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EXECUTIVE SUMMARY

Background

On October 1, 2009, the National Marine Fisheries Service (NMFS) received a petition
from the Natural Resources Defense Council requesting that Hawaiian insular false killer
whales (Pseudorca crassidens) be listed as endangered under the Endangered Species
Act (ESA) and that NMFS designate a critical habitat for these whales. NMFS reviewed
the petition, decided that the petition presented substantial scientific information
indicating that an ESA listing may be warranted as evidenced by the small population
size and recent population decline, and committed to conducting an ESA status review of
Hawaiian insular false killer whales. NMFS formed a Biological Review Team (BRT)
made up of scientists with diverse backgrounds to conduct the status review. The BRT
considered a variety of scientific and technical information. This document reports the
results of its comprehensive ESA status review of the Hawaiian insular false killer whale.

Approach of the BRT

The BRT acknowledged that there is considerable uncertainty surrounding all aspects of
the Hawaiian insular false killer whale’s biology, abundance, trends in abundance and
threats. Such uncertainties are expected for a naturally uncommon species that is
primarily found in the open ocean where research is expensive and knowledge is
consequently poor. The team decided to treat the uncertainty explicitly by defining
where it exists and using a point system to weigh various plausible scenarios, taking into
account all available data on false killer whales but also considering information on other
similar toothed whales. The team’s objectives in taking this approach were to make the
process of arriving at conclusions as transparent as possible and to provide assurance that
the team was basing its decisions on a common understanding of the evidence. Details
are given in Appendix A. DPS Designation and Risk Assessment Scores.

Status of Hawaiian Insular False Killer Whales

Hawaiian insular false killer whales are genetically distinguishable from pelagic false
killer whales based on significant differences in both mitochondrial (mt) and nuclear
DNA (Chivers et al., 2007, 2010). The mtDNA and nuclear DNA data show a strong
differentiation of Hawaiian insular false killer whales at other spatial scales, including
when they are compared at a broad scale with whales in the central North Pacific and
eastern North Pacific, and at a finer scale with pelagic whales in Hawaiian waters and
with whales in Mexico, Panama, and American Samoa (all comparisons to Hawaiian
insular false killer whales have p-values < 0.001). The presence of two unique, closely
related haplotypes in the Hawaiian insular population is consistent with little to no
immigration from other areas. The pattern of primarily closely related haplotypes shown
in Hawaiian insular false killer whales is consistent with a social system that excludes
immigrants or a habitat specialization that makes survival of immigrants unlikely (or
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both). The magnitude of differentiation for nDNA is somewhat less than for mtDNA,
which could suggest small amounts of male mediated gene flow, but there are alternate
reasons for the difference that are also possible.

The range of Hawaiian insular false killer whales may be assessed from a number of data
sources, including ship and aerial survey sightings, and satellite tag telemetry. The
location data from satellite telemetry indicate that individual insular false killer whales
move widely and quickly among the main Hawaiian Islands and use waters up to 112 km
from shore (Baird et al., 2010; Forney et al., 2010). Wide movement among the main
Hawaiian Islands is also shown by re-sightings of photographically identified individuals
over several years (Baird et al., 2005; Baird et al., 2008a; Baird, 2009). Tagged
individuals were tracked over a broad range of depths, from shallow (< 50 m) to very
deep (> 4000 m), with similar water depths and types of habitat used on both the
windward and leeward sides of all islands (Baird et al., 2010). Hawaiian insular false
killer whales share a portion of their range with the genetically distinct pelagic population
of false killer whales (Forney et al., 2010). Satellite telemetry locations of a single tagged
individual from the pelagic population, as well as sightings from ship and small boat
surveys suggest that the distribution of the insular and pelagic populations overlap in the
area between about 42 km and 112 km from shore.

The 2009 Stock Assessment Report for Hawaiian insular false killer whales (Carretta et
al., 2010) gives the current best-estimate of population size as 123 individuals (CV =
0.72), citing Baird et al. (2005). Recent reanalysis of photographic data has yielded two
new estimates of population size for the 20062009 period. Two estimates are presented
because two groups photographed near Kauai have not (perhaps yet) been observed to
associate into the social network of false killer whales seen at the other islands. These
animals may come from the pelagic population, may come from another undocumented
population in the Northwestern Hawaiian Islands, or may represent a portion of the
insular population that has not been previously documented photographically. The
current best estimates of population size are 151 individuals (CV = 0.20) without the
animals photographed at Kauai or 170 individuals (CV = 0.21) with them.

Genetic data were used to estimate effective population size, which reflects the size of an
idealized population that would experience genetic drift in the same way as the actual
(census) population. Effective population size relates to inbreeding coefficients and an
effective size of 50 is used as a rule of thumb below which inbreeding depression
becomes likely. The estimate for the effective population size of Hawaiian insular false
killer whales is 45.8 individuals (95% CI 32.4-69.4) (Chivers et al., 2010).

Aerial survey sightings noted since 1989 suggest that the insular population of Hawaiian
false killer whales has declined over the last two decades. A survey conducted on the
leeward sides of the main islands in June and July 1989 reported 14 sightings of false
killer whales, including three large groups (group sizes 470, 460, and 380 individuals)
very close to shore off the island of Hawaii (Reeves et al., 2009). The largest group seen
in 1989 is more than three times larger than the current best estimate of the population
size. From 1993 to 2003 five systematic aerial surveys indicated declining false killer

v



whale encounter rates, with 8 groups seen in 1993, 9 in 1995, 1 in 1998, and no false
killer whales seen in 2000 and 2003 (Mobley et al., 2000, Mobley, 2004). The large
group sizes observed in 1989, together with the declining encounter rates from 1993 to
2003 suggest that Hawaiian insular false killer whales have declined significantly in
recent decades.

It is possible that weather or other survey conditions were at least partially responsible for
the decline in sighting rates from 1993 to 2003; however, there was no trend in the
sighting rates for the four most commonly seen species of small cetaceans (spinner
dolphin, bottlenose dolphin, spotted dolphin, and short-finned pilot whale). These four
species represent nearshore and pelagic habitat preferences and span a range of body
sizes from smaller to larger than false killer whales. It can be inferred from this evidence
that variability in sighting conditions during the survey period did not have a major effect
on sighting rates and, therefore, the rate for insular false killer whales has, in fact,
declined. The specific cause of such a decline is unknown, but a number of possible
causes and possible threats to the population were examined by the BRT.

Determination of Distinct Population Segments

The BRT concluded that Hawaiian insular false killer whales are a distinct population
segment (DPS) of the global false killer whale taxon. The BRT found that Hawaiian
insular false killer whales are discrete from other false killer whales, based on the
uniqueness of their behavior related to habitat use patterns and their existence in a unique
ecological setting. The false killer whale is typically considered a wide-ranging pelagic
species not generally associated with coastal or island habitats; however, they have been
described as common in some shelf waters and at some islands (IWC, 2007). Hawaiian
insular false killer whales are behaviorally unique because they are the only population of
the species whose movements are known to be restricted to the vicinity of an oceanic
island group. Further, Hawaiian insular false killer whales remain close to the islands and
primarily use waters that are relatively shallow and productive compared to surrounding
oligotrophic waters, an ecologically unique setting for the taxon. The BRT found
Hawaiian insular false killer whales to be significant to the taxon based on marked
genetic differences and ecological and cultural factors. Hawaiian insular false killer
whales differ from other populations of the species in their genetic characteristics: there
is a strong phylogeographic pattern of mtDNA haplotypes and an indication of low levels
of gene flow. Hawaiian insular false killer whales sometimes consume prey associated
with islands and movement and photographic resighting data imply a unique, island-
associated habitat-use strategy on the part of this population compared to other false
killer whale populations. Additionally, although their abundance is quite low, Hawaiian
insular false killer whales have a high density (animals per km®) relative to other false
killer whale populations, suggesting the nearshore habitat or a unique habitat-use strategy
may support a higher density of animals. Finally, culture, or knowledge passed through
learning from one generation to the next, is likely to play an important role in the
evolutionary potential of false killer whales because they are highly social with a long
period of dependence by calves as they learn to forage cooperatively. The combination



of genetic, ecological, and cultural significance factors lead the BRT to conclude that
Hawaiian insular false killer whales are significant to the taxon. The remaining
uncertainty is based primarily on the shortage of information on the biology and ecology
of false killer whale populations in other island areas and of the adjacent population of
pelagic false killer whales offshore the coast of Hawaii and to gaps in genetic sampling to
the west of Hawaii. However, the BRT did not find this lack of information sufficient to
alter the significance finding for Hawaiian insular false killer whales.

Risk Assessment

The BRT qualitatively assessed the severity, geographic scope, and level of certainty of
28 potential individual threats to Hawaiian insular false killer whales. Because the
severity and scope of individual threats may change through time, each threat was
evaluated based on its historic impact and its current or future potential for impact. The
factors believed to have had the greatest potential for contributing to the decline of
Hawaiian insular false killer whales historically are reduced prey biomass and prey size,
ecological interactions (competition) with commercial fisheries, accumulation of natural
and anthropogenic contaminants, live captures prior to 1990, operational interactions with
nearshore fisheries (primarily within about 40 km) and offshore longline fisheries
(leading to injuries or deaths), and reduced genetic diversity. Some of the possible causes
of the historic decline have been eliminated in recent times (e.g., live captures), and
others have been limited in their geographic scope (e.g., interactions with the commercial
longline fishery following the implementation of the 25—75 nmi longline exclusion
boundary in 1991). Other threats have emerged over time or have increased in severity or
geographic scope, making them more relevant to the current and/or future decline of the
population. Reduced prey biomass and prey size, ecological interaction (competition)
with commercial fisheries, the accumulation of natural or anthropogenic contaminants,
potential interactions in nearshore fisheries, and reduced genetic diversity remain as
potentially severe threats to the population. The severity and geographic scope of some
other threats may have increased, including a potential increase in disease susceptibility
because of exposure to immunosuppressive environmental contaminants and short- and
long-term climate change; interactions with troll, handline, shortline, and kaka line
fisheries; an increase in anthropogenic noise events; and susceptibility to the adverse
biological effects of small population size including inbreeding depression and Allee
effects. Overall, the BRT considered the effects of small population size, hooking,
entanglement, and intentional harm by fishers to be the most substantial threats to
Hawaiian insular false killer whales. Fisheries interactions were postulated to be a major
threat because extensive unobserved troll, handline, and other hook-and-line fisheries
target large pelagic fish and continue to operate at near-record levels in the Hawaiian
insular false killer whale core area, and sparse documentation of these fisheries suggests
false killer whale interactions do occur. Threats were considered substantial by the BRT
if they were highly plausible, even without direct evidence.

The team conducted a quantitative analysis of extinction risk using a Population Viability
Analysis (PVA). This modeling exercise was conducted to evaluate the probability of
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actual and near extinction (or quasi-extinction), defined as fewer than 20 animals, given
measured, estimated, and inferred information on population size and trends, and varying
impacts of catastrophes, environmental stochasticity and Allee effects. The PVA models
did not consider causation but, rather, used the trend in the available data to represent the
consequences of the threats acting in concert on the population. A variety of alternative
scenarios were evaluated to allow for assessment of uncertainty in the PVA results.
Forty-four of 45 models, including models allowing for a change in growth rate following
the evident decline in the 1990s, indicated a greater-than-5% chance of decline to fewer
than 20 individuals within 75 years. All single growth-rate models indicated declines to
fewer than 20 individuals within 75 years as near certainty. All plausible models
allowing a change in growth rate indicated a greater-than-20% chance of decline to fewer
than 20 individuals within 75 years. A model showing positive population growth
allowed growth up to 30% per year, a highly improbable rate of growth for any cetacean
species. The BRT did not regard this optimistic model to be biologically plausible. The
other model that showed a 1.3% chance of extinction in 75 years was run as a sensitivity
test to examine only the effects of small population size.

Given the possible threats to the population and the results of the PVA analysis, the BRT
agreed by consensus that Hawaiian insular false killer whales are at high risk of
extinction as a result of either small scale incremental impacts over time or a single
catastrophic event. The BRT defined high risk as more than a 5% chance over three
generations (75 years) that the population will fall below a level where recovery may not
be possible. Because false killer whales are highly social animals this level is estimated
to be 20 animals, which is about the average group size.
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1. Introduction

1.1. Scope and intent of the status review

On October 1, 2009, the National Marine Fisheries Service (NMFS) received a petition
from the Natural Resources Defense Council (NRDC) requesting, in light of the small
population size, evidence of a declining population trend, and many potential threats to
the population, that the Hawaiian insular false killer whales (Pseudorca crassidens) be
listed as endangered under the U.S. Endangered Species Act (ESA). In addition, the
petitioners requested that NMFS designate critical habitat for Hawaiian insular false
killer whales. The petitioned population is currently defined by NMFS under the Marine
Mammal Protection Act (MMPA) as the Hawaii insular stock and consists of all animals
occurring within 40 km of the main Hawaiian Islands, as well as a proportion of the
animals within 140 km of the islands. The range of the insular population overlaps with
that of the Hawaiian pelagic population of false killer whales in the area between 40 km
and 140 km from shore. The petitioners state that while the cause of the recent decline in
the population is unknown, multiple factors may threaten the continued survival of
Hawaiian insular false killer whales.

NMES reviewed the petition and concluded that the petition presented substantial
scientific or commercial information indicating that the ESA listing may be warranted
(75 FR 316; January 5, 2010). As a result of the finding, NMFS committed to
completing an ESA status review of Hawaiian insular false killer whales and convened a
team of scientists with diverse scientific backgrounds, the Biological Review Team
(BRT) ', to conduct the review. During its status review, the BRT considered a variety of
scientific information from the literature, unpublished documents, and direct
communications with researchers working on false killer whales, as well as technical
information submitted to NMFS. All information not previously peer-reviewed was
formally reviewed by the team, and only the information found to meet the standard of
best-available science was considered further. Analyses conducted by individual team
members were subjected to independent peer review prior to incorporation into the
Review. This document reports the results of the BRT’s comprehensive status review of
Hawaiian insular false killer whales.

This document is a compilation of the best available scientific and commercial
information and a description of past, present, and likely future threats to the insular
population of Hawaiian false killer whales. It does not represent a decision by NMFS on
whether this population should be proposed for listing as threatened or endangered under
the ESA. That decision will be made by NMFS after reviewing this document, other

' The Biological Review Team for the insular population of Hawaiian false killer whales included the
following members: (1) from PIFSC, Dr. Erin Oleson (Team Leader; population biology/acoustics), Dr.
Donald Kobayashi (Hawaii and tropical ecology), Dr. Chris Boggs (fisheries/fish population assessment),
(2) from SWFSC Dr. Karin Forney (conservation biology/fisheries interactions), and Dr. Barbara Taylor
(genetics/risk assessment), (3) from NWFSC, Dr. Brad Hanson (habitat/foraging ecology/behavioral
ecology), and Gina Ylitalo (contaminants), and (4) from AFSC, Dr. Paul Wade (risk modeling/population
biology).



relevant biological and threat information not included herein, efforts being made to
protect the species, and all relevant laws, regulations, and policies. The decision will be
posted on the NMFS Web site (refer to: http://www.nmfs.noaa.gov/pr/species/) and
announced in the Federal Register.

1.2. Assessing plausibility in the face of non-quantified uncertainty

The BRT adopted formal methods to express plausibility for use in guiding its analysis of
Hawaiian insular false killer whales as a DPS and in assessing the risks to the population.
The plausibility point methods were employed although other methods were employed
also, as described later. These formal methods are important in a setting where
quantitative measures of uncertainty derived from the empirical data are unavailable. This
point method is often referred to as the “FEMAT” method because it is a variation of a
method used by scientific teams evaluating options under the Northwest Forest Plan
(Forest Ecosystem Management Assessment Team (FEMAT), 1993). Each BRT member
was asked to distribute 10 plausibility points among the choices for a given decision,
reflecting his or her opinion of how likely that choice or option correctly reflected the
population status. If a BRT member was certain of a particular option, or felt it was the
only plausible scenario, he or she could assign all 10 points to that option. A BRT
member with less certainty about which option best reflected reality or best reflected the
population’s status could split the points among two or more options. This method has
been used in all status review updates for anadromous Pacific salmonids since 1999, as
well as in reviews of Southern Resident killer whales (SRKW) (Krahn et al., 2002; Krahn
et al. 2004), West Coast rockfishes (Stout et al., 2002), Pacific herring (Stout et al.,
2001), Pacific groundfish (Gustafson et al., 2000), North American green sturgeon
(Adams et al., 2002; Adams et al., 2005), and black abalone (Butler et al., 2009).
Alternative methods were occasionally used, such as when the central question was not
the plausibility, but rather the degree of severity, geographic scope, or level of certainty
of individual population threats. Treatment of different types of uncertainty is detailed in
Section 4.3.

1.3. Key questions in ESA evaluations

1.3.1. The “species” question
For the purpose of the ESA, the term “species” includes

“any subspecies of fish or wildlife or plants, and any distinct population
segment of any species of vertebrate fish or wildlife which interbreeds
when mature.”

A distinct population segment, or DPS, must be “discrete” from other populations and
“significant” to the taxon (species or subspecies) to which it belongs. A DPS is discrete
if it is markedly separated from other populations of the same taxon as a consequence of
physical, physiological, ecological or behavioral factors. Alternatively, the DPS may be
discrete if it is delimited by international governmental boundaries within which are
notable differences in management of the species or its habitat. If a population segment
is considered discrete, NMFS must then consider whether the discrete segment is
“significant” to the taxon to which it belongs. Significance may be measured as
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persistence in a unique or unusual ecological setting, evidence that loss of the DPS would
result in a significant gap in the range of the taxon, evidence that the discrete population
segment represents the only surviving natural occurrence of a taxon within its historic
range, or marked differentiation in its genetic characteristics. A population segment may
include, but is not limited to, one of these criteria to be considered significant. This list
of criteria is not exhaustive and other criteria relevant to the biology or ecology of the
species may be used, as appropriate.

1.3.2. The “extinction risk question
The ESA (Section 3) defines the term “endangered species™ as “any species which is in
danger of extinction throughout all or a significant portion of its range. ” The term
“threatened species” is defined as “any species which is likely to become an endangered
species within the foreseeable future throughout all or a significant portion of its range. ”
The ESA states that a variety of information shall be used in evaluating the level of risk
faced by a species or a DPS. Important considerations include:

1) the present or threatened destruction, modification, or curtailment of its habitat or
range;

2) overuse for commercial, recreational, scientific or educational purposes;

3) disease or predation;

4) the inadequacy of existing regulatory mechanisms; or

5) other natural or man-made factors affecting its continued existence.

