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EXECUTIVE SUMMARY

Thetropical watersof the Pacific Ocean west of Mexico and Central America, anareaknown
asthe eastern tropical Pacific (ETP), support one of the world’slargest fisheriesfor yellowfin tuna
with between 100,000 and 300,000 metric tons caught each year. A primary basisfor thisfishery’'s
success is an ecological association in the region between tunas and dolphins in which large
yellowfin tuna regularly swim together with several species of dolphins. In the 1950s, a fishery
method was devel oped whereby fishermen ook for the surface-schooling dolphinsto locate thetuna
and use speed boats to herd these dolphins into large purse-seine nets. Because of the strong
association, the co-schooling tunas followed and were also captured. This method rapidly became
the predominant tuna fishing method in the ETP although many dolphins would die in the nets
before they could bereleased. Sincethe fishery began, an estimated six million dolphins have been
killed, resulting in three stocks of dolphins being declared “depleted” under the Marine Mammal
Protection Act (MMPA): the northeastern offshore spotted dol phin, the eastern spinner dol phin, and
the coastal spotted dolphin. Inthelast decade, however, technol ogical and procedural improvements
and the increasing skills of captains and crews have reduced reported mortality to very low levels
relativeto dol phin popul ation sizes; currently ship-board observersreport fewer than 3,000 dol phins
killed per year.

With thisdramatic reductionin mortality, indicationsof theinitial stagesof arecovery of the
affected popul ationsto near pre-exploitation abundancelevel swould be expected. However, despite
considerable scientific effort by fishery scientists, thereislittle evidence of recovery, and concerns
remain that the practice of chasing and encircling dol phinssomehow isadversely affecting the ability
of these depleted stocks to recover.

In response to these concerns, the International Dol phin Conservation Program Act of 1997
(IDCPA) directed the NOAA Fisheries to conduct a program of scientific research to address the
guestion of whether the intentional deployment on or encirclement of dol phinswith purse seine nets
is having a significant adverse impact on any depleted dolphin stock in the ETP. The research
program was specified in subsection 304(a) of the MMPA, as amended by the IDCPA, to include
popul ation abundance surveys and stress studies.

In 1997, a research program was designed by the NOAA Fisheries Southwest Fisheries
Science Center (SWFSC) in consultation with the U.S. Marine Mammal Commission, the Inter-
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American Tropical Tuna Commission and others. The research was conducted between 1997 and
2002, also with consultation of the Commissions and others. The program was broadly structured
toincludefour components: abundance estimation, ecosystem studies, stressand other fishery effect
studies, and stock assessment.

Abundance Estimation

What is the popul ation size of each depleted dolphin stock? Current abundance estimates
werederived from research vessel surveysconducted inthe ETP during 1998, 1999, and 2000, using
improved analytical methods for abundance estimation. Survey data from nine earlier abundance
surveys dating back to 1979 were al so re-analyzed using these new methods. This time series of
abundance estimates provided the coreinformation for subsegquent eval uations of trends, popul ation
growth rates, and ultimately stock assessment analyses.

Theaverage of theabundance estimatesfor theyears 1998, 1999, and 2000 are 641,153 (CV*
=16.9%) for northeastern offshore spotted dolphins, 448,608 (CV = 22.9%) for eastern spinner
dolphins, and 143,725 (CV = 35.7%) for the coastal spotted dolphins. Although the coastal spotted
dolphin is presented here as a single value, recent genetic analysesindicate multiple coastal stocks
are likely, making the single abundance estimate of limited relevance.

If the Potential Biological Removal (PBR) system under the MMPA were applied as a
standard, mortality limits for these stocks would be 1,298 for eastern spinner dolphins, 2,367 for
northeastern offshore spotted dolphins and 1,073 for coastal spotted dolphins (but note that this
would apply to a single coastal spotted dolphin stock, which is no longer considered likely). The
stock mortality limits (SML)? for these stocks, if computed using this updated information (i.e., the
mean abundances from the 1998, 1999, and 2000 surveys), would be 371 eastern spinner, 557
offshore spotted dolphins and 107 coastal spotted dol phins (same caveat appliesfor coastal spotted

! The coefficient of variation, CV, isameasure of the variability of the estimate and is the
ratio of the standard error to the mean. The smaller the value, the greater the precision of the
estimate. For estimates of cetacean abundance, CVstypically range from 20% to 50%.

2 The nations fishing in the ETP have established under the International Dolphin
Conservation Program asystem for calculating annual limitson theallowablefishery mortality level
for each stock.



dolphins as noted for PBR above).
Ecosystem Studies

Hasthe ecosystemchanged substantially sincethe dol phin stockswer e depleted? For along-
lived animal such as adolphin, carrying capacity® is more likely to be affected by long-term (over
decades) changes rather than those occurring short-term (interannual or seasonal). Therefore,
ecosystem studiesfocused on investigations of temporal variation in as many parts of the ecosystem
as possible. These included physical and biological oceanography, a range of trophic levels from
the lowest (phytoplankton) to the highest (top predators), and as many species within each trophic
level as possible.

All investigations indicated that variability associated with El Nifio-Southern Oscillation
(ENSO) events is the predominant variability throughout the ecosystem. Longer, decadal-scale
variability was also evident, but the magnitude was much smaller than that recorded during the 2-7
year ENSO cycles.

Historical evidence related to long-term patterns included a time series of sea surface
temperature databeginning in 1901, which indicated that anumber of shiftshave occurred. Notably,
ashift in temperature of surface waters occurred in the late 1970s that was detected throughout the
Pacific Ocean. Changesat that timeinthephysical environment andin biological communitieswere
clearly documented in the North Pacific. In the ETP, this shift resulted in awarming of less than
1°C. Coincident with this, there was aweakening of trade winds and asmall increase in surface
chlorophyll content of the ETP, indicative of an increasein the amount of phytoplankton that forms
the base of the entire food chain. A contrasting decrease of these properties was observed along the
equator, south of the principal habitat of the depleted stocks of primary interest here. No other
responses to thislate 1970s shift have been reported for the ETP, but biological data prior to 1976
are sparse or currently unavailable in aform that would allow comparisons with more recent data.

Stock assessment model s (discussed bel ow) indicated that, inthe absence of any other effect,

2 The maximum size of a particular population that can be sustained within a given areaor
habitat. For ETP dolphins this population level is thought to have existed in the late 1950s before
the onset of purse seining on dolphins.



athree- to five-fold declinein carrying capacity of the ecosystem would be required to explain the
low growth rates currently estimated for the depleted dol phin stocks. If such adramatic changein
the ecosystem occurred, it is unlikely that the only animals affected would be dolphins. It is
conceivablethat the small physical changes observed have had some effects on carrying capacity of
the ecosystem for these dol phins, but the paucity of directly relevant data precludes adetermination
of either thedirection of such an effect or its magnitude. However, it appears unlikely that carrying
capacity of the ETP has declined by three- to five-fold.

Data on awide range of habitat variables and species were collected beginning in 1986 as
part of the NOAA Fisheries dolphin assessment cruises. No dramatic shifts were detected, but this
series of data do not cover the period before the late 1970s shift.

Sress and Other Fishery Effects Studies

Do chase and encirclement adversely affect dolphins? Stress studies were required by the
IDCPA to address the concern that chase and encirclement of dolphins during fishing operations
might affect dol phins, but not necessarily result intheir immediate, and observable, deathinthenets.
Four related research projects, broadly categorized asstress studies, wererequired: astressliterature
review, a necropsy* study, a review of historical data, and a field study involving the repeated
chasing and capturing of dolphins. Research was completed by the SWFSC under all four items.
Thekey linesof investigation included research on potential separation of mothersfromtheir calves,
measurement of acute and chronic physiological effects that could result in injury or death,
observation of behavioral responses to fishing activities, and estimation of the average number of
times a dolphin might be chased and encircled per year per stock.

A review of scientific literature on stress in mammals indicated that tuna purse seine
operations involve well-recognized stressors in other wild mammals, and it is plausible that stress
resulting from chase and capture could compromise the health of at least some of the dolphins
involved. The stress studies included a combination of field experiments, retrospective analyses,
direct observation, and mathematical modeling, to addressabroad range of stress-related effectsand
other factorsthat potentially could |ead to unobserved dolphin mortality associated with tuna purse-

*A necropsy or postmortem examination is generally equivalent to an autopsy in human
medicine.



seine operations. In the aggregate, the findings support the possibility that purse seine fishing
involving dolphins may have a negative impact on the health of someindividuals. Several lines of
research suggested potential physiological mechanismsof stresseffects, but larger sample sizesand
baseline data for the affected species are needed to fully interpret the findings. In particular, cow-
calf separation and potential muscle injury leading to delayed death warrant future study. Sample
sizes for both the necropsy program and the field studies were insufficient to estimate potential
population-level impacts or to determine whether population recovery of the depleted stocks may
be delayed by these effects.

Analyses of over 1,800 purse-seine setsfrom 1973 t01990 in which all dolphinsthat diedin
the net were examined led to the conclusion that there is some separation of calves from their
mothers. Based on reasonable assumptions about length of nursing dependency, it was estimated
that total mortality was underestimated by 10-15% for spotted dolphins and 6-10% for spinner
dolphinsinthissample. Moreimportantly, unobserved calf mortality potentially could belarge, and
continuing at the present time, if mother-calf separation occurs during the chase portion of the
fishing operation. Whether, and if so how often, such separations occur during the chase is
unknown. Given these uncertainties, only a minimum estimate of unobserved calf mortality is
possible, with the caveat that the actual mortality is likely to be larger by an unknown amount.
Although there are insufficient data to resolve the upper limit of this effect, a simple evaluation of
potential calf separation effectswasincluded in the quantitative stock assessment model intheform
of additional mortality.

In addition to reported mortality and any inferred additional mortality, it is important to
consider how many times the fishery interacts with dolphinsindividually and with the populations
as a whole each year. The number of interactions is large relative to the population sizes. For
northeastern offshore spotted dol phins, there are over 5,000 dol phin sets per year, resulting in 6.8
million dol phinschased per year and 2.0 million dol phinscaptured (encircled in the purse-seinenets)
per year (numbers are means for 1998-2000). For eastern spinner dolphins, there are about 2,500
sets per year, 2.5 million dolphins chased per year, and 300,000 dolphins captured per year. For
coastal spotted dolphins, there are about 150 sets per year, 280,000 dolphins chased per year, and
40,000 dolphins captured per year. When divided by the mean estimated abundances during the
same years, a northeastern offshore spotted dolphin is chased 10.6 times per year and captured 3.2
times per year on average, an eastern spinner dolphin 5.6 and 0.7 times per year, and a coastd
spotted dolphin 2.0 and 0.3 times per year.



Sock Assessments

How do current population levels compare to historical population levels? The find
component, the stock assessment modeling, provided quantitative estimates of growth rates and
depletion levels, and a framework for testing hypotheses about changes in carrying capacity and
potential fishery effects. Of primary interest wasan eval uation of the current population sizerelative
to the population size that can be sustained by the ecosystem in the absence of human-induced
mortality (i.e., carrying capacity). Thisquestion hasadirect bearing onthe potential rate of recovery
for these depleted stocks, and provides a means of evaluating the observed population growth rate
in the context of the ecosystem and uncertainties associated with the estimates of abundance and
mortality. Thisquestion cannot be addressed for coastal spotted dol phinsbecausehistorical estimates
of mortality and abundance are not available for this stock.

A trend analysisof annual abundance estimatesfor northeastern offshore spotted and eastern
spinner dolphins did not show any statistically significant change (either an increase or a decrease)
during 1979 - 2001, the period covered by NOAA Fisheries research vessel abundance surveys.
However, if the stocks were growing very slowly (below about 2%), atrend would be difficult to
detect with this approach; therefore, additional, more sophisticated popul ation modeling exercises
were performed.

The most striking result from the trend and assessment analyses for both northeastern
offshore spotted dolphins and eastern spinner dolphinsisthat their population growth rates are very
low. Depending on the model used, estimates of popul ation growth ratesranged from -2% to 2% per
year. For eastern spinner dol phins, analysesindicating adecline during the past decadewere dlightly
more probable. Taking all the assessment analyses together, the results are not consistent with
recovery from depletion for either stock. This conclusion is not dependent upon a specific model
or subset of analyses. These rates appear too low overal and suggest some process is acting to
suppress population growth. The extent to which this suppression of growth might be related to the
fishery, the environment, or other factorsis considered in the next section. Regardless of the source
of depression, theselow rates are aconservation concern given the depl eted state of the populations.

Under the MMPA, amarine mammal population is considered depleted when its abundance
islessthan 60% of carrying capacity. Northeastern offshore spotted dol phinsare currently estimated



to be at 20% of their pre-fishery abundance, and the 95% probability interval® on this estimate is
from 11% to 35%. Eastern spinner dolphinsare currently estimated to be at 35% of their pre-fishery
abundance, with a 95% probability interval on this estimate from 18% to 75%. Thus, for both of
these stocks, there is a high probability that they remain at a depleted level.

The assessments indicated about equal weight for models with and without changes in
carrying capacity or maximum potential increase rates since the onset of the fishery, but the ability
to resolve these issues with the available datais limited, and such changes should not be dismissed
from consideration.

A factor was also included in some models that accounted for the possibility that when an
individual dolphin encounters more sets, it is less likely to survive. Inclusion of this factor,
represented as the number of sets made per individual dolphin in each year, resulted in an increase
of maximum growth rates to approximately 3%, closer to but still lower than the 4% generally
expected for small cetaceans. However, modelsincluding this survival factor were modertely less
probable. Similarly, models with mortality scaled up by 50% and 100% performed moderately
worse than models with the reported mortality levels. (These models were run to reflect potential
effects of either unobserved/unreported mortality, or additional mortality from cow-calf separation
that might occur in proportion to reported fishery mortality). So, while such additional mortality
should be regarded as moderately less likely as aresult of this assessment modeling, it should not
be dismissed from consideration dueto thegenerally weak ability of the datato discriminate between
competing models.

Analyses that allowed for a change in increase rates during recent decades suggested the
stocks were increasing at reasonable rates until about 1990, then decreasing throughout the past
decade. Inclusion of the abundance indices from tuna vessel observer datain addition to research
vessel abundance estimates made this scenario appear moderately more likely than the case of aflat
trend through recent decades. However, use of abundance indices based on thetunavessel observer
datais controversial (see“ Scientific Findings’ section).

When population sizes were projected forward, the low growth rates led to long estimated

®> Ninety-five percent of the time, the “true” value will fall within the stated probability
interval.



timesto recovery from depletion for these stocks. The best supported models predicted recovery in
78 years for northeastern offshore spotted dolphins and a decline (no recovery) for eastern spinner
dolphins. A second set of models, slightly lesswell supported by the data, predicted recovery times
greater than 200 years for northeastern offshore spotted dolphins and 64 years for eastern spinner
dolphins. If the populations were to recover at the expected 4%/year, the recovery times would be
29 and 18 years, respectively. These estimates of time to recovery assumed no changein carrying
capacity has occurred since the late 1950s.

The differences between the observed growth rates and the generally expected rate of about
4%lyear are 2.3% and 2.6% per year for northeastern offshore spotted and eastern spinner dol phins,
respectively, for the models with the shortest (most optimistic) recovery times. Given recent
population estimates, these percentages correspond to about 14,400 and 11,300 dolphins per year,
respectively. Given the number of interactions with the fishery, these numbers correspond to 2.8
dolphins per set, 2 dolphins per thousand chased and 7 dolphins per thousand captured for
northeastern offshore spotted dolphins. For eastern spinner dolphins, the corresponding numbers
are 4.5 dolphins per set, 5 dolphins per thousand chased and 39 dolphins per thousand captured.
In other words, because of theintensity of thefishery, arelatively small number of animals affected
per interaction (2-5 per set or 2-5 per thousand chased) would be sufficient to explain thelow growth
rates and long recovery times.

Summary

Research conducted under thel DCPA hasproduced many important, substantial new results:
current estimates of abundance for depleted dolphin stocksaswell asfor other cetaceansinthe ETP,
with advances in anaytic methods for abundance estimation; extensive contributions to
understanding the oceanography and ecology of the region; sharpening the focus on likely
mechanisms of stress effects on individual dolphins; and an improved understanding of the likely
effects of chase and encirclement on the cow-calf bond.

For the two depleted dolphin stocks for which we have sufficient information, the primary
results are: (1) northeastern offshore spotted dolphins are at 20% and eastern spinner dolphins at
35% of their pre-fishery levels, and (2) neither populationisrecovering at arate consistent with these
levels of depletion and the reported kills.
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There arethree genera explanations (hypotheses) for the lack of recovery. The hypotheses
are not mutually exclusive; more than one may be operating. The leading hypotheses are:

(1) The environment has changed, and the current sizes of the northeastern offshore spotted and
eastern spinner dolphin populations are already at, or near, their carrying capacities.

Since the late 1950s, the environment might have changed in such away that it would no
longer support the same numbers of these dolphinsasit did before. However, physical and
biological data do not support such a large-scale environmental change in the ETP.
Although environmental change such that the carrying capacity has come down to match the
fishery-induced depletion levels appears unlikely, the hypothesis of some degree of
reduction cannot be rejected because relevant data are sparse, and the complicated
rel ationships among species and their environment are so poorly understood.

(2) After bycatch dueto the purse-seine fishery has been reduced or eliminated, thereisalag period
before recovery begins.

There are no data to support or reject this hypothesisfor ETP dolphins. Studies of apparent
lags in other species are discussed in the “ Scientific Findings’ section of this report.

(3) The purse-seine fishery has effects on the dol phin populations beyond the reported bycatch.

Research conducted under the IDCPA hasevaluated some possiblefishery effects, including
separation of mothers from calves and physiological effects of chase and encirclement
(“stress”) that could affect subsequent survival and reproduction. Inaddition, thereare other
fishery effects for which investigation was not feasible. There are several reasons to think
that the actual bycatch could be larger than the reported kill: (a) some mortality is not
observed, simply because the fishery observer cannot see all of thenet at all timeson all sets;
(b) dolphin sets made by boats smaller than Class 6 are not observed; and (¢) some mortality
is observed but not reported by the fishery observer.

There are numerous plausible effects of the fishery on the dolphin populations beyond the
reported kill. Isthe sum of all of these fishery effects sufficient to account for the lack of
recovery? Unfortunately, the answer to this central questionisnot clear. It isprobable that
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al of these effects are operating to some degree, and it is plausible that in sum they could
account for the observed lack of growth of the dolphin populations. If the sum of thefishery
effects were afew dolphins per set or afew dolphins per 1000 dolphins chased, it would be
sufficient to account for thelack of recovery. However, without comprehensive quantitative
estimates for any of these effects, it is not possible to reach more definitive conclusions.

