The algorithm used is very similar
to the "gene drop" methodology of MacCluer et al. (1986): at the
beginning of the simulation, each founding animal is assigned two
unique alleles, and each offspring is then randomly assigned one
allele from each parent. This process continues, with occasional
random loss of original founder alleles, as the population
proceeds through time.

Inbreeding depression is modelled by using one of two
available options: a recessive lethals model or a heterosis
model. In the recessive lethals model, each founder begins the
simulation with one unique (not identical by descent) completely
recessive lethal allele and a unique, dominant non-lethal allele.
All offspring that are homozygous for a lethal allele die during
the course of the simulation. Through the death of individuals
that are homozygous for lethals, such alleles are removed from
the population slowly by natural selection. This reduces the
genetic variation present in the population relative to a non-
inbreeding depression scenario, but this also diminishes the
subsequent probability that inbred individuals will be homozygous
for a lethal allele. Consequently, this model gives an
optimistic result with respect to the impacts of inbreeding in
most simulations.

Some of the effects of inbreeding may be due to the
intrinsic superior fitness of heterozygotes, a condition known as
"heterozygote advantage" or heterosis. In the heterosis model of
inbreeding depression, all homozygotes have reduced fitness
relative to heterozygotes. Juvenile survival is modelled
according to the logarithmic model developed by Morton et al.
(1956) :

In S = A - BF

where S is survival, F is the inbreeding coefficient, A is a
constant reflecting the impact of environmental factors on
survival, and B is a measure of the rate at which survival
decreases with inbreeding, also known as the number of "lethal
equivalents" per haploid genome (2B is the number of lethal
equivalents per diploid genome). A population with one lethal
equivalent per diploid genome may have one recessive lethal per
individual, as in the recessive lethals model, or it may have two
recegsive alleles per individual, each of which confer a 50%
decrease in survival, etc. The survival probability of an inbred
individual is multiplied by e ®F. Unlike the situation with
fully recessive lethal alleles, natural selection does not remove
deleterious alleles at heterotic loci because all alleles are
deleterious when homozygous and beneficial when heterozygous.
Thus, under this model of inbreeding depression, the impact of
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inbreeding on survival does not decrease during repeated
generations of inbreeding; in fact, because of a steady increase
in the mean inbreeding coefficient, the general impact of
inbreeding increases over time as individual homozygosity
increases.

DETERMINISTIC PROCESSES

VORTEX can incorporate several deterministic processes.
Reproduction can be specified as density-dependent. The function
relating the proportion of adult females breeding each year to
total population size is modelled as a simplified expression
including parameters relating the percent breeding to population
size as populations become large (near carrying capacity) as well
as Allee effects.

Populations can be supplemented or harvested for any number
of years in each simulation. Harvest may, for example, be
thought of as culling, poaching, or removal of animals for
translocation to another population. The numbers of additions or
removals are specified according to the age and sex of the
animals. Trends in the carrying capacity can also be modelled in
VORTEX, and are specified as an annual percentage change. These
changes are modelled as linear, rather than geometric, increases
or decreases.

BETWEEN-POPULATION MIGRATION

VORTEX can model metapopulations composed of as many as 20
subpopulations, with potentially distinct population parameters.
Each pairwise migration rate is specified as a probability of an
individual moving from one population to another. This
probability is independent of the age and sex, although the user
can specify which sex (if not both) migrates. The user can also
specify that migrants suffer additional mortality during
migration. Because of migration and/or managed supplementation,
populations that become extinct can be recolonized. VORTEX
tracks the dynamics of local extinctions and recolonizations
throughout the simulation. '

MODEL OUTPUT

Once a simulation is completed, the model outputs (1) the
probability of extinction at specified intervals up to the
defined time frame of the simulation, (2) the median time to
extinction if the population became extinct in at least 50% of
the simulations, (3) mean time to extinction of those populations
that became extinct, and (4) the mean size of, and genetic
variation within (expected and observed heterozygosities and
number of remaining founder alleles), extant populations.
Standard deviations across simulations and standard errors of the




33

mean are reported for population size and measures of genetic
variation. Under the assumption that extinction of independently
replicated populations is a binomial process, the standard error
of the probability of extinction is reported as the traditional
binomial formulation.