According to the ESA, determining whether a species is threatened or endangered should
be made on the basis of the best scientific information available on its current status, after
taking into consideration conservation measures that are proposed or are in place. This
BRT was not asked to review the adequacy of existing regulatory mechanisms as that
determination is best made by the management portion of the agency.

1.4. Summary of information presented by the petitioner

1.4.1. The DPS question: “Discreteness”
The petitioner (Fallon, 2009) presented the following arguments that Hawaiian insular
false killer whales are “discrete” from other population segments.

1.4.1.1. “The insular population of Hawaiian false killer whales is

behaviorally unique from other false killer whales™
The petitioner stated that Hawaiian insular false killer whales are the only long-term
island associated population of false killer whales in the world. The false killer whale is
generally considered a wide-ranging pelagic species, not known to strictly associate with
islands. Hawaiian insular animals reside close to shore and individuals have been re-
sighted over a 21-year period (Baird et al., 2008a). Although false killer whales in other
regions may approach islands, there is no evidence of long-term association. Re-
sightings of individual false killer whales near islands off the coast of Costa Rica have
been dismissed by the study’s authors (Acevedo-Gutierrez et al., 1997) and the petitioner
as pelagic animals that were only foraging near the islands.



1.4.1.2. *“The insular population of Hawaiian false killer whales is

genetically distinct from other false killer whales”
The petitioner stated that Hawaiian insular false killer whales are genetically distinct and
demographically independent of other false killer whales based on the mitochondrial
DNA haplotypes identified from false killer whales sampled near Hawaii, the eastern and
western Pacific, western Atlantic and Indian Oceans (Chivers et al., 2007). The
haplotypes found in Hawaiian insular animals are sufficiently divergent from all other
haplotypes found in all other geographic areas to be statistically significant. This
evidence suggests Hawaiian insular false killer whales have been isolated for some time
and experience little maternal gene flow. Male-mediated gene flow could not be assessed
at the time of the petition; however, the petitioner stated that differentiation based solely
on matrilineal gene flow is sufficient given traits such as alloparenting and foraging
strategies are thought to be transmitted matrilineally in many cetacean species. The
nucleotide diversity of Hawaiian insular false killer whales is similar to other species
with matrilineal social organization, such as pilot whales (Globicephala macrorhynchus),
sperm whales (Physeter macrocephalus), and killer whales (Orcinus orca) (Chivers et al.,
2007).

1.4.1.3. “The insular population of Hawaiian false killer whales constitutes

a stock under the Marine Mammal Protection Act”
Hawaii insular false killer whales are classified as a stock under the Marine Mammal
Protection Act (MMPA). Although the exact geographic boundary is unknown, as of the
2008 Stock Assessment Report, the 25—75 nmi longline exclusion boundary was used as
the stock boundary (Carretta et al., 2009). Because NMFS follows the phylogeographic
approach in classifying stocks, including an analysis of 1) distributional data, 2)
population response data, 3) phenotypic data, and 4) genotypic data, the petitioner stated
that classification of Hawaiian insular false killer whales as a stock supports the finding
that the population is listable under the ESA.

1.4.2. The DPS question: “Significance”
The petitioner presented the following arguments to demonstrate that Hawaiian insular
false killer whales are “significant” to the taxon to which they belong.

1.4.2.1. “The insular population of Hawaiian false killer whales occupies a

unique ecological setting™
The isolation and biology of the Hawaiian Islands has resulted in high rates of endemism,
demonstrating the potential for evolutionary isolation in this region. Although rare in
cetaceans, the petitioner argued that a number of other cetacean species in Hawaiian
waters also appears to be evolutionarily isolated from the surrounding pelagic waters.
Other wide-ranging pelagic species have developed morphologically and genetically
distinct populations near the Hawaiian Islands, including Bryde’s whales (Balaenoptera
edeni) and pilot whales (Chivers et al., 2007). Spinner dolphins (Stenella longirostris),
rough-toothed dolphins (Steno bredanensis), and bottlenose dolphins (Tursiops
truncatus) also show evidence of demographic independence among islands in the
archipelago (Norris et al., 1994; Galver, 2002; Martien et al., 2005; Andrews et al., 2006.;
Baird et al., 2008b). The petitioner quoted Baird et al. (2008a) who suggests that



increases in productivity immediately around the islands may encourage the evolution of
island-associated populations of cetaceans. In addition, Hawaiian insular false killer
whales are the only known island-associated population of this otherwise pelagic species,
indicating that the Hawaiian population occurs in a setting unique to the taxon.

1.4.2.2. “The insular population of Hawaiian false killer whales differs

markedly from other populations of the species in its genetic characteristics™
Similar to genetic arguments for discreteness, the petitioner stated that the mitochondrial
haplotypes of the Hawaiian insular false killer whale are uniquely identifiable from false
killer whale elsewhere in the eastern North Pacific (Chivers et al., 2007).

1.4.3. Abundance and population trends
The petitioner summarized the available abundance information for the insular
population. At the time of the petition, the best estimate of population size was 123
animals (CV = 0.72) based on a mark-recapture analysis of photographic identification
data (Baird et al., 2005). A previous estimate using aerial line transect data from 1993-
1998 was 121 individuals (CV = 0.47) within 46 km of the main Hawaiian Islands
(Mobley et al., 2000). The petitioner noted that Hawaiian insular false killer whales may
have the smallest population size of any odontocete in Hawaii.

The petitioner summarized several lines of evidence indicating a decline of the insular
population of Hawaii false killer whales. During an aerial survey conducted in 1989,
three large groups of false killer whales (group sizes 380, 460, and 470) were observed
on three different days (Reeves et al., 2009). All of these group sizes are larger than the
current best estimate of Hawaiian insular false killer whale abundance. Further, when the
1989 observations are compared to encounter rates of false killer whales from aerial
surveys between 1993 and 2003, further evidence for a decline is apparent; however,
because the 1989 surveys were conducted with methods different from the series of
surveys conducted by Mobley (Mobley et al., 2000; Mobley, 2004), it is difficult to
statistically compare the results. The results of five aerial surveys (conducted by Mobley,
et al.) from 1993 to 2003 show a downward trend in sighting rates of false killer whales,
further supporting a decline of the insular population (Mobley et al., 2000; Baird, 2009).
The petitioner cited the relatively high encounter rate during the 1989 survey (17% of
sightings) compared to encounter rates during boat-based surveys from 2000 to 2006
(1.5%), as well as a decline in median group size (195 during the 1989 survey to 15
during boat-based surveys) as further evidence of the decline. Finally, the petitioner cited
low resighting rates of individual false killer whales photo-identified in the 1980s and an
unpublished analysis of mean annual survival rate (Baird and Barlow) to suggest a low
survival rate in the 1990s relative to other long-lived cetacean species.

1.4.4. Risk factors
The petitioner asserted that Hawaiian insular false killer whales qualify as endangered
under the ESA based on three factors: modification of habitat, inadequacy of existing
regulatory mechanisms, and other natural or man-made factors. The petitioner cited
mortality and serious injury in fishing gear, overfishing and prey reductions, potential for
increased accumulation of toxic chemicals, impacts of ocean acidification, and the



potential for acoustic impacts as specific habitat-related threats. Inadequacies in Hawaii
State law, the MMPA, and the Magnuson-Stevens Fishery Conservation and
Management Act (MSA), as well as risks inherent to small populations and the
synergistic and cumulative effects of other threats, were cited as specific threats to the
population’s survival.

1.4.4.1. Modification of habitat
Mortality/serious injury by fishing gear
The petitioner summarized the history of false killer whale-fishery interactions as
reported by the NMFS Observer Program as well as evidence of fin disfigurements and
assert that both direct and indirect evidence suggests that the insular population of Hawaii
false killer whales experiences mortality and serious injury as a result of interactions with
fisheries. Citing a recent study on bottlenose dolphins in Sarasota, Florida, which
indicates that 2% of the population died in a single year as a result of ingesting fishing
gear (Powell, 2009), the petitioner argued that incidental mortality caused by the Hawaii-
based longline fleet’, as well as potential interactions with troll and recreational fisheries,
and the state-regulated shortline fishery, may present a significant risk to Hawaiian
insular false killer whales. Although it is difficult to assess the relative proportions of
insular and pelagic false killer whales that may be interacting with longline fisheries, fin
disfigurements within the insular population, at a rate of approximately 4% (Baird and
Gorgone, 2005), suggest that insular animals interact with fisheries.

Interactions with the pelagic population of Hawaiian false killer whales have been
documented in fishery logbooks and by the NMFS Observer Program (Nitta and
Henderson, 1993; Carretta et al., 2007), and false killer whales have been observed taking
catches from longline and commercial and recreational trolling lines (Shallenberger
1981). Twenty-four false killer whales were observed seriously injured or killed
between 1994 and 2005 by interactions with the longline fishery (Forney and Kobayashi,
2007). The average mortality/serious injury in the most recently reported 5-year period
(2003-2007) was 7.4 animals per year (CV = 0.19) in the Hawaiian Exclusive Economic
Zone (EEZ) (Carretta et al., 2009) for an estimated take of 37 false killer whales during
that period. The petitioner cited the 2008 Stock Assessment Report as suggesting that
some of these interactions may be occurring with the insular population.

Interactions between Hawaiian insular false killer whales and nearshore commercial and
recreational fisheries have also been reported (Nitta and Henderson, 1993; Rhodes et al.,
2007), including the Hawaii shortline fishery, although the extent of the interactions is
not well known as no observer program is currently in place for these fisheries. Recently
classified as a Category II fishery in the List of Fisheries, the shortline fishery has grown

? The Hawaii-based longline fishery operates as a limited entry program with approximately 130 vessels
operated under active permits. In the annual List of Fisheries (LOF), the deep-set (tuna target) component
of the longline fishery is designated as a Category I fishery, meaning that it experiences frequent incidental
mortality and serious injury of marine mammals. 50 CFR § 229.2. The shallow-set (swordfish target)
component is designated as a Category II fishery, in that it experiences occasional incidental mortality and
serious injury of marine mammals. In the 2010 LOF, the state-regulated shortline and kaka-line fisheries
were listed as Category II by analogy with gear type that is known to cause serious injury and mortality of
marine mammals.



to 11 vessels as of 2008, and targets bigeye tuna (Thunnus obesus) and lustrous pomfret
(Eumegistus illustris). Although there is no formal reporting system, anecdotal
information suggests interactions have occurred off the north side of Maui and that the
insular population may be impacted by deliberate shootings because of interactions with
these small-scale fisheries (NMFS, 2009b).

Overfishing and prey reductions

The petitioner cited large-scale reduction in predatory fish populations worldwide (Baum
et al., 2003; Baum et al., 2005; Sibert et al., 2006) and suggest local prey reductions may
be impacting Hawaii insular false killer whales. Changes in prey populations near
Hawaii, including the classification of bigeye tuna as overfished (NMFS, 2009a), a
decline of yellowfin tuna (T. albacares) biomass (Sibert et al., 2006), a significant
decline in the CPUE of yellowfin tuna in the Hawaiian troll fishery from 1987 to 2006,
and reduced average body weight of mahimahi (Corypahena spp.) in the Hawaiian
longline fishery since 1987 (WPFMC, 2006, originally cited as Anonymous 2006), may
negatively influence false killer whale nutritional state.

Potential for increased levels of toxic chemicals

The petitioner stated that accumulation of persistent organic pollutants in tissues have
been associated with reproductive impairment and immunosuppression in several species
of marine mammals. False killer whales are at particular risk from organic pollutants
because they feed at a high tropic level, increasing their exposure to organic pollutants,
and they are long-lived, increasing their susceptibility to bioaccumulation. Three of nine
sampled Hawaiian insular false killer whales showed levels of polychlorinated biphenyls
(PCBs) above the safety recommendations for other species (Ylitalo et al., 2009). The
petitioner also asserted that false killer whales are at risk of swallowing plastic debris,
which has led to death in similar species (Stamper et al., 2006).

Ocean Acidification

The petitioner suggested that increasing atmospheric concentrations of CO, may
endanger Hawaiian insular false killer whales as ocean acidification may decrease the
forage base of false killer whale prey, and declining mid-water oxygen concentrations
may increase the size of dead zones in the Pacific (Brewer and Peltzer, 2009)
compressing favorable habitat for prey species that diurnally migrate to depth. Many
species of game fish forage directly on mesopelagic nekton (Bertrand et al., 2002), such
that reduction in shell-building capabilities of calcareous organisms including mollusks
and crustaceans (Fabry et al., 2008) and impacts on squid may result in productivity
declines that may impact primary predators such as false killer whales.

Potential for acoustic impacts on false killer whale behavior

The petitioner stated that noise-producing activities in the Hawaiian Islands, such as mid-
frequency naval sonar, have the potential possibility of disrupting false killer whale
behavior. Beaked whales exposed to mid-frequency sonar have been injured and killed,
and a number of other species have stranded, been displaced from their habitat, and
exhibited disrupted dive and vocalization patterns when exposed to naval sonar
(Nowacek et al., 2004; Weilgart, 2007; Brownell et al., 2009). The U.S. Navy Hawaii



Range Complex encompasses most of the known range of the insular Hawaiian
population of false killer whales and employs sonar from the unit-level to multi-strike
group exercises (U.S. Navy, 2008).

1.4.4.2. Inadequacy of existing regulatory mechanisms
State law
The petitioner asserted that State of Hawaii statutes and regulations intended to protect
marine mammals are limited in their applicability and have not proven effective in
conserving the insular population. Hawaii Revised Statutes §195D and Hawaii
Administrative Rules §§13—124 prohibit the take of endangered and threatened species
and any species indigenous to Hawaii. Because Hawaiian insular false killer whales are
not currently listed as threatened or endangered by any federal or state law, and because
the State does not recognize the insular population as a distinct biological unit, these laws
do not afford any protection to the population. The petitioner also cited a NOAA General
Counsel 2008 legal opinion that these State statutes are preempted by MMPA and,
therefore, to the extent that they apply to marine mammals, are unenforceable by Hawaii
(Luxton, 2008).

Further, Hawaii does not monitor the bycatch of marine mammals in any of its state
fisheries. As described previously, a high rate of fin disfigurements (Baird and Gorgone,
2005) and other observations suggest interactions between longline fisheries and insular
false killer whales. Hawaii State Law allows the Department of Land and Natural
Resources (DLNR) to adopt rules consistent with the MSA to correct overharvesting in
fisheries occurring within federal and state waters. However, this discretion has not
prevented the apparent decline in population or body size of the false killer whale prey
species (Sibert et al., 2006).

Federal law

MMPA—The petitioner asserted that MMPA has not proven adequate to protect
Hawaiian insular false killer whales because it has inadequately protected the population
from bycatch and other fisheries interactions, and from other threats including
overfishing, toxic contamination, and direct shootings of animals by local fishers. NMFS
does not currently recognize the insular population as a “strategic stock” under MMPA,
despite the known overlap of fisheries with the insular population’s range. The petitioner
argued that although the shallow-set longline fishery maintains 100% observer coverage,
other commercial fisheries, including the deep-set fishery (20% observer coverage) and
the shortline fishery (no observer program) are not adequately observed. The 2008 Stock
Assessment Report sets a limit on potential biological removal at less than one animal per
year (Carretta et al., 2009). However, incidental takes occurring within the longline
fisheries are not assigned to this stock, so the stock is not strategic and, therefore, has not
benefited from a take-reduction plan for any of the Hawaii fisheries. The petitioner
further argued that even if afforded strategic status under MMPA, the population would
not be adequately protected because NMFS did not convene a take-reduction team for the
pre-2008 combined pelagic and insular stock. Finally, the strategic status for the insular
stock may not improve observer coverage of the shortline and deep-set longline fisheries



because NMFS first allocates funds to observer programs covering species listed as
endangered or threatened under ESA.

MSA—The petitioner stated the MSA, the leading federal statute governing marine
fisheries in U.S waters, is ineffective in protecting Hawaiian insular false killer whales
because the Act does not apply in Hawaii State waters, the provisions applying to
longline fisheries interaction with protected species have not proven effective to reduce
hooking or entanglement of false killer whales, and the Act has not been successful in
preventing the depletion of fisheries. Longline vessels fish within a portion of the insular
population’s range for 4 months each year. High rates of dorsal fin disfigurements
suggest interactions with this fishery may be occurring and, as such, the MSA is not
providing the insular population with sufficient regulatory protections to prevent
mortality and serious injury. Further, the MSA had failed to arrest the declines in
population or body size of the primary prey species of insular false killer whales.

Foreign and international law

The petitioner noted that Hawaiian insular false killer whales occur entirely within the
EEZ of the United States, and no other nations have jurisdiction nor have adopted laws to
protect this population. No international conventions exist that address threats to this
population and because it does not predictably occur outside of U.S waters, the
Convention on Migratory Species does not apply. Further, the International Whaling
Commission management provisions do not apply to this species. False killer whales are
listed generically under Appendix II of the Convention of International Trade in
Endangered Species of Wild Fauna and Flora and international trade in false killer whales
does not constitute a threat to the insular population.

1.4.4.3. Other factors
Risks inherent to small populations
The petitioner cited Purvis et al. (2000) in describing the four most important risk factors
for extinction as 1) high trophic level, 2) low population density, 3) slow life history, and
4) small geographic size. The petitioner noted that the insular population of Hawaiian
false killer whales does meet all of these risk factors given the population feeds primarily
on large pelagic fishes (Baird et al., 2008a), has low population density (Baird et al.,
2005), is slow to mature with long calving interval of approximately 7 years (Stacey et
al., 1994), and has a range limited to the main Hawaiian Islands (Baird et al., 2010).

The petitioner also discussed other threats to small populations including demographic
and environmental stochasticity, risks of local catastrophes, slow adaptation rates,
deleterious effects of inbreeding, and “mutational meltdown” or the expression of
harmful alleles (Franklin, 1980). Island endemics may also be subject to the effects of
overexploitation or introduced species, as these populations may have small population
sizes and ranges and may have evolved in isolation from a diversity of competitors and
predators. Finally, of particular concern for low-density animals with low reproductive
rates is the potential for depensation (Allee effects) or the reduced ability of individuals
to find mates, causing a decline in per capita reproduction. This may be a factor in
limiting the recovery of other depleted cetacean species (e.g., Whitehead et al., 2000)



Synergistic and cumulative effects

The petitioner noted that the potential cumulative and synergistic impacts of all of the
aforementioned threats must be considered. These cumulative and synergistic effects
arise when the impacts of multiple stressors are greater than the sum of the stressors
considered in isolation. Increased exposure to toxic contaminants, when combined with
Allee effects or a reduction in the prey base may affect long-term abundance or result in a
lower survival rate. Specifically, a reduction in the prey base may cause nutritional stress
to the animals, resulting in the mobilization of stored fat. If this fat has high levels of
contaminants, metabolizing this fat could cause acute health problems (e.g., Colbern and
Smolen, 1996).