The fina determination of whether or not the purse seine fishery is having a significant

adverseimpact on these dol phin stocks should be made in consideration of the evidencefor adverse
fishery effects beyond reported mortality and thelack of evidencefor substantial ecosystem change.
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INTRODUCTION

Thetropical watersof the Pacific Ocean west of Mexico and Central America, anareaknown
asthe eastern tropical Pacific (ETP), support one of the world’ s largest fisheriesfor yellowfin tuna
(Thunnus albacares) with between 100,000 and 300,000 metric tons caught each year (Fig. 1). A
major basis for thisfishery’'s successis an ecological association in this region between tunas and
dolphins in which large yellowfin tunas regularly swim together with several species of dolphins.
Thereasonsfor thisassociation between tunasand
dolphins are not well understood. Nevertheless,
since the 1950s, a predominant tuna fishing
method in the ETP has involved intentionally
capturing tunas and dolphins together using nets
called purse seines. In the early history of the
fishery, many of the dolphins died in the nets, but
now the vast majority of dolphins captured during
fishing operations (more than 99%) are released
aive owing to numerous technological and
procedural improvements and the skills of the
experienced captains and crews. It is estimated
that 6 million dolphins have been killed sincethe  Figre 1 The eastern tropical Pacific (ETP).
fishery began and that this mortality resulted in
threestocks of dolphinsinthe ETP being declared “ depl eted” ® under the MarineMammal Protection
Act (MMPA). Thethreedol phinstocks most affected by fishery arethe northeastern off shore spotted
dolphin (Senella attenuata), the eastern spinner dolphin (S. longirostris oreintalis), and the coastal
gpotted dolphin (S attenuata graffmani). In recent years, the reported number of all species of

® Under the Marine Mammal Protection Act (MMPA), aspeciesis designated as depleted
when it falls below its optimum sustainable population. The MM PA defines optimum sustainable
population (OSP) as “the number of animals which will result in the maximum productivity of the
population or the species, keeping in mind the optimum carrying capacity of the habitat and the
health of the ecosystem of which they form a constituent element” (16 U.S.C. 1362). NOAA
Fisheries regulations have further defined optimum sustainable population as “a population size
which falls within arange from the carrying capacity of the ecosystem to the population level that
results in maximum net productivity.” The population level that results in maximum net
productivity is considered to be 60% of population size at carrying capacity.
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dolphins killed in this fishery has declined significantly to fewer than 3,000 dolphins per year.
Despite this substantial reduction in reported dolphin mortality in the fishery, there is concern that
the practice of setting on dolphins is affecting the ability of depleted stocks to recover.
Consequently, the research reported here was conducted to assess whether or not depleted dolphin
stocks in the ETP are recovering and to examine the effects of chasing and encircling dolphins
during purse seine fishing.

In addition to using dol phins, there are other waysin which tunaare caught inthe ETP purse
seine fishery. Purse seine nets can be set around schools of tunas unaccompanied by dolphins
(“school sets’) and around tunas associated with logs or other objects floating in the ocean (“log
sets’” or “fish aggregating device sets’). Sets on dolphins comprise approximately 45% of the
15,000-20,000 purse seine sets made by large vessels in the ETP every year. The U. S. fleet
dominated thefishery intheearly decades, but over thelast 20 yearsthe vast mgjority of U.S. vessels
transferred to foreign flags or moved to the western Pacific Ocean where sets made are exclusively
non-dolphinsets. AstheU.S. component of thefishery steadily hasdeclined inthe ETP, the number
of foreign vesselshassteadily increased sincetheearly 1980s. In 2002, only threeU.S.-flagged large
purse seine vessels were fishing in the ETP, and their sets are exclusively non-dolphin sets. Non-
U.S. vessals fishing in the ETP numbered 204 in 2001 with the largest fleets from Mexico,
Venezuela, and Ecuador.

Thisreport summarizesthe results of the multi-year IDCPA research program conducted by
the Southwest Fisheries Science Center (SWFSC) of the NOAA Fisheries to assess the status of
depleted dol phin populationsin the ETP and to determi ne the effect of purse seinefishing operations
on these stocks. These research efforts provide asubstantia body of information including dolphin
abundance data, fishery mortality estimates, a review of scientific literature on stress in marine
mammals, results from a necropsy study of dolphins killed in the fishery, areview of historical
demographic and biological data related to dolphins involved in the fishery, results from an
experiment involving the repeated chasing and capturing of dolphins, and information regarding
variability inthebiologica and physical featuresof the ETP ecosystem over time. Theresultsof this
research are summarized in the section below titled “Scientific Findings.” A more detailed
presentation of each research component and itsresults can be found in a series of appendicesat the
end of thisreport. Themost detailed and technical information on each research component can be
found in the numerous scientific papers and reports supporting this document (see Appendix 1 for
alist). A list of acronyms used in this report is provided in Appendix 2.
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Legidative Background and Required Research

In 1997, Congressamended the Dol phin Protection Consumer Information Act (DPCIA) and
the MM PA with the IDCPA, adding specific provisionsfor studying theimpact of thefishery onthe
ETP depleted dolphin stocks. These amendments require the Secretary of Commerce to conduct
specified scientific research and to make afinding, based on theresults of that research, information
obtained under the IDCP, and any other relevant information, as to whether the intentional
deployment on or encirclement of dolphins with purse seine nets is having a significant adverse
impact on any depleted dolphin stock in the ETP. This finding will determine the dolphin-safe
labeling standard for tuna sold in the United States.

The research specified under subsection 304(a) of the MMPA, established by the IDCPA,
required three years of dolphin population abundance surveysand studieson stressin dolphins. The
stress studies required were: (1) areview of relevant stress-related research and a 3-year series of
necropsy samples from dolphins killed in the fishery; (2) a 1-year review of relevant historical
demographic and biological datarelated to the depleted dolphins; and (3) an experiment involving
the repeated chasing and capturing of dolphins by means of intentional encirclement.

The IDCPA <ientific Research Program

In order to fulfill the research mandates of the IDCPA, the SWFSC of NOAA Fisheries
further developed its existing ETP dolphin research program to address the specific research
activitiesrequired in the IDCPA (asdetailed above). The IDCPA research program isstructured as
follows: abundance estimation, ecosystem studies, stressand other fishery-related studies, and stock
assessment. The SWFSC has conducted research inthe ETP for over three decades. 1n 1986 along-
term, large-scal e research program wasinitiated to monitor trendsin the abundance of ETP dolphin
popul ations (the M onitoring of Porpoise Stocks program, or MOPS). The SWFSC again conducted
abundance surveysin the ETPin 1992 in amore limited area off Central America, focusing on the
stock of common dolphinsthere. However, there was alapse of eight years before comprehensive
abundance surveyswere conducted again covering the known range of northeastern offshore spotted
and eastern spinner dolphins, resulting from the IDCPA mandate. During this history of research
activity the SWFSC regularly conducted studies of the region’s physical and biological
characteristics, in order to place its dolphin studies within an ecological context.
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Although the SWFSC has conducted alarge amount of management-rel ated research on the
life history of dolphins affected by thisfishery, research on dolphin stress and related i ssues has not
been aregular or mgjor component of research by the SWFSC. Therefore, in order to appropriately
address the research requirements of the IDCPA mandates for stress-related research, it was
necessary to initiate new types of sampling in collaboration with experts from academia and other
governmental and inter-governmental organizations.

As mandated by the IDCPA, the research program was conducted in consultation with the
Marine Mammal Commission (MMC) and Inter-American Tropical Tuna Commission (IATTC).
These consultations, as well as meetings with scientific experts selected by NOAA Fisheries
scientists to comment on specific technical topics, took place as a part of the planning,
implementation, and eval uation of research conducted under subsection 304(a). See Appendix 3for
alist of consultations held with the MMC and IATTC and other important planning events. To
further ensure the highest caliber of these research results and analyses, NOAA Fisheries utilized a
formal system for independent peer review through the Center of Independent Experts (CIE),
administered by the University of Miami, Cooperative Institute for Marine and Atmospheric
Sciences. The CIE draws expertsfor itsindependent peer reviewsfrom apool of qualified scientists
from outsideNOAA Fisheries. Thesescientiststypically areinternationally recognized expertsfrom
countries around the world. To ensure independent peer review, and to avoid perceptions of
improper influence, the CIE has a Steering Committee composed of tenured academics and senior
researchers who are charged with the program’s oversight. The CIE Steering Committee selects
reviewers and secures written assurances from them that they have no conflictsof interest. NOAA
Fisheries held five CIE reviews: four to evaluate the magjor topics of study and one to review this
report (see Appendix 4).

Dolphin Stocks in the Eastern Tropical Pacific Ocean

In the region known asthe ETP there are 20 stocks of 14 species of small cetaceans (whales
and dol phins) knownto have suffered at |east somemortality inthe ETP purse seinefishery for tuna.
The cetacean stocks predominantly affected by the fishery are the northeastern offshore stock of
spotted dolphin, the eastern stock of spinner dolphin, and the coastal spotted dolphin. A number
of other species aso have been killed in the fishery, including common dolphins (Delphinus
delphis), striped dolphins(S. coeruleoalba), Fraser’ sdol phins (Lagenodel phishosei), rough-toothed
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dolphins (Steno bredanensis), bottlenose dolphins (Tursiops truncatus), and short-finned pilot
whales (Globicephala macrorhyncus).

The MMPA requires that marine mammal populations be managed so that each is
maintained at an optimum sustainable population (OSP) level, alevel defined as a population size
that fall swithin the range between carrying capacity and the maximum net productivity level, which
is defined as 60% of the carrying capacity. In other words, the MMPA requires that an exploited
population be managed such that its population size falls within the range between the largest size
the ecosystem can sustain and the size at which the population’s or stock’s net productivity is
maximized. Stocks are defined as depleted if their population levels are below OSP. Three ETP
stocks have been classified as depl eted under the MM PA: the northeastern offshore spotted dol phin,
the eastern spinner dolphin, and the coastal spotted dolphin. Two of these stocks, the northeastern
stock of offshore spotted dol phinsand the eastern stock of spinner dol phinsweredes gnated depleted
under the MMPA, most recently on 26 August 1993 (58 FR 45066) and 1 November 1993 (58 FR
58285), respectively. At that time the eastern spinner dol phin was estimated to be at approximately
44% of its pre-exploitation population size (Wade 1993a), that is, 44% of the number of dolphins
estimated to have comprised the stock prior to the onset of purse seinefishinginthelate 1950s. The
northeastern offshore spotted dolphin was estimated to be between 19% and 28% of its pre-
exploitation population size (Wade 1993).

Thereisless certainty regarding the status of the depleted coastal spotted dolphins, which
are found within 185 km of the coast in the ETP. During the early years of the purse seine fishery,
fishing effort was concentrated near the coast. Therefore, coastal dol phin stocksthat associate with
tunas may have experienced high mortality. The coastal spotted dolphins are sufficiently distinct to
be classified as a separate subspecies, and recent genetic studies suggest there are multiple stocks
along the coast (Escorza-Trevino et al. 2002). In a1980 Federal Register noticethe NOAA Fisheries
declared that the 1979 popul ation size was estimated to be 193,200 (45 FR 72178-72196). Thiswas
estimated to represent 42% of its pre-exploitation population size and was therefore considered
depleted under the MMPA. The limited information available for coastal spotted dolphins is
presented and evaluated to the extent possible in this report.
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Reported Mortality in the Purse Seine Fishery

Since 1959, when fishing with purse seines began to dominate the tuna fishery in the ETP,
the number of purse seine sets made on dol phins has been recorded in skipper logbooksand reported
tothe IATTC. Theserecords provide reasonably accurate information on the number of sets made
on dolphins by year and location for the preponderance of the fishery’s history. However,
information from logbooks is insufficient for determining dolphin mortality, species composition
of thedol phin mortality, and other important i nformation, such asthe use of dol phin rescue methods
(e.g., backdown method) over the course of thefishery (Barhamet al. 1977, Wade 1994). Itisknown
that the proportion of encircled dolphinskilled was higher in the early part of the fishery relative to
later years (Joseph and Greenough 1979).

In 1971, NOAA Fisheries began placing observers on U.S.-registered vessels to record
information on dol phin sets and mortality. This program wasformalized in 1972 (Edwards 1989).
In 1979, the IATTC instituted a similar observer program on non-U.S. vessels that also continues
presently. In 1991, Mexico initiated its own national observer program and a portion of itsvessels
trips are observed through this program, with additional trips being covered under the IATTC
program. By 1990, the NOAA Fisheries mandated that 100% of fishing tripsinvolving dol phin sets
by U.S. vesselsbe observed. Soon after, the IATTC and Mexican observer programs implemented
their programs to have 100% observer coverage on non-U.S. class 6 vessels. More recently,
Venezuela and Ecuador initiated national observer programs, and a portion of those nations' trips
are now covered by their own observers, with the remaining portion covered under the IATTC
program.

For thepast severa years, asimpleenumeration of reported dol phin mortalitieshasbeen used
by the IATTC in order to summarize dolphin mortality in the fishery. In the years before 100%
observer coverage wasimplemented, dolphin mortality in the fishery was estimated for unobserved
fishing trips using reported mortality from observed trips. Estimates of dolphin mortality in the
fishery for 1959-2001 can be found in Wade (2002). These mortality estimates were used in
analyses of the northeastern offshore spotted dolphin and eastern spinner dolphin stocks presented
below.
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SCIENTIFIC FINDINGS

Abundance of the Depleted Stocks

We used amethod called line-transect sampling to estimate the abundance of dolphinsinthe
ETP. Thismethod isthe most widely used for estimating the abundance of biological populations
(Buckland et al., 2001). In line-transect sampling, observers perform standardized visual surveys
along aseries of lines, searching for objects of interest (i.e., groups of dolphins) and recording each
animal or group detected, itsperpendicular distancefrom thetransect line, and thegroup size. From
this information, the abundance of the animalsin the survey areais estimated.

The SWFSC has conducted line-transect sampling surveys on research vesselsin the ETP
for nearly three decades. Marine mammal surveysin the ETP have been conducted by the SWFSC
inthefollowingyears: 1974, 1976-77,1979-80, 1982-83, 1986-1990, 1992, and 1998-2000. Surveys
in 1974 and 1976 were primarily feasibility studies, and data collected on those surveys were
inappropriatefor estimating abundance using current line-transect sampling procedures. Since1977,
data collection on surveys has followed line-transect sampling protocols and allowed abundance
estimation of dolphin stocksin the ETP (Wade 1994). However, surveysin 1977 and 1992 did not
have sufficient survey effort in the areas of the ETP occupied by northeastern spotted and eastern
spinner dol phins, so abundance estimates for these survey years are not available, resulting in agap
during the 1990s.

To fulfill the research requirements under the IDCPA, research cruises to estimate the
abundance of dolphin stocks affected by the tuna purse seinefishery were carried out in 1998, 1999,
and 2000. Prior to the surveys, a technical meeting to review the survey design for estimating
abundance of ETP dolphins was held at the SWFSC,; attendees included experts in line-transect
sampling and abundance estimation and scientists representing the IATTC, MMC, Mexico, and
Ecuador (see Gerrodette et al. 1998). After the completion of the 1998 survey, another technical
meeting was convened to review the methods for analysis of the data collected during the first
survey. Many of the same experts participated in this second meeting, aswell as scientistsfrom the
IATTC, Mexico and Peru (see Olson and Gerrodette 1999).

Aspart of theDCPA research program, the SWFSC devel oped improved anal ytical methods
of estimating abundance to account for factors such as dolphin group size, sea state, swell height,
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sun glare, and other conditions that affect the probability that a dolphin school will be detected
(Forcada2002). These covariate methods are asignificant improvement over traditional univariate
methods, which model the probability of detection as afunction only of distance from the transect
line. These methods also deal with the bias that arises because large schools of dolphins are more
likely to be seen than small schools and with the problem that the dol phins occur in mixed-species
schools.

These new analytical methodswere applied to data collected in 1998-2000 aswell asto data
collected onnineearlier cruisesdating back to 1979. Thus, northeastern offshore spotted and eastern
spinner dolphin abundance was estimated in each of 12 years over a 21-year period using these
methods (Fig. 2) (Gerrodette and Forcada 2002). These new series are used in the assessment
modeling (see Appendix 8).
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Figure 2 Estimates of abundance for northeastern offshore spotted and eastern
spinner dolphins, 1979-2000, with 95% confidence intervals on the point
estimates.

The average of the abundance estimates resulting from the new surveysfor the years 1998,
1999, and 2000 are 641,153 (CV =16.9%) for northeastern offshore spotted dol phins, 448,608 (CV
= 22.9%) for eastern spinner dolphins, and 143,725 (CV = 35.7%) for the coastal spotted dolphins.
Although the coastal spotted dolphin is presented here as a single value, recent genetic analyses
(discussed below) indicate multiple coastal stocks are likely, making the single abundance estimate
of limited relevance.

Please see Appendix 5 for more detail on Abundance Estimation.
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The Environment and Ecosystem

Carrying capacity, or the maximum equilibrium population size for agiven animal that the
environment will support, is a fundamental concept in population ecology and the ideas used to
manage exploited populations. When a population is reduced in abundance by external factors
(human or otherwise), it should recover toitscarrying capacity oncethosefactorsareremoved. This
increase in abundance is referred to as recovery from depletion. Recovery is dependent upon an
environment that isrelatively stable. If the environment has changed such that the resources needed
to support the popul ation have either increased or decreased enough to changethe carrying capacity,
our expectation for recovery should be modified. That is, we should expect the population to
stabilize at anew level, which may be either higher or lower than that prior to the change. We also
should modify our concern with respect to mortality due to human activities. For instance, if a
population has been depleted and we suspect that the environment has changed in a manner that
supports fewer individuals, then resource managers should consider taking a more conservative
stance when evaluating potential impacts of future human effects.

Theratewith which recovery isachieved will beafunction of both the population’ sintrinsic
ability to grow and the current carrying capacity. Consequently, the relevant ecosystem issue is
whether there have been changesin carrying capacity of sufficient magnitudeto explain the lack of
recovery toward pre-exploitation levels.

If carrying capacity had increased, or had not changed substantially, this would be
indistinguishablein termsof growth rates achieved by stocksthat have been depleted: in either case
these populations should be growing at or near their maximum intrinsic rates. Our knowledge of the
value of thismaximum rateislimited, but it is generally assumed to be approximately 4% per year
for dolphins, whichisalso the default value established by the U.S. system for managing cetacean
populations under the MMPA’s PBR system. For the two stocks of concern here, carrying capacity
would have to be substantially reduced, by approximately 80% and 65% for northeastern offshore
spotted and eastern spinner dol phins, respectively, to explain their low and unchanging abundances
(see below, Figure 2 and “ Stock Assessments’ section). Are such large reductions consistent with
the information available about the ETP environment and ecosystem? Thisisacentral question to
be addressed when we evaluate the available information on fishery effects.
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The dominant source of variability inthe ETPisrelated to the El Nifio/Southern Oscillation
(ENSO), and occurs on 2-yr to 7-yr periods. Thisconclusion isbased on analysis of alengthy time
series of physical and biological oceanographic data (approximately 100 years). Analyses of data
on prey fishes, squids, and seabirds, collected aboard NOAA Fisheries dol phin surveys since 1986,
also support this conclusion (Appendix 6), though it should be noted that there are no datafor these
groups currently available prior to the early 1980s.

There have been longer-term changes throughout the Pacific Ocean, with the best-known
change occurring in the late 1970s when the North Pacific clearly shifted from one physical and
ecological state to another. This climate shift also was detected within the ETP, in the form of a
small increase in sea surface temperature, a weakening of trade winds, and moderate changesin
surface chlorophyll levels (increase in the core of the ETP occupied by the stocks of interest here,
decreaseaong theequator). If carrying capacity for dol phinsischanged simply asaresult of changes
in basic production asindexed by surface chlorophyll, onewould expect small increasesin carrying
capacity as aresult of the late 1970s shift. The core ecosystem questions here are whether these
small changes have for some reason caused reductions of carrying capacity, and further whether any
possible reductions were large enough to explain the low abundance of dolphin populations. As
detailed below in the section on Stock Assessment, these populations have remained essentially
unchanged since earlier depletion to 20% (northeastern off shore spotted dol phins) and 35% (eastern
spinner dolphins) of their pre-exploitation levels. Such dramatic reductionsin carrying capacity are
considered unlikely, but they cannot be dismissed entirely from consideration. Thisis due to a
combination of our general lack of knowledge about what specifically constitutes carrying capacity
for these dolphins, our lack of data on the ecosystem prior to the late 1970s shift, and the possibility
that small changes in background physical conditions can have large ecological effects.

In conclusion, the available data are insufficient to clearly resolve the matter of whether or
not there have been substantial ecosystem changes in the ETP that would inhibit or enhance these
populations’ ability to recover. Nonetheless, the information available indicates it is unlikely that
the carrying capacity has been reduced to the degree required to explain the low growth rates of the
depleted dolphin populations.