If the user is modelling a metapopulation, demographic
statistics are calculated and reported for each subpopulation as
well as for the metapopulation.

PRIMARY ASSUMPTIONS GUIDING VORTEX

It is impossible to simulate the complete range of complex
processes that can have an impact on wild populations. As a
result there are by necessity a range of mathematical and
biological assumptions that form the basis of any PVA program.
Some of the more important assumptions in the implementation of
VORTEX are listed below.

1) Survival probabilities are density independent when
population size is less than the carrying capacity.
Additional mortality that is imposed when the population
exceeds K affects all age and sex classes equally.

2) The relationship between changes in population size and the
extent of genetic variability is examined for only one
locus. Thus, potentially complex interactions like linkage
disequilibrium are ignored. Such interactions are typically
associated with genetic drift in very small populations, but
it is unknown if, or how, they would affect population
viability.

3) All animals of reproductive age have an equal probability of
breeding. This ignores the likelihood that some animals
within a population may have a greater probability of
breeding successfully, and breeding more often, than other
-individuals. If breeding is not at random among those in
the breeding pool, then decay of genetic variation and
inbreeding will occur more rapidly than portrayed in the
model.

4) The life-history characteristics of a population are
modelled as a sequence of discrete and therefore seasonal
events. However, such events are often continuous through
time and the model ignores the possibility that they may be
aseasonal or only partly seasonal.

5) The alternative models of inbreeding depression provided in
VORTEX have attributes likely to be typical of some
populations, but these may vary within and between species.
It is therefore probable that the true impacts of inbreeding
will fall between the effects of these two options.
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Furthermore, inbreeding is assumed to affect only one
component of fitness, namely first-year survival. Effects
on reproduction could be incorporated into this component,
but longer-term impacts such as increased susceptibility to
disease are not modelled.

The probabilities of reproduction and mortality are constant
from the age of first breeding until an animal reaches the

- maximum reproductive longevity.

A simulated catastrophe will have an effect on individuals
within a population only in the year in which the event
occurs.

Migration rates among populations are independent of age and
sex.

Complex, interspecies interactions are not modelled, except
in that such community dynamics might contribute to random
environmental variation in demographic parameters. For
example, cyclical fluctuations caused by predator-prey
interactions cannot be modelled by VORTEX.

VORTEX INPUTS

(See Appendix D for an example input file.)

Duration of simulation

Number of populations

youngest/oldest age to migrate

migrating sex

probability of survival during migration
probabilities of migration between subpopulations

Inbreeding depression?

model (recessive lethals, heterosis)
number of lethal equivalents (if heterosis)

Correlation between environmental variation in reproduction and

survival?

Number of catastrophes

Frequency of each
Severity factors with respect to reproduction, survival

Breeding system (monogamous, polygynous, hermaphroditic)

Age of first reproduction for males, females

Maximum age of reproduction
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Sex ratio at birth

Maximum number of young per litter
(can be defined as those reaching certain stage instead of
no. eggs)

Density-dependent reproduction?
Allee parameter, B parameter (describes high-density
behavior)

Litter size distribution
(as above, can be distribution of a certain stage, not eggs)

Age, sex-specific mortalities with standard deviations
(This is based on Q(x): probability of dying between age x
and x+1) ° .

Proportion of adult males in the pool of available breeders

Initial population size
Start this initial population at the stable age
distribution?

Carrying capacity with annual SD if appropfiate
Deterministic trend in K?

Harvest or supplementation schedules
Time interval and frequency, age-sex classes affected
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Introduction to RAMAS Models

Scott Ferson

Applied Biomathematics
1100 North Country Road
Setaket, NY 11733 USA

HOW SHOULD ROBUSTNESS OF A POPULATION BE SUMMARIZED?