1.5. Treatment of data and arguments presented in the petition

The data and arguments presented in the petition (Fallon, 2009) were considered by the
BRT along with all other public comments submitted in response to the 90-day finding
(75 FR 316; January 5, 2010) requesting new scientific and commercial data. The
petition and its arguments are occasionally referenced throughout this Status Review;
however, the Status Review will not respond to each of the petitioner’s arguments in turn.

1.5.1. Factors not considered by the BRT
Delineation of a population as a “stock” under MMPA does not satisfy the requirements
for the designation of that population as a DPS. The definition of “stock’ under the
MMPA is “a group of marine mammals of the same species or smaller taxa in a common
spatial arrangement that interbreed when mature.” Further guidance on stocks clearly
indicates that stocks should be management units. In contrast, one goal of the ESA is to
conserve species that are important from an evolutionary standpoint. Thus, a stock
defined under the MMPA, which fit the criteria for a DPS could be a classified as a DPS;
however, MMPA stocks do not automatically equate to ESA DPSs. Thus, the fact that the
Hawaiian insular false killer whales have been designated a “stock” under the MMPA has
no direct bearing on whether the population should qualify as a DPS. Although the stock
is not automatically a DPS, the information used to assess stock structure under MMPA
will also be used, along with additional data, to assess whether Hawaiian insular false
killer whale qualify as a DPS under the ESA.
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2. Background Information on the Biology and Habitat of False Killer
Whales

2.1. General false killer whale biology

2.1.1. Identifying characteristics
2.1.1.1. Size and shape

The false killer whale is a slender, large delphinid, with maximum reported sizes of 610
cm for males (Leatherwood and Reeves, 1983) and 506 cm for females (Perrin and
Reilly, 1984). Length at birth has been reported to range from 160 cm to 190 cm, and
length at sexual maturity is 334-427 cm in females and 396—457 cm in males (Stacey et
al., 1994; Odell and McClune, 1999) . Estimated age at sexual maturity is about 811
years for females, while males may mature 8—10 years later (Kasuya, 1986). The
maximum reported age has been estimated as 63 years for females and 58 years for males
(Kasuya, 1986). Both sexes grow 40—50% in body length during their first year of life,
but males subsequently grow faster. Growth ceases between 20 and 30 years of age, and
there is evidence of geographic variation in asymptotic body length. Off the coast of
Japan, asymptotic length is 46 cm (females) and 56 cm (males) longer than off the coast
of South Africa (Ferreira, 2008). Large individuals may weigh up to 1400 kg. Coloration
of the entire body is black or dark gray, although lighter areas may occur ventrally
between the flippers or on the sides of the head. A prominent, falcate dorsal fin is located
at about the midpoint of the back, and the tip can be pointed or rounded. The head lacks
a distinct beak, and the melon tapers gradually from the area of the blowhole to a rounded
tip. In males, the melon extends slightly further forward than in females. The pectoral
fins have a unique shape among the cetaceans, with a distinct central hump creating an S-
shaped leading edge.

2.1.1.2. Internal anatomy—skeleton
The skull of the false killer whale is characterized by a short, broad rostrum, with a length
that is at least 1.5 times the width. Mean condylobasal length was reported to be about
59 cm based on 99 individuals from the North Atlantic, as summarized in Odell and
McClune (1999). False killer whales generally have 7—10 conical teeth in each side of the
upper jaw and 8—10 teeth in each side of the lower jaw. Wear patterns on teeth in older
animals indicate that false killer whales can make backwards and lateral jaw movements
to break up large prey (Ross, 1984). The postcranial skeleton most commonly has 48-50
vertebrae, but as few as 47 and as many as 52 have been reported (Stacey et al., 1994).
There are 9—12 pairs of ribs, four of which attach directly to the sternum. The phalanges
of the flippers show a wide degree of variation in structure. Facial structure, skull
symmetry, and skew are similar to those reported for other delphinids, with the greatest
similarities to bottlenose dolphins (Mead, 1975).

2.1.1.3. Internal anatomy—organs
Most information on internal organs has been obtained from drive fisheries off the coast
of Japan and from mass strandings in the North Atlantic and in South Africa (Kasuya,
1986; Odell and McClune, 1999; Ferreira, 2008). Blood parameters from stranded
individuals and from animals under human care in oceanaria or research facilities are
similar to those measured for other small cetaceans (Stacey et al., 1994; Odell and
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McClune, 1999). The musculature and soft tissues of the head are involved in sound
production, but there are differences in the amount of connective tissue anterior to the
melon in males and females (Mead, 1975). The diploid chromosome count for false
killer whales (2n = 44) is typical for cetaceans. At sexual maturity, male testes weigh
1.0-1.7 kg, with maximum testes mass reported as 8.2 kg (Odell et al., 1980). Females
ovulate spontaneously one or more times per year (Stacey et al., 1994), and calving in
tropical waters may occur year-round. Ovulation rates decrease with age, and females
older than 44 years are thought to be post-reproductive (Kasuya, 1986; Ferreira, 2008).
The proportion of females pregnant each year has been estimated as 14-21% (Perrin and
Reilly, 1984; Kasuya, 1986).

2.1.2. Taxonomy—Genus and species: Pseudorca crassidens (Owens, 1846)
The false killer whale, Pseudorca crassidens (Owen, 1846), is considered a single species
with no proposed subspecies. Kitchener et al.(1990) found considerable morphological
divergence in skull morphology among groups of animals stranded in Scotland, on the
Atlantic side of South Africa, and in Australia. In the most distinct group, from Scotland,
adults had generally larger skulls. A covariate analysis had a correct classification rate of
76% to specimen origin. The groups also exhibited different somatic growth rates and
possibly differences in the extent of sexual dimorphism. The authors made no taxonomic
judgments but suggested the differences could prove sufficient to warrant the recognition
of the southern populations as distinct from the Scottish population, and possibly also
recognition of separate African and Australian populations. They did not define what
was meant by “population”.

Cetacean taxonomy has traditionally been hindered by the inadequacy of samples of
skulls and this problem has applied particularly to the taxonomy of pelagic species, such
as the false killer whale (Reeves et al., 2004). Biopsies are now often acquired from free-
ranging animals, but obtaining a set of samples representative of the global distribution,
which is ideal for addressing taxonomic questions, remains a distant goal for many
species. A recent example of the changing state of cetacean taxonomy is the
announcement of several new species and/or subspecies of killer whales based on genetic
data (Morin et al., 2010). Settling the full taxonomy of killer whales may take many
decades because sampling of truly pelagic killer whales is difficult. However, for certain
regions, multiple lines of evidence based on behavioral, morphological and genetic
factors have been accumulating to identify several new species and/or subspecies.

No global comparison to examine taxonomic questions has been conducted using genetic
data for false killer whales because of the limitations of sample distribution. For a
species like the false killer whale, with its distribution restricted to tropical and temperate
waters and with strong social structure, the state of their taxonomy below the species
level remains uncertain. A 2004 workshop that was convened to consider cetacean
taxonomy rated false killer whales as having a medium level of taxonomic uncertainty
(Reeves et al., 2004).
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2.1.3. Global distribution
False killer whales are found in all tropical and warm-temperate oceans (Figure 2-1),
generally in deep offshore waters but also in some shallower semi-enclosed seas and
gulfs (e.g., Sea of Japan, Yellow Sea, Persian Gulf) and near oceanic islands (e.g.,
Hawaii, Johnston Atoll, Galapagos, Guadaloupe, Martinique) (Leatherwood et al., 1989).
Sightings have also been reported as “common” in Brazilian shelf waters (IWC, 2007)
where animals could be seen from shore from Rio de Janeiro feeding in an upwelling site
that concentrates prey. There are occasional records in both the northern and southern
hemispheres of animals at latitudes as high as about 50° (Stacey and Baird, 1991; Stacey
et al., 1994). In the western Pacific off the coast of Japan, false killer whales appear to
move north-south seasonally, presumably related to prey distribution (Kasuya, 1971), but
seasonal movements have not been documented elsewhere. The distribution depicted in
Figure 2-1 does not reflect differences between areas where false killer whales are
commonly found and areas where false killer whales occur on a rare basis (extralimital
occurrences). For example, sightings of false killer whales along the west coast of the
United States and Canada are rare, and this region is not primary false killer whale
habitat. A range map showing the false killer whale’s primary distribution together with

effort information would be a useful contribution to furthering the understanding of false
killer whale habitat.
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Figure 2-1. Approximate global distribution of false killer whales (Source: ITUCN Red List of

Threatened Species, Taylor et al., 2008), including areas of regular occurrence and extralimital
records.
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Figure 2-2. Sighting locations and cruise tracks for false killer whales (top) and bottlenose dolphins
(bottom) during Cetacean and Ecosystem Assessment Research Cruises conducted by NOAA’s

Southwest Fisheries Science Center, 1986-2005 (Source: Hamilton et al., 2009).

Estimates of false killer whale abundance and density are available for the eastern
tropical Pacific (Wade and Gerrodette, 1993), waters surrounding the Hawaiian
Archipelago (Barlow, 2006), and in waters between Hawaii, Palmyra Atoll and Johnston
Atoll (Carretta et al., 2007). From these studies, densities in the central and eastern
Pacific range from 0.02 to 0.38 animals per 100 km? (Wade and Gerrodette, 1993;
Mobley et al., 2000; Ferguson and Barlow, 2003; Carretta et al., 2007), with the lowest
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densities reported for waters north of about 15°N off Baja California, Mexico, and within
the U.S. EEZ of Hawaii, and highest densities reported in waters surrounding Palmyra
Atoll. Unlike other species that can be found both along continental margins and in
offshore pelagic waters (e.g., bottlenose dolphins), false killer whales densities do not
appear to increase closer to coastlines (Figure 2-2).

Although false killer whales are found globally, genetic, morphometric and life history
differences indicate there are distinct regional populations (Kitchener et al., 1990;
Mobley et al., 2000; Chivers et al., 2007; Ferreira, 2008). Within waters of the central
Pacific, three stocks of false killer whale are currently recognized for management under
the U.S. MMPA: a Hawaiian pelagic stock, a Hawaiian insular stock, and a Palmyra
Atoll stock (Carretta et al., 2010).

2.1.4. Population dynamics
False killer whales are long-lived social odontocetes. Much of what is known about life
history comes either from examination of dead animals, originating from drive fisheries
in Japan (Kasuya and Marsh, 1984; Kasuya, 1986) or strandings (Purves and Pilleri,
1978; Ferreira, 2008). Ferreira (2008) compared the large samples sizes from the
Japanese drive fisheries and a stranding event on the Atlantic coast of South Africa and
found the following general trends: females were about 84% of the length of males and
had reached maturity at 9.2 years; males between the ages of about 8 and 18 were not
found in the groups sampled, indicating dispersal of subadult males until they reach full
sexual maturity; both males and females stopped growing between 25 and 30 years of
age. The oldest estimated age (based on growth layers in teeth) was 63 for females and
59 for males, with females becoming reproductively senescencent at about age 44. The
sex ratio was biased towards females at about 0.63. The social system has been described
as matrilineal (Ferreira, 2008). However, this is not consistent with two factors: 1) males
leaving their natal group when they begin to become sexually mature and 2) finding
females within a single group with different haplotypes indicating that even among
females, groups are composed of more than near-relatives (Chivers et al., 2010).
(Ferreira, 2008) suggested the mating system may be polygynous based on the large
testes size of males, but actual understanding of the mating system remains poor.

The only reported birth interval, 6.9 years between calves, is from Japan (Kasuya, 1986).
However, annual pregnancy rates were reported for Japan as 11.4% and 2.19% for South
Africa (Ferreira, 2008). A rough inter-birth interval can be calculated by taking the
inverse of the annual pregnancy rate, which would yield an 8.8 year interval and a
4.5-year interval for Japan and South Africa respectively. Only 1 of 37 adult females was
pregnant in the South African stranding suggesting that this group may be insufficient to
estimate pregnancy rates.

Comparisons of the life history parameters inferred from the Japanese drive fishery
samples and the South African stranding sample indicated that the whales in Japan
attained a larger asymptotic body size and grew faster. Also, a suite of characteristics of
the whales in Japan indicated a higher reproductive rate: the ratio of reproductive to
post-reproductive females was higher and the pregnancy rate was higher than in South
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Africa. Possible reasons given by Ferreira (2008) for the apparently higher reproductive
rate in Japan are: 1) the Japan whales are exhibiting a density-dependent response to
population reduction as a result of exploitation, 2) the colder waters near Japan are more
productive, or 3) they are eating yellowtail (Seriola quinqueradiata) (Kasuya, 1985) as
opposed to the South African whales that eat primarily cephalopods (Best, 2007).

The estimated reproductive rates in both Japan and South Africa are low compared to
those of other delphinids and especially to the two species with the most similar life
history (Table 2-1).

Table 2-1 Comparative life history parameters where AFR = age at first reproduction and IBI =
inter-birth interval (Taylor et al., 2006, except the false killer whale IBI calculated above).

Oldest | Oldest | Generation
Species AFR | IBI | Mother | Female Length
False killer whale 10.7 | 8.8+ 44 63 25°
Killer whales 14.5 5 41 75 26
Short-finned pilot whale 11 6.9 43 60 25
Sperm whale 12 5 59 75 32

Reproductive senescence is quite rare in cetaceans but has been documented in false
killer whales and other social odontocetes (Table 2-1). Ferreira (2008) devoted a chapter
to full examination of the reproductive tracts of all the South African females and
concluded that there was good evidence for reproductive senescence. The two primary
reasons given for reproductive senescence are increasing survival of offspring as a result
of care given by multiple females of multiple generations (grandmothering) and
transmission of learning across generations allowing survival in lean periods by
remembering alternative feeding areas or strategies (McAuliffe and Whitehead, 2005;
Ferreira, 2008).

Wade and Reeves (2010) argue that odontocetes are more vulnerable to exploitation than
mysticetes and have delayed recovery when numbers are reduced because of the
combination of their life history, which results in exceptionally low maximum population
growth rates, and the potential for social disruption. Particularly if older females are lost,
it may take decades to rebuild the knowledge required to achieve maximum population
growth rates. They give numerous examples from both cetaceans (beluga whales—
Delphinapterus leucas, killer whales and sperm whales are particularly pertinent) and
elephants, which are similarly long-lived social animals with reproductive senescence.

There is quite a bit of variance in estimates of group size of false killer whales. At least
some of the variability stems from estimation methods and time spent making the group
size estimate. Most group sizes estimated from boats or planes average from 20 to 30,
and groups size estimates increase with encounter duration up to 2 hours (Baird et al.,
2008a). The sizes of stranded groups are 45 times higher (Ferreira, 2008). It is possible

3 Estimated from short-finned pilot whales. They have a very similar life history and a better estimate for
interbirth interval.
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that the groups seen on typical surveys are only part of a larger group spread over many
miles (e.g., Baird et al., 2010) that are in acoustic contact with one another. The
strandings may represent these larger aggregations.

2.1.5. Feeding ecology and food requirements
2.1.5.1. Feeding ecology

False killer whales are top predators, eating primarily fish (Peacock et al., 1936; Scheffer
and Slipp, 1948; Bullis and Moore, 1956; Tsutsumi et al., 1961; Schevill, 1965; Brown et
al., 1966; Shallenberger, 1981; Silas et al., 1984; Kasuya, 1985; Evans and Awbrey,
1986; Baird et al., 1989; Baird, 2009) and squid (Deraniyagala, 1945; Bullis and Moore,
1956; Ross, 1984; Baird et al., 1989; Cagnolaro et al., 2002; Hernandez-Garcia, 2002)
but also occasionally taking marine mammals (Perryman and Foster, 1980; Hoyt, 1983;
Palacios and Mate, 1996; Rinaldi et al., 2007). These impressions are based on relatively
limited data from various parts of the species extensive range. The data include both
stomach contents from stranded animals and observations of feeding by free-ranging
whales, and the sources may have differing biases. In Japan it was noted that prey shifted
seasonally from mackerel to squid (Tsutsumi et al., 1961).

The large, dispersed groups in which false killer whales typically occur (Baird et al.,
2008a; Baird et al., 2010), and their patchily distributed prey suggest that this species
forages cooperatively. Further evidence for the social nature of false killer whale
foraging is the observation of prey sharing among individuals in the group (Connor and
Norris, 1982; Baird et al., 2008a). False killer whale feed both during the day and at
night (Evans and Awbrey, 1986; Baird et al., 2008a).

2.1.5.2. Energetic needs
Several evaluations of energy needs have been conducted for captive false killer whales.
An initial estimate of 4.7% of body weight per day was made by Sergeant (1969).
However, it was noted by Van Dyke and Ridgway (1977) that a 454 kg adult consumed
40 kg/day and a 353 kg/juvenile consumed 50 kg/day. Kastelein et al. (2000) reported
estimates of daily consumption rates of 2.9% to 6.1% of body weight and Baird et al.
(2009) reported values of 3.0 to 4.2%.

2.1.6. Diving behavior
Limited information is available on the diving behavior of false killer whales. Maximum
dive depth was estimated at 500 m (Cummings and Fish, 1971). Time depth recorders
have been deployed on four false killer whales (R. Baird et al., pers. comm.) totaling
approximately 44 hours. The deepest dive recorded during a 22-hour deployment, was
estimated to have been as deep as 700 m (estimate based on duration past the recorders
234-m limit and ascent and descent rates). However, only seven dives were to depths
greater than 150 m, all of them accomplished in the daytime. Other day dives ranged
from 5-20 m and lasted for a minute or less. Nighttime dives were all shallow (30—40 m
maximum), but relatively lengthy (approximately 6—7 minutes).

Indirect evidence of dive depths by false killer whales can be inferred from prey.
Mahimahi has been noted as a prominent prey item (Baird, 2009). Based on the catch
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rates of longlines instrumented with depth sensors and capture timers (Boggs, 1992) in
the daytime, mahimahi are caught closer to the surface than other longline caught fish,
primarily in the upper 100 m. Other prey species, such as bigeye tuna, typically occur
much deeper, down to at least 400 m (Boggs, 1992). The deepest dives by the
instrumented false killer whales approach the daytime swimming depth of swordfish
(Xiphias gladius) near 700 m (Carey and Robinson, 1981).