Please see Appendix 6 for more detail on the Ecosystem Studies.
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Fishery Effects. Mortality, Sress and Other Effects

Reported mortality levelsfrom thefishery have been reduced substantially, especially within
the past decade. 1n 2001 (the most recent year for which annual mortality estimates are available)
thetotal reported mortality was 2,027, with 466 eastern spinner dol phins, 656 northeastern offshore
spotted dolphins, and 2 coastal spotted dolphinskilled. If the Potential Biological Removal (PBR)
system under the MM PA were applied asastandard, mortality limitsfor these stockswould be 1,298
for eastern spinner dolphins, 2,367 for northeastern offshore spotted dolphins and 1,073 for coastal
spotted dolphins (but note that this would apply to a single coastal spotted dolphin stock, whichis
no longer considered likely) . The stock mortality limits (SML)’ for these stocks, if computed using
thisupdated information (i.e., the mean abundances from the 1998, 1999, and 2000 surveys), would
be 371 eastern spinner, 557 offshore spotted dol phinsand 107 coastal spotted dol phins (same caveat
applies for coastal spotted dolphins as noted for PBR above).

Changes in the fishery during the last few decades have greatly reduced the reported
mortality of dolphins; nevertheless, there continuesto be concern that the fishing methods currently
used are causing stress to the dolphins involved and that such stress may be affecting population
recovery. Emerging from this concern were the IDCPA’ s explicit research mandatesfor reviews of
stress literature, aprogram of necropsy observations of dolphinskilled in the fishery, evaluation of
historical data and samples, and the chase-encirclement field experiment.

The literature review indicated that tuna purse seine operations involve well-recognized
stressors in other wild mammals, and it is plausible that stress resulting from chase and capturein
the ETPtunapurse seinefishery could compromisethe health or reproduction of at |east some of the
dolphinsinvolved. The specifically mandated necropsy program was conducted over a3-year period
(1998-2000). It was possible to obtain samples from only 56 dolphins killed in the fishery, which
isinsufficient to make population-level inferences. The other specifically mandated field program,
the chase-encirclement stress studies (CHESS) cruise, was conducted during August-October 2001.
Because of the experiment’s complexity and considerable logistical challenges, it was recognized
from the outset that sample sizes for these studies would be limited (Donahue et al. 2000) and that
population-level inferences from these studies were unlikely

" The nations fishing in the ETP have established a system for calculating annual limits on
the alowable fishery mortality level for each stock.
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The completed research included acombination of field experiments, retrospective analyses,
direct observation, and mathematical modeling, to addressabroad range of stress-related effectsand
other factorsthat potentially could lead to unobserved dolphin mortality associated with tuna purse
seineoperations. Asexpected, thedataareinsufficient to quantify potential population-level impacts
or to determine whether population recovery might be delayed because sample sizesweresmall and
baseline or control data were not available for the affected dolphin species. However, in the
aggregate, the findings from the available data support the possibility that tuna purse-seining
activitiesinvolving dolphins may have anegative impact on someindividuals. Some evidence was
found for potential stress-related injury or unobserved mortality of dolphinsinvolved in purse seine
fishing operations, based on the combined documentation of: (a) moderately elevated stress
hormones and enzymesindicative of muscle damage observed in live dol phinsexamined inthe nets;
(b) evidence of past (healed) muscle and heart damage in dol phinskilled during fishing operations,
and (c) fatal heart damage in virtually all fishery-killed dolphins, which most likely was related to
elevated catecholomines. Theresponsesobservedinthe sampled liveanimal swerewell withinthose
rangesfrom which dol phinsare expected to recover fully; however, it ispossiblethat some dolphins
may experience stronger responses, such as during occasiona ‘catastrophic’ aspects of fishery
operationswhen dol phins may becometrapped under acanopy inthenet. Intheory, thiscould result
in a surge in catecholomines intense enough to cause injury or death within hours or days of being
released (a condition known as capture myopathy). To date, no live ETP dolphin exhibiting such a
response has been identified or sampled.

Analyses of purse-seine sets during which all killed dolphins were examined led to the
conclusion that there is some separation of calvesfrom their mothers (Archer et al. 2001). For sets
in which alactating female was killed, her calf was usually missing (the frequency of calveswas
only about 20% of thefrequency of lactating females). Thisimplied that there was some unobserved
mortality of orphaned calves not previously accounted for. Based on reasonabl e assumptions about
length of nursing dependency, it was estimated that reported fishery mortality was underestimated
by 10-15% for spotted dol phins and 6-10% for spinner dolphinsin this sample, if separations occur
during the later part of the chase and capture process, such that al mother-caf separations are
represented by dead | actating femal es. However, unobserved calf mortality potentially could belarge
if mother-calf separation occurs during the chase portion of the fishing operation. Whether, and if
so how often, such separations occur during the chase is unknown. Direct observations are not
feasible. Preliminary modeling of the energetics of swimming suggested that it would be difficult
for smaller nursing calves to keep up with an extended chase. Given these uncertainties, only a
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minimum estimate of unobserved calf mortality is possible, with the caveat that the actual mortality
islikely to be larger by an unknown amount.

In addition to reported mortality and any inferred additional mortality, it is important to
consider how many times the fishery interacts with dolphinsindividually and with the populations
as awhole each year. The number of interactions is large relative to the population sizes. For
northeastern offshore spotted dolphins, there are over 5,000 dolphin sets per year, resulting in 6.8
million dolphinschased per year and 2.0 million dol phins captured (encircled in the purse-seine) per
year (numbers are means for 1998-2000). For eastern spinner dolphins, there are about 2,500 sets
per year, 2.5 million dolphins chased per year, and 300,000 dol phins captured per year. For coastal
spotted dolphins, there are about 150 sets per year, 280,000 dol phins chased per year, and 40,000
dolphins captured per year. When divided by the estimated mean abundances during the sameyears,
anortheastern offshore spotted dolphinischased 10.6 times per year and captured 3.2 times per year
on average. An eastern spinner dolphinischased 5.6 times per year and captured 0.7 times per year.
A coastal spotted dolphin is chased 2.0 times per year and captured 0.3 times per year.

In conclusion, the investigations described above span a broad range of concernsrelating to
stress and other potential fishery effects. It was recognized at the outset that sample sizeswould be
small and population-level inferences would not likely be possible. Nonetheless, some plausible
mechanisms of additional mortality were identified, and the data support the idea that tuna purse-
seining activities might cause the unobserved injury or death of individual dolphins. Without larger
sample sizes, the results cannot be evaluated in terms of impacts on population recovery. However,
at current dol phin abundances and levels of fishing effort, alack of recovery could be caused by the
loss of only afew additional dolphins per set. The differences between the observed growth rates
and the generally expected rate of about 4%/year are 2.3% and 2.6% per year for northeastern
offshore spotted and eastern spinner dolphins, respectively, for the models with the shortest (most
optimistic) recovery times, as discussed below under Stock Assessments. Given recent population
estimates, these percentages correspond to about 14,400 and 11,300 dol phins per year, respectively.
Given the number of interactionswith thefishery, these numbers correspond to 2.8 dolphins per set,
2 dolphins per thousand chased and 7 dolphins per thousand captured for northeastern offshore
gpotted dolphins. For eastern spinners, the corresponding numbers are 4.5 dolphins per set, 5
dolphins per thousand chased and 39 dolphins per thousand captured. In other words, because of
theintensity of thefishery, arelatively small number of animals affected per interaction (2-5 per set
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or 2-5 per thousand chased) would be sufficient to explain the low growth rates and long recovery
times.

Please see Appendix 7 for more detail on Stress Studies and Other Possible Fishery Effects.

Sock Assessments

The most striking result from the trend and assessment analyses for both eastern spinner
dolphins and northeastern offshore spotted dolphins is that their population growth rates are very
low. Depending on the model used, estimates of popul ation growth rates ranged from -2% to 2% per
year. For eastern spinner dol phins, analysesindicating adeclineduring the past decade weredlightly
more probable. Taking al the assessment analyses together, the results are not consistent with
recovery from depletion for either stock. This conclusion is not dependent upon a specific model
or subset of analyses. (Whether we should expect to observe signs of recovery isaddressed below).
Theseratesappear toolow overall and suggest some processisacting to suppress popul ation growth.
The extent to which this suppression of population growth could be related to the fishery, the
environment, or other factors is discussed elsewhere in this report. Regardiess of the source of
suppression, these low rates are a conservation concern.

There are relatively few direct observations of population growth rates for small cetaceans
from which to establish a standard or expectation. Reilly and Barlow (1986) established likely
ranges of growth rates, given what is known about dolphin birth and death rates. Information
specific to spotted and spinner dol phins indicates they are capable of maximum growth ratesin the
range of 4% to 7% per year. Because very few pelagic dolphin popul ations have been studied, and
none have actually been observed to increase at these maximum rates, the lower value of 4% isused
asagenera expectation. Thisvalue (4%) was adopted asthe default maximum intrinsic growth rate
for dolphinsin the PBR system for managing marine mammal sunder theMMPA (Wadeand Angliss
1996, Wade 1998). The assessment model results presented in this report are not quantitatively
compared to a maximum growth rate of 4%; rather, this value is used somewhat lessformally asa
context in which to consider the estimates of maximum growth rates presented in this report.

When used in apopulation model, thelow growth rates resulting from the stock assessments
presented herelead to long estimated timesto recovery (i.e., to OSPrange) for these stocks. The best
supported models predict recovery in 78 years for northeastern offshore spotted dolphins and a
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decline (no recovery) for eastern spinner dolphins. A second set of models, slightly less well
supported by the data, predicts recovery times greater than 200 years for northeastern offshore
spotted dolphins and 64 years for eastern spinner dolphins. If the populations were recovering at
4%lyear, the recovery times would be 29 and 18 years, respectively. These estimates of time to
recovery assume no change in carrying capacity has occurred since the late 1950s. However, if
carrying capacity has changed, the OSP range based on historical data would no longer be the
relevant target. Availableinformation would not be sufficient to determine an OSP range for anew
carrying capacity.

There hasbeen controversy regarding use of TV OD-based abundanceindicesin assessments
for ETP dolphins. In the context of this research program, TVOD indices were included in the
preliminary analyses reported in 1999 (SWFSC 1999), but this was done with strong cavesats.
Subsequently, published analyses (Lennert-Cody et al. 2001) pointed to substantial problemswith
TVOD abundance indices, and the authors cautioned against using TV OD in popul ation dynamics
modeling. Thus, we did not include TVOD in our initial assessment modeling for thisreport. This
was rejected by the CIE reviewers of the assessment modeling (Haddon 2002, McAllister 2002a),
who put forth amethod to correct biasin the TVOD series. In keeping with the review process we
applied this method for a subset of the assessment analyses (exponential growth models, but not
generalized logistic or age-structured models). In the final external review (August 16, 2002) the
matter wasagainraised, with onereviewer asserting that TV OD should beincludedin all assessment
anayses(McAllister 2002b). Thisreviewer presented anal yses demonstrating robustness of the bias
correction method to somelikely typesof problems. However, weremain unconvinced that the many
known and potential issues related to these indices have been addressed, and therefore decided to
proceed with caution and continued to use them only in some assessment analyses.

Analyses that allow for a change in population growth rates during recent decades suggest
the stocks were increasing at reasonabl e rates until about 1990, then decreasing throughout the past
decade. Inclusion of the TVOD abundance estimates makes this scenario appear moderately more
likely than the case of aflat trend through recent decades.

The assessments indicated about equal weight for models with and without changes in

carrying capacity or maximum potential population growth rates since the onset of the fishery, but
the ability to resolve these issues with the available datais limited, and such changes should not be
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dismissed from consideration. Had the TVOD estimates been included in those analyses, there
likely would have been amoderate increase in our ability to select between alternate hypotheses.

Theassessment modeling provided contradictory evidenceregarding the possibility that there
issubstantial additional mortality as asimple function of the frequency of sets per year. It might be
expected, for example, that if there were frequent cow-calf separations occurring during the chase
and capture processes, thiswould have been reflected in these analyses. Similarly, if lethal stresses
resulted from more frequent chase and capture, one would expect thisto be reflected in these model
runs. Oneresult from including additional mortality in the models was an increase in estimates of
maximum potential growth rates. However, when themodel increased total mortality for yearswith
more sets per dolphin, the fit of the model was improved, but thisimprovement was not enough to
do a better job overall than the model that did not include the frequency of sets. This suggests
severa possibilities: 1) that there are no substantial unobserved fishery-related mortality effects, 2)
that the data are inadequate to capture the potential effects, or 3) the effects cannot be represented
by the simplerelationship included in the assessment models (e.g., if an effect has changed through
time, if it was only present for a portion of the time series, or if the effect is nonlinear).

Thetest that included set frequency datadid not allow for lagged effects, or effectsthat might
be afunction of the actual frequency of capture of individuals. The index used was essentialy the
average number of times an individual might have been set upon, and assumed equal probability of
thisoccurrence for al individuals. In fact, the mean value may not be so important as the extreme
values. That is, threetimes per year (on average) may not cause lethal effects, but this average may
be comprised of asmall percentage of the population that is set upon many more times per year. |If
there arethreshold effectsthat occur only after, say, 10 or more occurrenceswithin arelatively brief
period, these model analyses would not detect such effects.

Similar results were obtained from increasing the reported mortality by a constant 50% and
100%. That is, there was a moderate decrease in performance of the models when the scaled up
mortality series were included, but estimates of maximum population growth rates increased, and
were closer to the expected range.

So, in conclusion, the assessment modeling results were equivocal on the existence of
substantial mortality in addition to reported levels. Although such mortality should be regarded as
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dightly less likely as a result of this assessment modeling, it should not be dismissed from
consideration.

Isit reasonable to expect that our methods would have detected evidence of arecovery for
these depleted stocks? This question is of central importance. Estimates of rates of change are
dependent upon thevariability of annual abundance estimates, and thisvariability must betakeninto
account when evaluating overall results. This has been done consistently throughout all analyses
reported here. Confidence and probability intervals for al estimated rates of increase were broad,
reflecting the variability of annual abundance estimates. However, taken as awholethey indicate
that any substantial recovery should have been detectable with high probability. Even a modest
recovery of around 2% per year likely would have been detected, and only very low rates, around 1%
or less, could reasonably have occurred without being detected.

Also potentially relevant is whether populations depleted to such low levels will respond
quickly to removal of most human-caused mortality, or if they are held at these levelsfor additional
periods by processes yet to beidentified. Ananalysisof depleted marinefish populations addresses
thispossibility. Hutchings (2000) examined evidence for recovery of 90 stocks of depleted marine
fishes, after more than 15 years since large reductions in biomass. He found little evidence of
recovery. (Interestingly, yellowfintunainthe ETP were cited as an exception, having shown some
recovery). Hutchings concluded that actual time to recovery islonger than expected given simple
population models. One contributing factor noted was continuing mortality from bycatch or illegal
fishing. Best (1993) reviewed evidence for recovery among 12 populations of depleted baleen
whales. He reported evidence of recovery in 10 of 12 populations, but for most stocks more than 50
years had elapsed before recovery was evident. This lag was ascribed to a combination of range
contractions and underestimation of the original levels of depletion. Whether such a lag from
unidentified processes might be operating for depleted ETP dolphins is difficult to evaluate, but
might be considered as an additional hypothesis to explain the observations of apparent lack of
recovery by eastern spinner and northeastern offshore spotted dolphins.

It is also worth noting that these assessment analyses were based on single-species models,
rather than multi-speciesor ecosystem-based models. Thiswasconsidered aprudent and reasonable
course, given limitations of data availability, and questionablereliability of more complex models.
One characteristic of the single-species structure was limited ability to test for possible changesin
carrying capacity. Although the analyses of avail able oceanographic and other environmental data
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do not lead to the conclusion that a major change in the system’ s productivity has occurred, it is
possiblethat effective carrying capacity for these stocks could have been modified, either positively
or negatively, by changes in abundance of competitorsor predators. The existing dataon other large
animals of the region do not alow reliable evaluation of these possibilities. An increase in
productivity of yellowfin tuna has been observed in the ETP since the 1983 El Nino, (Maunder
2001). However, the relevance of this observation can not be determined because it isnot yet clear
whether these depleted dolphin populations have net positive or negative ecological relationships
with yellowfin tunas.

The current status or possible effects of chase and encirclement by the purse seinefishery on
the third depleted stock, coastal spotted dolphins, cannot be assessed to the same degree as the two
depleted stocksdiscussed above. Current abundancefor coastal spotted dol phinswasestimated from
datacollected onthe 1998-2000 research vessel surveysasif only onestock of thissubspeciesexists.
However, results from recent genetic studies indicate that the existence of just one stock of this
subspecies throughout the coastal ETP is unlikely. Preliminary genetic analyses identified at |east
six populations (see Escorza-Trevino et al. 2002). Such small, relatively isolated populations risk
being substantially reduced if exploitation has concentrated within their limited ranges. Existing
information is not sufficient to judge the extent of this possible conservation risk. Recent reports
of fishery mortality arerelatively low for coastal spotted dolphins (18, 17, 6, and 2 dolphins per year
for 1998, 1999, 2000 and 2001, respectively) (C. Lennert-Cody, IATTC, pers.comm.). Whether past,
more extensive exploitation has substantially reduced one or more of these stocksis unclear.

Summary

Research conducted under the I DCPA has produced many important, substantial new results:
current estimates of abundance for depleted dolphin stocksaswell asfor other cetaceansinthe ETP,
with advances in anaytic methods for abundance estimation; extensive contributions to
understanding the oceanography and ecology of the region; sharpening the focus on likely
mechanisms of stress effects on individual dolphins; and an improved understanding of the likely
effects of chase and encirclement on the cow-calf bond.

For the two depleted dolphin stocks for which we have sufficient information, the primary
results are: (1) northeastern offshore spotted dolphins are at 20% and eastern spinner dolphins at
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35% of their pre-fishery levels, and (2) neither popul ationisrecovering at arate consistent withthese
levels of depletion and the reported kills.

There are three general explanations (hypotheses) for the lack of recovery. The hypotheses
are not mutually exclusive; more than one may be operating. While other hypotheses could be
proposed (pollution, for example), the leading hypotheses are:

(1) The environment has changed, and the current sizes of the northeastern offshore spotted and
eastern spinner dolphin populations are already at, or near, their carrying capacities.

The expectation of recovery isbased on the assumption that the current sizes of both dolphin
populations are considerably below their carrying capacities. Itiswell established that both
populations were much larger in the late 1950s. However, the environment may have
changed since then in such away that it would no longer support the same numbers of these
dolphins as it did before. Physical and biological data do not support the supposition that
such alarge-scale environmenta change has occurred in the ETP. Although environmental
change such that the carrying capacity has come down to match the fishery-induced
depletion levels appears unlikely, the hypothesis of some degree of reduction cannot be
rejected because relevant data are sparse, and the complicated relationships among species
and their environment are so poorly understood.

(2) After bycatch dueto the purse-seinefishery has been reduced or eliminated, thereisalag period
before recovery begins.

The expectation of recovery isbased on the ideathat populationswill respond immediately
once the factor that has caused their depletion isremoved. Thismight not be the case. The
reasonswhy alag might or even could occur in recovery of these dol phin populations are not
well understood. They could be dueto lingering effects of past mortality, for example, such
asdisruptionstotheageor social structure, or to inverse density-dependent effectsthat occur
at low population levels (Allee effects). We do not have data to support or reject this
hypothesis.

(3) The purse-seine fishery has effects on the dol phin populations beyond the reported bycatch.
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The expectation of recovery is based on the idea that the reported kill represents the main
effect of the fishery on the dolphin populations. This may not be the case, either because
there are other important fishery-based effects or because the reported kill is not accurate.
Research conducted under the IDCPA has evaluated some of the possible fishery effects,
including separation of mothers from calves and physiological effects of chase and
encirclement (“stress”) that affect subsequent survival and reproduction. However, thereare
other fishery effects that were not investigated because it was not feasible. For example, it
is likely that there is increased predation on dolphins that have experienced chase and
encirclement, duetoinjuries, weaknessor separation from the school, but we do not haveany
data to estimate the size of this effect and it was not feasible to collect such data. There are
several reasons to think that the actual bycatch is larger than the reported kill, but an
investigation of these effects could not be conducted given currently available information.
Reasons why the actual bycatch is likely to be larger than the reported bycatch include: (a)
some mortality isnot observed, simply because the fishery observer cannot see all of the net
at all timeson all sets; (b) dolphin sets made by boats smaller than Class 6 are not observed,
and (c) some observed mortality may not be reported by the fishery observer.