One measure of the robustness of a population is lambda, the
asymptotic rate of its growth or decline. 1In the case of
stochastic population dynamics, however, this summary is of
limited usefulness, because it does not represent the inherent
and inescapable variability that affects all natural biological
systems. The figure below illustrates several possible
trajectories of a population that is buffeted by environmental
fluctuations. Each trajectory represents a possible future of
the population. Other population summaries that may be more
appropriate than lambda include the median predicted population
size and the risk of population decline to some level over a
given time horizon. We briefly describe the uses and limitations
of these three summaries of population robustness. -

Abundance N

ASYMPTOTIC GROWTH RATE

A traditional measure of population growth or decline is the
asymptotic rate of population growth, classically given the
symbol lambda. It is the ratio between the population sizes at
successive time steps after all transient effects have died away.
For discretely structured populations, it can be computed as the
dominant eigenvalue of the transition matrix. If lambda is
greater than one, the population is growing; if it is less than
one, the population is declining. If we assumed the vital rates
were constant over time, the magnitude of lambda would be a
measure of the growth of the population and we could use the
equation : '
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N, =ATN,

to predict the. future size of the population at .time t+tau from
its size N, known at any time t (so long as t is large enough
that the population has equilibrated). Caswell (1989) has argued
that lambda is a reasonable synopsis of the current state of the
population. The argument is that lambda measures the robustness
of a population, summarizing its capacity for future growth in a
single number. There are simple formulas to estimate lambda’s
sensitivities (Caswell 1978) and elasticities (de Kroon et al.
1986) to small changes in the vital rates. Using these formulas,
an analyst can improve data collection strategies for better
estimating lambda and design efficient management or mitigation
actions to increase the population’s robustness. Several
researchers have used lambda for summarizing a population’s
dynamics, and have interpreted changes in lambda when designing
and assessing the success of management strategies.

Although lambda has been widely used by biologists and
managers to assess impacts of various kinds on populations, it
can actually be a poor measure of a population’s health. Even if
lambda is very large, the population can still decline whenever
the distribution in the various age or stage classes is not in
stable structure. For instance, if all individuals present are
post-reproductive, the population will be extinct within a
generation, no matter how large lambda is. 1In fact, after one
time step, the population can be either much smaller or much
larger than would be predicted by lambda. Because the initial
distribution of abundance plays such an important role, lambda by
itself is not a good predictor of the near-term population
dynamics. Likewise, lambda is not a good measure of the
long-term dynamics either. Its implicit assumption that the
vital rates are constant over time is simply not a tenable one,
and vital rates often vary dramatically from season to season.

The central problem with lambda is that it cannot express
the stochastic variation of biological populations growing under
fluctuating environmental conditions. In natural settings, such
variation can be as large as or even larger than the population
trends themselves. We have argued that, in the case of
stochastic population dynamics, lambda is a measure of limited
usefulness, since it does not represent the natural variability
that affects all natural biological populations (Burgman et al.
1993) . Surely, any population assessment that pretends
ecological relevance must recognize and express natural
variability.
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MEDIAN TERMINAL ABUNDANCE

A possible alternative to the asymptotic growth rate is
simply the population abundance after some time period.
Abundance is trivially simple to compute, requiring only repeated
multiplication of the abundance distribution by transition
matrices. At the end of a specified time period, the population
size is referred to as the terminal abundance. In general, a
- stochastic model of population dynamics will yield a distribution
for this terminal abundance. The figure below illustrates the
distribution of abundances resulting from the tangle of possible
trajectories in the previous figure. Such a distribution gives a
complete answer to the question of how large (or small) the
population will be after a specified period of exposure or
impact. The median of the distribution gives a single scalar
number that characterizes the response of the population to the
treatment. The median is preferable to the mean as a measure of
the central tendency because the distribution is usually skewed.
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The abundance will depend, of course, on the length of the time
horizon and on the starting population size and its initial
distribution in the various age classes or developmental stages.
Some might consider this a problem. The dominant eigenvalue was
originally proposed as a time-invariant measure of the population
that ignores the initial conditions. So long as the time period
is fixed--and long enough for impacts of concern to become
evident--and the starting abundance is the same for the
populations being compared, the terminal median abundance is a
summary of population-level effects that is at least as
reasonable as, and perhaps better than, the asymptotic growth
rate. Since it is also easier both to compute and to explain to
lay people than lambda, it suggests itself as a convenient
summary of population-level response to environmental impacts and
management.