2.1.7. Social behavior
2.1.7.1. Pod structure

False killer whales are most commonly observed in groups of about 10 to 20 animals
(Wade and Gerrodette, 1993; Baird, 2009; Baird et al., 2010), but they can also be found
in widespread aggregations of small groups, totaling hundreds of individuals (Wade and
Gerrodette, 1993; Carretta et al., 2007; Baird, 2009; Reeves et al., 2009). These large
aggregations can be spread over tens of kilometers yet appear to have coordinated
movement directions (Baird et al., 2008a). Mass strandings of large groups of false killer
whales (range 50 to 835; mean = 180) have been documented in many regions, including
New Zealand, Australia, South Africa, the eastern and western North Atlantic, and
Argentina (Ross, 1984). Groups of 2-201 individuals (mean = 99) have also been driven
ashore in Japanese drive-fisheries (Kasuya, 1986). Analysis of age, sex, and maturity
status from these mass mortality events indicates that these large groups include about
equal numbers of males and females of various sizes (Odell and McClune, 1999). The
social organization of smaller groups has been studied most extensively in false killer
whales near the main Hawaiian Islands (Baird et al., 2008a), where individuals are known
to form strong long-term bonds. False killer whales are also known to associate with
other cetacean species, especially bottlenose dolphins (Leatherwood et al., 1988).
Interestingly, records also show false killer whales attacking other cetaceans, including

sperm whales and bottlenose dolphins (Palacios and Mate, 1996; Acevedo-Gutierrez et
al., 1997).

2.1.7.2. Breeding
Little is known about the breeding behavior of false killer whales in the wild, but some
information is available from false killer whales held in oceanaria (Brown et al., 1966).
Gestation has been estimated to last 11-16 months, and females off the coast of Japan are
reported to give birth on average every 6.9 years (Kasuya, 1986; Odell and McClune,
1999). Females with calves lactate for 18 to 24 months (Perrin and Reilly, 1984). In
captive settings, false killer whales have mated with other delphinids, including short-
finned pilot whales and bottlenose dolphins. Bottlenose dolphins in captivity have
produced viable hybrid offspring with false killer whales (Odell and McClune, 1999).

2.2. Oceanographic environment of the tropical and warm temperate Pacific
and insular waters of the Hawaiian Archipelago

2.2.1. General features
2.2.1.1. Hawaiian Islands
The Hawaiian Islands are located at the northern extent of Polynesia and are made up of
137 islands, islets, and coral atolls. The exposed islands are part of an undersea mountain
range known as the Hawaiian-Emperor Seamount Chain, which was formed by a hot spot
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beneath the Pacific Plate. Such long island chains are formed when the plate moves over
a stationary hot spot. The hot spot erupts on the ocean floor creating seamounts that can
eventually reach the ocean surface as volcanic islands. The Pacific Plate moves at

~ 10 cm/year and, over geologic time, forms islands in a chain as the volcano reaches the
surface of the ocean. The Hawaiian Islands themselves extend for nearly 2400 km from
Kure Atoll in the northwest to the island of Hawaii in the southeast. The Hawaiian
Islands are often grouped into the Northwestern Hawaiian Islands (Nihoa to Kure) and
the main Hawaiian Islands (Hawaii to Niihau). The total land area of the 19 primary
islands and atolls is approximately 16,600 km?, and more than 75% of the 1.3 million
humans in Hawaii live on the island of Oahu. Three of the Pacific Remote Island Areas
(PRIAs: Johnston Atoll, Palmyra, and Kingman Reef), areas of land and water under U.S.
jurisdiction but separate from Hawaii, are potentially of interest in this report and are
briefly mentioned here.

2.2.1.2. Johnston Atoll
Johnston Atoll is located at 16° 44' N latitude and 169° 31' W longitude and is
approximately 1300 km southwest of Honolulu. French Frigate Shoals in the NWHI is
the nearest land mass (~ 830 km to the northwest) and, because of its proximity to the
Hawaiian Islands, there is believed to be genetic and larval connectivity between
Johnston Atoll and the Hawaiian Islands. Johnston Atoll is an egg-shaped coral reef and
lagoon complex residing on a relatively flat, shallow platform approximately 34 km in
circumference (205 km?). Johnston Atoll comprises four small islands totaling 2.8 km?.
Johnston Island, the largest and main island, is natural in origin but has been enlarged by
dredge-and-fill operations. Sand Island is composed of a naturally formed island (eastern
portion) connected by a narrow, man-made causeway to a dredged coral island (western
portion). The remaining two islands, North Island and East Island, are completely man-
made from dredged coral. Currently, the U.S. Fish and Wildlife Service (USFWS)
manages Johnston Atoll as a National Wildlife Refuge. Recreational fishing occurs
within the refuge. The Coral Reef Ecosystems Fishery Management Plan/Fishery
Ecosystem Plan (FMP/FEP), the current regulatory framework with jurisdiction over this
region, established a low-use marine protected area (MPA) from 0 to 50 fathoms around
Johnston Atoll.

2.2.1.3. Palmyra Atoll and Kingman Reef
Palmyra Atoll comprises approximately 52 islets surrounding 3 central lagoons. This
low-lying coral atoll system is approximately 1950 km south of Honolulu and is located
at 5° 53' N latitude and 162° 05' W longitude. Palmyra Atoll and Kingman Reef occur at
the northern end of the Line Islands Archipelago, which is situated halfway between
Hawaii and American Samoa. Palmyra Atoll is located in the Intertropical Convergence
Zone (ITCZ), an area of high rainfall. Palmyra Atoll is surrounded by extensive reef flats
on all sides. Palmyra Atoll has a higher diversity of corals, anemones, and fishes than
other Pacific Remote Islands because it is located within the eastward flowing Equatorial
Counter Current which flows from areas in the western Pacific with high levels of
biodiversity (Brainard et al., 2005). Palmyra Atoll is managed cooperatively by the
USFWS and the Nature Conservancy as a nature preserve with limited recreational
fishing (e.g., flyfishing for bonefish). The USFWS administers the atoll as a National
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Wildlife Refuge. The Coral Reef Ecosystems FMP/FEP established a low-use MPA from
0 to 50 fathoms around Palmyra Atoll.

Kingman Reef, which is located 61 km northwest of Palmyra Atoll at 6° 23' N and 162°
24' W, is a series of fringing reefs around a central lagoon. Kingman Reef does not have
any emergent islets that support vegetation. The USFWS administers the reef area as a
National Wildlife Refuge. The Coral Reef Ecosystems FMP/FEP established a no-take
MPA from 0 to 50 fathoms around Kingman Reef.

2.2.2. Environmental history
The Hawaiian Islands were colonized by humans in 300—-800 A.D. by Polynesians and,
by all accounts, shoreline foraging and nearshore fishing were common practices as
seafood was one of the dietary mainstays (Titcomb, 1972; Titcomb et al., 1978). There is
very little information on the condition of marine resources during this time (Dye and
Graham, 2004), but the kapu system (strict laws punishable by death), the ahupua’a
system (community stewardship of resources), and the extensive array of fish ponds for
raising food, among other important cultural practices, could have been effective
measures for promoting sustainable use of wild and captive marine resources in
premodern Hawaii. It should be noted, however, that many endemic species such as birds
were driven to extinction as a result of collecting, habitat loss, and invasive species. The
native Hawaiian human population was nearly 1 million (Stannard, 1989) prior to the
islands being discovered by western civilization. Following the 1778 landing by Captain
Cook in Hawaii, the human population decreased substantially over the next hundred
years as a result of introduced diseases, and then the population slowly increased with
extensive European and Asian colonization. From 1900 to present, approximately a
tenfold increase has occurred in the population. The large size of the human population
and the cultural loss of traditional conservation practices led to substantial declines in
marine resources during the 1800s. Commercial fishing for pelagic species increased
rapidly in the late 1800s and early 1900s because of Japanese immigration (Kuykendall,
1967). While there is much uncertainty regarding the condition of marine resources prior
to 1900, evident declines in benthic species and coastal pelagic species occurred after this
time based on catch trends (Shomura, 1987). By the time statehood occurred in 1959,
several of Hawaii’s fisheries were characterized as “dying” (Pooley, 1993). Presently,
most fisheries have some form of management, including regulations such as area
closures, closed seasons, and size limits, and most Federally regulated fisheries have
quotas or harvest guidelines, limited entry, gear restrictions, etc., and a few fisheries are
entirely closed such as the lobster and bottomfish fisheries in the Northwestern Hawaiian
Islands. Most coastal marine resources are thought to be in less-than-pristine condition,
particularly in the more populous areas of the lower islands. However, catastrophic
collapses or local extirpations have not been widely documented in the marine
environment in contrast to the many terrestrial extinctions (Loope et al., 1988). It should
be noted that cetaceans did not appear to be a significant target or dietary component in
traditional Hawaiian culture (Titcomb, 1972; Akimichi, 1992).
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2.2.3. Geological and climatic history
The climatic pattern, which affects the distribution of terrestrial and aquatic communities
throughout the Hawaiian Islands and most of the adjacent Pacific, is largely driven by the
prevailing trade winds. Wind-born weather fronts lose some of their moisture passing
over the mountainous portions of islands in this region. Thus, windward (northeastern)
slopes tend to have higher rainfall than leeward (southwestern) slopes. Windward areas
tend to have more wave action and embayments with estuarine development than leeward
areas, while leeward areas generally tend to be calmer, dryer, and warmer. The balance
between the degree of protection from wind and waves, the amount of rainfall and
sedimentation, and the availability of shallow shelf influences the extent of reef
development and types of ecosystems in windward and leeward areas. There are few
stream-fed estuaries in Hawaii; groundwater is considered one of the more important
freshwater inputs to inshore areas (Carlquist, 1980; Peterson et al., 2009).

2.2.4. Geomorphological and oceanographic features
2.2.4.1. Hawaii currents

In the North Pacific Ocean the geostrophic currents form a large basin-scale movement
called the North Pacific Subtropical Gyre (NPSG) centered at about 28°N. The Hawaiian
Archipelago lies in this NPSG, which rotates clockwise in response to trade wind and
westerly wind forcing. Hence, the main Hawaiian Islands, which is located in the
southern portion of the gyre, experiences weak mean currents flowing from east to west,
while the northern portion of the Hawaiian Archipelago experiences a weak mean current
flowing from west to east. Between about 18°N and 22°N, the currents are strongly
influenced by the islands (Juvic and Juvic, 1998). The North Equatorial Current (NEC)
forks at the Big Island; the northern branch becomes the North Hawaiian Ridge Current
(NHRC) and intensifies near the islands with a typical width of 65 miles (100 km) and
speed of 0.5 knots (25 cm/s). West of the islands, two elongated circulations appear. A
clockwise circulation is centered at 19°N, merging to the south with the southern branch
of the NEC. A counterclockwise circulation is centered at 20°30'N. Between them is the
narrow Hawaiian Lee Countercurrent (HLCC), extending in longitude from 170°W to
158°W. Surface currents over the western islands and northeast of the NHRC are
variable, and their average is smaller than can be estimated from existing data. Within the
NPSG, the westward flowing northern edge of the NEC grazes the Hawaiian Islands near
the Big Island. The NHRC can be thought of as a small part of the NEC that turns
northwest to flow along the windward side of the chain instead of turning southwest to
pass south of Hawaii Island. The Subtropical Counter Current (STCC) is an eastward
flowing surface current found typically along 24°N from 130°E to 160°W. The eastward
flowing HLCC is generally located along 20°N and extends from about 150°E to just
west of the Hawaiian Islands (Kobashi and Kawamura, 2002). The formations of the
STCC and HLCC have recently been attributed to the “wake effect” that results from the
combination of the westward trades winds blowing over the Hawaiian Archipelago.

2.2.4.2. Temporal cycles
Climatological cycles, winds, and currents, can greatly affect the depth of the thermocline
and the rate of nutrient recharge. These events and cycles may be quite transitory, with
annual duration events such as the El Nifo, La Nifia, or longer duration events lasting

21



many years. During an El Nifio event, the normal easterly trade winds weaken, resulting
in a weakening of the westward equatorial surface current and a deepening of the
thermocline in the central and eastern equatorial Pacific including the Hawaiian area.
Water becomes warmer and more vertically stratified with a substantial drop in surface
chlorophyll. A La Nifia event exhibits the opposite conditions when the easterly trade
winds strengthen, resulting in a strengthening of the westward equatorial surface current
and a shoaling of the thermocline. Water becomes cooler and less vertically stratified
with a substantial increase in surface chlorophyll.

Physical and biological oceanographic changes have also been observed on decadal time
scales. These low frequency changes, termed regime shifts, can impact the entire ocean
basin. Recent regime shifts in the North Pacific have occurred with both physical and
biological impacts (Polovina et al., 1995; Polovina, 1996). Changes in the Aleutian Low
Pressure System are an example of how variation in a prominent Pacific Ocean weather
feature can profoundly affect the abundance and distribution of marine species. Polovina
et al. (1994) found that between 1977 and 1988 the intensification of the Aleutian Low
Pressure System in the North Pacific resulted in a deeper mixed layer depth, which led to
higher nutrients levels in the photic zone. This, in turn, led to an increase in
phytoplankton production, which resulted in higher productivity levels and higher
abundance levels for some species of macrofauna in the Northwestern Hawaiian Islands.
Changes in the Aleutian Low Pressure System and its resulting effects on phytoplankton
productivity are thought to occur generally every 10 years. Productivity changes at all
trophic levels in the Northwestern Hawaiian Islands varied by 30 to 50% as a result of
this documented decadal-scale climate cycle. The phenomenon is often referred to as the
Pacific Decadal Oscillation (Mantua and Hare, 1997). Thus, it is important to understand
that any carrying capacity or potential productivity of an ecosystem is dynamic and may
fluctuate in response to oceanographic conditions as mediated by climatological cycles
and events. There has been an increasing awareness within the scientific community of
the occurrence and importance of long-term (decadal or longer) oceanographic cycles
(e.g., Chavez et al., 2003) and of their relationship to cycles in the population sizes of
some marine species, although there have not been any studies of relationships to
Hawaiian insular false killer whale population dynamics or geographic range. These
naturally occurring cycles can either mitigate or accentuate the impact of anthropogenic
effects and, in general, the scientific community is becoming more aware of the need to
recognize the possibility of large natural swings in marine populations and to incorporate
this dynamism into management models. False killer whales are long-lived animals with
a substantial investment in care of offspring and, hence, they have a low reproductive
rate. This life history is generally buffered against environmental shifts by various means
of maintaining high adult survival rates. False killer whales may respond to long-term
shifts in productivity through a foraging strategy that uses long-term social bonds and
transfer of knowledge between generations.

2.2.4.3. Eddies
Generally within the lee of an archipelago, and specifically downstream from the
Hawaiian Islands, there is an abundance of mesoscale eddies created from a mixture of
wind, current, island, and sea floor interactions. Eddies can rotate either clockwise or
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counter clockwise and have important biological impacts. Eddies create vertical fluxes,
with regions of divergence (upwelling) where the thermocline shoals and deep nutrients
are pumped into surface waters enhancing phytoplankton production, and also regions of
convergence (downwelling) where the thermocline deepens. Eddies are generally short-
to-medium-term water movements that can play important roles in regional climate (e.g.,
heat exchange) as well as the distribution of marine organisms (transport and retention).
Large-scale eddies spun off of the major surface currents often blend cold water with
warm water, the nutrient rich with the nutrient poor, and the salt laden with fresher waters
(Bigg, 2003). The edges of eddies, where the mixing is greatest, are often targeted by
fishermen as these are areas of high biological productivity. Eddies are very common off
the leeward coast of Hawaii, a region found to be highly used by insular false killer
whales. Some of these eddies are quasi-stationary, yet most slowly propagate to the west.
There is some understanding of eddy dynamics with respect to lower trophic levels (e.g.,
Seki et al., 2001), yet linkages with productivity of higher trophic levels are not well
understood.

2.2.4.4. Fronts
Fronts represent sharp boundaries or small areas of rapid change in a variety of physical
parameters including temperature, salinity, chlorophyll, and sea surface height (Roden,
1980; Niiler and Reynolds, 1984; Olson et al., 1994; Seki et al., 2002). These features can
be located in either the horizontal or vertical dimension. Commonly observed are
convergent temperature fronts which, in many cases, involve dense, cooler nutrient-rich
water sinking below adjacent warmer water thereby creating a convergence of
phytoplankton (Roden, 1980; Polovina et al., 2001). Buoyant organisms, such as jellyfish
as well as vertically swimming zooplankton, can maintain their vertical position in the
weak downwelling, and aggregate in the front to graze on the down-welled
phytoplankton (Olson et al., 1994; Bakun, 1996). The increased level of biological
productivity in these zones attracts higher trophic level predators, and ultimately a
complete pelagic food web is assembled. There are two prominent frontal zones located
near Hawaii. These frontal zones are associated with two isotherms (17° C and 20° C ),
and they are climatologically located at latitudes 32°-34° N (the Subtropical Front or
STF) and latitudes 28°-30° N (the South Subtropical Front or SSTF) (Seki et al., 2002).
Both the STF and SSTF represent important habitats for a variety of marine species.
Variations in their position play a key role in catch rates of swordfish and albacore tuna
(Thunnus alalunga), and distribution patterns of Pacific pomfret (Brama japonica), flying
squid (Ommastrephes bartramii), loggerhead turtles (Caretta caretta), and seabirds (Seki
et al., 2002; Howell et al., 2008). These frontal zones have been found to be migratory
pathways across the Pacific for loggerhead turtles (Polovina et al., 2000; Kobayashi et al.,
2008). Hawaii-based longline fishing vessels targeting swordfish set their lines where the
fish are believed to be moving south through the fronts following squid, the primary prey
of swordfish (Seki et al., 2002). Squid are also the primary prey of albatrosses (Harrison
et al., 1983). Hence, a wide variety of species including several of concern such as
loggerhead turtles and albatross have considerable overlap with longline fishing vessels
in these areas of high biological productivity. To the south of the Hawaiian Islands,
spanning latitudes 15° N to 15° S, lies the equatorial current system consisting of
alternating east and west zonal flows with adjacent fronts. Spawning in yellowfin tuna
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has been correlated to sea surface temperatures (SSTs), mainly above 24-26°C and may
also be related to a frontal region at the edge of the Western Pacific Warm Pool (WPWP).
The WPWP is the largest oceanic body of warm water with surface temperatures
consistently above 28°C (Yan et al.,1992). The edge zones of this warm area are
convergence zones which bring up nutrient rich waters and create high productivity areas
resulting in high densities of tuna forage (i.e., baitfish such as pelagic anchovy,
Encrasicholina punctifer) and, thus, large numbers of tuna. False killer whales in these
regions would likely have increased foraging success and such “hot spots” of biological
activity need further examination with respect to the spatial and temporal patchiness of
forage in oligotrophic regions.