Thus, there are numerous plausible effects of the fishery on the dol phin populations beyond
the reported kill. Isthe sum of all of these fishery effects sufficient to account for the lack
of recovery? Unfortunately, the answer to this central question is not clear. For some
effects, such as cow-calf separation, we have estimates of the minimum size of the effect.
For others, such as stress effects and unreported mortality, we have indications that effects
may exist but do not have any quantitative estimates of their size. It is probable that al of
these effects are operating to some degree, and it is plausible that in sum they could account
for the observed lack of growth of the dolphin populations. If the sum of the fishery effects
were a few dolphins per set or a few dolphins per 1000 dolphins chased, it would be
sufficient to account for thelack of recovery. However, without comprehensive quantitative
estimates for any of these effects, it is not possible to reach more definitive conclusions.

The final determination of whether or not the purse seine fishery is having a significant

adverseimpact on these dol phin stocks should be madein consideration of theevidencefor adverse
fishery effects beyond reported mortality and thelack of evidencefor substantial ecosystem change.
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APPENDIX 2
LIST OF ACRONYMS

AIDCP - Agreement on the International Dolphin Conservation Program
CHESS — Chase Encirclement Stress Studies

CIE — Center for Independent Experts

CV — Coefficient of variation

EASTROPAC — Eastern Tropica Pacific - Acronym referring to a series of research cruises
conducted during the late 1960s

ENSO — El Nifio Southern Oscillation

ETP — Eastern Tropica Pecific

IATTC — Inter-American Tropical Tuna Commission

IDCPA — International Dolphin Conservation Program Act

MMC — Marine Mamma Commission

MMPA —Marine Mamma Protection Act

MNPL —Maximum Net Productivity Level

MOPS — Monitoring of Porpoise Stocks

NMFS — Nationad Marine Fisheries Service (now called NOAA Fisheries)
NOAA — Nationa Oceanic and Atmospheric Adminigtration

OSP — Optimum Sustainable Population

PBR — Potential Biologica Removal

PODS — Populations of Delphinus Stocks

SML — Stock Mortality Limit

SRP — Stress Response Protein

SST — Sea Surface Temperature

STAR — Senella Abundance Research

SWFSC — Southwest Fisheries Science Center

TVOD —TunaVessal Observer Data
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APPENDIX 3
CONSULTATIONS HELD WITH THE MMC AND IATTC
REGARDING THE IDCPA RESEARCH PROGRAM

2-11 July 1997 NOAA Fisheries workshop to discuss potential methods of measuring
fishery-induced stress on dolphinsin the ETP with IATTC, SWFSC,
and various other scientigts. (Curry, B. & E. F. Edwards. 1998.
Investigation of the potentia influence of fishery-induced stress on
dolphinsin the eastern tropical Pacific Ocean: Research Planning.
NOAA Technicad Memorandum. NOAA-TM-NMFS-SWFSC-254.
59p.)

17-18 December 1997 Technical meeting to discuss methods of estimating dolphin
abundance with IATTC, MMC, Mexican and Ecuadorian
governments, Alaska Fisheries Science Center, and SWFSC scientists.
Southwest Fisheries Science Center, La Jolla, Cdifornia. (Gerrodette,
T., P. Olson, D. Kinzey, A. Anganuzzi, P. Fiedler, and R. Holland.
1998. Report of the Survey design meeting for estimating abundance
of eastern Tropica Pacific dolphins, 1998-2000, 17-18 December
1997. SWFSC Admin. Rept. LJ98-03. 25p.)

10 December 1998 Planning meeting for necropsy sampling of ETP dolphins with
IATTC, Mexican government, and NOAA Fisheries scientists.
Southwest Fisheries Science Center, La Jolla, Cdifornia. (SWFSC.
1999. Planning meeting for necropsy sampling of ETP dolphins
December 10, 1998. Draft Report. 5p.)

16-17 December 1998 IDCPA Science consultation with IATTC and MMC
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21 January 1999 Technical meeting with the IATTC, Mexican government, Peruvian
government, and NOAA Fisheries scientists to review the line-transect
analysis of the 1998 dolphin abundance estimates. Southwest
Fisheries Science Center, La Jolla, Cdifornia. (Olson, P. & T.
Gerrodette. 1999. Report of the meeting to review the preliminary
estimates of eastern Tropica Pacific dolphin abundance in 1998-
January 21, 1999. SWFSC Admin. Rept. LJ99-03. 28p.)

9 September 1999 Consultation between NOAA Fisheries and NGOs regarding a
potential chase/recapture experiment. Radisson Hotel, La Jolla,
Cdlifornia. (Sisson, J. & E. Edwards. 2000. Consultation between
NOAA Fisheries and non-government environmental organizations
regarding a potentia chase/recapture experiment: meeting report.
SWFSC Admin. Rept. LJ-00-04. 13p.)

25-26 April 2000 IDCPA research program chase-recapture experiment consultation
with IATTC, MMC, NOAA Fisheries scientists and other visiting
scientists. Southwest Fisheries Science Center, La Jolla, Cdifornia
(Donahue, M.A., B.L. Taylor, and S.B. Reilly. 2000. IDCPA
research program chase-recapture experiment consultation, Southwest
Fisheries Science Center, La Jolla, CA, 25-26 April 2000. SWFSC
Admin. Rept. LJ-00-15. 14p.)

27-28 April 2000 IDCPA research program analysis decision framework consultation
with IATTC, MMC, Daniel Goodman and NOAA Fisheries scientists.
Southwest Fisheries Science Center, La Jolla, Cdifornia. (Donahue,
M.A. & SB. Rellly. 2001. IDCPA Research Program analysis
decision framework consultation, Southwest Fisheries Science Center,
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LaJolla, CA, 27-28 April 2000. SWFSC Admin. Rept. LJ-00-16.
32p.)
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APPENDIX 4
PEER REVIEWS OF THE IDCPA RESEARCH PROGRAM CONDUCTED
BY THE CENTER FOR INDEPENDENT EXPERTS (CIE)

Thisreport and all of its supporting documents (see Appendix 1) were peer reviewed by the CIE.
This report and the supporting documents were revised to address reviewers recommendations; each
document contains an gppendix summarizing the recommendations and how they were addressed.

Dolphin abundance estimates: 15-17 October 2001

Stress and other research on potentid fishery effects. 4-6 February 2002

ETP ecosystem research: 6-8 March 2002

Stock assessment modding: 3-5 April 2002

Review of comprehensive report of the IDCPA research program (this report): 15-16 August 2002
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APPENDIX 5
ABUNDANCE ESTIMATES FOR DEPLETED STOCKS

To edtimate the abundance of dolphins in the ETP, a statistica method called line-transect
samplingisused. Thismethodisthe most widely used method for estimating the abundance of biologica
populations and belongs to a suite of techniques collectively referred to as “ distance sampling,” which
has been used on various organisms, including trees, plants, insects, amphibians, reptiles, birds, fish,
marineand land animals. In line-transect sampling, observers perform standardized visual surveysaong
aseries of lines, searching for objects of interest (i.e. groups of dolphins) and recording each animal or
group detected and its perpendicular distance from the transect line. From this information, the
abundance of the animals in the survey area can be estimated, including the proportion of animas
missed by the observers.

The SWFSC has conducted line-transect sampling surveys on research vessals in the ETP for
nearly three decades. Marine mammal surveysin the ETP have been conducted by the SWFSC in the
following years: 1974, 1976-77, 1979-80, 1982-83, 1986-1990, 1992, and 1998-2000). Surveysin 1974
and 1976 were primarily feasibility studies and data collected on those surveys are inappropriate to use
when estimating abundance using line-transect sampling procedures. Since 1977, data collection on
surveys has followed line-transect sampling protocols and alowed abundance estimation of dolphin
stocksinthe ETP (Wade 1994). However, surveysin 1977 and 1992 did not have sufficient survey effort
in the areas of the ETP occupied by northeastern spotted and eastern spinner dolphins, so abundance
estimates for these survey years are not available.

Tofulfill theresearch requirementsunder the IDCPA, research cruisesto estimate the abundance
of dolphin stocks affected by the tuna purse seinefishery were carried out in 1998, 1999, and 2000. Prior
to the surveys, atechnical meeting to review the survey design for estimating abundance of ETP dolphins
was held at the SWFSC; attendees included expertsin line-transect sampling and abundance estimation
and scientistsrepresenting the IATTC, MM C and governments of Mexico and Ecuador (see Gerrodette
et al. 1998). After thecompletion of the 1998 survey, another technical meeting was convened to review
the methods for analysis of the data collected during the first survey. Many of the same experts
participated in this second meeting, aswell asscientistsfrom the |ATTC and the governments of Mexico
and Peru (see Olson and Gerrodette, 1999).
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Figure 1 Research vessel survey areain the ETP in 1998-2000.

The field methods used for the 1998-2000 surveys were nearly identica to earlier cruises
conducted by the SWFSC inthe ETP. Two ships, supplemented by athird vessal in 1998, spent 120 days
each year conducting transectsin the area of the fishery, producing atota of gpproximately 100,000 km
of search effort in an exceedingly large study area of more than 21,000,000 km? . The survey region was
divided into four areas (Fig. 1). The north and south coastal aress, extending from the coastline to
approximately the 1000-m contour, correspond to therange of coastal spotted dolphins. The core area
correspondsto the highest densities of the dolphinsmost frequently involved in thefishery, in particular,
the northeastern offshore spotted and eastern spinner dolphins. The outer area extends further offshore
and to the south to ensure that the entire ranges of the depleted stocks were surveyed. The outer area
mainly covered the ranges of two other stocks, the western-southern offshore spotted dolphin and the
whitebelly spinner dolphin. These two stocks are involved in the fishery but are not depleted, and
therefore not the focus this report.

Aspart of its IDCPA research program scientists at the SWFSC devel oped improved anaytical
methodsof estimating abundanceto account for factorssuch asdol phingroup size, seastate, swell height,
sun glare, and other conditionsthat affect the probability that adol phin school will be detected (Forcada
2002). Thesecovariatemethodsareas gnificant improvement over traditiond univariatemethods, which
model the probability of detection asafunction only of distance from the transect line. These methods
also ded implicitly with the biasthat arises because large schools of dolphins are more likely to be seen
than small schools and with the problem that the dolphins occur in mixed-species schools. In addition,
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theanalyseswereimproved technicaly in severa ways, includingimproved estimation of dolphin school
size by on aeria photography and improved measurements of distances from ship to dolphin sighting.

Abundance estimates resulting from these analysesfor the most recent series of research vessel
surveys (1998-2000) are shown in Table 1. The coefficient of variation (CV) associated with each
estimate is aso shown. A “coefficient of variation” is a measurement of the precision of an estimate.
For estimates of cetacean abundance coefficientsof variation of 20% are considered very good (i.e. avery
precise estimate) and those of 30%-50% are considered typica (Barlow 2002).

Table 1 Recent abundance estimates for depleted ETP dolphin stocks from research vessel surveys (from Gerrodette
and Forcada 2002).

1998 1998 1999 1999 2000 2000
Stock abundance cv abundance CV  abundance cv
estimate (%) estimate (%) estimate (%)
Northeastern offshore spotted 675,940 135 600,299 16.5 647,218 20.6
Eastern spinner 557,028 2.1 361,209 24.8 427,587 218
Coastd spotted 106,399 34.3 96,738 38.6 228,038 34.3
Mean Mean
Stock abundance estimate cv
(1998-2000) (%)
Northeastern offshore spotted 641,153 16.9
Eastern spinner 448,608 229
Coastd spotted 143,725 35.7

These new anaytical methods were applied to data collected on nine earlier cruises dating back
to 1979 as well as to data collected in 1998-2000. Thus, northeastern offshore spotted and eastern
spinner dol phin abundance was estimated in each of 12 yearsover a21-year period (Figure 2) (Gerrodette
and Forcada 2002). Over this 21-year period, estimated abundance of northeastern offshore spotted
dolphins ranged from a low of 494,268 in 1986 to a high of 953,547 in 1989, with coefficients of
variation ranging from 13.5% to 33.5%. Estimated abundance of eastern spinner dolphins ranged from
271,322 in 1980 to 741,867 in 1989, with coefficients of variation ranging from 21.8% to 40.3%.
Estimates of abundance for the coastal spotted dolphin by year were only possible for the most recent
surveys (see Table 1) because earlier surveys collected insufficient data in the coastal area to make
abundance estimates for those years.

49



Literature Cited

Abundance (in thousands)

Abundance (in thousands)

Northeastern offshore spotted dolphins

Wi h

1980 1985 1990 1995 2000

Eastern spinner dolphins

|l g

S s s s S S S E S S S S S B S S —
1980 1985 1990 1995 2000

Figure 2 Estimates of abundance for northeastern offshore spotted and eastern spinner dolphins,
1979-2000, with 95% confidence intervals.

Barlow, J. and R. R. Reeves. 2002. Population Status and Trends of of Marine Mammals. In:
Encyclopedia of Marine Mammals (Eds. W.F. Perrin et d.). Academic Press, San Diego,
Cdlifornia, USA.

Forcada, J. 2002. Multivariate methods for size_dependent detection in conventional line transect
sampling. Administrative Report No. LJ-02-07, NMFS, Southwest Fisheries Science Center,
8604 La Jolla Shores Drive, La Jolla, CA 92037. 31 pp.

Gerrodette, T and J. Forcada. 2002. Estimates of abundance of northeastern offshore spotted, coastal
spotted, and eastern spinner dolphins in the eastern tropical Pacific Ocean. Administrative

50



Report No. LJ02-06, NMFS, Southwest Fisheries Science Center, 8604 La Jolla Shores
Drive, LaJolla, CA 92037. 41pp.

Gerrodette, T., P. Olson, D. Kinzey, A. Anganuzzi, P. Fiedler, and R. Holland. 1998. Report of the
survey design meeting for estimating abundance of eastern tropica Pecific dolphins, 1998-
2000, December 17-18, 1997. Administrative Report No. LJ-98-03, NMFS, Southwest
Fisheries Science Center, 8604 La Jolla Shores Drive, La Jolla, CA 92037. 25pp.

Olson, P., and T. Gerrodette. 1999. Report of the meeting to review preliminary estimates of
eastern topical Pacific dolphin abundance in 1998 - January 21, 1999. SWFSC Admin.
Rep., LaJolla, LJ-99-03, 28 p.

Wade, P. R. 1994. Abundance and population dynamics of two eastern Pacific dolphins,
Senella attenuata and Senella longirostris orientalis. Ph.D. dissertation. University of
California (San Diego).

51



APPENDIX 6
ECOSYSTEM STUDIES AND CONSIDERATIONS

Overview

Therole of ecosystem studies within the IDCPA framework isto establish a context which
can be used to better interpret results of the dol phin abundance assessments. Should the assessments
indicate less-than-expected population growth, ecosystem studies can be used to investigate
attribution. Specifically, a lack of recovery for spotted and spinner dolphin stocks that is not
congruent with some other change in the ecosystem would render it less likely that environmental
change was inhibiting recovery as compared with other possible factors.

The power of ecosystem studiesto resolvethisissuewill increase with the number of habitat
variables, taxa and trophic levels studied, and with the length of time for which data are available.
Thus these investigations include physical and biological oceanography, and a suite of biological
indicators which represent multiple trophic levels, and, within each of these, multiple taxa and
ecological guilds.

The most pertinent time scales to examine this issue range across several decades. To the
extent possiblewe have examined long time seriesfor the ETP, and summarized the findings bel ow.
These longer time series are comprised almost exclusively of physical data ; amost no biological
data are available on decadal and longer scales. We have found it relevant to examine existing
biological data (most of which resulted from SWFSC field programs) for patterns of change, even
though these data cover |essthan two decades, from about 1986 through 2000. Clearly any insights
arising from these shorter time series will have limited relevance to resolution of long-term
environmental effects on dolphin recovery. At the sametime, thesedatacould reveal changessince
about 1986, and in this context, these investigations are important .

Most of the ecosystem data available for these investigations were collected during two
focused research projects. the Monitoring of Porpoise Stocks (MOPS), and the Senella Abundance
Research (STAR) expeditions. Both were multi-year dedicated research vessel surveys with two
primary goals: 1) to assess the distribution and abundance of dolphins affected by the purse seine
fishery; and 2) to conduct related ecosystem studies. Definition of the study area, and details of
general survey design, research activities, and trackline coverage for these projects may be obtained
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in Ballance et al. (2002a) and references therein.  With respect to ecosystem studies, shipboard
operations included a variety of components focused on different taxa and disciplines. Further
details can be found at http://swfsc.ucsd.edu/mmd/star/default.ntm and in data reports published
following each year’ ssurvey (e.g. Moser et al. 2000, Kinzey et al. 2001, Olson et al. 2001, Philbrick
et al. 2001).

The general question to be addressed by the ecosystem studies is the following: Has any
component of the ecosystem changed, and if so, could the change be of sufficient duration and
magnitude to affect dolphin stocks? Ecosystem components vary at seasonal, interannual,
interdecadal, or longer timescales. Variationsat any time scale may beregular oscillations, irregular
perturbations, or phase-shifts (persistent changesin onedirection). The comparison between MOPS
and STAR periodsisparticularly important becausereported dolphinmortality from the purseseine
fishery dropped to very low levelsin 1993 (Godliner 1999) and thus, theoretically, it is at that time
when dolphin popul ations may have begun to recover.

ENSO and Decadal Variability

Environmental variability inthe ETP, and persistent environmental changethat might affect
dolphin stocks, have been assessed in two papers (Fiedler and Philbrick 2002, Fiedler 2002). Here
we discuss results of the review of persistent long-term changes. More recent patterns detected in
our 1986-2000 data are covered below.

The ocean environment in the ETP varies seasonally, interannually, and on decadal and
longer time scales. Sorting out variability at these scales is necessary when attempting to detect
environmental change and to interpret or predict effects on dolphin stocks. Seasonal variability
exceeds interannual variability in the surface waters of the ETP, except near the equator (Figure 1,
Fiedler 2002), where interannual variability is stronger due to the natural cycle of the ocean-
atmosphere system called the El Nifio/Southern Oscillation (ENSO) occurring with periods of 2 to
7 years.