RISK OF POPULATION DECLINE

The risk of population decline measures the probability that
the population will fall below a given threshold. 1In many
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cases, there is no particular single threshold that is obviously
best to use for this estimate, so the risk is often presented as
a function for a range of thresholds. This function is sometimes
called the quasi-extinction risk (Ginzburg et al. 1982). 1In
practice, Monte Carlo methods are usually employed to estimate
these risk results. The two curves in the figure below compare
the risks suffered by a population both.with and without some
proposed management strategy. The success of the management is
predicted by how much lower the anticipated risk curve is
relative to the background risk associated with no management.

A symmetric calculation, which might be called the
quasi-explosion risk, measures the chance of the population’s
growing or recovering to a given threshold abundance.

Although there are no simple formulas for sensitivities and
elasticities of the population-level risks like those for lambda,
perturbation analysis (Uryasev 1994) permits the calculation of
comparable guantities for the risk summary directly in the Monte
Carlo simulation without additional computational cost.

4 Background

Risk of decline to threshold

c 2 4 8 & 10
Poputation threshold

IMPORTANCE OF THE TIME HORIZON

Computing the median abundance or the risk of decline
requires the specification of a time horizon. We feel that the
decision about the time horizon should be explicitly stated by
those making the assessment, rather than being buried as a hidden
assumption in the analysis as it sometimes is. These summaries
force us to state the time scale over which we make a forecast
and prevent us from pretending that we can predict a population’s
infinite-time behavior, which is neither practically achievable
nor even desirable in principle. The primary problem with such
asymptotic predictions is that they are often irrelevant. If a
population declines to extinction within the next decade, it

simply doesn’t matter what the asymptotic-time behavior of the
population would have been.

Elementary reliability considerations also suggest that
short-term time horizons should be favored over long-term or
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asymptotic time frames. Short-term predictions are generally
more reliable than long-term predictions which must extrapolate
far beyond the domain over which observations have been made.

All this is not to say that we should disavow long-term
perspectives. It is surely prudent to worry about long-term
impacts. We simply emphasize that it one cannot expect to draw
trustworthy conclusions about consequences hundreds of years into
the future based on data that span a dozen or fewer years.

In some cases, the generation time of the focal species will
suggest an appropriate time horizon over which an assessment is
to be made. In other cases, the time horizon will be determined
by extra-scientific factors having to do with legal requirements
or political circumstances, irrespective of the generation times
of the species that may be affected. When the choice for the
time horizon is not obvious, it is always possible to make
computations for several different time horizons and present the
results as a function of time. When this is done, the
explicitness of statements about time can be properly preserved.
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OVERVIEW OF RAMAS PROGRAMS

RAMAS is a software library for building population and
metapopulation models. It implements standard population
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modeling approaches in terms of a risk language that recognizes
the inherent stochasticity and unpredictability of natural
populations. The RAMAS Library has been developed over the last
decade by Applied Biomathematics with the support of Electric
Power Research Institute, the U.S. Department of Agriculture and
the U.S. Environmental Protection Agency.

RAMAS currently consists of several different programs (see
figure below), each of which is specialized for a specific kind
of modeling approach. The program RAMAS/age handles
age-structured or Leslie population dynamics. RAMAS/time treats
time-lag models. RAMAS/metapop and RAMAS/GIS handle spatially
structured or metapopulation dynamics. RAMAS/stage treats other
cases requiring an even more flexible modeling apparatus. Other
programs are currently under development for the RAMAS Library.
Although the differences among the programs primarily have to do
with the distinct modeling strategies by which populations are
structured, there are also some differences in how density
dependence is modeled as well as other minor differences in
features and interface details.