2.2.4.5. Pelagic-benthic coastal interface
Connectivity of the different marine environments is an important factor in ecosystem
function. The pelagic or open ocean ecosystem is very large compared to any other
marine ecosystems; however, other marine communities are vitally important to pelagic
species, in part, because of the food-poor nature of much of the pelagic environment. The
interface of pelagic environments with coastline/islands and seafloor is one such
ecologically important coupling with consequences such as the “Island Mass Effect”
which attributes regions of higher productivity to land-based inputs such as nutrients and
freshwater and wake effects (Doty and Oguri, 1956; Gilmartin and Revelente, 1974).
Another example of this interface is the mesopelagic boundary area. This is the region
adjacent to shorelines, between 200 and 1000 m deep, and bordered by the photic and the
aphotic zones. This area provides habitat for a unique community of fishes, crustaceans,
mollusks and other invertebrates which become prey for tunas and other pelagic and
insular coastal species (Reid et al., 1991). Acoustic sampling studies off the coasts of
Oahu and Kona were implemented by Benoit-Bird et al. (2001) to assess the spatial
heterogeneity, horizontal and vertical migration patterns, relative abundance, and
temporal patterns of the mesopelagic community as well as the linkages among this
community, the influence of the coastlines, and oceanographic parameters. The
horizontal component of the mesopelagic community migration indicates a clear link
between the nearshore and oceanic ecosystems in the Hawaiian Islands which, in turn,
affects the presence and abundance of the pelagic predator species. Additional studies
near the Hawaiian Islands indicate that concentrations of spawning tuna near the islands
may be a result of increased forage species in these areas associated with elevated
primary productivity (Itano, 2000). Offshore areas of high pelagic catch rates and
spawning frequencies were found around several productive seamounts which also
exhibit high productivity based on interactions of submarine topography, current gyres
and location in the lee of the main Hawaiian Islands (Itano, 2000). Trophic linkages such
as those evident in tunas, whereby pelagic anchovy are a primary forage species which
themselves feed primarily on copepods, provide a critical link between zooplankton and
larger pelagic species (Ozawa and Tsukahara, 1973). Understanding these linkages is an
essential component of successful ecosystem management.

2.2.4.6.  Global climate change

The global mean temperature has risen 0.76° C over the last 150 years, and the linear
trend over the last 50 years is nearly twice that for the last 100 years (IPCC, 2007).
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Ample evidence now exists supporting the wide-ranging ecological impacts of global
climate change (Walther et al., 2002). There is high confidence, based on substantial new
evidence, that observed changes in marine systems are associated with rising water
temperatures, as well as related changes in ice cover, salinity, oxygen levels, and
circulation. These changes include shifts in ranges and changes in algal, plankton, and
fish abundance (IPCC, 2007). The seasonal north-south movements of many large
pelagics in the NPTZ appear to track the similar peak migration of primary productivity.
Using remotely sensed chlorophyll concentrations from satellite observations, Polovina et
al. (2008) found that over the past decade primary productivity in the subtropical and
transition zone has declined an average of 1.5% per year with about a 3%-per-year
decline occurring at the southern limit of the NPTZ. The expansion of the low
chlorophyll waters is consistent with global warming scenarios, based on increased
vertical stratification in the mid-latitudes. Expanding oligotrophic portions of the
subtropical gyres in the world's oceans in time will lead to a reduction in chlorophyll
density and carrying capacity in the larger subtropical gyres, thus impacting the
abundance of pelagic species. An international program, the Climate Impacts on Oceanic
Top Predators (CLIOTOP), is currently gathering information on climate change and its
effects on pelagic ecosystems. Within this group, analytical models are being applied to
investigate the future management of some marine species in the context of climate and
ecosystem variability, as well as to investigate potential changes due to greenhouse
warming. The relationship of climate change (e.g., global warming) on cetacean growth
and mortality rates in the Hawaiian Archipelago is not well understood and requires
further research in order to be taken into account by managers (IPCC, 2007).

2.2.4.7.  Acidification
The oceans have absorbed about 50% of the carbon dioxide (CO,) released from the
burning of fossil fuels, resulting in chemical reactions that lower ocean pH. This has
caused an increase in hydrogen ion concentration (acidity) of about 30% since the start of
the industrial age through a process known as “ocean acidification”. A growing number
of studies have demonstrated adverse impacts of acidification on marine organisms.
These impacts include a reduction in the rate at which reef-building corals produce their
skeletons, reduced ability of marine algae and free-swimming zooplankton to maintain
protective shells, and reduced survival of larval marine species, including commercial
fish and shellfish. Such impacts have serious implications for coral reef and pelagic
ecosystem productivity. The net effect on higher trophic levels remains unclear, yet is
likely to be negative. Acidification can be tenuously linked to increases in some
gelatinous zooplankton (Richardson et al., 2009). Shifts in the pelagic species
composition could have many direct and indirect effects on the distribution and
abundance of large pelagic predators.

2.2.4.8.  Benthic environments
The benthic (or demersal) environment is regarded as extending from the high-tide mark
to the deepest depths of the ocean floor. Benthic habitats support a wide range of marine
organisms forming complex communities and biogenic substrata. This section presents a
simple description of the two benthic zones in the Hawaiian Archipelago that may have
direct or indirect impacts on Hawaiian insular false killer whales: deep reef slope and
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banks/seamounts. Habitat for the Hawaiian insular false killer whales is likely related to
the abundance of deep reef slope habitat fringing all of the emergent islands since their
range appears to be limited to waters extending out to only approximately 112 km from
shore, with a core range that is much smaller. Similarly, there are a multitude of banks
and seamounts that are likely used if ocean interfaces with either coastline or shallow
submarine features are important characteristics of the preferred environment.

Deep reef slope

As most Pacific Islands are oceanic islands versus continental islands, (i.e., they were
never connected to continents), they generally lack an extensive shelf area of relatively
shallow water extending beyond the shoreline. For example, the average global
continental shelf extends 75 km, with a depth of around 60 m (Postma and Zijlstra, 1988).
While lacking a shelf, many oceanic islands have a deep reef slope, which is often angled
between 45° and 90° toward the ocean floor. The deep reef slope is home to a wide
variety of macrofauna that are important fisheries target species, such as snappers and
groupers found in areas of high vertical relief. Such fauna could be potential insular false
killer whale forage. Biological zonation occurs on the reef slope, and is related to the
limit of light penetration beyond 100 m. For example, reef-building corals can be
observed at depths less than 100 m, but at greater depths gorgonian and black corals are
more readily observed (Colin et al., 1986). The deep reef slope is a large expanse of
habitat that is not well studied but likely has a large role in the delineation of nearshore
habitat used by Hawaiian insular false killer whales based on sighting and satellite-tag
telemetry locations.

Banks and seamounts

Banks are generally volcanic structures of various sizes that occur both on the continental
shelf and in oceanic waters. Coralline structures tend to be associated with shallower
parts of the banks as reef-building corals are generally restricted to a maximum depth of
30 m. Deeper parts of banks may be composed of rock, coral rubble, sand or shell
deposits. Banks thus support a variety of habitats that, in turn, support a variety of marine
life (Levinton, 1995). Seamounts are undersea mountains, mostly of volcanic origin,
which rise steeply from the sea bottom but do not reach the surface of the sea (Rogers,
1994). Seamounts have complex effects on ocean circulation. One effect, known as the
Taylor column, relates to eddies trapped over seamounts to form quasi-closed
circulations. It is hypothesized that this helps retain pelagic larvae around seamounts and
maintain the local populations. Although evidence for retention of larvae over seamounts
is sparse (Boehlert and Mundy, 1993), endemism has been reported for a number of
marine species at seamounts (Rogers, 1994). Numerous banks and seamounts can be
found in the Hawaiian Archipelago, with more in the Northwestern Hawaiian Islands
rather than in the main Hawaiian Islands. In the main Hawaiian Islands, the largest bank
is Penguin Bank which is located southeast of Oahu. Other notable features in the area
include Middle Bank to the northwest of Kauai, and Cross Seamount to the southwest of
the Big Island. These habitats may be frequented by Hawaiian insular false killer whales
if they display similar characteristics pertinent to island-association behavior; at present,
these characteristics are unknown but may be related to such things as patterns in bottom
topography, currents, or productivity.
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2.2.5. Marine species in the central North Pacific and Hawaiian Archipelago
2.2.5.1.  Pelagic ecosystem

Most surface water in Hawaii is deficient in nutrients because the lens of warm surface
water rarely mixes with the cooler, nutrient-rich deep water. However, some areas are
enriched by upwelling, eddies, and fronts as mentioned above. Floating microscopic
phytoplankton or algae forms the base of food production in the ocean. Productivity is
somewhat higher in the summer than in the winter. The annual primary productivity of
the open ocean near Hawaii may be only one-third of that of temperate coastal zone areas
and one-tenth of that in open ocean upwelling. The small plankton, from protozoans to
larval fish, graze on the algae in the ocean water. These primary consumers are in turn
eaten by secondary consumers, either carnivorous zooplankton or fish. Hawaiian areas,
like most tropical and subtropical waters, are usually considered to have five trophic
levels. Trophic efficiency is generally regarded to be ~ 10% (Roger and Grandperrin,
1976; Pauly and Christense, 1995). Hence, of every 10,000 units of energy produced by
Hawaiian phytoplankton, only one unit winds up in a yellowfin tuna after four energy
transfers through five trophic levels. In contrast, productive areas off the coast of
California with higher ecological efficiencies and shorter food chains produce 400 times
more energy to top-level predators, such as large fishes, seabirds, cetaceans, and humans
(Ryther, 1969). An important phenomenon in the Hawaiian pelagic ecosystem is the daily
vertical migration in the water column of certain planktonic creatures. Unlike
phytoplankton, zooplankton is not restricted to the sunlit upper 300 ft of the ocean but
can be found at all depths. Many of these creatures undertake extensive migrations,
usually moving towards the surface during the night and descending hundreds of feet
during the day. Migrations enable the organisms to feed in the productive euphotic zone
yet hide in deep water during the day. Larger predators, including omastrephic squids
follow vertical migrations, although some squids do remain near the surface all day in
Hawaii (Parry, 2003). Other mid-trophic level species, such as flyingfishes (Exocetidae)
and scads (Decapturus spp) may also remain near the surface all day.

2.2.5.2. Fish species
The primary marine species relevant to the ecology of the Hawaiian insular false killer
whales are their prey species and competitors. These are primarily the large pelagic
fishes like tunas, billfishes, and pelagic sharks of the epipelagic zone of tropical and
subtropical oceans that frequent the Hawaiian Archipelago (Table 2-2), but also may
include some insular species (Table 2-3) such as carangids and coastal sharks and,
possibly, also bottomfishes like snappers or groupers.

Large pelagic fish live in tropical and temperate waters throughout the world’s oceans,
and they are capable of long movements that reflect complex relationships to oceanic
environmental conditions. The larvae and juveniles of most species are more abundant in
tropical waters, whereas the adults range into temperate latitudes. Distribution varies with
seasonal changes in ocean temperature and local abundance is seasonal, but all of these
fishes are found year-round in Hawaii. The more tropical tuna species such as yellowfin,
skipjack (Katsuwonus pelamis), and bigeye appear to roam extensively within a broad
expanse of the Pacific centered on the equator. Billfish species that are capable of
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transoceanic movement, and some seasonal regularity suggestive of migration has been
noted. The pelagic ecosystem responds to ambient climatic and oceanographic
conditions on a variety of spatial and temporal scales such that fish population sizes
fluctuate somewhat independent of the impacts of removals by fisheries or predation.
This variation is more pronounced for short-lived pelagic species. Most of the tunas can
reproduce by their third year of life and average less than 5 years of age. Skipjack tuna
and mahimabhi reproduce in less time. Billfish grow very fast but also live longer and

reproduce later than tuna.

Table 2-2. Large pelagic fishes that commonly occur in the Hawaiian Archipelago.

Official Common Name Other (Local) Common Name Scientific Name

Tunas

Albacore Ahi tombo Thunnus alalunga
Bigeye tuna Ahi mebachi T. obesus

Yellowfin tuna Ahi T. albacares

Skipjack tuna Aku Katsuwonus pelamis
Kawakawa Kawakawa Euthynnus affinis

Frigate and bullet tuna Keokeo Auxis spp.

Billfishes

Blue marlin Kajiki Makaira mazara

Striped marlin Nairagi, Kajiki Kajikia audax

Shortbill spearfish Hebe Tetrapterus angustirostris
Swordfish Shutome Xiphias gladius

Other teleosts (bony fishes)

Dolphinfishes Mahimahi Coryphaena spp.

Wahoo Ono Acanthocybium solandri
Moonfish Opah Lampris spp.

Oilfish family Walu Gempylidae

Pomfret family Monchong Bramidae

Sharks Mano

Thresher sharks Alopias spp.

Silky shark Charcharinus falciformis
Oceanic whitetip shark Carcharhinus longimanus
White shark Carcharodon carcharias
Blue shark Prionace glauca

Mako shark Isurus spp.

Pelagic fish movements are not restricted to the horizontal dimension. In the oligotrophic
tropical ocean, light and temperature diminish with depth, and photosynthesis is limited
to the epipelagic zone, within about 200 m of the surface. Most pelagic fish migrate
vertically, descending in the daytime and moving toward the surface at night to feed on
prey species that exhibit similar diurnal vertical migrations. Certain species, such as
swordfish, have wide depth ranges (i.e., down to 800 m) but are most vulnerable to

fishing when they are concentrated near the surface at night. Others such as bigeye tuna
(depths to > 500 m) are caught mostly when hooks are deployed in deep water during the
day, and this is how the largest sector of the Hawaii longline fishery operates. Shallow-
set longline fishing at night, as well night handline fishing (Yuen, 1979) catch bigeye, as
does offshore handline fishing near weather buoys and seamounts (Impact Assessment,
2007) where bigeye appear to remain closer to the surface in the day. Based on
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instrumented longline catch rates (Boggs, 1992) yellowfin tuna, marlins, spearfish
(Tetrapturus angustirostris), and mahimahi have generally shallower depth distributions
during the day, and these may be more easily preyed upon by false killer whales, given
the low frequency of deep dives by false killer whales (Section 2.1.6). These species are
also the main targets of the surface-fishing troll and handline fisheries.

Many of the pelagic stocks in the Pacific are thought to be exploited at or near the
maximum sustainable yield (MSY) level. Achieving MSY is the goal of fishery
management, and in recent years concerns over the harvest of yellowfin and bigeye tuna
(Harley et al., 2009; Langley et al., 2009) have prompted international action to reduce
fishing mortality on these species. Similar concerns are motivating recommendations to
limit fishing effort on striped marlin (Kajikia audax) and albacore (ISC, 2007). The status

of skipjack tuna and swordfish stocks appear to be healthy. The status of populations of
many other species is not known. Some studies indicate that as the biomass of tuna and
billfish has been reduced by fishing, the abundance of intermediate trophic level species
such as mahimahi and pelagic pomfrets has increased (Polovina et al., 2009).

Table 2-3. Examples of some insular fishes in Hawaii that could be important to Hawaiian insular

false killer whales.

Common Name Other (Local) Common Name Scientific Name

Reef Fishes

Scrawled filefish Aluterus scriptus

Threadfin jack Kagami ulua Alectis ciliaris

Rainbow runner Kamanu Elegatis bipinnulatus

Great barracuda Kaku Sphyraena barracuda
Bottomfish

Amberjack Kahala Seriola dumerili

Grey Snapper Uku Aprion virescens

Pink Snapper Opakapaka Pristipomoides filamentosus
Sea Bass Hapu‘upu‘u Epinephelus quernus

Red Snapper Ehu Etelis carbunculus
Longtail red snapper Onaga E. coruscans

Coastal Sharks

Galapagos shark Mano Carcharhinus galapagensis
Sandbar shark Mano Carcharhinus plumbeus
Tiger shark Niuhi Carcharhinus cuvier

If the insular false killer whales are adapted to use island-associated prey types, then
pelagic species that are most associated with the islands could be important. For example
ono (wahoo, Acanthocybium solandri) are commonly caught by troll fishermen near
shore on their way from or back to port, during trips taken farther offshore to target tuna,
marlin, or mahimahi. Kawakawa (Euthynnus affinis) and Keokeo (Auxis spp.) are also
common nearshore, and Auxis are among the most common tuna larvae found near
Hawaii (Boehlert and Mundy, 1994) even though these fish are a very minor component
of Hawaii fisheries. Lustrous pomfret are commonly caught near seamounts and
submarine ridges, and in the Hawaiian Islands where they are caught in the bottomfish

fishery.
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Some insular species (Table 2-3) occur far enough offshore (> 40 km) to be caught in the
longline fishery, such as rainbow runner (Elegatis bipinnulatus), amberjack (Seriola
dumerili), and barracuda (Sphyraena barracuda). Rainbow runner and barracuda are
among the incidental species depredated by false killer whales (Section 4.1.1.1, Table
4-2, bony fish category). The few coral reef species that have been observed in the diet of
insular false killer whales (Baird, 2009) include scrawled filefish (Aluterus scriptus) and
threadfin jack (Alectis ciliaris). These species are sometimes found in open water,
although their pelagic distribution is coastal. Scrawled filefish are found around floating
objects in deep water (Gooding and Magnuson, 1967) along with rainbow runner, great
barracuda, amberjack, other jacks (Caranx spp.) and large pelagic species (mahimahi,
tuna, etc.). Threadfin jack are found in coastal waters to a depth of about 100 m, while
the young are usually pelagic and drifting (Smith-Vaniz in Carpenter and Neim, 1999).

Hundreds of other coral reef fish species exist in Hawaii, but there is no way to know
which of them might be important to Hawaiian insular false killer whales. Most harvested
reef species appear to have been greatly reduced in abundance over the last century
(Shomura, 1987).

Some of the deep-slope fishes (Table 2-3) that figure prominently in Hawaii’s bottomfish
fishery may or may not be important to false killer whales, which have not been observed
to interact with Hawaii’s bottomfish fishery (Section 4.1.1.4). The bottomfish are
predominantly distributed several hundred meters deep, although a few species have
shallower distributions, such as amberjack and grey snapper (Aprion virescens).
Amberjack are also sometimes caught by pelagic fisheries. Fishing for seven predominant
bottomfish species around the eight main Hawaiian Islands is limited by an annual catch
limit instituted to prevent localized stock depletion. However, the index of abundance for
these species in the MHI has showed a continued decline from 1988 to 2004 (Moffitt et
al., 2006).