Changes in fish stocks and ecosystems have been linked to decadal-scale environmental
variability in severa parts of the North Pacific (Francis et al. 1998). Oceanographic variability
occursinthe ETPand North Pacific at both ENSO (2-7 years) and decadal (10-30 years) timescales,
but with important differences between thetwo regions. ENSO-scalevariability predominatesin the
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ETP, although some decadal-scale variability isevident. Decadal-scale variability predominatesin
the North Pacific, while some ENSO events appear in the North Pacific with adelay and reduced
amplitude. For example, atime series of sea surface temperature (SST) since 1901 shows ENSO-
scale variability inthe ETP (Fig. 1). Persistent changes of adecade or longer, called climate shifts,
are easily seen as changesin slope (when the series are viewed as cumul ative sums). The 1976-1977
climate shift, which has been thoroughly documented in the North Pacific, is also apparent in the
ETP, athough the magnitude of changes are lessthan in the North Pacific. At thistime, long-term
warming began inthe ETP and California Current, while cooling began in the central North Pacific.
Sea surface temperature warmed by 0.3° C in the eastern equatorial Pacific and by 0.15° C in the
ETP core area at this time, compared to warming by 0.6-1° C in the California Current, Gulf of
Alaskaand Bering Seaand cooling by 0.8-1° Cin the central North Pacific (Fiedler 2002, Hare and
Mantua 2000). A 1989 climate shift is apparent only in the North Pacific. In general, the SST time
series show a prevalence of warm and cool periods of 2-3 years associated with ENSO eventsin the
ETP, and longer warming and cooling trends in the North Pacific corresponding to decadal-scale
variability.
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Figur e 1 Seasurfacetemperature monthly anomaly time series (a, only ETP seriesshown for clarity), cumulative
sums (b), and 10-year variance (c), for 1901-2001 in ETP and North Pacific regions. Shaded bars mark climate
shiftsfrom published analysesof ocean and air temperature and atmospheric pressure data (light shading = limited
evidence). From Fiedler (2002, Fig. 6).
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Figure 2
. (A) Equatoria Pacific trade wind indices and (B) cumulative sums,

1948-2001. Monthly areal meanscal culated from NCEP Reanalysis
data from NOAA-CIRES Climate Diagnostics Center web site at
http://www.cdc.noaa.gov/. (C) Mean surface chlorophyll
concentrations east of 120/W during August-November from
gridded values of log-transformed observations for 1960-1969
(NODC World Ocean Database 2001, Conkright et al . 2002) and for
1986-1990 and 1998-2000 (Fiedler and Philbrick 2002). Vertical
error bars represent 95% confidence limits estimated from the
standard deviation of gridded val ues, assuming that autocorrel ation
and smoothing reducesthe effective degrees of freedom by afactor
of 10.
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The late 1970s change in eastern equatorial Pacific SST is the only climate shift since the
1950s that occurs in the 1901-2001 time series of ETP surface temperatures. Along with this
persistent warming of afew tenths of adegree C, trade windsweakened (Fig. 2) and trendsto amore
shallow thermocline® are apparent in an analysis of 1980-2001 time series (Fig. 5, Fiedler 2002).
Although both surface warming and a shoaling thermocline are consistent with weakened trade
winds, and thus reduced wind mixing, the significance of long-term change in thermocline depthis
equivocal because the magnitude and direction of linear trends fit to the observations are very
sensitive to variations associated with ENSO events (Table 1, Fiedler 2002). This is yet another
illustration of how ENSO events dominate environmental variability in the ETP.

ENSO variability has been shown to affect fish, birds, pinnipeds, and cetaceansin both the
ETPand North Pacific. Almost al observations of such environmental effects have been on coastal
or island populations. El Nifio events often cause changes in distribution of species as the
distribution of preferred water masses and prey changes. Population effects are observed on local
breeding grounds, but recovery usually occurs rapidly when the El Nifio event is over. Biological
effects of decadal-scale climate variability have been observed and explained in the North Pacific,
wheretime seriesfrom commercial fisheries or exceptionally long research programs are avail able.
These effects are generally labeled as “ regime shifts’ because they involve changes in distribution
and/or abundance of several fish stocks, predatorsand prey. Ecosystem changesin the central North
Pacific, Gulf of Alaska, and California Current in the late 1970s have been shown to be caused by
changes in productivity and food availability resulting from basin-wide changes in winds (Francis
et al. 1998, and other referencesin Fiedler 2002).

A recently published paper (McPhaden and Zhang 2002) presents evidence that equatorial
sea surface warming since the 1970s may have been caused by a decrease in upwelling that is part
of the meridional (north-south) circulation forced by trade winds blowing from east to west along
the equator in the Pacific. Time series of trade wind strength since 1948 show weakening during the
1970s, with a greater weakening in the eastern equatorial Pacific than in the central equatorial
Pacific (Fig. 2). Long time series of phytoplankton biomass or productivity in the equatorial Pacific
are not currently available. Satellite and shipboard data from the past two decades indicate that
phytoplankton biomass has not changed in the central equatorial Pacific, has decreased dightly in

8 The thermocline is a layer of sharp temperature change with depth, separating the well-
mixed warm surface layer from colder deep waters.
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the eastern equatorial Pacific since the 1980s, and has actually increased in the warm pool area of
the ETP (Gregg and Conkright 2002, Fiedler 2002).

In summary, review of longer time series of environmental data show that ENSO-scale
variability predominates in the ETP. A climate shift in the mid-1970s, resulting in weaker trade
winds and warmer sea surface temperatures along the equator, has not reduced primary production
inthe ETP, except perhapsinthe eastern equatorial Pacific sincethe 1980s. Surfacetemperatureand
wind direction and strength have changed little in the area of highest density of depleted dolphin
stocksinthe ETP (the“coreared’ of the surveys) sincethe 1960s (Fig. 9, Fiedler 2002). Whilethere
isevidencethat thefrequency and amplitude of ENSO events increased inthemid-1970s, variability
of SST inthe ETP core areadid not change (Fig. 1). Finally, evidence of a 1998-1999 climate shift
inthe North Pacific isaccumulating, but only continued monitoring will reveal whether along-term
shift occurred in the ETP at this time, rather than a simple transition from El Nifio to La Nifia.

Ecosystem Change 1986-2000

Oceanography from SWESC Observations, 1986-2000

Physical and biological oceanographic data have been collected on NOAA dolphin surveys
in the eastern tropical Pacific since the late 1970s. We had available yearly means and fields of
surface temperature, thermocline depth, and surface chlorophyll for surveysin 1986, 1987, 1988,
1989, 1990, 1998, 1999, and 2000 to examine variability between yearsand between survey periods
(1986-1990 and 1998-2000). Y early spatial patterns consistently show cooler surface temperature,
shallower thermocline and higher productivity in equatorial and coastal regions, compared to the
eastern Pacific warm pool region in the central core of the survey area. Effects of EI Nifio and La
Nifiaare clearly visible in parts of the ETP, but there are no significant differences between 1986-
1990 and 1998-2000 for either the core area or the entire survey. Primary productivity and
zooplankton distribution and abundancein 1998-2000 werecompared to historical data, but nofirm
conclusions can be made about change over time because of inconsistencies in the data from
different programs.

Dolphin Habitats, 1986-2000
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We examined patterns of habitat use among schoolsof dolphinsduring thethree-year period
1998, 1999, 2000, and compared those patterns to previously reported results from approximately
adecade earlier (1986-1990). We used multivariate statistical methods to help define relationships
between dolphin distributions and oceanographic conditions, then compared results and the
geographic distributions of preferred habitats between the two periods. No substantial differences
were found. The habitat preferences were essentially identical for the MOPS and STAR periods,
and geographic distributions of patterns during 1998-2000 were within the range of variability
observed during 1986-1990. After removing variation associated with the six basic oceanographic
variables, remaining variance associated with interdecadal differenceswastrivial.

Other Organisms: whales and dolphins, seabirds, prey fishes and squids, larval fishes

Whales and Dolphins - Between 25 and 30 species of cetaceans are typically recorded in the ETP
onaregular basis (Wade and Gerrodette 1993). Fiveof thesewerechosen asindicatorswith thegoal
being to maximize phyl ogenetic and ecological diversity. Theseincludetwo speciesof dolphinsand
three speciesof “whales’ (two Odontocetes and one Mysticete). Two of thefive aretypically found
inlarge schoolsand are believed to prey primarily on mesopel agic fishes (typical also of spotted and
spinner dolphins). The remaining three occur in smaller schools or as solitary individual's; two of
these are deep-divers and feed mainly on squid, the third is arelatively shallow diver feeding on
schooling fishes.

Datacollection and analysismethodswerethe sameasfor thetarget species(ie., the depleted
stocks). Striped dolphins (Stenella coeruleoalba) were among the most abundant of the species
considered with estimates ranging from about 0.8 - 1.5 million. The southern stock of common
dol phinswasal so abundant, with estimateshighly variabl e. Short-finned pil ot whal es (Gl obicephala
macr or hynchus) werethe most abundant of thelarger cetaceans considered whereas Bryde' swhales
(Balaenoptera edeni) were the least abundant. Abundance estimates over time are represented in
Figure 3in Gerrodette and Forcada (2002). For thethree most abundant speci es/stocks, year-to-year
variation in abundance estimates was considerabl e and the magnitude of this variation was as great
within asurvey asbetween MOPSand STAR . Significant changesin abundance between MOPS
and STAR were found for two species, Bryde' swhales and pilot whales; the trend was an increase
over time for both.
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Seabirds - Of the approximately 100 seabird species recorded in the ETP, nine were selected as
indicators, including the most abundant and widespread speciesin the ETP, and adiverse array of
taxa and residence patterns, trophic levels, and foraging guilds. Four of the nine species depend
upon the same tuna-dol phin assemblage as that targeted by the purse seine fishery for successful
foraging opportunities. These four species are referred to as “tuna-dependent;” the other five
seabird species feed in other ways and thus are “tuna-independent.” Annual distribution patterns
indicate that at a large spatial scale (the entire study area), there are distinct species-specific
distributions which are consistent over time. At afiner spatial scale (within a particular current
system), thereis notable variation between years. Both features are evident for tuna-dependent and
tuna-independent species.

There were no significant temporal trends in population size for any species but the Tahiti
Petrel (Pseudobulweriarostrata), for which asignificant declinewasdetected. Abundanceestimates
for al other species (both tuna-dependent and tuna-independent) fluctuated over time and thedegree
of variation was greater within a particular survey period (MOPS and STAR) than between them.
These differencesin population size almost certainly do not represent absol ute changes; rather they
represent movement of birds into and out of the ETP from elsewhere.

Habitat association patterns were explored using multivariate statistical methods. Species-
specific habitat preferences were identified and these appeared to be relatively stable over time, for
both tuna-dependent and tuna-independent species.

Prey Fishes and Squids - The distribution and abundance of prey species provide an important link
between physical oceanography and higher trophic level predators. Three types of organismswere
used asindicators, lanternfishes(family Myctophidae), flyingfishes (family Exocoetidag), and squids
of the family Ommastrephidae. All are prey items for dolphins (including the species set on by the
purse seine fishery), seabirds, and predatory fishes (tunas and billfishes). Thelatter two taxawere
further classified into three categories each, based on ecological and size characteristics. Datawere
collected during al years of MOPS and STAR.

Distribution patternsillustrate three general features. First, at alarge-scale with respect to
both space and time, taxa showed clear affinities for specific current systems. Second, there were
clear interannual differencesboth with respect to overall distribution and location of areas of highest
abundance, for each taxon. On arelatively fine scale (100s of km) it was not possible to predict the
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areas of highest density from year-to-year for any of the groups. Third, some groups exhibited
greater interannual variation than others.

Annua mean abundance estimates indicated an apparent multi-year increase in numbers
of several taxafrom 1986 through 1990; estimates are again low in 1998 and increase through 2000.
This pattern is evident for all fish taxa and, to alesser extent, for squids. Because El Nifio events
occurred in 1986/1987 and again in1997/1998, we interpret this as evidence that these populations
may be negatively affected by such events, gradually increasing subsequent to them.

Habitat association patterns were explored using multivariate statistical methods. A series
of analyseswere performed using all taxaand various subsets of habitat variables, thelatter included
oceanographic, geographic, and tempora variables. Taxon-specific habitat preferences were
identified and these appeared to be relatively stable over time.

Larval Fishes - Larval fish (and other plankton) were collected using Manta (surface) net tows. A
total of 721,257 fish eggs and 31,508 fish larvae distributed among 314 taxonomic categorieswere
represented in this data set. The fish larvae included 178 species, 78 genera, 5 subfamilies, 48
families, and 3 orders. Recurrent group analysis and ranked lists of occurrence and abundance of
fish larvae identified two primary recurrent groups and 17 taxa that were most likely to show the
effects of environmental change. Examination of variation in occurrence, abundance, and
distribution of these key taxa revealed no consistent temporal trends. Highest densities of coastal
taxa were generaly concentrated in upwelling regions along the Mexican and northern Central
American coast, whereas highest densities of oceanic taxawere generally concentrated offshore of
thisregion, usualy to the northwest of the highly productive Costa Rica Dome. Abundance of key
shorefish taxawas generally higher in STAR survey years as compared with MOPS, however this
pattern may have resulted from the increased nearshore sampling effort during the latter surveys.
Offshore taxa exhibited no such temporal trends.

Synthesis of Available Data for Investigation of Ecosystem Shifts

In order to look for common patterns of change across the range of physical and biological
variables measured within the ETP, we assembled the time series of all data collected by SWFSC
field programs (reviewed in the sections above), and added series of tuna recruitment estimates
produced by the IATTC, for the period 1975-2000. We searched for, but did not find, any other
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continuous or even approximately continuous biological time series representing the entire ETP
during this time period. (The equatorial region is relatively better sampled, but comprises only a
small section of the ETP, and is a very different habitat from that preferred by the spotted and
spinner dol phin stockstargeted by thefishery). Eachindex wasnormalized and re-presented in terms
of standard deviation unitsto allow appraisal of patterns of change from the long-term mean. Most
indices were too sparse to allow interpretation of temporal patterns, and very few began before the
physical shift of the late 1970s, so that in general the available information does not allow
meaningful analysis of whether or not there have been ecosystem shiftswithin the ETP. Exceptions
to this occur for the tunarecruitment series. Y ellowfin tuna appear to have shifted from alow to a
high recruitment period following the El Nifio of 1983. Skipjack appear to have undergoneasimilar
shift much later, around 1994. Welooked for patterns of coherencein extremevaluesamong indices
within each year, and found a modest suggestion of larger anomalies coincident with the EI Nifio
events of 1983, 1987-1988, and 1997.

Synopsis and Conclusions Regarding Ecosystem Considerations

A climateshift inthelate 1970saffected the physical environment throughout the Pacific and
had major effects on North Pacific ecosystems (Ebbesmeyer et al. 1991, Francis et al. 1998,
Anderson and Piatt 1999, Hare and Mantua 2000, Fiedler 2002). Animportant question relative to
the goals of IDCPA isto what extent did this event affect the ecosystem of the ETP in general, and
the carrying capacity of spotted and spinner dolphinsin particular. Atthistime, itisnot possibleto
evaluate the biological effects of this regime shift for any higher trophic level due to the fact that
biological data collected prior to the mid-1980s are extremely limited and most have not been
recovered (although efforts to rescue data from the “Eastern Tropical Pacific Research Cruises
conducted during the late 1960s, “EASTROPAC,” have begun). Available oceanographic data
indicate that shifts in surface temperature and trade wind strength have occurred periodically
throughout the 1900s, specifically in the 1920s and 1950s, but that these shiftswere not as great in
magnitude as those recorded during the late 1970s. It is important to note that, in the ETP, the
magnitude of al of theselonger-time scal e changesis swamped by that of ENSO-scal e perturbations
(whereas the reverse is true for the north Pacific).

Thereis clearly strong year-to-year variation in the physical environment as well asin the
distribution and abundance patterns of organismsat all trophic levelsinvestigated. The magnitude
of thisvariation is as strong within a particular decade as between decades. Most of the data sets
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considered here spanned two strong ENSO events; these events were clearly documented in a
number of oceanographic parameters, both physical and biological, in predictable ways. Physical
changesdueto ENSO inthe ETPwarm pool (the core areaof MOPS and STAR surveys) were about
half the magnitude and several months delayed from those along the equator. There was some
indication that prey fishes and squid popul ations al so responded to ENSO events, with populations
at lowest levelsimmediately following an El Nifio and increasing over time subsequently. At higher
trophic levels, the effects of ENSO events were not clear, although variation in distribution and
relative abundance of organisms at many trophic levels corresponded to the scale of ENSO events
(2-7 years).

When making comparisonsfrom the 1980sthrough 2000, few trendswere evident. Physical
oceanography in the ETP warm pool indicated an unusually persistent warming in the early 1990s
(but not asignificant trend since 1980; Fiedler 2002). Throughout the ETP, there was no evidence
of any trend in distribution or habitat association patternsfor any biological indicatorsinvestigated.
Two cetaceans significantly increased in abundance and one seabird significantly decreased during
this period; the latter was likely due to factors other than those within the ETP. No other trendsin
abundance were detected.

It also must be kept in mind that our sampling of recent decadesisrelatively sparse over time
(even though extensive spatially and intensive within given years). This provides little power to
detect ecosystem changes that might affect recovery of depleted dolphin stocks.

In conclusion, it is unclear whether there has been an ecosystem shift that would affect
recovery of dolphin stocks that had been depleted by the early 1970s. There is evidence of small
physical changes in the ETP around 1977 as part of a persistent, Pacific Ocean-wide shift: SST
increased and trade winds weakened. Coincident and perhaps associated with these shiftshave been
changesin surface phytoplankton biomass. Whether theseenvironmental changeshave had negative,
positive, or no effects on the recovery of depleted dolphin stocks cannot be determined given the
present lack of information on the ecology of these dolphin populations and their environment. In
order to explain the low population growth rates estimated for the depleted dolphin stocks, the
carrying capacity of theecosystem must have been effectively reduced by about 80% for northeastern
offshore spotted dol phins and by about 65% for eastern spinner dolphins (as they are estimated to
bedepl eted by those amountsfrom their pre-expl oitation popul ation level s). Such dramatic decreases
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in carrying capacity seem unlikely, but given our present limited knowledge cannot be categorically
ruled out.
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APPENDIX 7
STRESS AND OTHER POSSIBLE FISHERY EFFECTS

Overview

During the past decade, changes in the eastern tropical Pacific purse seine fishery have
reduced the observed dolphin mortality to levels that are unlikely to affect population dynamics
significantly. Nonethel ess, the number of setsper year remains high (about 8,000-10,000), and there
are concerns that current fishing methods may cause stress to the dolphins involved, or that there
may be other undocumented fishery-related mortality. The International Dolphin Conservation
Program Act (IDCPA) thereforemandated four rel ated research projectsto assessthe occurrenceand
magnitude of potential fishery-induced stress in dolphins targeted by this fishery: (1) aliterature
review of relevant stress-related research; (2) a study of necropsy samples from dol phins obtained
by commercia vessels; (3) areview of historical demographic and biological datafor the affected
dolphin stocks; and (4) an experiment involving the repeated chasing and capturing of dolphins by
meansof intentional encirclement. Additional investigationsinto other undocumented fishery-related
mortality were conducted as part of the overall stock assessment modeling in Appendix 8. Results
from these studies are presented below.

Other fishery-related mortality

A major objective of this research program has been to evaluate the possibility of fishery-
related mortality in addition to that reported by the tuna vessel observers. Such undocumented
mortality logically could come from the following sources: (1) mortality occurring before capture
or after release and therefore unobserved and unreported; (2) mortality occurring in the net but
unobserved and therefore not reported; (3) mortality observed and unreported. Mortality resulting
from category (3) includes all stress-related deaths, death of dependent calves separated from their
mothers, and any other deathsthat might result from thefishing processwhen theanimalsdieoutside
the net. Failures of reproduction are in fact indistinguishable from additional mortality in terms of
numbersof animalsremoved from the popul ation, and so spontaneous abortions, interrupted mating,
and related effects are indirectly subsumed within these same coarse categories. Category (3) is
covered in depth below in the discussion of the completed studies.
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Although some amount of mortality from categories (1) and (2) is no doubt occurring, it is
not possible to measure such mortality directly given information presently available to NOAA
Fisheries. For thesedepl eted stockstheeffect of most interest would be delay or compl ete hindrance
of the stocks' abilitiesto recover from depletion. We have approached this evaluation indirectly by
structuring a subset of the assessment models (Appendix 8) to include information on the amount
of fishery activity, then comparing results with equivalent runs not including the fishery indices to
see which performs better. The relative performance of different models is used as a form of
hypothesis testing, with statistics computed that report which of two models was more probable,
given the patterns of change in abundance estimate time series.

Thefirst test in the assessment model sincluded dataon the number of sets made per year (by
stock), divided by the estimated number of animals in the population each year to give a crude,
average index of each animal’s chances of being set upon each year. This index was used as a
covariate, or multiplier, of the survival parameter. The second test was simply to multiply the
reported mortality by large factors (50% and 100%). These large factors were selected so as to
encompass any possible smaller levels of unobserved or unreported mortality, following the logic
that if, for example, adoubling of reported mortality did not appear to improve model performance,
then increases of say 10% would not do so either.