All the RAMAS programs use species-specific data to predict the
future changes in a population and assess the risk of population
extinction or explosion and chances of recovery from a
disturbance. All the programs have user-friendly menu systems
and context-sensitive, on-line help facilities. They come with
detailed manuals that introduce basics of population modeling,
and sample files that contain models of endangered and rare
species. Results can be viewed on screen or printed, both as
graphs and as numerical tables. Input data and results can be
saved to disk files. We synoptically review the inputs and
outputs for RAMAS/age, RAMAS/stage, RAMAS/metapop and RAMAS/GIS.
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RAMAS/age

RAMAS/age is used to simulate age-structured population
dynamics, by specifying information on survival, fecundity,
migration, density dependence and the amount of variation
associated with these processes. Models in RAMAS/age are based
on a modified Leslie matrix to which a final composite age class,
density dependence, additive migration and stochasticity have
been added. An earlier version of RAMAS/age was named
"Distinguished Software" in a national competition held by EDUCOM
and NCRIPTAL.

RAMAS/age Inputs

It is important to understand that not all the inputs that
are possible are required to run a simulation. In general, the
software will take what information is available and produce the
best possible model. For instance, density dependence and
correlations (which are often not well known empirically) can be
assigned default values that yield conservative estimates of
risks and crossing times. RAMAS/age can use information on the
following factors.

Scalars Age-structured Functions

vectors
Sex ratio Fecundity Environmental stochasticity
Fecundity variation Natural survival Demographic stochasticity
Adult survival variation Migration Density dependence
Juvenile survival Initial abundance « Fecundity distribution
variation Juvenile survival distribution
Migration wvariation Adult survival distribution
Time to run Migration distribution
Number of replications Correlations among vectors

RAMAS/age Qutputs

All of the RAMAS programs produce a comprehensive core of
outputs that summarize the modeled population. These include

1. Total abundance as a function of time,

2. Abundance of each age class as a function of time,

3. Expected variation in abundance over time,

4. Age distribution at any step during the simulation,

5. Risk of population decline or extinction after or sometime
during the simulation,

6. Probability of population growth to any specified level,

7. Time to quasi-extinction to a pre-specified level, and

8. Time to recovery to a pre-specified level.

Additionally, RAMAS/age computes a variety of demographic
statistics, including rates of increase (r, lambda) and net
reproductive rate (R), dgeneration time (T), life expectancy at
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birth (e), the vector of reproductive values (v), and the stable
age distribution.

Results can be displayed both graphically and as numerical
tables, and can be saved and read from disk files. Several
results files can also be transformed into Lotus 123 worksheet
files.

RAMAS/stage

RAMAS/stage is used for stage-based modeling of species in
which stage membership (rather than age) determines the
demographic characteristics of an individual. Stage-based
modeling is needed for species having complex life histories such
as plants or insects, and species with sexual dimorphisms,
behavioral castes, and other biologies that cannot be represented
in an ordinary age-based approach. In RAMAS/stage, the structure
of the population model can be displayed in three complementary
formats (graphical network, matrix, and list of equations)
between which a user can flip at a keystroke. RAMAS/stage
includes a wide variety of examples from disparate published
studies which serves as templates to customize for a particular
species.

RAMAS/stage Inputs

In RAMAS/stage, users are responsible for defining the
stages and the rules by which transfers are made among the stages
to represent growth, maturation and reproduction. The user
specifies an arbitrary replacement function for each stage using
a natural syntax. The functions supported include +, -, *, /,
log, exp, min, max, truncation, square root, absolute value, and
many others. Reference can also be made to the current abundance
in a particular stage or to the current value of a driver, tally
or parameter (which may be defined to simplify intermediate
calculations and improve the "readability" of a model).
Special-purpose functions such as Ricker, Beverton-Holt and the
logistic are also supported.