Large pelagic and coastal sharks might be important competitors or predators for
Hawaiian insular false killer whales. The only shark species in Hawaii that has been
assessed is the blue shark (Kleiber et al., 2009) and, according to the assessment, the
population is close to MSY. The biomass of that population is much reduced from its
pristine condition, as one could assume would be likely for all large sharks, that are slow
to grow and reproduce compared to pelagic fishes, but which have experienced similar
mortality from fisheries. Depredation of sharks in the longline fishery by false killer
whales is rare and, in some cases, it appears that false killer whales may avoid taking
sharks (NMFS, unpublished data).

2.2.5.3. Cetaceans, sea turtles, and sea birds
Twenty-four species of cetaceans are known to occur within the Hawaiian Islands and the
tropical Pacific. Both odontocetes and mysticetes are common. Similar to Hawaiian
insular false killer whales, a number of other cetacean species in Hawaii are known or are
thought to have separate island-associated and pelagic populations, including the
common bottlenose dolphin, spinner dolphin, pantropical spotted dolphin, pygmy killer
whale (Feresa attenuata), melon-headed whale (Peponocephala electra), short-finned
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pilot whale, rough-toothed dolphin, Blainville’s beaked whales (Mesoplodon
densirostris) and Cuvier’s beaked whale (Ziphius cavirostris). The diversity of cetacean
fauna in Hawaii fits within a variety of ecological niches, with no other species known to
be a direct competitor to false killer whales. Pilot whales, pygmy killer whales,
bottlenose dolphins, melon-headed whales, and rough-toothed dolphins do have some
overlap in prey species with false killer whales. Pilot whales are also known to depredate
catch in the Hawaii-based longline fishery NMFS, PIRO Observer Program, unpublished
observations).

Five species of sea turtles are found in the vicinity of the Hawaiian Archipelago: olive
ridley (Lepidochelys olivacea), leatherback (Dermochelys coriacea), hawksbill
(Eretmochelys imbricata), loggerhead, and green sea turtles (Chelonia mydas). All are
listed under the ESA as threatened or endangered, and all are highly migratory, or have a
highly migratory phase in their life history (WPFMC, 2009). None are known to have
any direct role in the ecology of the false killer whale, although as bycatch in the Hawaii
longline fishery, turtles have had an important influence on management controls for this
fishery, which itself is an important aspect of the whale’s environment (Section 4.1.1.1).
Regulatory definition of deep-set versus shallow-set fishery sectors to control sea turtle
bycatch in 2001 eliminated a mixed-method type of longline fishing that previously had
set some shallow gear in closer proximity to the Hawaiian Islands than the shallow-set
fishery targeting swordfish (He et al., 1997). And in 2004, circle hooks and fish bait were
required in the shallow-set swordfish fishery to reduce sea turtle bycatch.

The Hawaiian Islands also are home to a variety of seabirds, including albatrosses
(Phoebastria spp.), boobies (Sula spp.), shearwaters (Puffinus spp.), petrels
(Pseudobulweria spp. and Pterodroma spp.), tropicbirds (Phaethon spp.), frigatebirds
(Fregata spp.), noddies (Anous spp.), and terns (Sterna spp. and Gygis alba). Seabirds
primarily prey on flying fish (Exocetidae), mackerel scads (Decapterus spp), and squids
(Teuthida) which might also be forage for false killer whales, although the whales seem
to prefer larger species and prefer fish over squid. Seabirds feed on surface prey, and
some feed in association with tuna schools that drive prey towards the surface, making
the prey more available to seabirds, and perhaps also to shallow-diving cetaceans.

Albatrosses follow ships, and frequent interactions with the Hawaii longline fleet resulted
in many thousands of black-footed albatross (Phoebastria nigripes) and Laysan albatross
(Phoebastria immutabilis) deaths per year in the 1990s. Mandatory deterrents have
reduced current albatross mortality in the longline fishery to a few hundred per year. The
commonly employed seabird bycatch mitigation methods include night setting, side
setting, the use of weighted branch lines and thawed bait to sink bait more rapidly, and
use of blue dyed bait (Gilman et al., 2008).

2.3. Genetics of false killer whales

2.3.1. Introduction to Units to Conserve and uses of genetic data for inference
This report considers genetic data as a potential line of evidence for whether Hawaiian
insular false killer whales are discrete and whether the genetic data show a marked
difference consistent with significance. Interpreting the genetic data for “discreteness”
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and “significance” requires some background in how inferences are drawn from genetic
data and where DPSs fit in the continuum of genetic differentiation that ranges from
family units to species.

Genetic data allow inference on several different levels of population structure and at
several different timescales. Within the genetic makeup of every organism, certain
portions code for protein products and are, therefore, acted on by selection. Selection can
be strong or weak and, therefore, selected genes are not conducive to making inferences
on how long different groups of organisms have been separated. For that reason, most
genetic studies that focus on differentiation, and the length of time that units have been
separate, use neutral genetic markers. These markers are not under direct selection. The
markers examined for false killer whales are neutral genetic markers (though see
discussion below on mitochondrial DNA). The markers used for false killer whales and
for the case studies detailed below all use the standard markers for population genetics:
mitochondrial DNA sequence data and nuclear markers called microsatellites (details
below).

Distinct Population Segments (DPSs) are at one level in a range of levels of population
structure from social units, like families, to species. Units to conserve (UTCs), including
DPSs, subspecies and species, are points on a continuum of differentiation that
characterizes the process of speciation. In attempting to delimit any particular UTC, we
seek to determine the present position along that continuum of the units we study.
Chivers et al. (2007) focused on delineating Demographically Independent Units, which
are relevant to the ecological time-scale pertinent to the MMPA. The goal of the MMPA
is to maintain population stocks as functioning elements of their ecosystem. The
timescale that relates to this goal is on the order of decades. Analytical methods focus on
showing that the frequency of genetic markers differ sufficiently that gene flow on the
decadal time scale is relatively trivial and indicates effective dispersal of less than a
percent per year. The DPS discreteness criterion states “Quantitative measures of genetic
or morphological discontinuity may also provide evidence of this separation.” It is not
clear what a genetic “discontinuity” is, but presumably a genetic character that allowed
almost certain identification of an individual as a member of that DPS would match a
definition of “discontinuity”.

The DPS significance criterion relating to genetics requires evidence that the discrete
population segment differs markedly from other populations of the species in its genetic
characteristics. Presumably, the strength of evidence for “significance” should be greater
than for “discreteness” and we interpret “markedly” in this context to mean that the
degree of genetic differentiation is consistent with a population that could have genetic
adaptations to the local habitat. The magnitude of genetic differentiation is expected to
be large (consistent with less than one migrant per generation), and phylogeographic
patterns (haplotypes or genotypes that are found nearly exclusively in one geographic
region indicating evolution has occurred within that geographic region) are expected to
be present. Regions that have phylogeographic structure will always also be
demographically independent, but the converse is not necessarily the case. There are no
genetic criteria to distinguish any of the “boundaries” between UTCs. Generally, as time
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passes with units not interchanging genes, the gene pools drift further apart and new
genetic types evolve that are only found within one unit.

In each cell there is nuclear DNA (nDNA) and mitochondrial DNA (mtDNA). These
different types of DNA have different modes of inheritance. mtDNA is inherited only
from the mother and is likened to inheritance of a family name. It is useful for
determining Demographically Independent Populations (or DIPs) where internal
population dynamics are far more important than external dynamics (immigration) to
maintain local abundance. However, mtDNA often provides signals at an evolutionary
timescales. Closely related mtDNA haplotypes found in only one location can indicate
separation for a long enough time to evolve local haplotypes. This degree of separation
can be used as a line of evidence for DPS (significance criterion), subspecies or species
designations.

Genetic patterns in mtDNA can plausibly result from several different histories. Two
important concepts for interpreting patterns of mtDNA that might arise when either island
or coastal habitats are colonized from pelagic populations are called the “founder effect”
and “lineage sorting”. When a small population is formed from a larger population, the
small population will initially have the higher genetic diversity of the large population.
Through a process called genetic drift, genetic diversity will be lost and eventually reach
an equilibrium lower diversity within the small population. The reduction in genetic
diversity can happen very quickly, in evolutionary timescales, if the population is very
small. This loss of haplotypes can sometimes result in a population with only a few
haplotypes that differ from one another by many base-pair differences. These quite
different haplotypes did not evolve within the small population but resulted from the loss
of intermediary haplotypes.

Lineage sorting is another process that makes it difficult to interpret the time that has
elapsed between neighboring small populations along a coastline. Consider, for example,
a case where population A lost all but one haplotype and its neighbor population B lost
all but one haplotype and that those haplotypes differed by 5 basepairs. Evaluating the
time since these populations have been separated based on the time it would take to
evolve haplotypes that differ by 5 basepairs would greatly overestimate separation time.
Thus, history can influence genetic patterns and the best interpretations will assess the
plausibility of lineage sorting given the data and give the reader appropriate caveats.

Nuclear DNA (nDNA) is inherited from both parents. Although nDNA codes for most
genetic traits subject to selection, we are again only looking at neutral markers. Different
neutral markers have different mutation rates. The markers used in the studies examined
here for Hawaiian insular false killer whales are called microsatellites. These markers are
repeats of nucleotide groups and are quantified by length. For example, CACACA is a
repeat of the CA group with a 3-repeat length. The mutation rate for these markers is
high so it is useful for identifying individuals. In the studies examined here, these
markers are used to identify individuals and eliminate cases where individuals were
accidentally sampled multiple times. First-order relatives (mother-offspring or father-
offspring) can also be detected because they will share one allele at each microsatellite
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marker. Microsatellites are also used to estimate the magnitude of genetic differentiation
and level of gene flow between different units.

Interpreting genetic data to assess the magnitude of separation between strata is often
conducted with statistics that compare within strata variation to between strata variation.
These statistics, which for simplicity here are called Fgr statistics, have a convenient
theoretical underpinning because they relate demography to a measure of genetic
differentiation with simple formulas: Fst = 1/(2N(m+p) + 1) for mtDNA and Fsr =
1/(4N(m+p) + 1) for nDNA, where N is the effective population size, m is the number of
migrants per generation and p is the mutation rate. If we use one-migrant per generation
as a rule of thumb for the level of gene flow that is so low that selection can outweigh the
effects from neighboring population, then we can use Fsr to get a rough idea of the level
of differentiation consistent with the DPS significance criterion. The mutation rate is
relatively low for mtDNA control region sequence, so the expected value for Fsr = 0.33
for one-migrant per generation. The mutation rates for microsatellites are high and range
between about 0.01 and 0.001, which means that the expected values for Fsy assuming
one-migrant per generation would be between 0.031 and 0.075. These expected values
are quite small and make interpretation of the nDNA weak for the purposes of estimating
gene flow. The interpretation of genetic data for false killer whales will return to caveats
necessary for understanding what the nDNA can tell us about the magnitude of gene
flow.

The studies considered here examine a particular sequence within the mtDNA genome
(called the control region) that is commonly treated as a neutral marker. The
mitochondria is inherited as a unit and has functional genes under selection. Some
authors suggest that there is extensive evidence for selective sweeps in mtDNA data
(Bazin et al., 2006). Readers should be aware that one plausible explanation for mtDNA
haplotypes being found in one location and nowhere else is that these haplotypes resulted
from a selective sweep. Such evidence, should selection be operant, would strengthen the
case for being markedly genetically different and hence meet the DPS significance
criterion. Because the region examined in these studies does not code for a protein
product, however, one cannot conclude that selection drove the genetic pattern and we
take the more conservative interpretation that the pattern results from genetic drift and
mutation in a neutral marker.

Genetic studies most often use analytical methods that assume that the population is in
equilibrium (i.e., a population that has remained constant for many generations and has
experienced a constant level of gene flow from neighboring populations). All biological
populations violate this assumption. In some cases, where population history is well
documented, the effects of violating this assumption can be tested by simulating the
population history (Archer et al., 2010). For others, as is the case for all cetacean
populations in the vicinity of the Hawaiian Archipelago, the consequences of violating
this assumption should be discussed. The potential consequences of Hawaiian insular
false killer whales being out of equilibrium will be discussed below.
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To put the results concerning false killer whales in context (given in detail in Section
2.3.2), anumber of case studies for other species are shown below. The case studies
focus on island or coastal units compared to pelagic units. For mtDNA, results are
presented in the form of minimum spanning networks that allow the reader to easily view
the degree to which haplotypes differ from one another, together, and how the differences
relate to the geographic context. These networks were generated using the program
Harlequin, version 3.11 (Excoffier et al., 2005) to examine the concordance between the
distribution of mtDNA control region haplotypes and geographic region. Concordance
would constitute evidence for evolutionary processes driving the patterns revealed.
Optimal minimum spanning networks incorporate information about haplotype frequency
to obtain the most parsimonious network for haplotype evolution. For example,
haplotypes that are ‘rare’ or occur at low frequencies would be most likely to have been
derived from haplotypes that are ‘common’ or occur in high frequencies rather than from
another ‘rare’ haplotype for a given series of mutation events (Excoffier et al., 1992;
Excoffier & Smouse, 1994).

2.3.1.1. Case studies

ETP

_ Allantic

Hawaii

WPac & 10
Palmyra

Figure 2-3. Minimum spanning network for the short-finned pilot whale. Each circle represents a
haplotype, and the size of the circle represents the relative haplotype frequency with most haplotypes
being represented by a single individual. Connecting branches are also scaled to represent the
minimum number of base pair changes between haplotypes. All haplotypes have, at a minimum,
from 1 to 5 base pair changes. Each region shows distinct haplotypes, and each group is labeled with
a descriptive name for the region. A haplotype identified from animals sampled away from the main
Hawaiian Islands is identical or closely related to haplotypes identified from the Indo-Western
Pacific (indicated by the pink circle) and one individual from Hawaii with a haplotype related to the
ETP region.

Short-finned pilot whales—Short-finned pilot whales are similar to false killer whales
based on their general life history, strong social structure, and tendency to forage as
groups. Studies using photographic identification and satellite tagging near Hawaii have
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demonstrated fidelity of groups to Hawaiian coastal waters and movement at least among
the main Hawaiian Islands (Baird et al. pers., comm.). The whales in Hawaii are
genetically differentiated from those in the Eastern Tropical Pacific (ETP) and western
Pacific/Indian Ocean (Figure 2-3) (Chivers, 2004). Some haplotypes may have evolved in
Hawaiian insular waters, but sampling of adjacent pelagic waters is poor making it
possible that the Hawaiian haplotypes could be found elsewhere. Several Hawaii
individuals have a haplotype that is distantly related to the common Hawaii haplotypes,
and it is also found in other areas. No nDNA were examined in this study.

Spinner dolphins—In spinner dolphins, genetic differences were found in nDNA (10
microsatellites) and in the frequencies of mtDNA haplotypes between different regions
within the Hawaiian Archipelago (Fig. 2-4—Fig. 2 from Andrews et al., 2010). Although
American Samoa is the only distant region sampled, the pattern within the archipelago is
much more complex than for pilot whales and is consistent with immigration from groups
with relatively distantly related haplotypes (i.e. haplotypes that differ by many basepairs
with none of the intermediary haplotypes present). Strong differences (p < 0.001) were
found between American Samoa (n = 16) and Hawaii for both mtDNA and nDNA. The
magnitude of differentiation appears larger as measured by Fsr for mtDNA (> 0.2) than
for nDNA (< 0.09). Several possible explanations for such differences will be discussed
in detail for false killer whales in Section 2.3.3.

B Kure
B Midway
I PHR
I FFs
B Ni'ihau
B Kaua'i
I O'ahu
B Maui
B Kona
[ ] Samoa

Figure 2-4. Minimum spanning network for the spinner dolphins.

Pantropical spotted dolphins—Only preliminary data are available on pantropical
spotted dolphins (Stenella attenuata) (Courbis et al., 2008). Structure within the
Hawaiian Archipelago is evident, but no direct comparisons are made with distant
regions. The number of haplotypes is dramatically fewer than for spinner dolphins with
one common haplotype, a few at medium frequency and many found only once
(indicating low sampling relative to diversity). The two haplotypes next to most the
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common differ by 8 and 4 basepair differences, which is consistent with multiple
immigration events.

Bottlenose dolphins (Hawaii and California coastal vs. offshore)—Within the
Hawaiian Archipelago both photographic identification (Baird et al., 2009) and genetic
data suggest no contemporary movement of bottlenose dolphins among the main
Hawaiian Islands (Martien et al., 2006). The minimum spanning network (Figure 2-5)
reveals strong evidence of multiple immigration events originating from distantly related
groups.

T. aduncus

Figure 2-5. Minimum spanning network showing relationships among the mtDNA haplotypes for
Hawaiian bottlenose dolphins. Each circle represents a haplotype. The sizes of the circles are
proportional to the frequencies of the haplotypes. Each circle is color coded to indicate the fraction
of individuals with that haplotype that come from each island group: checked = Palmyra, black =
Hawaii, gray with black lines = 4-Islands region, white = Oahu, and solid gray = Kauai/Niihau. The
dashes on the lines separating the haplotypes indicate the number of mutational steps between
haplotypes. The T. aduncus individual had a haplotype most similar to this species but was within a
group of T. truncatus and did not appear different than those individuals in nDNA. Photographs of
this individual did not reveal obvious external differences.

Bottlenose dolphins from coastal waters off of California and Baja California have been
described with different skull morphology than pelagic bottlenose dolphins (Walker,
1981). Genetic studies have confirmed the differentiation (Lowther, 2006). The
minimum spanning network (Figure 2-6) reveals a cohesive group of haplotypes within
the coastal group that is consistent with locally evolved haplotypes. Similar differences
were found in nDNA (using microsatellites). The much more abundant offshore group
has much higher diversity with many relatively distantly related haplotypes. There are
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other cases of differences between pelagic and coastal populations too numerous to give
details here (e.g., Querouil et al., 2007; Escorza-Trevifo et al., 2005).

.
Coastal ®
@ Offshore
o

Figure 2-6. Minimum spanning network for coastal (gray) and offshore (black) bottlenose dolphins
where hash marks indicate basepair differences.