In summary, the models including these simple mortality terms did not perform as well as
the models without the additional mortality (see Appendix 8). On the one hand, thiswould suggest
that undocumented mortality is unlikely to have occurred; on the other hand, as discussed below,
there is biological evidence that, in fact, some level of undocumented mortality is occurring
(cow/calf separation) or potentially occurring (capture myopathy). This apparent discrepancy could
ariseeither if theadditional mortality wasof asmall magnitude, or if the assessment model including
additional mortality wastoo simplistic. Regardless, further study will be required to resolve these
questions related to potential undocumented fishery mortality.

Stress Literature Review

A review of relevant stress-related research was completed by Curry (1999) and updated by
St. Aubin (2002). This information provides a context for stress studies conducted by NOAA
Fisheries, describing what is known about physiological and behavioral stress in mammals and
relating this knowledge to the chase and encirclement of dolphins in the ETP tuna purse seine
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fishery. Observed stress responses in mammals vary greatly between species and individuals,
makingit difficult to quantify stressor recognize at what point an adaptive, beneficial stressresponse
becomes maladaptive and causes harm or death. Repeated exposure to stressors can produce a
variety of outcomes: the effects may become cumulative and compromise the survival or
reproduction of an individual; the response may become blunted as the individual adapts to the
stressor; or repeated stimulation can exhaust an individual's ability to respond adaptively to future
stressors. Different individuals may respond very differently to the same stressor.

The operations involved in catching tuna associated with dolphins are well-recognized
stressorsin other mammals, particularly wild animals. Chasesthat approach or exceed the physical
limits of an individual may result in muscle damage, an effect that can be exacerbated by rel ease of
hormonesassociated withfear. Theresulting syndrome, commonly referred to as capture myopathy,
can be manifested within hours or days, and can cause symptoms ranging from minor temporary
effects(e.g., musclestiffness) to massive muscledamageand death of theindividual. Intensemuscle
activity also generates heat, which must be dissipated to prevent damageto sensitive structures such
asthebrain, reproductiveorgans, and fetuses. Psychosocial stressorsthat may be encountered during
fishing operations, such asdisruption of foraging and socia activity, fragmentation of social bonds,
aggression, and novelty, can influence metabolism, growth, reproduction, and immune status, and
therefore can significantly alter the survival and reproductive success of an individual. Given the
broad range of responses exhibited by mammals, it is plausible that the stress resulting from chase
and capture in the ETP tuna purse seine fishery could compromise the health of at least some of the
dolphinsinvolved. It is not known, however, what proportion of the population may be susceptible
to the effects of specific stressors, and whether this level of susceptibility is sufficient to have a
population-level impact.

Necropsy Program

Toinvestigate the health status of ETP dol phins associated with the tuna purse seinefishery,
a systematic sampling program was established to collect specimens from dolphins accidentally
killed during fishing operations. A target sample size of 300 dolphins per stock was previousy
determined to be the minimum number required to detect potential rare effects and to alow
scientifically valid extrapolation to the sampled population of ETP dolphins; however, logistic
difficultiesallowed only 56 dolphinsto be sampled during the 3 year effort. The small samplesize
limits the ability to draw population-level conclusions, and, therefore, the necropsy results are
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restricted to descriptions of findings and expert evaluation of potential implications for individual
dolphins.

Diseases unrelated to the fishery were found in the majority of the dolphins, as expected in
arandom sample of an essentially healthy population of wild mammals (Cowan and Curry 2002).
Lymph nodes examined to assesstheanimals' immune statusreveal ed an essentially normal, active,
functioning lymphoid system (Romano et al. 2002a). Lesions that could be linked directly to the
immediate cause of death by drowning (actually, asphyxiation) in fishing gear were noted in heart,
lungs, and kidney. These lesions most likely resulted from an overwhelming alarm reaction
(‘sympathetic storm,” Cowan and Curry 2002), which presumably led to death by cardiac arrest.
There was a so evidence of previous tissue damage that had healed to form patchy fibrous scarsin
heart muscle and associated blood vessels. These abnormalities are consistent with those produced
by excess secretion of stress hormones (catecholamines); however, it was not possible to determine
whether they developed as a result of prior involvement in fishing activities or from some other
stressor, nor whether the lesions were extensive enough to compromise heart function. Blood
resultsfor live dol phins sampled during the Chase Encirclement Stress Studies (see below) indicate
that at least mild forms of muscle damage can occur during fishing operations, but it is not known
whether some rel eased dol phinsmay experience more severeeffects. Although skeletal musclewas
not examined systematically, opportunistic samples showed cell damage similar to that in heart
muscle. Thefindingsare indicative of adegree of capture myopathy that could lead to unobserved
mortality in some cases.

Historical Demographic and Biological Data

The intent of the historical and demographic data projects was to assess whether archived
samples collected from dol phinsincidentally killed in the fishery during the 1970s and 1980s could
be used to evaluate aspects of fishery-related stress and mortality in ETP dolphins. Two projects
were initially planned for these historical data analyses when the Act passed. One was to compare
thelifehistory parameters(e.g. reproduction, maturation rate, sex ratio, etc.) from historical samples
(1975-1990) to estimates of the same parameters using samples collected from the current fishery
(1991-2001). The other project was to compare the genetic identifications of individuals killed in
a set to determine relatedness within a herd, and more specifically, to determine whether akilled,
apparently dependent, nursing calf’s mother was among the lactating females killed and sampled.
In the end, several lines of investigation were pursued that were slightly different than those
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envisioned at the outset. After evaluating the available biologica samples, it became clear that the
planned direct comparison of historic and current life history parameters for dolphinskilled in the
fishery would not be possible, because too few sampleswere collected after 1990. Resultsfrom the
trend analysesof historical lifehistory data(i.e., samplescollected from 1974 to 1990) indicated that
more than 100 samples/year would be needed to do a meaningful analysis (Chivers and DeMaster
1994). However, less than 40 samples were available for 1991-1992, none were collected between
1993 and 1998, and only 56 samples were collected during 1999-2001 as part of the IDCPA
Necropsy Program (see above). Thus, the available data were insufficient to examine biological
indices for samples collected after 1990, as originally envisoned when the Act was passed.
Similarly, theavail able sampleswereinadequateto directly eval uate genetic rel atedness of cowsand
calves killed within a single set. Instead, Archer et al. (2001) examined the cow-calf bond by
determining how likely acow and her calf would die together in the same set, based on the numbers
of lactating females and dependent calves in sets where al dolphins killed were sampled by
technicians. Several additional lines of investigation were identified and conducted as part of the
historical and demographic data project, because they seemed to be the most promising avenues of
research to utilize the archived biological samples and address potential unobserved mortality and
stress impacts of the fishery on ETP dolphins. Individual detailed summaries of the completed
studies are provided below.

The potential for separation of cows and calves during fishing operations was examined
through historical dataanalysis, areview of behavioral and physical data, and an energetics model
of swimming constraints. Archer et al. (2001) analyzed the number of lactating females and
dependent calves in sets where all killed dolphins were sampled by technicians, and found fewer
nursing calves than expected from the number of lactating females, implying that at least some
calves become permanently separated from their mothers, and possibly die, asaresult of the chase.
If the separation occurs only within the net, such that some calves escape during dolphin release
procedures but their mothers do not, the data indicate that dolphin mortality in the fishery is
underestimated by about 10%. If, however, the separation occurs earlier in the fishing operations,
the magnitude of thisunderestimation will begreater. Of particular concern are potential separation
events during chase and prior to capture. Edwards (2002a) reviewed physical and behavioral
characteristics of dolphin mothersand calves, and determined that the disparity between calvesand
mothers with respect to physical size and stamina may contribute significantly to likelihood of
separation, especially for smaller calves, faster chase speeds, and longer chase durations. Calvesnot
soon reunited with their mothers are vulnerable to predation or starvation, and may represent an
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important source of unobserved mortality. Edwards (2002b) examined details of dolphin physical
and physiological constraints during chase, using an energetics model sfor adult dol phinsand calves
of varying sizes. At the estimated frequencies with which dolphinsare encircled (see Archer et al.
2002, an update of earlier calculations presented in Perkinsand Edwards 1999), theresultsimply that
fishing activities probably do not significantly increase daily energy costsfor spotted dolphinsinthe
ETP.

A second study examined dolphin skin for evidence of physiological stress (Southern et al.
2002) and related the response to recent fishing effort in the area of sample collection (Dizon et al.
2002). Dolphin skinwasexamined for expression of asuite of 40 stressresponsive proteins (SRPs).
Samples from nearly 900 dolphins accidentally killed in fishing sets or biopsied while bow-riding
research vesselswere scored as having either 'normal’ or "altered’ SRP expression profiles, and then
analyzed in relation to the number of sets within specific spatial and tempora windows (up to 70
days and within 300 nautical miles) around the place and time where the tissues were collected.
Although the results appeared to suggest a higher proportion of altered profiles in fishery-killed
dolphinsandinareas of higher fishing activity, the samplesal so yiel ded some contradictory findings
that cannot presently be resolved. Application of this novel method, therefore, will require further
validation before it can be used to diagnose potential fishery-caused chronic stress in dolphins.

Historical data on the behavior of spotted, spinner, common, and striped dolphin around
research vesselswas examined relativeto thelevel of fishing effort within the previous 10— 70 days
and 30 — 300 nautical miles (Mesnick et al. 2002). Reaction indices were established statistically
based on five discrete behaviorsindicating areaction to the research vessal. The findings from over
1,200 sightings during 1998 and 1999 suggest a causal link between fishing effort and the behavior
of pelagic dol phins: the primary target speci es (spotted and spinner dol phins) haveagreater tendency
to exhibit behaviors associated with ship avoi dance and evasion than species not primarily targeted
(common and striped dolphins).

Datafrom aerial photographs collected during research cruises between 1980 and 2000 were
used to estimate reproductive and demographic parametersfor eastern spinner dolphins(Cramer and
Perryman 2002). The proportion of calves in schools photographed in 1998 and 2000 was
significantly lower than that for 1988, 1992, and 1993, athough no trend could be detected across
the entiretime series. The proportion of calvesinaschool wasnot significantly related to the species
composition (pureeastern spinner school sversus school scomposed of spotted and spinner dol phins)
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or the number of spinner dolphinsin a school. No trend in the proportion of juvenile animals was
detected between 1987 and 2000.

Chase Encirclement Stress Studies

The Chase Encirclement Stress Studies (CHESS) included complementary research projects
designed to assess whether the health, reproduction, and survival of dolphins may be negatively
impacted in animal s experiencing repeated chase and encirclement during tuna fishing operations.
During the course of this 2-month project, schools of spotted and mixed spotted/spinner dolphins
were located, chased, and encircled by a chartered tuna purse seine vessel, sampled and tagged by
experienced biol ogistsand veterinarians, and subsequently rel eased asagroup using the backdown”
procedure routinely employed during fishing operations (see Coe and Sousa 1972, for adescription
of the purse-seining process). Radio-tagged focal dolphins were tracked from a NOAA research
vessel, and attempts were made to recapture and sample the same individual and any associated
dolphinsover the course of several days. The sampling effort targeted spotted dol phins, the primary
speciesinvolved intunapurse-seining activities, in an effort to maximizethe statistical value of what
wasexpected to beasmall samplesize. The stressstudiesincluded investigations of blood samples,
immune function, thermal condition, stress-response proteins in skin, behavior, and reproductive
parameters. The studieswere based on the expectation that serial samplescollected fromindividuals
captured on multiple occasions might reveal whether stress responses to successive capture events
were fundamentally the same or if there appeared to be cumulative adverse effects. Two important
concerns regarding the study design were recognized at the outset: the lack of baseline data for
spotted dolphins, and the necessity to obtain serial data from individuals to assess chronic effects.
Key results are summarized below.

The analysis of blood samples is a well-established approach for assessing health and the
status of a variety of physiological systems in humans and other animals. Blood components
investigated during CHESS included standard veterinary blood panels, with particular focus on
exertion-related enzymes and stress hormones (St. Aubin, 2002) and indicators of immune status
(Romano et al., 2002b). Blood was obtained from 61 different dol phins, 53 of which were assumed
to have been captured for the first time; the remaining samples were from dol phins recaptured 1-3
times. The results of hormone and enzyme analyses provide strong evidence for activation of an
acute stressresponse and for muscleinjury resulting from exertion (St. Aubin 2002). The observed
changes fell well short of those noted in life-threatening capture myopathy; however, some
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individuals(<10% of the sampl €) showed moredramatic el evationsin hormones, enzymes, and other
metabolic indicators, suggesting that a subset of the population may be more susceptible to
devel oping seriousformsof capture myopathy. Theanalysisof blood samplesfor studiesof immune
function did not reveal any notable abnormalitiesin the captured and recaptured dol phins (Romano
et a 2002b).

The concern that dolphins may overheat during chases in the warm waters of the ETP,
potentially causing damage to the brain, reproductive tissues, and developing fetuses, was
investigated by measuring skin surface and deep body temperatures, and by determining the rate of
heat transfer across the skin of the dorsal fin using athermal tag (Pabst et al., 2002). Skin surface
temperatures, analyzed from thermal photographs, were elevated after chases of more than 75
minutes. Heat flux increased during the chase for one of the two tagged and tracked individuals.
Core body temperatures for all but one of the 48 sampled dolphins did not become elevated,
indicating that dolphins appear to be able to regulate body temperatures during chases. The
uncharacteristically high temperature in one female dolphin could not be explained by any other
evident disease (i.e. from blood analyses), and may represent either an anomaly or anindication that
thisindividual may have been more prone to overheating following a prolonged chase.

Skin samplesfrom 283 dolphinswere analyzed for the presence of stressresponsive proteins
(SRPs, see above). Overall, the occurrence of 'altered’ expression profiles was comparable to that
observed in archived samplestaken from fishery-impacted dol phins. However, individual dolphins
sampled on multiple occasions did not maintain a consistent pattern of expression, and in a number
of cases the presumed stress signal was paradoxically less apparent on recapture. Methodological
issues, such as variability observed in different sampling sites on the same individual, have not
completely been resolved to allow the use of this technique as avalidated diagnostic test for stress.

Movement patterns observed during CHESS were consistent with those observed during
previous tracking studies of spotted dolphins in the ETP, revealing highly fluid school dynamics
within the study area (Chivers and Scott, 2002). Group cohesion of marked animals following
release was very low, apparently because individuals or small groups split up at night to forage and
regrouped opportunistically with other dol phinsthefollowing morning. Systematic behavioral data
were collected for asubset of the dol phin groups chased and encircled. Behaviorswere categorized
asactiveor passive, and compared to various characteristics of the set operations, including duration
of chase, encirclement, capture, backdown, and total duration of the set (Santurtin and Galindo
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2002). Passivebehaviorswerecorrelated withincreasingtotal set duration, and dolphin activity was
higher in setswithlonger backdown durationsand fewer dol phinscaptured. Dol phinswere observed
circling outside the purse seine net in 77% of the sets, suggesting that some (at least temporary)
splitting of socia groups may occur. Overal, it was evident that dolphins are familiar with purse
seine operations and can anticipate backdown for release from the net.

The potential for chase and encirclement to interfere with reproduction was investigated by
noting cow/calf pairsduring capturesand subsequent recaptures, by eval uating pregnancy status, and
by analyzing reproductive hormonelevelsin all sampled dolphins. No evidencewasfound to suggest
theloss of afetusduring theinterval between captures or to indicate achangein hormonelevelsthat
would affect pregnancy or sperm production; however, there were modest declines in levels of
progesterone and testosterone in the two animals sampled after successive captures. The small
number of samples precludes any generalization regarding the impact of fishery operations on
reproductive physiology. Nine captured females were observed to be with a calf during theinitial
capture; three of these femal es were recaptured during subsequent sets, and in al casesthe calf was
still present. This included one pair chased seven times and captured four times and two pairs
chased and captured twice. All of the spotted dolphin calvesidentified during CHESS were larger
calves, not the young calves that are most likely to be separated during chase based on behavioral
and energetics considerations (Edwards 20023, b).

In summary, during the Chase Encirclement Stress Studies, a stress response was expected
and confirmed in blood samples collected from dolphins prior to their release from the net. Chases
of even short durations (10-20 minutes) produced mild muscle damage, consistent with lesions
described in fishery-killed dolphins as part of the separate Necropsy Program. Changes in blood
hormones provided a possible explanation for lesionsfound in heart muscle that suggest someform
of capture myopathy in the fishery-killed animals. Thus, the blood analyses on live dolphins
identified minor muscle damage, the necropsy program identified lethal muscle damage, and it is
presently unknown whether some dol phins may experience intermediate levels of muscle damage,
potentially leading to unobserved death within hoursor days. Blood and tissue samplesfromamuch
larger sample size of live and fishery-killed dolphins would be required to address this. Chases
longer than 75 minutes resulted in elevated skin temperature, while core body temperatures did not
increase in al but one dolphin. Stress-responsive proteins were demonstrated in the skin of the
dolphins, but the interpretation of these patterns is confounded by unresolved sampling issues.
Behaviora data suggest that dolphins are familiar with fishing operations, and that some splitting
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of social groups may occur. Findings of seemingly anomalous values for body temperature, stress
hormones, and muscle-specific enzymesin some dolphinsindicate that selected individuals may be
particularly sensitive to the stresses associated with chase and encirclement. However, these rare
events will require considerably larger sample sizes before they can be evaluated in the context of
potential population-level effects.

Conclusions Regarding Stress and other Possible Related Fishery Effects

Though collectively reported here as stress studies, the investigations described above span
abroad range of concerns, only some of which relate to a stricter physiological definition of stress.
It was recognized at the outset that sample sizes for these studies would be limited (Donahue et al.
2002), and that population-level inferences would not likely be possible. Nonetheless, the studies
provided substantial new information on a variety of factors that could potentially lead to
unobserved dolphin mortality associated with tuna purse seine operations. Techniques included a
combination of direct observation, mathematical modeling, field experiments, and retrospective
analysis. Studies focused largely on the primary species and stock involved, the northeastern
offshore stock of pantropical spotted dolphin. As expected, the data are insufficient to quantify
potential population-level impacts or to determine whether population recovery may be delayed
because sample sizes were small and baseline or control data were not available for the affected
dolphin species. However, in the aggregate, the findings from the available data support the
possibility that tunapurse-seining activitiesinvol ving dol phins may have anegativeimpact on some
individuals. In particular, the evidence of cow/calf separation leading to unobserved mortality
warrants further study. Furthermore, there is some evidence for potential stress-related injury or
unobserved mortality of dolphinsinvolved in purse seinefishing operations, based on the combined
documentation of : (a) moderately el evated stresshormones (catechol omines) and enzymesindicative
of muscle damage observed in live fishery-involved dolphins; (b) evidence of past (healed) muscle
and heart damagein dol phinskilled during fishing operations; and (c) fatal heart damageinvirtually
al fishery-killed dolphins, which most probably was related to elevated catecholomines. The
responses observed in the sampled live animals were well within those from which dolphins are
expected to recover fully; however, it is possible that some dolphins may experience stronger
responses, such asduring occasional ‘ catastrophic’ aspectsof fishery operationswhen dol phins may
become trapped under acanopy inthe net. Intheory, thiscould result in asurge in catecholomines
intense enough to cause injury or death within hours or days of being released (a condition known
as capture myopathy). To date, no live ETP dolphin exhibiting such a response has been identified
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or sampled, and future research should be designed to address this plausible, but untested, harmful
stress effect. Continuation of necropsy sampling to achieve at least the required sample size of 300
animals per stock, and establishment of sound baseline data on blood constituents and other stress
responses for the target dol phin species are likely to provide the most conclusive datain the future.

When considering the possible impacts of the ETP tuna fishery on the depleted dolphin
populations, it is important to consider how many times the fishery interacts with each dolphin
population each year. The number of interactions is large (Table 1). For northeastern offshore
spotted dol phins, there are over 5,000 dol phin sets per year, resulting in 6.8 million dolphins chased
per year and 2.1 million dolphinscaptured (encircledinthe purse-seine) per year (numbersaremeans
for 1998-2000) (Archer et al. 2002). For eastern spinner dolphins, there are about 2,500 sets per
year, 2.5 million dolphins chased per year, and 300,000 dolphins captured per year. For costal
spotted dolphins, there are about 150 sets per year, 280,000 dol phins chased per year, and 40,000
dolphins captured per year.