Stochasticity is introduced to a model by specifying
"drivers" to represent sources of environmental fluctuation such
as rainfall or temperature, as well as other stochastic model
inputs. Each driver is defined by its name, distribution shape
(invariant, uniform, normal, lognormal or arbitrary), mean,
variance and temporal autocorrelation. Stochasticity may also be
introduced into a model by specifying random number generators
explicitly. Functions to return binomial, Poisson, normal,
uniform, lognormal deviates are supported.
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List of RAMAS/stage inputs:

1. # time steps for simulation

2. # stage classes

3. stage class definitions

4. present abundances (counts or density estimates) for each
stage . _ _ o . o

5. probability of remaining in stage i over one time step

6. probability of maturing from stage i to stage j in one time
step

7. fecundity (how many babies live to be censured) of each
stage

8. magnitude and nature of variability in each vital parameter
above

9. the nature of any density dependence (including Allee

effects) that may be occurring
10. the nature and intensity of harvesting on each stage

RAMAS /stage Qutputs

Many dimensions may be of special relevance for a particular
population. For instance, we might be interested in the total
abundance as well as the number of recruits each year.
RAMAS/stage lets a user choose exactly what is of interest by
specifying "tallies." The definitions of the tallies may be
arbitrary functions of stage abundances and driver or parameter
values. RAMAS/stage displays the following outputs both
graphically and numerically about each tally a user defines.

1. Trajectory summary of mean value, plus and minus one
standard deviation, minima and maxima as a function of time,

2. Risk that the population falls below a threshold at the end
of the time period, including 95% confidence intervals,

3. Risk that the population falls below a threshold any time
during the time period, including 95% confidence intervals,

4. Chance that the population recovers to a threshold at the
end of the time period, including 95% confidence intervals,

5. Chance that the population recovers to a threshold any time
during the time period, including 95% confidence intervals,

6. Risk that the population declines by some percentage at the
end of the time period, including 95% confidence intervals,

7. Risk that the population declines by some percentage any
time during the time period, including 95% confidence
intervals,

8. Distribution of the number of time steps required for the

population to fall below a pre-specified threshold
abundance, including 95% confidence intervals, and

9. Distribution of the number of time steps required for the
population to recover to a pre-specified threshold
abundance, including 95% confidence intervals.
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Several other analytical results are also computed by
RAMAS/stage, including the finite rate of increase lambda (the
dominant eigenvalue of the transition matrix), the mean
Lefkovitch transition matrix, the stable stage distribution, the
vector of reproductive values, the average residence times for
each stage, the matrix of sensitivities and the matrix of

elasticities.

RAMAS/metapop

RAMAS/metapop is used for building spatially structured
metapopulation models for species that live in multiple patches
such as endangered species in fragmented habitats. The program
incorporates the spatial aspects of metapopulation dynamics, such
as the configuration of the populations, dispersal and
recolonization among patches and similarity of environmental
patterns experienced by the populations.

RAMAS /metapop Inputs

Stage structure in RAMAS/metapop is based on a Lefkovitch
matrix; thus it is not as detailed as in RAMAS/stage, which can
incorporate rule-based transitions among stages. RAMAS/metapop
can model density dependence acting on survival rates,
fecundities, or both. RAMAS/metapop also incorporates temporal
variation in carrying capacities, ceiling-type of density
dependence, and catastrophes, which cannot be modeled in
RAMAS/age, although they may be implemented by the user in

RAMAS/stage.

RAMAS/metapop may include any of the following features and
parameters for within-population and metapopulation dynamics.
Not all inputs are required to run a simulation.

Population dynamics

Age or stage structure of populations
Vital rates (survivorships, fecundities)
Density dependence in vital rates:
Crowding effects {logistic, ceiling)
Aliee effects
Carrying capacities of populations
Temporal trends in carrying capacities
Demographic stochasticity
Environmental stochasticity:
Fluctuations in vital rates
Fluctuations in carrying capacities
Local catastrophes

Metapopulation dynamics

Spatial structure of the metapopulation
Spatial variability in age structure
Spatial variability in density dependence
Dispersal rates among subpopulations:

Spatial variation

Age or stage dependence

Density dependence

Distance dependence
Correlations among environmental fluctuations
Distance-dependent spatial correlations
Regional catastrophes
Spatial variation in catastrophe impact