Cook Inlet beluga whales—Cook Inlet belugas were recently listed as endangered,
having met the DPS criteria. Genetic data were used as part of the evidence for
distinctness. The ®gr values comparing Cook Inlet to other stocks ranged from 0.577 for
the closest neighboring stock in Bristol Bay to 0.200 for the Eastern Chukchi stock. The
Cook Inlet stock has low haplotypic diversity, which is also consistent with its being
genetically distinct from other stocks (O’Corry-Crowe et al., 1997). Figure 2-7 shows the
minimum spanning network for different stocks of beluga whales in Alaska. Cook Inlet
belugas have no unique haplotypes (i.e., all haplotypes are found in other beluga stocks).
The haplotype differences between Cook Inlet belugas and other Alaskan stocks are
consistent with its being a stock that is demographically independent from other stocks
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but has not been separated for a sufficient length of time to evolve unique haplotypes.
Although these genetic results are sufficient to meet discreteness criteria, the
phylogeographic patterns of Cook Inlet belugas are not considered markedly different
and, hence, do not justify meeting the significance criterion. The justification for the
significance criterion was that they occupied a habitat unique to the taxon. O’Corry-
Crowe et al. (1997) does not report nDNA results.
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Figure 2-7. Minimum spanning network for beluga in Alaska. Networks are shown for the 5 stocks
recognized under the Marine Mammal Protection Act. Solid circles indicate when that haplotype
was present in the stock.

Killer whales—Killer whales are similar to false killer whales in life history (late age of
maturity, long inter-birth interval and reproductive senescence) and sociality (tight social
networks and group foraging). Several species and/or subspecies of killer whales have
been proposed (Morin et al., 2010) that divide along foraging specialization types. Like
false killer whales, killer whales globally have low genetic diversity (within all potential
killer whale species). SRKWs are listed as endangered under the ESA and were found to
be genetically distinct from their nearest neighbors the Northern Residents (Krahn et al.,
2004; Reeves et al., 2004). SRKWs differ by one fixed basepair from Northern Residents
in the mtDNA haplotype based on the d-loop. However, the same haplotype that the
Southern Residents have is found in another group of Resident killer whales farther to the
west. Thus, the genetic signal was not considered “significant” in determining whether
the Southern Residents had “marked” genetic differences (Krahn et al., 2004).
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The Resident killer whales have a matriarchal social structure that shows both male and
female offspring stay with their maternal group. As a result, social groups have only one
haplotype present. This differs from false killer whales where even within the Hawaiian
insular false killer whales both haplotypes are found within a single foraging group.

2.3.1.2. General remarks from case study examples
These examples reveal that population structure, at least to the Demographically
Independent Population (DIP) level, is common among cetacean species with the ability
to move long distances. Numerous DIPs for different species occur around the Hawaiian
Islands, but minimum spanning trees suggest different histories of acquiring haplotypes
with immigration from different areas being likely for most species. Higher diversity is
expected for more abundant populations and this pattern generally holds, with the more
abundant species of dolphins maintaining higher diversity than the less abundant species
like false killer whales, pilot whales and the island populations of bottlenose dolphins.
All of the cetacean species studied thus far exhibit some degree of structure within the
Hawaiian Archipelago, and the patterns shown in minimum spanning networks are
consistent with multiple immigration events. Short-finned pilot whales have low
diversity similar to pilot whales elsewhere and to killer whales generally and, as will be
shown later, to false killer whales. Most individuals are part of a cohesive group of
haplotypes with the potential of local evolution of haplotypes. The other case where such
local evolution seems likely is for California coastal bottlenose dolphins.

2.3.2. Genetics of false killer whales
Chivers et al. (2007) delineated false killer whales around Hawaii into two separate
populations- Hawaii insular and Hawaii pelagic. This analysis focused on delineating
demographically independent populations of false killer whales, which are units relevant
to the ecological time-scale pertinent to the MMPA. That work has recently been
extended with new samples, addition of nuclear markers and an analysis with a broader
interpretation of the data (Chivers et al., 2010). The new analysis examined
mitochondrial DNA (mtDNA) using sequences of 947 base pairs from the d-loop and
nuclear DNA (nDNA) using 8 microsatellites. Additional samples since the 2007
analysis also moderately mprove the same distribution (Figure 2-8).

Three stratifications of the data examined genetic differentiation at different spatial scales
(Chivers et al., 2010). The first a priori stratification, called the broad-scale
stratification, recognized three strata: Hawaii Insular, Central North Pacific (CNP), and
Eastern North Pacific (ENP) (Fig. 2-10a). Samples were assigned to the Hawaii insular
population if they were collected from a group containing any individuals that were part
of the Hawaii insular social network as determined by analyses of the photo-identification
catalog and association pattern data (Baird et al., 2008a). In the second a priori
stratification, called the fine-scale stratification, five strata were recognized: Hawaii
Insular, Hawaii Pelagic, Mexico, Panama, and American Samoa (Fig. 2-10b). The third a
priori stratification, referred to as the interisland stratification, recognized each of the
main Hawaiian Islands as strata as in Chivers et al. (2007).
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After extensive quality checking some haplotypes and duplicate individuals were
removed from the earlier findings. All but one Hawaiian insular false killer whale had 1
of 2 closely related haplotypes that have not been found elsewhere (Fig. 2-11).
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Figure 2-8. (a, upper panel) Collection locations of all samples used in Chivers et al. (2010). (b, lower
panel) Samples collected in the eastern Pacific Ocean are shown here with research and fishing vessel
sightings of false killer whales. The sightings data were collected on aerial and shipboard surveys

conducted between 1974 and 2005 (Baird et al., 2005; Barlow, 2006; Mobley et al., 2000; Gerrodette and
Forcada, 2005) and by observers working aboard longline fishing vessels between 1994 and 2004 (NOAA,
NMFS, PIRO). See legend for guide to symbols; all collection locations for samples used in Chivers et al.
(2007; denoted as “2007 CJZ”) are indicated by a solid triangle with the samples added to this analyses
indicated by a solid square, and the fishery collected samples indicated by a solid star.
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Figure 2-9. The mitochondrial and nuclear DNA data sets were analyzed as shown for the broad-
scale (a) and fine-scale (b) stratifications.

The presence of two distinct, closely related haplotypes in Hawaiian insular false killer
whales is consistent with Hawaiian insular false killer whales not accepting immigrants
regularly from other areas. This pattern differs from those of Hawaiian stocks of
bottlenose, spinner and spotted dolphins that all have minimum spanning networks
suggesting multiple immigration events (see Section 2.3.1.1). The pattern of primarily
closely related haplotypes shown in Hawaiian insular false killer whales is consistent
with a strong social system that excludes immigrants or strong habitat specialization that
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makes survival of immigrants unlikely (or both). One single individual was found in
among Hawaiian insular false killer whales with haplotype 5. Although there is no
photograph of the individual male with haplotype 5 to connect it directly to Hawaiian
insular false killer whales, it was sampled within a group with such direct connections
and assignment tests could not exclude that it belongs to the insular group. Given the low
power of the current assignment test (with few microsatellite markers), the possibility of
immigration (permanent membership in Hawaiian insular false killer whales but with an
origin outside that group) cannot be ruled out. Likewise, the possibility that this
individual was a visitor from the pelagic population cannot be excluded, nor is it possible
to rule out that this individual is a lifelong member of the Hawaiian insular killer whales
with a rare haplotype. The rare haplotype is sufficiently distantly related that it seems
most plausible that this resulted from a separate immigration event (i.e., that immigrants
are accepted on rare occasions).

Western North Atlantic [ |
Southern Pacific
Western Pacific
Hawaii (insular)
Central Indian
ENP (pelagic)
Panama
Palmyra

Mexico ||

Western
North Atlantic
Ocean

Figure 2-10. Minimum spanning tree for the 22 haplotypes identified for false killer whales. Each
haplotype is identified by a number, which corresponds to the haplotype numbers (Table 2, Chivers
et al., 2010). The observed frequency (n) for haplotypes found in more than one sample is given
below (e.g., 63 individuals had haplotype 1). Each connecting branch is labeled with the minimum
number of base pair changes if > 1.

The mtDNA data also show strong differentiation (with all p-values for Fisher exact and
®grless than 0.0001) between Hawaiian insular false killer whales (n = 81) and both
broad-scale strata (central North Pacific (n = 13) and eastern North Pacific (n = 39)) and
fine-scale strata (Hawaiian pelagic (n =9), Mexico (n = 19), Panama (n = 15) and
American Samoa (n = 6)). Genetic divergence (®sr) between the Hawaiian insular false
killer whales and other strata examined ranged from 0.686 to 0.856. These magnitudes of
differentiation were all consistent with less than one migrant per generation, which would
roughly be a genetic divergence (®st) of 0.33. No significant differences were found
among Hawaii, Oahu, and Maui once all potential duplicates were removed.

43



Nuclear results were also highly significant with all Fisher exact p-values < 0.001
(Hawaiian Insular (n = 69), central North Pacific (n = 13) and eastern North Pacific (n =
36), Hawaiian pelagic (n = 9), Mexico (n = 19), Panama (n = 12) and American Samoa (n
=6)). The estimates of divergence between the Hawaiian insular strata and other strata
ranged from 0.0189 to 0.056 for Fst and from 0.004 to 0.043 for Jost’s D. Fgris
expected to be less for microsatellites than when estimated from mtDNA because the
mutation rate is higher and the formula differs because of the mode of inheritance. The
expected value for one-migrant per generation would be between 0.031 and 0.075.
Observed levels are a bit less, but there are numerous caveats that make interpretation to
estimate gene flow of dubious value. There are many assumptions made in the model
relating genetic differentiation to gene flow that are known to be violated, such as the
population being in genetic equilibrium (see Whitlock and McCauley (1999) for detailed
discussion of the pitfalls of indirect measures of gene flow). Further, there is no way to
determine whether the level of differentiation is a result of ongoing migration or of recent
common ancestry (Holsinger and Weir, 2009). The smaller magnitude of differentiation
for nDNA than for mtDNA could indicate the potential for some male-mediated gene
flow. Tests for differences between currently living males and females in level of
differentiation were not significant for either mtDNA or nDNA. However, this test has
no ability to detect differences in male versus female gene flow in the past. Chivers et al.
(2010) give a number of hypotheses for the apparently different magnitude of signals
between mtDNA and nDNA:

e There is a low level of male-mediated gene flow that was not apparent because of
insufficient sampling of nearby groups of false killer whales and/or the test for male-
mediated gene flow can only detect first-generation male migrants;

e The magnitude of nDNA differentiation is underestimated because of the high
mutation rate of microsatellites;

e The magnitude of differentiation is not inconsistent with cases where selection has
been shown to be strong enough for local adaptation.

The aforementioned uncertainties will best be resolved with more extensive sampling of
false killer whales in nearby pelagic waters. Although the sample distribution is
improved since the 2007 anlaysis, it remains poor in pelagic areas. The only full-scale
cetacean survey of Hawaiian pelagic waters resulted in only 2 sightings of false killer
whales in 4 months of effort, and the weather was too poor to obtain any high-quality
identification photographs or biopsies (J. Barlow, pers. comm.). Fisheries observers are
trained to obtain identification photographs and biopsy samples; however conditions
during disentanglement usually result in photographs difficult to identify due to darkness,
and prevent successful biopsy. Thus, obtaining an adequate sample of nearby pelagic
waters may take decades. Estimating the level of male-mediated gene flow indirectly
using these genetic data is of limited utility given the sample distribution and the
questions generally about the quality of such indirect estimates by using simple models
where most assumptions are violated.

The strongest data are the mtDNA data. The Hawaiian insular false killer whales have
approximately half of the population sampled, and all but one individual has one of two
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closely related haplotypes that have not been found elsewhere. This pattern alone argues
for a strong possibility of a high degree of separation. The nuclear data show strong
differentiation with very low p-values between Hawaiian insular false killer whales and
all outside strata, including the Hawaii pelagic strata. Reliable inferences cannot be made
about the magnitude of gene flow using the microsatellite data.

Chivers et al. (2010) used the analytical method described in Cornuet and Luikart (1996)
and implemented in the program BOTTLENECK (Piry et al., 1999) to test for evidence
of a recent decline in abundance within the Hawaiian insular population. The analysis
takes advantage of the fact that when the effective size of a population is reduced, the
allelic diversity of the population is reduced more rapidly than its heterozygosity,
resulting in an apparent excess of heterozygosity given the number of alleles detected.
BOTTLENECK detected evidence of a recent decline in N, in Hawaiian insular false
killer whales (P = 0.015), with all 8 loci exhibiting heterozygosity excess. Seven out of 8
loci also exhibited heterozygosity excess in the Mexico stratum. However, this result
was not statistically significant (P = 0.103).

The microsatellite data were also used to estimate the effective population size of
Hawaiian insular false killer whales as 45.8 (95% CI = 32.4-69.4). Because this
population may have recently declined and the animals are long-lived, many of those
individuals still alive likely were born prior to the decline. Thus, if anything, the estimate
of effective population size is likely too high. Domestic animals have been shown to start
displaying deleterious genetic effects (lethal or semi-lethal traits) when effective
population size reaches about 50 individuals (Franklin, 1980). While negative genetic
effects cannot be predicted for a group of individuals that are probably naturally
uncommon with a strong social structure that limits genetic diversity, the current low
effective population size is a concern.

2.4. Ecology of Hawaiian insular false killer whales

2.4.1. Current range and distribution
The range and boundaries of Hawaiian insular false killer whales may be assessed using
ship and aerial survey sightings and location data from satellite-linked telemetry tags
(Fig. 2-11). Satellite telemetry location data from 7 groups of individuals tagged off the
islands of Hawaii and Oahu indicate that the whales move widely and quickly among the
main Hawaiian Islands and use waters up to 112 km offshore (Baird et al., 2010; Forney
et al., 2010). Regular movement throughout the main Hawaiian Islands is also
documented by resightings of photographically-identified individuals over several years
(Baird et al., 2005; Baird, 2009; Baird et al., 2010). Movements between islands can
occur over the course of a few days, and although individuals were tagged on the leeward
sides of the islands, they used both windward and leeward waters, moving from the
windward to leeward side and back within a day (Baird, 2009; Baird et al., 2010). Ship
survey sightings with photographs of individuals also confirm that Hawaiian insular false
killer whales occur on both the windward and leeward sides of the main Hawaiian Islands
(Forney et al., 2010). Some individual false killer whales tagged off the island of Hawaii
have remained around that island for extended periods (days to weeks), but individuals
from all tagged groups eventually ranged widely throughout the main Hawaiian Islands,
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Figure 2-11. Sighting and satellite telemetry locations of tagged false killer whales around the main
Hawaiian Islands. Data are available from 20 individuals have been tagged from 7 groups
encountered off the islands of Hawaii and Oahu. Known pelagic false killer whale occurrence close to

the islands is also shown. The gray shading delineates the current stock boundaries recognized in the
NMFS 2010 Stock Assessment Report.
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Figure 2-12. Hawaiian insular false killer whale satellite tag telemetry (black dots) and sighting
locations (yellow dots) overlaid on 50-m resolution multibeam (nearshore) and 2-minute satellite
altimetry (offshore). Satellite altimetry from Smith and Sandwell (1997).
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including movements to the west of Kauai and Niithau (Baird, 2009; Forney et al., 2010).
Based on locations obtained from 20 satellite-tagged insular false killer whales, the
minimum convex polygon range was estimated to encompass 77,600 km* (M.B. Hanson,
unpublished data).

The greatest offshore movements occurred on the leeward sides of the islands, although
on average, similar water depths and habitat were utilized on both the windward and
leeward sides of all islands (Baird et al., 2010). High rates of movement were
documented, with one individual moving from Hawaii to Maui to Lanai to Oahu to
Molokai, covering a minimum distance of 449 km over a 96-hr period (Baird et al.,
2010). Tagged, as well as sighted individuals utilize habitat overlaying a broad range of
water depths, varying from shallow (< 50 m) to very deep (> 4000 m) (Baird et al., 2010)
(Figure 2-12). Tagged false killer whales have often demonstrated short- to medium-
term preferences for individual island areas before ranging widely among islands and
adopting another short-term residency pattern. It is likely that movement patterns of the
whales vary over time depending on the density and movement patterns of their prey
species (Baird, 2009).

Hawaiian insular false killer whales share a portion of their range with the genetically
distinct (Chivers et al., 2007) pelagic population of false killer whales (Forney et al.,
2010). Satellite telemetry locations from a single tagged individual from the pelagic
population, as well as shipboard and small boat survey sightings, suggest that the ranges
of the two populations overlap in the area between 42 km and 112 km from shore (Baird
etal., 2010; Forney et al., 2010). The 2010 Stock Assessment report for false killer
whales recognizes an overlap zone between insular and pelagic false killer whales
between 40 km and 140 km from the main Hawaiian Islands based on sighting, telemetry,
and genetic data (based on justification in Forney et al., 2010). Aerial survey sightings
are within 40 km of shore are assumed to insular false killer whales based on what is
known of the movements of the insular and pelagic populations. Because photographic
or genetic identification of individuals is often required to determine the population
identity of false killer whales in Hawaiian waters, we cannot be absolutely certain that
sighting from the 1989 or 1993-2003 aerial surveys came from the insular population.
Similarly, sightings of false killer whales by observers aboard fishing vessels cannot be
attributed to the insular population when no identification photographs are obtained.

2.4.2. Population dynamics
There is no information available to assess whether the life history of Hawaiian insular
false killer whales differs markedly from other false killer whale populations (see Section
2.1.4). However, there is also no evidence to show they are similar. As discussed earlier,
false killer whales in Japan were larger and had a higher reproductive output than those in
South Africa, and these differences were attributed to one or all of the following: colder
more productive waters, response to exploitation and different food in the two regions
(Ferreira, 2008). It remains uncertain whether Hawaiian insular false killer whales are
more like those from Japan or South Africa.
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2.4.2.1. Social structure
Molecular genetics results (Section 2.3) support the separation of Hawaiian insular false
killer whales from the more broadly distributed Hawaiian pelagic false killer whales
(Chivers et al., 2007, 2010). Matches from photo-identification of individual insular false
killer whales also suggest functional isolation from the overlapping pelagic population of
falsekiller whales (Baird et al., 2008a). Based on 553 identifications available as of July
2009, with the exception of 4 small groups of false killer whale observed (2 near Kauai
and 2 off the Big Island), all false killer whales observed within 40 km of the main
Hawaiian Islands link to each other through a single large social network. A large group
of 19 identified individuals seen 42 km from shore and identifications from a number of
other sightings of smaller groups do not link into the social network, providing even
stronger evidence that the populations do not associate (Baird, 2009).