How strong would theseinteractions have to beto account for thelow observed growth rates
of the depleted populations? Anindication of the strength required may be obtained by calculating
the difference between the expected growth (recovery) rate and the observed growth ratein terms
of the frequency of these interactions. Table 1 shows the number of dolphins per set, per 100
dolphins captured and per 100 dolphins chased that are “missing” in order to account for the
difference between the observed growth rates (generalized logistic model in Appendix 8) and
expected recovery rates of 3% and 4% per year. . For northeastern offshore spotted dolphins, for
example, the difference between the observed growth rate (1.7%/year) and the generally expected
value (4%lyear) is2.3%. Givenapopulation size of about 640,000, agrowth rate of 2.3% represents
anet production (births minus natural deaths) of about 14,700 dolphins each year. The number of
dolphinsreported killed by thefishery isabout 300, so the expected annual growth increment would
be 14,400 dolphins per year. Table 1 shows that to account for this many dolphins would require
2.8 dolphins per set, 0.7 dolphins per 100 dolphins captured, or 0.2 dolphins per 100 dolphins
chased. Inother words, fishery effectsof these sizeswould berequiredto explainthelow population
growth rates. These numbers represent the sum of all potentia fishery effects on the dolphin
population, including separation of mothers from calves, physiological effects of chase and
encirclement (“ stress’) that affect subsequent survival and reproduction, increased predation, effects
dueto socia disruption, unobserved mortality, and observed but unreported mortality.
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Table 1 Number of interactions of the ETP tunafishery with depleted dol phin stocks per year, and differences between
observed and expected growth rates in terms of the frequency of these interactions. Observed growth rates are based
onthegeneralized logisticmodel. For coastal spotted dolphins, dataareinsufficient to estimate apopul ation growth rate.

Northeaster n offshor e spotted dolphins

Average of 1998-2000 estimates

Population size 641,152
Number of dolphin sets 5,159
Number of dolphins captured 2,060,666
Number of dolphins chased 6,778,849
Number of dolphinskilled (bycatch) 317
Expected recovery rate

3% 4%
Difference between expected and observed rates 1.3% 2.3%
Difference as number of dolphins (production - bycatch) 8,018 14,430
Difference as dol phins per dolphin set 1.55 2.80
Difference as dolphins per 100 dol phins captured 0.39 0.70
Difference as dolphins per 100 dolphins chased 0.12 0.21

Eastern spinner dolphins

Average of 1998-2000 estimates

Population size 448,608
Number of dolphin sets 2,513
Number of dolphins captured 291,933
Number of dolphins chased 2,492,899
Number of dolphinskilled (bycatch) 353
Expected recovery rate

3% 4%
Difference between expected and observed rates 1.6% 2.6%
Difference as number of dolphins (production - bycatch) 6,825 11,311
Difference as dolphins per dolphin set 2.72 4,50
Difference as dol phins per 100 dol phins captured 2.34 3.87
Difference as dolphins per 100 dol phins chased 0.27 0.45

Coastal spotted dolphins

Average of 1998-2000 estimates

Population size 143,725
Number of dolphin sets 154
Number of dolphins captured 39,705
Number of dolphins chased 284,339
Number of dolphinskilled (bycatch) 14
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APPENDIX 8
QUANTITATIVE ASSESSMENT OF THE DEPLETED DOLPHIN STOCKS

Overview

Aspart of our research on ETP dolphins, we quantitatively evaluated the overall significance
of key research results by conducting stock assessments for the depleted dolphin stocks. Stock
assessments are regularly done for many different species to provide a basis for resource
management. Methodsfor conducting quantitati ve assessmentsof stockscanvary widely depending
on the quality and quantity of data available and may involve relatively ssmple calculations or may
consist of more complex population modeling approaches. In the case of the northeastern offshore
spotted dolphin and the eastern spinner dolphin stocks, the available data allowed the construction
of avariety of quantitative population models. Datafor coastal spotted dolphins are considerably
more sparse, and in fact it has not been possible to assess their status. Thisis discussed further near
the end of this appendix.

Population model s attempt to approximate the real dynamics of biological populations, and
are a powerful tool for evaluating observed patterns, such as changes in the population size over
time. Most importantly, population models allow incorporation of uncertainty in our ability to
measure ETP dol phin abundance, and they enable usto estimate various parameters, or measurable
characteristics of the population, such as growth rates or survival rates. We can also predict both
historical and future trends in abundance using population models.

In addition to the simple regression analysis of trends (see results below), three different
popul ation model swere used to assessthe condition of the northeastern off shore spotted dolphinand
eastern spinner dolphin stocks. Both stocks experienced heavy, unsustainable mortality during
earlier periods of the purse seine fishery, which led to their depletion. Examining results from
multiple models can indicate how robust the results are or whether a particular mode! is producing
anomal ous estimates. The objective of the three modelsis essentially the same, that is, to determine
if the depleted stocks are growing or declining, and at what rates. The models differ in how many
different types of data can be used inthem. The more complex the structure of the model, the more
different types of information it can accommodate.
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The Models

A detailed, technical description of the population model s can be found in Wade (2002), and
only a general overview is provided below. The models include one of two related measures of
popul ation growth: productivity, defined asthe number of animals, expressed as a proportion of the
total, added to the population each year before removal of fishery mortality, or the growth rate of
the stock, whichistherealized rate of population increase after taking fishery mortality into account.
The two concepts are related in that the growth rate is equal to productivity minus mortality. Itis
important to bear this distinction in mind when reviewing the models below. In both cases, a
positivevalue (e.g., 0.02) indicatesanet gain of individuals (positive growth), anegative value (e.g.
-0.02) indicatesanet loss of individuals from the population (negative growth), and zero indicates
no change in the number of individuals in the stock. Two types of growth rates were estimated, by
different typesof models: the observed or achieved rate, and, themaximum potential or intrinsicrate.

Model 1 is a simple exponential growth model, which assumes a population grows
proportional to itssize. We applied thismodel to our datato estimate the stock’ s productivity. The
simplest form of this model (1-slope model) assumed that productivity was constant during the
examined period. In addition, the structure of this model aso alowed usto include two different
productivity levels (2-slope model) to examine whether the productivity itself may have changed
during the monitored period. This could occur, for example, if there was a change in the
environment, or if there were other factors influencing dolphin survival or reproduction whose
magnitude changed during the examined period. In response to the CIE reviewers of this research,
we also included the TVOD abundance index (see Data section below) in a set of runs using both
the 1-dope and 2-slope version of this model.

Model 2 is a generalized logistic model containing a nonlinear term that is density-
dependent: it allows population growth rates (as determined by births and deaths) to change as the
population increases, and food resourcesbecomemorelimited. Thisrelationship between birth and
death rates and population size is not necessarily linear; therefore, the model allowed either linear
or nonlinear effects, as determined by the data. Thisis a standard approach for investigating the
popul ation dynamics of large mammals, especially cetaceans. In thisstudy, the model provided an
estimate of the maximum rate at which the dolphin stocks could have grown during the examined
time period, taking into account the fishery mortality, the observed rates of change (from the
abundance estimates), and the estimated depletion levels of the stock (current stock size relative to
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its historical abundance or carrying capacity). This approach allowed us to examine not only
potential changesin the actual growth rate of the stock, but also whether the carrying capacity of the
environment has changed since the onset of purse seine fishing in the ETP. Furthermore, the
possibility that reported fishery mortality is an underestimate of true mortality was examined by
performing model runsin which the reported number of dolphins killed per year was increased by
50% and 100%. Finally, the base model was projected forward 200 yearsto estimate when the stocks
would reach Optimum Sustainable Population (OSP) levels, both with and without a continued
annual mortality equal to the level reported for the year 2000. This level was selected because it is
the lowest on record, and given the recent performance of the fishing fleet it seems reasonable to
assume they could maintain this level, on average, in the long term.

Model 3 isamore realistic age-structured model; it is the most complex and incorporates
age-specific datarelated to survivorship (the probability of anindividual surviving fromagiven age
to the next), and fecundity (a measure of the potential reproductive capacity of an individual). For
example, the model can explicitly include the age of dolphins killed in the fishery (“age-specific
fishery mortality”) or the number of yearsit takes a dolphin to reach sexual maturity (“age at sexua
maturity”). This age-structured model provided an estimate of the population growth rate, and
allowed investigation into the possibility of unobserved fishery-related mortality. Such unobserved
mortality would be indicated if the observed dynamics of the dol phin stock could be better explained
by amodel wherein individual dolphin survivorship iscorrelated with the average number of times
itislikely to be set on each year, than by asimple model without fishing effort. Inthese models, the
average number of times set on was estimated asthe annual number of sets on a stock divided by the
estimated stock size for that year (see Archer et al. 2002).

Once the results from all the models’ runs were obtained, we compared the extent to which
one model performed better than another, by examining how well the models accounted for the
observations made (i.e., the data) on depleted ETP dol phin stocks. Thestatistical measurefor model
comparison iscalled aBayesfactor; which representsanumerical summary of theevidenceinfavor
of onemodel asopposedto another. For interpretation purposes, it isstandard practiceto giveverbal
descriptions to different ranges of values of the Bayes factor. A Bayes factor between 1 and 3 is
considered weak evidencethat one model should befavored over another, 3-12 represents moderate
evidence, 12-150 is strong evidence, and >150 is considered decisive evidence in favor of a
particular model (Kass and Raftery 1994). As is the case with other statistical measures for
comparing models (e.g. Akaike' sInformation Criteria), it isnot possible to compare analyses from
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model runs that used different data sets. For example, the Bayes factor cannot be used to compare
results from model runs using the TVOD estimates to those not using them.

The Data

In general, stock assessments can include current and historical abundance, trends in
abundance, human-caused mortality, and estimates of biological parameters for the stock (e.g. age
at sexual maturity, natural mortality rate, sex ratio, and pregnancy rate) (Breiwick and Y ork 2002,
Wade 1994). For the northeastern offshore spotted and the eastern spinner dolphin stocks, the
available datafor our population modelsincluded: (1) estimates of reported mortality inthefishery,
1959-2000 (see Wade 2002 for more details); (2) estimates of “absolute” abundance’ from 12 NMFS
research vessel abundance surveys between 1979-2000; (3) anindex of “relative’ abundance from
TunaVessel Observer Data (TVOD) from 1979-2000; and (4) life history data (e.g., indicators of
maturity, sex, length, reproductive state) from dolphins killed in the fishery during periods when

biological samples were being collected by observers.

The third category of data, the TVOD indices of relative abundance, requires some further
elaboration. Since the late 1970s, observers on board tuna purse seine vessels in the ETP have
recorded data on marine mammal sightings while the vessel’s crew was searching for dolphin
schools to determine if tuna were associated with them. These data have been used to estimate
indices of relative abundance for northeastern offshore spotted dol phin and eastern spinner dolphin
stockssincethelate 1970s (L ennert-Cody et al. 2001). However, theseindiceshave been considered
problematic because of the opportunistic, or non-random way in which these data are collected
during fishing operations introduces various biases (Buckland and Anganuzzi 1998, see aso
Anonymous 1999). TheTVOD indiceswereincluded inthe SWFSC’ sreport of preliminary results
from the IDCPA research program ( Anonymous 1999), along with the concerns about their use.

° Estimating “absolute” abundance of a speciesis an attempt to quantify the actual number
of individualsin an area. Estimates of “relative’ abundance can indicate the direction of changes
inthe size of apopulation but cannot quantify itsactual size. Relative abundance estimatesare often
presented as an index of population size over time that is presumed to be correlated with true
populationsize. Moreintensivefield work isrequired to collect the data necessary to make absol ute
abundance estimates.
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Subsequently, a scientific paper was published documenting serious issues regarding
estimation and interpretation of these abundanceindicesand advising against their usein population
models (Lennert-Cody et al. 2001). Based on these assessments, the TV OD indices were excluded
from the preliminary analyses submitted for peer review by the CIE in April 2002 (see Appendix 4
for more information on the CIE reviews). However, the reviewer panel did not agree that the
concerns expressed by Lennert-Cody et al. (2001) and Perkins (2000) were sufficiently strong to
exclude the data entirely. Rather, they advised that the TVOD indices should be included in a
modified form to minimize potential biases, and one reviewer presented a specific approach, based
on similar applications used in fisheries assessments (McAllister 2002).

In accordance with the protocol of the peer-review process, we applied the recommended
procedure, which attemptsto correct biasesinthe TV OD indices, and we haveincluded theseindices
in asubset of our population models. In these models, we used the most recently published series
in Lennert-Cody et al. (2001), which uses a modeling approach that is less sensitive to the non-
random manner in which TVOD are collected and appears to minimize some of the important
problems identified by the authors. In the final CIE review conducted during August, 2002, there
again was disagreement with one reviewer on whether the TV OD indices should be included in all
assessment analyses. This reviewer presented new analyses in his report to address one of our
concerns, that the bias correction method would not deal well with an abrupt changein bias. These
new analysesindicated thislikely would not be a problem for biases up to about 20% in magnitude.
However, we remain unconvinced that the many known and potential issuesrelated to theseindices
have been addressed, and therefore decided to proceed with caution and continued to use them only
in some assessment analyses. From the subset for whichthe TV OD wereincluded we have ageneral
idea of the likely contribution to results for other analyses, and have included comments on this
where possible and approprite. In general we present the results including TVOD below with
reservations, but acknowledge that the bias correction method proposed by the CIE reviewer has
addressed many of the major issueswith these estimates. Further devel opment of bias correction for
TVOD should be a high priority for work to follow this report.

Modeling Results

Simple Trend Analysis
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Beforediscussing theresultsof thethree popul ation model sdiscussed above, we present here
theresultsof asimpler analysistechnique (linear regression), which iscommonly used to determine
trends in the abundance of astock based on alimited number of data sources (e.g., only abundance
estimates). Using only the research vessel abundance data collected over 21 years, neither the
northeastern offshore spotted dolphins nor the eastern spinner dolphins exhibited any statistically
significant change — either upwards or downwards — in their abundance during this time period
(Gerrodette and Forcada 2002). Thisresult must beinterpretedin the context of “statistical power,”
which examines the likelihood that a given trend would be detected using a particular analysis
technique. Statistical power and the strength of the analysis conclusionsincrease as the number of
abundance estimates and their precision increases. Between the years of 1979 and 2000, the power
analysis estimated the probability of detecting annual growth rates of 1%, 2%, 3%, 4%, and 5%
would be 26%, 67%, 95%, 100%, and 100%, respectively. In other words, if the dol phin stocks had
been growing at arate of 3% or more per year between 1979 and 2000, there is a 95% or greater
probability that the regression analysiswould have detected it. Thus, itishighly unlikely that either
the northeastern offshore spotted dol phin or the eastern spinner dolphin stock was growing at arate
of 3% per year or more during this period. The power analysis also indicated about a 67%
probability of detecting a2% per year growth rate, suggesting less strongly that the growth rate did
not reach thislevel. The probability of detecting a1% per year growth rate was only 26%, indicating
that the data were not very informative about whether a 1% per year growth rate was taking place.

If the TVOD indiceswereincluded in these analyses, as modified for biastrends, the power
of detecting trends would increase moderately to substantially. The trend estimates would not be
affected, because the method for bias correction forcesthe TVOD indicesto follow the trend in the
RV abundance estimates.

Population moddls

The results obtained using the three population models are presented below by stock. A more
technical presentation of these results can be found in Wade (2002).

Northeastern Offshore Spotted Dol phins

Model 1 (Exponential): This model was run using the twelve NMFS research vessel abundance
estimates, allowing either one or two rates of productivity during the study period, and both with and

87



without the TVOD indices of relative abundance. If only one rate is alowed (1-slope model),
productivity isestimated as0.017 (95% probability interval:-0.001, 0.036) without TVOD, and 0.013
(95% probability interval -0.005 to 0.030) with TVOD. The precision of this estimate improved
dightly when the TVOD were included, but the results are essentially the same. The model runs
allowingtwo ratesof productivity (2-slopemodel s) suggested that therewasadeclinein productivity
around 1990. Prior to 1990, productivity is estimated as 0.026 (95% probability interval:-0.066,
0.071) without TVOD, or 0.046 (95% probability interval:0.011, 0.077) with TVOD. After 1990,
estimates are less precise, but productivity is estimated to be nearly zero (0.002, 95% probability
interval: -0.090, 0.074) without TV OD, or negative (-0.042, 95% probability interval: -0.138, 0.014)
with TVOD.

The confidence that a change in productivity actually occurred was evaluated based on the
Bayes factor. Without TVOD, the Bayes factor comparing models is low (1.0), and therefore we
cannot conclude whether the productivity of this stock actually changed. In contrast, the models
including TVOD resulted in aBayesfactor of 5.9 in favor of the 2-slope model, indicating that it is
almost six times more probable that the productivity changed than that it was constant. Therefore,
if one accepts the use of TVOD estimates as appropriate, these results provide moderate evidence
that the growth rate of the northeastern offshore spotted dolphin stock changed from a positive to
anegativerate in the late 1980s or early 1990s.

Model 2 (Logistic): This model was run using the twelve NMFS research vessel abundance
estimates and the estimates of reported fishery mortality. It allowed estimation of the maximum rate
at which the population could have grown over time, whether this growth rate had changed through
time, the depletion levels of the stock, whether there was any evidence for a change in the
ecosystem’ s carrying capacity, and how long it would take for the stock to recover toits OSP level.
Becausethismodel incorporatesfishery mortality estimatesaswell asabundance estimates, thetime
period relevant to this model is 1959-2001, the years during which dol phin mortality has occurred
inthefishery, and for which mortality estimates are avail able. The simplest model with one growth

rate and one carrying capacity estimated a low maximum growth rate (0.017, 95% probability
interval: 0.002, 0.036). When the growth rate was allowed to change during the study period, a
declinein growth rate around 1990 (aswith the 2-slope Model 1) wasweakly suggested. The model
run alowing for two carrying capacities does not lead to substantially different results from the
model with a single carrying capacity. All three generalized logistic models are approximately
equally probable (the Bayes factors are all closeto 1), and thus there is insufficient evidence from
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the research vessel abundance estimates alone to help determine whether the maximum population
growth rate or the carrying capacity have changed for the northeastern offshore spotted dolphin
stock.

Because the generalized logistic growth model allows fishery mortality estimates as one of
itsinputs, we can explore the response of the stock’ s growth rates to hypothetical increases fishery
mortality. If reported fishery mortality is increased by 50%, the maximum growth rate estimate
actually increases by a substantial amount to 0.025 (up from 0.017). If mortality is increased by
100%, the estimated maximum growth rate increasesto 0.035. The Bayes factor for these models
indicated that the base run using actual reported fishery mortality, wasfavored over the modelswith
higher mortality, but only weakly to moderately so (Bayes factor is 2.43 for the 50% increase in
fishery mortality scenario and 7.43 for the 100% increase scenario). If mortality isincreased only
after 1991 (to investigate whether mortality reporting might have changed with the inception of the
IDCPY), the maximum population growth rate is estimated as 0.018, nearly the same as the result
obtained from the base run. However, the Bayes factor of 1.05 indicated that this model was no
more likely than the base model including only the reported fishery mortality. In summary, none of
the model runs in which fishery mortality was hypothetically increased as a simple multiple of
reported mortality performed better than the base model which included actual reported fishery
mortality.

Thefinal run performed with Model 2 projected forward 200 yearsin time to estimate when
the northeastern offshore spotted dol phin stock size would be within its OSP range, both with and
without mortality continuing at the level reported in 2000 (295 dolphins; IATTC 2002). Using the
base model with asingle maximum growth rate and assuming the dol phin by-catch remains constant
at year 2000 levels, the projection indicated that the stock would reach OSP in about 78 years (95%
probability interval: 28 to >200 years). In contrast, the model alowing two different maximum
growth rates projected that the stock would not reach OSP within 200 years (95% probability
interval: 19 to >>200 years). For both models reducing the annual mortality to zero had no
detectable effect on the time it would take this stock to reach OSP.