49
RAMAS /metapop Outputs
1. Rigsk of species extinction; risk of metapopulation decline
to a range of abundances,
2. Probability of population growth (recovery) to a range of
abundances,
3. Median time to extinction; and the distribution of times

until the metapopulation abundance falls below (or exceeds)
a specified threshold level,

4. Abundance of the metapopulation (and of each population)
through time,

5. Metapopulation occupancy (number of extant populations)
through time,

6. Local occupancy rate (number of time steps each population
remains extant),

7. Expected variation in the abundances of the populations and

the metapopulation, in metapopulation occupancy and local
occupancy rates,

8. Histogram of the number of individuals in each population at
each time step.

RAMAS/GIS

RAMAS/GIS links geographic information system (GIS) software
to a metapopulation model for viability analysis and extinction
risk assessment. Habitats used by most species are becoming
increasingly fragmented, requiring a metapopulation modeling
approach to risk analysis. Recognizing habitat patchiness from
an endangered species’ point of view requires spatial information
on habitat suitability. RAMAS/GIS meets both these requirements
by linking metapopulation modeling with landscape data and GIS
technology.

RAMAS/GIS imports spatial data on ecological requirements of
a species. These may include GIS-generated maps of vegetation
cover, land-use, or any other map that contains information on
some aspect of the habitat that is important for the species
(temperature, precipitation, slope, aspect, etc.). RAMAS/GIS
then combines the information in all these map layers into a map
of habitat suitability indices (HSI) with a user-defined habitat
suitability function.

RAMAS/GIS uses the HSI map to find habitat patches. It uses
a patch-recognition algorithm and identifies areas of high
suitability as a patch where a subpopulation may survive. The
carrying capacity of this patch is calculated as a user-defined
function of the total HSI within the patch. RAMAS/GIS then
displays the spatial structure of the metapopulation,
superimposed with a color-coded map of habitat suitability and
any other geographical feature that the user wants to include
(coastlines, rivers, cities, etc.), and saves the patch structure
as input for the metapopulation model. Other features of
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RAMAS/GIS include automatic sensitivity analysis, and facilities
to compare results of different simulations.

RAMAS/GIS Inputs

RAMAS/GIS supports all of the inputs supported by .
RAMAS/metapop (see above), although, again, not all that are
supported are necessarily required. Additionally, RAMAS/GIS can
use habitat maps imported from a GIS, a user-specified HSI
function, and patch recognition parameters (an HSI threshold and
radius) .

RAMAS/GIS Outputs

All the outputs produced by RAMAS/metapop are also produced
by RAMAS/GIS. Additionally, RAMAS/GIS produces maps of the
computed HSI and the patch structure recognized from the HSI
information. Using its facilities for automatic sensitivity
analysis, RAMAS/GIS can run a model several times, varying the
input parameters automatically to analyze the sensitivity of
results to parameters. RAMAS/GIS allows comparison of results
from different simulations by superimposing graphs of risk
curves, time-to-extinction distributions, trajectory summary,
metapopulation occupancy, etc.

PREVIOUS USES OF RAMAS

RAMAS is widely used in academic settings, in several
hundred installations around the world, for teaching life history
modeling, conservation biology and resource management. The
following two pages list scientific articles that illustrate the
scope of applicability of RAMAS. Most of the current
applications of RAMAS do not result in publications, since they
are by now routine applications of the software to solve specific
questions in biological management. For instance, RAMAS was used
by the U.S. Justice Department in the resolution of a dispute
(avoiding litigation) about blue-backed herring in the reservoir
at the Richard B. Russell Dam. Duke Power used the software to
satisfy questions of regulatory authorities at the South Carolina
Department of Natural Resources and the U.S. Fish and Wildlife
Service about the threadfin shad at Jocassee Reservoir. Rayonier
used RAMAS to assess the viability of the Olympic Peninsula
population of the northern spotted owl.