Figure 2-13. Social network diagram of false Kkiller whale s photo-identified around the main
Hawaiian Islands and offshore (40-130 km) from 1986 through May 2009 (Baird, 2009). Individuals
encountered close to shore around Oahu, Maui, Lanai, and Hawaii are shown in red circles. All
except four individuals photo-identified around these islands are linked in a single social network.
Individual encountered close to shore around Kauai are shown in blue circles. Individuals
encountered > 40 km from shore are shown in red triangles.
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2.4.2.2. Historical population size
Historical population size is unknown. BRT members used density estimates from other
areas together with the range inferred from telemetry data to suggest plausible ranges for
historical abundance in the Population Viability Analysis (Appendix B). Using the
estimated density of false killer whales around Palmyra Atoll, where the highest density
of this species has been reported (Barlow and Rankin, 2007), and extrapolating that
density to the 202,000 km” area within 140 km of the main Hawaiian Islands (proposed
as a stock boundary for Hawaiian insular false killer whales in the Draft 2010 Stock
Assessment Report), a plausible historical abundance is around 769 animals. To allow
for uncertainty in this estimate, higher potential abundances are also estimated as the
mean plus one standard deviation (1392 animals), and the upper 95% lognormal
confidence limit (2461 animals). There are several important caveats. Even though
Palmyra has a density that is high relative to other areas, it is unlikely that this
represented a pristine population during the 2005 survey on which the estimate is based.
Given the depredation tendencies of false killer whales, known longlining in the Palmyra
area, and the fact that false killer whales are known to become seriously injured or die as
a result of interactions with longlines, the possibility that current densities are lower than
historical densities cannot be discounted. Although Palmyra is situated in more
productive waters than the Hawaiian Islands, we do not understand enough about the
feeding ecology, behavior, and social system(s) of false killer whales to know how or
whether productivity might be related to animal density for false killer whales. Finally,
we do not know whether the range of Hawaiian insular false killer whales extends into
the Northwestern Hawaiian Islands, which would significantly increase the area and,
hence, the estimates of historical abundance.

2.4.2.3. Current Abundance
Abundance of false killer whales in Hawaiian waters has been estimated using shipboard
line-transect surveys of the entire Hawaiian EEZ, as well as aerial line-transect surveys
and photographic capture-recapture analysis. The aerial surveys and photo-identification
efforts covered only portions of the range of false killer whales in Hawaii. Hawaiian
insular false killer whales were recognized as being separate from pelagic false killer
whales only after the genetic results of Chivers et al (2007) has become available. Thus,
many previously published estimates refer to both the insular and pelagic populations
combined. Separate estimates of abundance are now available for both populations, with
the best estimate of the size of the insular population being the result of capture-recapture
analysis of photo-identification data. The 2009 Stock Assessment Report for insular
Hawaiian false killer whales (Carretta et al., 2010) gives this as 123 individuals (CV =
0.72) (Baird et al., 2005). Recent reanalysis of the photographic data using more recent
sighting histories and open population models has yielded new estimates of population
size (Baird et al. presentation to 2009 PSRG), for two time periods, 2000-2004, and
2006-2009. These abundance estimates are considered overestimates because they do
not account for known missed matches of individuals within the photographic catalog
(Baird, pers. comm.). Two estimates of population size are presented for the 20062009
period because two groups of whales photographed near Kauai have not been seen to
associate into the social network of false killer whales seen at the other islands (Baird,
2009). Those animals may come from the pelagic population, may come from another
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undocumented population in the Northwestern Hawaiian Islands, or may represent a
portion of the insular population that has not been previously encountered and
photographically documented. Table 2-4 summarizes the current estimates of abundance
for the Hawaiian insular population. The Hawaiian pelagic population numbers 484
individuals (CV=0.93) within the U.S. EEZ surrounding Hawaii (Barlow & Rankin
2007), though the population range is known to extend into high-seas waters, though the
specific boundaries of that population are unknown.

Table 2-4. Current estimate of population size presented in the 2009 Stock Assessment Report and
new estimates of abundance using more recent resighting histories and open population models.

Time period of Population
estimate size Source of estimate
2000-2004 123 (CV =0.72) Baird et al., 2005
2000-2004 162 (CV =0.23) Baird et al
20062009 (w/out unpublished (PSRG
Kauai) 151 (CV = 0.20) 2089)
2006-2009 (w/Kauai) 170 (CV =0.21)
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Figure 2-14. Visual line-transect survey sightings, color-coded by group size, overlaid on survey effort
conducted during Southwest Fisheries Science Center cetacean assessment cruises in the Pacific ( Hamilton
et al., 2009). The estimated density of false killer whales in different survey regions is shown in the boxes
on the figure. The “core range” of the insular population is the region within which only insular false killer
whales are known to commonly occur (within 40km of the main Hawaiian Islands).
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Although considered out-of-date by NMFS standards (NMFS, 2005), a previous estimate
of insular false killer whale abundance based on aerial surveys from 1993 to 1997 was
similar to the 2000-2004 estimate. Mobley et al. (2000) estimated 121 false killer whales
(CV =0.47) obtained from aerial survey sightings pooled over 3 survey years (1993,
1995, 1997). That estimate was likely negatively biased because the survey aircraft did
not allow detection of cetaceans directly below the plane, and no adjustment was made
for availability bias (animals below the surface and unavailable for sighting as the aircraft
passed overhead).

In February 2009 a line-transect survey was conducted within 75 nmi of the main
Hawaiian Islands where there were 6 sighting of false killer whales. Four on-effort
sightings yielded a preliminary abundance estimate of 635 animals (CV =0.77);
however, not all groups could be attributed to the insular population. Some sightings
occurred in the overlap zone, such that they may be pelagic false killer whales. Visual
and acoustic observations of false killer whale behavior during the survey and the shape
of the detection function (based on all sightings of false killer whale on previous NMFS
Southwest Fishereis Science Center surveys) indicate this is an overestimation of
abundance, particularly due to likely attraction of false killer whales to the survey vessel.
Vessel attraction in other species has resulted in overestimation by as much as 400%
(Turnock and Quinn II, 1991). Without a correction factor, which is currently not
available, the Pacific Scientific Review Group noted (PSRG, 2010), and the BRT agreed,
that this estimate does not represent best-available science because of a substantial
upward bias and the lack of a correction factor for this species.

Although the absolute abundance of Hawaiian insular false killer whales is small, the
core-area (within 40 km) population density (1.2 animals/1000 km?) is among the highest
reported for this species. False killer whale sightings, survey effort, and density estimates
from the NMFS cetacean cruises in the Pacific (Figure 2-14) illustrate the general
preference for more productive equatorial waters, with waning occurrence in the
subtropics. The high density of the Hawaiian insular population suggests a unique
habitat capable of supporting a larger population density than nearby oligotrophic waters.

2.4.2.4. Trends in Abundance
Aerial survey sightings since 1989 suggest that the Hawaiian insular false killer whale
population has declined over the last 2 decades. A survey was conducted in June and
July 1989 on the leeward sides of Hawaii, Lanai, and Oahu to determine the minimum
population size of false killer whales in Hawaiian waters. False killer whales were
observed on 14 occasions with 3 large groups (group sizes 470, 460, and 380) reported
close to shore off the island of Hawaii on 3 different days (Reeves et al., 2009). The
largest group seen in 1989 is more than 3 times larger than the current best estimate of
the size of the insular population. Although the animals seen during the 1989 surveys
are assumed to come from the insular population, based on their sighting location near
the Big Island, it is possible that they represent a short-term influx of pelagic animals to
waters closer to the islands. The average group size during the 1989 survey (195
animals) is larger than the typical average group size for the insular population (25
animals for encounters longer than 2 hours) during more recent surveys (Baird et al.,
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2005), and is larger than that observed for the pelagic population (12 animals) (Barlow
and Rankin, 2007). However, because of the location of the sighting and lack of
evidence of pelagic animals occurring that close to the islands, it is likely that this group
did consist of insular animals.

Five systematic aerial surveys were conducted between 1993 and 2003 covering both
windward and leeward sides of all of the main Hawaiian Islands, including channels
between the islands, out to a maximum distance of about 46 km from shore (Mobley et
al., 2000; Mobley, 2004). A regression of sighting rates (8 groups in 1993, 9 in 1995, 1
in 1998, and none seen in 2000 and 2003 (Mobley et al., 2000; Mobley, 2004)) from
these surveys suggests a significant decline in the population size (p = 0.028, r>= 0.8429
(Baird, 2009). The large groups sizes observed in 1989, together with the declining
encounter rates from 1993 to 2003 suggest that Hawaiian insular false killer whales have
declined significantly in recent decades.

It is possible that weather or other survey conditions are at least partially responsible for
the decline in sighting rates from 1993 to 2003; however, there was no trend in the
sighting rates for the four most commonly seen species of small cetaceans (spinner
dolphin, bottlenose dolphin, spotted dolphin, and short-finned pilot whale). These four
species represent nearshore and pelagic habitat preferences and span a range or body
sizes from smaller to larger than false killer whales. It can be inferred from this evidence
that variability in sighting conditions during the survey period did not have a major effect
on sighting rates and therefore the rate for insular false killer whales has, in fact,
declined.

A number of additional lines of evidence, summarized in Baird (2009), support a recent
decline in Hawaiian insular false killer whale population size. Individual researchers in
Hawaii have noted a marked decline in encounter rates since the 1980s and the relative
encounter rate of false killer whales during the 1989 aerial survey was much higher than
current encounter rates.
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3. DPS Determination

3.1. ESA discreteness and significance

Joint NOAA/USFWS policy defines a population to be a DPS if it is both discrete and
significant relative to the taxon to which it belongs (61 FR 4722, February 7, 1996).
Under the policy, a population may be considered discrete if it satisfies one of the
following conditions:

e It is markedly separated from other populations of the same taxon as a
consequence of physical, physiological, ecological, or behavioral factors.
Quantitative measures of genetic or morphological discontinuity may provide
evidence of this separation.

e [tis delimited by international governmental boundaries within which differences
in control of exploitation, management of habitat, conservation status, or
regulatory mechanisms exist that are significant in light of Section 4(a)(1)(D) of
the ESA.

If a population segment is considered discrete, NMFS must then consider whether the
discrete segment is significant to the taxon to which it belongs. In carrying out this
examination, the Service will consider available scientific evidence of the discrete
population segment’s importance to the taxon to which it belongs. This consideration
may include, but is not limited to, the following:

e persistence of the discrete segment in an ecological setting unusual or unique for
the taxon,

e cvidence that loss of the discrete segment would result in a significant gap in the
range of the taxon,

e cvidence that the discrete segment represents the only surviving natural
occurrence of a taxon that may be more abundant elsewhere as an introduced
population outside its historical range, or

e cvidence that the discrete segment differs markedly from other populations of the
species in its genetic characteristics.

Because precise circumstances are likely to vary considerably from case to case, it is not
possible to describe prospectively all the classes of information that might bear on the
biological and ecological importance of a discrete population segment. Thus, in addition
to the four criteria listed above, the policy also allows for consideration of other factors if
they are appropriate to the biology or ecology of the species. Data relevant to the
distinctiveness and the significance questions include the ecological, behavioral, and
genetic data summarized in Sections 2.2 and 2.3 above.

The BRT considered a number of factors related to Hawaiian insular false killer whale
behavior, ecology, and genetics that relate to both the discreteness and significance
criteria as defined above. However, some discreteness and significance factors as defined
by the DPS guidance were not considered in detail as the team determined there was no
evidence to suggest that those factors were applicable to Hawaiian insular false killer
whales. In particular, there is no evidence to suggest that Hawaiian insular false killer
whale are discrete from other false killer whale populations based on marked physical or
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physiological separation, nor is the population delimited by international governmental
boundaries, as it occurs entirely within U.S. waters. The team dismissed significance
criteria based on loss of the discrete segment resulting in a significant gap in the range of
the taxon because Hawaiian insular false killer whales already overlap in range with the
Hawaii pelagic stock and the remaining nearshore area that would be vacated if the
insular population were lost is geographically very small compared to the overall species
range. The team also dismissed significance criteria based on the discrete segment
representing the only surviving natural occurrence within its historical range, as false
killer whales are known to occur throughout tropical and subtropical waters of all oceans.

Each remaining discreteness and significance criteria relevant to Hawaiian insular false
killer whales was discussed separately and the arguments for and against each factor were
examined in detail. Because the policy allows for consideration of other factors that are
appropriate to the biology and ecology of the species, the BRT also considered whether
loss of the discrete segment would result in the loss of cultural diversity for the taxon.
Culture (knowledge passed through learning from one generation to the next) was
evaluated as a significance factor within the Status Review of Southern Resident killer
whales (Krahn et al., 2004), as culture is likely to play an important role in the viability of
killer whale populations. Because false killers are thought to be similar to killer whales
by having long-interbirth intervals suggesting a long period for young to learn effective
foraging techniques and by having reproductive senescence in females suggesting older
females may be important because of their long-term knowledge of prey distribution, this
BRT evaluated the role of cultural significance during the determination of the DPS.

As noted in the Introduction, the BRT used the plausibility point method to evaluate each
discreteness and significance factor potentially relevant to Hawaiian insular false killer
whales, with each team member asked to allocate 10 points to the arguments for and
against each factor. Point allocations from all team members were combined to produce
percentage plausibility, where a score greater than 50% indicates that the arguments in
favor of that factor carry more weight than the arguments against, and where higher
percentages indicate greater confidence in those arguments than do lower values.
Individual arguments for and against each factor, as well as all of the individual point-
allocations are listed in Appendix A.

3.2. BRT determination of ESA discreteness

The BRT expressed strong support for a finding that Hawaiian insular false killer whales
are discrete from other false killer whales. The team found that Hawaiian insular false
killer whales are markedly separated from other false killer whales based on behavioral
and ecological factors. In particular, the team noted that throughout its distribution, the
false killer whale is considered a wide-ranging pelagic species not typically associated
with coastal or island habitats (with exceptions noted above). Hawaiian insular false
killer whales are behaviorally discrete because they are the only population of the species
known to have movements restricted to the vicinity of an oceanic island group. Multiple
lines of evidence support this conclusion. In particular, Hawaiian insular false killer
whales are linked through a tight social network, with most identified individuals linked
to all others through at least 2 distinct associations and with none of the identified
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individuals linking to animals outside of the nearshore areas of the Hawaiian Islands.
Further, phylogeographic analysis indicates that the Hawaiian insular population is
isolated with 80 of 81 sampled individuals (roughly half of the population) described by
haplotypes found exclusively within the Hawaiian insular population (Chivers et al.,
2007, 2010). Finally, telemetry studies show all 20 satellite-tagged Hawaiian insular
false killer whales have remained within the main Hawaiian Islands (Baird et al., 2009,
Forney et al., 2010). Although it is not unusual for false killer whales to be observed
close to land, long-term history of exclusive use of a mainland or island system has not
been documented. Although information relating to false killer whale residency patterns
at other oceanic islands is sparse, as are the number and distribution of genetic samples of
central Pacific false killer whales other than the insular population, the BRT concluded
that the weight of the evidence did support recognition of Hawaiian insular false killer
whales as behaviorally discrete from other false killer whales in the taxon (81% of
plausibility points).

Hawaiian insular false killer whales inhabit a unique ecological setting because they are
found only in island-associated waters that are relatively shallow and productive
compared to surrounding oligotrophic waters. Movement data indicate that Hawaiian
insular false killer whales have adapted to a different ecological habitat than their pelagic
conspecifics. Eleven insular false killer whales instrumented with satellite tags, whose
locations have been evaluated in detail, show close association with the Hawaiian Islands
in waters with a median depth of 575 m, substantially shallower than global oceanic
habitat and the median depth of 3844 m for a satellite-tagged Hawaiian pelagic false
killer whale (Baird et al., 2009). The shallower near-island habitat supports enhanced
productivity and the tight association of Hawaiian insular false killer whales with this
environment suggests they have adapted to a different habitat than their oceanic
conspecifics, even when foraging on potentially similar prey species. Contaminant data
also suggest that Hawaiian insular false killer whales forage on island-associated prey as
they maintain elevated levels of fire retardants, a contaminant associated with urban
environments, in their tissues (Ylitalo et al., 2009). The allocation of plausibility points
recognizes that some uncertainty does remain, primarily due to the lack of information on
false killer whales in other island archipelagos with similar areas of suitable habitat, such
as the Cook Islands. The team allocated 70% of plausibility points in favor of ecological
discreteness.

3.3. BRT determination of ESA significance

The BRT discussed at length the significance of the Hawaiian insular false killer whale
with respect to the false killer whale global taxon. In particular, the BRT focused on the
following three factors:
e the ecological setting of Hawaiian insular false killer whales, including diet and
habitat, and how it differs from that of other false killer whales;
e genetic information for Hawaiian insular false killer whales and differences from
other false killer whales in the tropical Pacific; and
e cultural diversity within false killer whales populations and what role Hawaiian
insular false killer whales play in maintaining this diversity.
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The BRT concluded that Hawaiian insular false killer whales are significant to the taxon
in which they belong, based on the following: existence in a unique ecological setting,
marked genetic differences, and maintenance of cultural diversity. Although there was
greater uncertainty among the BRT when considering the significance factors, the team
concluded by a 3:2 margin that Hawaiian insular false killer whales are significant based
on each individual factor. Further, the BRT found there was stronger support for finding
insular Hawaiian false killer whales to be significant to the taxon based on all factors
taken together and the potential synergistic effects of those factors. The arguments
favoring significance are outlined below.

3.3.1. Ecological setting
The BRT evaluated ecological significance in two different ways. First, it was
considered whether a population with range restricted to the Hawaiian Islands, such as
Hawaiian insular false killer whales, would automatically be significant because the
Hawaiian Islands represent a unique ecological setting. Defining significance based on
this rationale would imply that all populations of animals whose range is restricted to the
Hawaiian Islands are ecologically significant. Although there was relatively little support
for this definition of ecological significance within the BRT as a whole, one team
member allocated points heavily in favor of it (Appendix A). The member noted that the
ecology of the Hawaiian Islands is unusual and unique in many ways, and this is reflected
in a high degree of endemism of various species. Although it is difficult to describe what
makes Hawaii unique in explicit terms, the unusual ecological setting is derived from
being a large but very isolated archipelago, consisting of steep volcanic peaks set in deep
water, in a tropical setting, with substantial shelf and slope habitat around the islands but
with deep water between the islands. Most relevant to false killer whales is the fact that
the Hawaiian Archipelago contains an extensive amount of mid-depth habitat that false
killer whales use, and it is difficult to identify another archipelago that contains such a
large extent of that type of habitat in a similar ecological setting. The fact that the
archipelago is large but very isolated from other island groups in the region allows for the
development of unique evolutionary potential in populations that are uniquely tied to the
Hawaiian Archipelago. Other members acknowledged the uniqueness of the Hawaiian
habitat in general but felt that the argument needed to be made relative to the taxon. The
example of bottlenose dolphins, which have discrete populations on each of the main
Hawaiian Islands and are likely to have many thousands of such populations globally,
influenced team 