Model 3 (Age-structured): Thismodel containsadensity-dependent component similar tothelogistic
Model 2, but also includes data specific to age-related subgroups of dolphins (survival, fecundity,
rate of fishery interaction). The estimated maximum growth rate and carrying capacity were
essentially identical to those obtained from Model 2. The northeastern offshore spotted dolphin
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stock was estimated to have a maximum growth rate of 0.017 (95% probability interval: 0.002,
0.035) and be at about 21.4% (95% probability interval: 0.124, 0.378) of itscarrying capacity before
the onset of the fishery. Again, it is worth noting that a maximum growth rate of only 0.017 is
considered very low, though the probability interval for thisestimateisrather wide. Weaso ranthe
age-structured mode! including information on the per capita number of sets per year, estimated as
the number of sets on astock each year divided by the stock size. The per capita number of setson
dolphins per year gradually increased over time, with a sharp increase in the mid 1980s and then a
small decline after 1990. Taking this pattern into account, the model indicates that dolphin survival
from one year to the next year declined between 1958 and 1970, was constant until the mid 1980s,
sharply declined to alow in the late 1980s, and then rose slightly during the 1990s. The overall
declinein survival since 1958 resulted in amaximum growth rate of 0.027 (95% probability interval:
0.006, 0.053), whichisgreater than for the simpler age-structured model assuming constant survival.
However, the model including the per capita number of sets resulted in finer scale dynamics that
provided apoor fit to the abundance datafor the early 1980s, and was estimated to be 4.6 timesless
probablethan the model excluding the set data. The Bayesfactor of 4.6 isregarded asonly moderate
evidenceinfavor of the model without the per capitafrequency of sets. Contradictory evidencearose
from finding a positive relationship between mortality and set frequency (the 95% probability
interval did not include zero). That is, while the models with the mortality covariate did not fit the
data as closely as models without the covariate, there still was estimated to be a pattern of lower
mortality ratesin years with fewer setsper individual. It is unclear whether this contradictory set of
results would have been resolved by inclusion of the TVOD abundance indicesin these analyses.

Spotted dolphin summary: The rates of maximum population growth identified in the models for
thenortheastern off shore spotted dol phin stock consistently werevery low, and the stock isestimated
to bewell below Maximum Net Productivity Level (MNPL). Theresultswerelargely consistent for
models of varying complexity. Models using actual reported fishery mortality performed dlightly
better than those with higher mortality, and models without an effect of the number of sets per
dolphin per year performed moderately better than those with such an effect. The models did not
provide clear evidencefor or against the occurrence of achangein the ecosystem’ scarrying capacity
for thisstock. Inclusion of the TVOD indicesin the exponential model slightly increased precision,
and it moderately strengthened the otherwise weak indication of a decrease in stock productivity
sincearound 1990. Therewasno clear indication inany of the model sthat the northeastern offshore
spotted dolphin stock is recovering.
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Eastern spinner dolphin stock

Model 1 (Exponential): This model was run using the twelve NMFS research vessel abundance
estimates, allowing both oneand two rates of productivity during the study period, and bothwithand
without the TVOD indices of relative abundance. The results for eastern spinner dolphins were
remarkably similar to those identified for the northeastern offshore spotted dol phin stock. If only
onerateisalowed (1-slope model), productivity is estimated as 0.010 (95% probability interval: -
0.013, 0.035) without TVOD, or 0.010 (95% probability interval -0.011 to 0.032) with TVOD. The
precision of this estimate improved trivially when the TVOD were included, and the results are
virtually identical. The model runs allowing two rates of productivity (2-slope models) suggested
that there was a decline in productivity around 1990. Prior to 1990, productivity is estimated as
0.040 (95% probability interval:-0.015, 0.078) without TV OD, or 0.047 (95% probability interval:
-0.007, 0.078) with TVOD. After 1990, estimates are less precise, but productivity is estimated to
be negativein both cases: -0.021 (95% probability interval: -0.077, 0.041) without TVOD, or -0.033
(95% probability interval: -0.142, 0.020) with TVOD.

The confidence that a change in productivity actually occurred around 1990 was eval uated
based on the Bayes factor. Without TV OD, the Bayes factor comparing modelsislow (2.1), and
there is only weak evidence for a change in the productivity of this stock. In contrast, the models
including TVOD resulted in aBayesfactor of 5.1 in favor of the 2-slope model, indicating that itis
over fivetimes more probablethat the productivity changed over this period than remained constant.
Therefore, if one acceptsthe use of TVOD estimates as appropriate, these results provide moderate
support for a conclusion that the growth rate of the eastern spinner dolphin stock changed from a
positive to a negative rate in the late 1980s or early 1990s.

Model 2 (Logistic): As before, this model was run using the twelve NMFS research vessel

abundance estimates and the estimates of reported fishery mortality. It allowed estimation of the
maximum rate at which the population could have grown over time, whether this growth rate had
changed through time, the depl etion level s of the stock, whether there was any evidencefor achange
in the ecosystem’ s carrying capacity, and how long it would take for the stock to recover to its OSP
range. Again, the time period relevant to this model is 1959-2001, the years for which mortality
estimatesareavailable. Thesimplest model with onegrowth rate and one carrying capacity estimated
avery low maximum growth rate (0.014, 95% probability interval: 0.001, 0.052) for the stock at its
estimated depl etion level and with the continued fishery mortality. However, the model fitsthe data
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only moderately well, suggesting that it does not capture al the dynamics of the population. When
the growth rate was allowed to change during the study period, adeclinein growth rate around 1990
(as with the 2-dlope Model 1) was weakly suggested. However, the two estimates of growth rate
were less precise than the single estimate of the 1-slope model because there were fewer years
available for each estimate. The model run allowing for two carrying capacities does not lead to
substantially different results from the model with asingle carrying capacity. Although the model
with two growth rates has the highest probability relative to the other runs of Modd 2, the
probabilities for al three generalized logistic models are similar (the Bayes factors are all closeto
1), and thus there is insufficient evidence from the abundance data to determine whether the
maximum growth rate or the carrying capacity have changed for the eastern spinner dolphin stock.

By varying the fishery mortality estimates in the logistic model, we explored the response
of the stock’ s growth ratesto hypothetical increases fishery mortality. If reported fishery mortality
isincreased by 50%, the maximum growth rate estimate actually increases by a small amount to
0.016 (95% probability interval: 0.001, 0.043) up from 0.014. If mortality isincreased by 100%, the
estimated maximum growth rateincreasesto 0.020. The Bayesfactor for thesemodel sindicated that
the base run using actual reported fishery mortality was weakly favored over the model swith higher
mortality. If mortality isincreased only after 1991 (i.e., if mortality changed with the inception of
the IDCP), the maximum population growth rate is estimated as 0.014, the same as result obtained
from the base run. However, the Bayes factor of 1.1 indicated that this model was no more likely
than the base model including only the reported fishery mortality. In summary, none of the model
runs in which fishery mortality was hypothetically increased as a simple multiple of reported
mortality performed better than the base model which included actual reported fishery mortality.

Thefinal run performed with Model 2 projected forward 200 yearsin time to estimate when
the eastern spinner dolphin stock size would be within its OSP range, both with and without
mortality continuing at the level reported in 2000 (275 dolphins; IATTC 2002). Using the base
model with asingle maximum growth rate and assuming that the year 2000 mortality levelsremained
constant each subsequent year, the projection indicated that the stock would reach OSP in about 65
years (95% probability interval: 10 to >200 years). In contrast, the model alowing two different
maximum growth rates projected that the stock would not reach OSP within 200 years (95%
probability interval: 10 to >>200 years). For both models, reducing the annual mortality to zero had
no detectable effect on the time it would take this stock to reach OSP.
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Model 3 (Age-structured): Thismodel containsadensity-dependent component similar tothelogistic
Model 2, but a so includes and age-specific datafor individual dolphins (survival, fecundity, rate of
fishery interaction). The estimated maximum growth rate and carrying capacity were essentially
identical to those obtained from Model 2. The eastern spinner dolphin stock was estimated to have
amaximum growth rate of 0.014 (95% probability interval: 0.001, 0.051), and be at about 35% (95%
probability interval: 18%, 76%) of its carrying capacity before the onset of the fishery. Again, itis
worth noting that a maximum growth rate of only 0.014 is considered very low, though the
probability interval for this estimate is rather wide. We also ran the age-structured model with
information added on the per capita number of sets per year, estimated as the number of setson a
stock each year divided by the stock size. The per capita number of sets on dolphins per year
gradually increased over time, with asharp increasein the mid 1980s and then asmall decline after
1990. Taking this pattern into account, the model indicates that dolphin survival from one year to
the next year declined between 1958 and 1970, was constant until the mid 1980s, sharply declined
to alow in the late 1980s, and then rose slightly during the 1990s. The overall decline in survival
since 1958 resulted in a maximum growth rate of 0.033 (95% probability interval: 0.004, 0.069)
which is greater than for the simpler age-structured model assuming constant survival. Thisis, in
effect, an estimate of the maximum growth rate in 1958 when there were no sets on dolphins.
However, the model including the per capita number of sets resulted in finer scale dynamics that
provided a poor fit to the abundance data for the early 1980s, and was estimated to be three times
less probable than the model excluding the set data. The Bayes factor of 3.1 is regarded as only
moderate evidence in favor of the model without the per capita frequency of sets. Contradictory
evidence arose from finding a positive relationship between mortality and set frequency (the 95%
probability interval did not include zero). That is, while the model s with the mortality covariate did
not fit the data as closely as models without the covariate, there still was estimated to be a pattern
of lower mortality rates in years with fewer sets per individual. It is unclear whether this
contradictory set of results would have been resolved by inclusion of the TVOD abundance indices

in these analyses.

Eastern spinner dolphin summary: The rates of maximum population growth identified in the
models for the eastern spinner dolphin stock consistently were very low, and the stock is estimated
to bewell below Maximum Net Productivity Level (MNPL). Theresultswerelargely consistent for
models of varying complexity, although actual rates of reported fishery mortality were better than
higher mortality, and model swithout an effect of the number of sets per dolphin per year were better
than those with such an effect. The models did not help resolve the question of whether there has
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been a change in the ecosystem’ s carrying capacity for this stock. Inclusion of the TVOD indicesin
the exponential model slightly increased precision, and it moderately strengthened the otherwise
weak indication of adecrease in stock productivity around 1990. There was no indication in any of
the models that the eastern spinner dolphin stock is recovering.

Coastal spotted dolphin stock

The paucity of available datafor coastal spotted dolphins, particularly during the early years
of the fishery, did not allow a quantitative stock assessment to be performed. However, some new
information was obtained as part of the IDCPA research program, whichisrelevant for future status
assessments for this stock. These new devel opments are described below.

To investigate stock structure in spotted dolphins in both the offshore and coastal forms
(Stenella attenuata attenuata and S. a. graffmani) in the easterntropical Pacific, DNA wasexamined
from 209 animalsfrom six different coastal areas, and 90 animalsfrom offshore. Asexpected given
that coastal spotted dol phinsare considered adistinct subspecies, there were statistically significant
genetic differences between the offshore and the coastal animals. These genetic differences mean
there is demographically insignificant genetic interchange between the two forms. Unexpectedly,
there were also significant differences among the six different coastal regions, although in this case
the differentiation was probably dueto the females, i.e., duetofemaleisolation and male dispersa
among the coastal types. While preliminary, these results point toward the existence of at least six
female-based coastal populations; current U.S. marine mammal management practice treats such
unitsas separate. However, the ability to resolve stock structure among coastal spotted dolphinswas
limited by small sample sizes for some areas, and in general by the patchy nature of the spatial
distribution of the 209 existing samples.

Our abundance estimation has been conducted with the existing definition of asingle stock
for al coastal spotted dolphins. Those abundance estimatesarerel atively imprecise, and ranged from
as low as 96,738 (95% limits 32,849, 177,302) to as high as 228,038 (73,332, 392,756). As noted
above, this single-stock definition appears unlikely to be accurate given the recently-completed
genetic analyses. The existing sightings data are insufficient to post-stratify into the six putative
separate areas (assuming they are correct, and more data are required to resolve the pattern), so
currently it is not possible to report abundance by sub-area. Recent reported mortality in the purse
seinefishery isquite low: 18, 17, 6, and 2 for 1998 through 2001. However, it is not clear whether
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past, more extensive exploitation has depleted one or more stocks, and therefore whether it is
appropriate to protect one or more of these stocks from exploitation.

Clearly, additional, focused work on the coastal stocksisrequired. Asdiscussed later under
Recommended Research, this should consist of dedicated biopsy sample collection along the entire
nearshore coastal areaof the ETP, coupled with aconcentrated sightings survey of the sameareathat
appliessufficient sighting effort to produce reliabl e abundance estimatesfor these stocks. Giventhe
absence of historical data on the abundance of these stocks in addition to the currently unresolved
stock structure, it is not possible to assess the status of the coastal stock(s) of spotted dolphins.

Sock Assessment Synopsis and Inter pretation

Trend analysis

Theabundance estimatesfor northeastern offshore spotted and eastern spinner dol phin stocks
did not show any statistically significant change, either upwards or downwards, during 1979 - 2001,
the period covered by NMFS research vessel abundance surveys. The overall patterns for both
stocks were generally similar to the relative index of abundance calculated from TVOD
(Lennert-Cody et al 2001). Therewasno indication, for either stock, of movement toward recovery
from their depleted levels. However, the calculations of statistical power for this analysis showed
that if the stocks were in fact growing but at low levels below about 2%, our ability to detect that
recovery with thistype of analysiswould not be high. Thus, theresults of thissimpletrend analysis
alonewerenot sufficiently informative about whether or not recovery wasoccurring. Thissuggested
that other more sophisticated analyses, such asthose with the exponential, generalized logistic, and
age-structured models were needed. The results from such population modeling are discussed
below.

Stock Assessment Modeling

Overall, the most striking result from the population modeling, for both eastern spinner and
northeastern offshore spotted dol phin stocks, is that the population growth rates are very low. The
resultsconsi stently show that both stocksare either staying essentially stableat their current depleted
levels, or, have possibly even decreased over the past decade. That is, no recovery from depletion
is apparent for either stock. This conclusion is not dependent upon a specific model’ s structure, or
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upon inclusion of any fishery-dependent data (reported mortality estimates or TV OD-based
abundance indices).

Themodel runsthat estimated current depletion levelsindicate both stocks are still depleted
with respect to the standards set by the MMPA. The eastern spinner dolphin stock is estimated to
be at approximately 35% of its abundance level prior to the onset of the fishery. The northeastern
offshore spotted dolphin stock is estimated to be at just over 20% of its pre-exploitation level.
However, these estimates have relatively low precision. For example, the 95% probability interval
for eastern spinners span the range from as low as 18% of its pre-exploitation level to as high as
75%. Thisrange for the northeastern offshore spotted dolphin stock has alow of 11% of its pre-
exploitation size to a high of 35%.

In the analyses of whether there had been a change in growth rates during the period 1979-
2001, we found weak evidence in support of such a change. However, including the TVOD
abundance indices increased the probability, from weak to moderate evidence, that there was a
change in growth rates for the stocks during this time, and that the change was from an increase
through about the early 1990s, followed by adecrease through 2000, thelast year of the series(Table
1).

As discussed above, we included the TV OD abundance indices in only the exponential set
of models, and not in the generalized logistic and age structured models. Given the bias correction
method applied to the TVOD series, including them probably would not change substantially any
point or median estimates of population trends, but because of the added number of abundance
estimates and their precision, there would be gains realized in the precision of trends and other
parameters estimated. Additionally, there would be some level of improvement in our ability to
distinguish between different models. As applied here, different modelsfit to the same data can be
viewed as alternate hypotheses, such as whether there has or has not been a change in carrying
capacity, or, a change in maximum intrinsic growth rate. Similarly, for models with and without
additional fishery-related mortality, there likely would be some improvement in ability to select
which model provided a better fit to the data. However, as noted above, we still have reservations
about possible problemsinherent inthe TV OD abundance series, and chose the more cautious route
of not including them in all analyses, to avoid the possibility of making apparent gainsin precision
but being wrong throughout.
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The analyses conducted based on the research vessel abundances provided no clear
discrimination regarding possibilities that either carrying capacity or the maximum growth rate for
these stocks have changed during the period since the onset of the fishery. The model runs that
estimated a maximum intrinsic growth rate all indicated that thisrate is very low for both stocks.
Becauseintrinsic growth rates of lessthan 0.02 are questionable for small cetaceans, it is somewhat
likely that these estimates are biased downward but for unidentified reasons. When including a
fishery effect factor related to survival, represented in the model as the number of sets made per
individual in each year, the maximum growth rate estimates increase to around 0.03. This is still
lower than the rate generally expected for small cetaceans (0.04) but not by a considerable amount
given the imprecision of the growth rate estimates, and the modest amount of information that
formed the basis for the 0.04 expectation. However, the inclusion of this survival factor decreased
thefit of these models to the data, which were then considered moderately less probable according
to their Bayesfactors. Similarly, models with reported mortality scaled up by 50% and 100% were
less probable, but only weakly so, than models with just reported mortality levels. Contradictory
evidence arose from finding a positive relationship between mortality and set frequency (the 95%
probability intervals for both stocks did not include zero). That is, while the models with the
mortality covariate did not fit the data as closely as models without the covariate, there still was
estimated to be apattern of lower mortality ratesin yearswith fewer setsper individual. It isunclear
whether this contradictory set of results would have been resolved by inclusion of the TVOD
abundance indices in these analyses.

In our projections of stock size, the results indicated that neither stock would reach OSP
rangefor many decades. The most optimistic model sestimated recovery timesof 65 yearsfor eastern
spinner dolphins and 78 years for northeastern offshore spotted dolphins. Less optimistic models
indicated no recovery in 200 yrs for either stock, and with eastern spinner dolphins actually
declining. These results remained unchanged whether the future fishery mortality was set to zero or
was set at the levels reported in the year 2000. Such slow projected growth rates are reflective of
the low observed rates during the period observed since the late 1970s. The data do not provide a
clear choice between the more and less optimistic recovery times, but the data do indicate that a
recovery at the expected rate of 4% per yr isunlikely (Table 2).
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Tablel. Summary of Bayesfactorsfor 2-slope vs. 1-slope models. The numbersin the table give
the odds that the 2-slope model is true relative to the 1-slope model for the exponential model, the
exponential model including the TVOD index, and the generalized logistic model.

Model NE offshore spotted Eastern spinner
Exponential 0.98 212
Exponential with TVOD index 5.92 511
Generalized logistic 0.75 1.38
Geometric mean 1.63 2.46

98



Table 2. Summary of modeling results for time to recovery to OSP range. Scenarios in this table
assume that carrying capacity has not changed for either stock, that no lags occur before recovery
begins, and that bycatch remainsat 2001 levels. Approximate probability for “normal” recovery at
a 4% growth rate is based on the probability that R, $ 0.04 for each species (Figs. 5 and 15 in
Wade 2002), and the time to “normal” recovery is based on a deterministic projection at an annual
growth rate of 4%. Timesto recovery for the other scenarios are based on growth rates estimated
fromthedata(generalizedlogisticmodel, Tables12, 14, 29 and 31 in Wade 2002), with approximate
probabilities between the 1-slope and 2-slope model s based on the Bayesfactorsfor the generalized
logistic model.

Approximate
Stock Scenario Growth | Timeto probability
rate recovery | of scenario
NE offshore spotted | Change in growth rate 0.001 | >>200yr 0.42
around 1993 (2-slope model)
No change in growth rate 0.017 78 yr 0.57
(1-slope mode!)
“Normal” recovery 0.040 29 yr 0.01
Eastern spinner Change in growth rate -0.016 | Doesnot 0.56
around 1991 (2-slope model) recover
No change in growth rate 0.014 64 yr 0.41
(1-slope mode!)
“Normal” recovery 0.040 18 yr 0.03
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