APPLICATIONS OF RAMAS TO SPECIFIC CASES
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APPLICATION OF MODELS

Each of the models or tools was applied to the general
problem of assessing the status of Japanese loggerhead and
Pacific leatherback populations given best available information
about life history parameters and mortality caused by various
human activities. The context and scope of each application was
dependent on the purpose, capabilities, and data requirements of
the tool being applied and limitations of available data. This
section describes results of each application with the exception
of RAMAS/Stage; results for this method were not completed for
inclusion in the workshop report.
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Assessing Impacts of Hawaii Longline Fishing
on Japanese Loggerheads and Malaysian Leatherbacks:
Some Exploratory Studies Using TURTSIM

Jerry Wetherall

Southwest Fisheries Science Center
- Honolulu Laboratory
National Marine Fisheries Service
2570 Dole Street
Honolulu, HI 96822-2396 USA

ANALYSES USING TURTSIM

A computer simulation program, TURTSIM, was used to study
the population dynamics of the Japanese loggerhead and Malaysian
leatherback and the impacts of turtle mortality incidental to the
Hawaii-based pelagic longline fishery. The analyses take a
somewhat different tack than other methods due to current
limitations of TURTSIM. On the other hand, they exploit some
features of TURTSIM other approaches may lack. These notes
describe parameterization of loggerhead and leatherback models
based on workshop discussions, give some provisional results of
the analyses and recommend steps for a more extensive assessment.

JAPANESE LOGGERHEADS

The following life history parameters were assumed for
Japanese loggerheads.

Stage structure:

Stage Length (SCL, cm)
Early pelagic (P1) 5 - 45
Late pelagic (P2) 46 - 175
Benthic immature (B) 76 - 84
Adult (A) >= 85

Base annual survival:

Low Middle High
Value Value Value
P1 - variable -—-
P2 - variable -—-
B 0.75 0.75 0.88

A 0.91 0.95 0.99
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Reproduction:
Clutches/nester 3.4
Eggs/clutch 112
Egg survival (eggs --> P1l) 0.138
Hatchling sex ratio 1:1
Maturation ogive:
Prob {mature in current year} Length (SCL, cm)
0 ' 79
25 82
50 , 84
75 86
100 89
Growth:
von Bertalanffy L, 105
Mean Age at Maturation (yrs)
25 30 35
von Bertalanffy K 0.0430 0.0505 0.0610

Percent Adult Females Nesting:

Low High
Value Value
20 35

Desired values of the percentage of adult females nesting were
achieved by adjusting remigration interval probabilities,
conditional on adult survival.

Current Loggerhead Abundance

An estimate of the current average abundance of nesters was
computed from nesting beach survey data provided by Mr. Kamezaki.
During 1993-95, the average number of nests observed by the Sea
Turtle Association of Japan was 2,622. Assuming the monitoring
accounted for 80% of all loggerhead nests and each nester
completed 3.4 nests on average, a provisional estimate of the
average number of the nesters in recent years is 964. To
evaluate the accuracy of this estimate we need more detailed
information about the nesting beach survey methods and factors
which may bias beach counts and expansion factors over time
(these points were not discussed at the workshop). At one of the
nesting beaches (Gamoda, in Tokushima prefecture) counts of
nesting emergences are available since 1954. These show nearly
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an order of magnitude of variation during this period and a
marked decline in recorded emergences between 1960 and the mid-
1970s. Since then the trend in counts at Gamoda has been
relatively stable, but has been downward since about 1985. At
other beaches, the record is much less complete and more
variable. The short-term trends are particularly hard to
interpret because of intrinsically high interannual variability
and lack of historical information on nesting survey methods.

As a first step in the loggerhead analysis, TURTSIM was
used to estimate the population structure of Japanese loggerheads
in 1995. To estimate the 1995 conditions, TURTSIM started from
an assumed steady state population with 1,000 nesters in 1970,
around the time when Gamoda beach survey data suggest the nesting
population may have leveled off after a long period of decline.
Then the population was projected ahead to 1995. The simulation
was repeated under various combinations of the gro