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DISCLAIMER

This document is a compilation of the best available scientific and commercial data and a
description of threats to humpback whales (Megaptera novaeangliae). It does not represent a
decision by the National Marine Fisheries Service (NMFS) on whether this taxon or any subset
thereof should be proposed for listing as threatened or endangered under the Federal Endangered
Species Act or whether the current listing status should be changed. That decision will be made
by NMFS after reviewing this document, other relevant biological and threat information not
included herein, efforts being made to protect the species, and all relevant laws, regulations, and
policies. The result of the decision will be posted on the NMFS web site (refer to:
http://www.nmfs.noaa.gov/pr/) and announced in the Federal Register.

Cover photograph by Cornelia Oedekoven; Southwest Fisheries Science Center, Marine
Mammal and Turtle Division.
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EXECUTIVE SUMMARY

Humpback whales (Megaptera novaeangliae) were listed as endangered in 1970 under the
Endangered Species Conservation Act of 1969, the precursor to the Endangered Species Act
(ESA). When the ESA was enacted in 1973, humpback whales were included in the List of
Endangered and Threatened Wildlife and Plants (the List) as endangered and were considered as
“depleted” under the Marine Mammal Protection Act (MMPA).

In May 2010, the National Marine Fisheries Service (NMFS) convened the Humpback Whale
Biological Review Team (BRT) to conduct a comprehensive review of the status of humpback
whales as the basis for considering revisions to this species’ listing status. The ESA, as amended
in 1978, defines a species to be “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”
(Section 3(16)). Guidance on what constitutes a “distinct population segment” (DPS) is provided
by the joint NMFS-Fish and Wildlife Service (FWS) interagency policy on vertebrate
populations (61 FR 4722, 7 February 1996). To be considered a DPS, a population, or group of
populations, must be “discrete” from the remainder of the taxon to which it belongs; and
“significant” to the taxon to which it belongs. Information on distribution, ecological situation,
genetics, and other factors is used to evaluate a population’s discreteness and significance.

Conducting an ESA status review therefore involves two key tasks: identifying the taxonomic
units (species, subspecies or DPS) to be evaluated, and assessing the risk of extinction for each
of these units.

Identification of Distinct Population Segments

Humpback whales are found in all oceans of the world with a broad geographical range from
tropical to temperate waters in the Northern Hemisphere and from tropical to near-ice-edge
waters in the Southern Hemisphere. Nearly all populations undertake seasonal migrations
between their tropical and sub-tropical winter calving and breeding grounds! and high-latitude
summer feeding grounds.

Humpback whales are currently considered to be a monotypic species, but whales from the
Northern and Southern Hemispheres differ from each other substantially in a number of traits,
including coloration, timing of reproduction and migratory behavior, diet, and molecular genetic
characteristics. Within the Northern Hemisphere, populations from the Atlantic and Pacific also
differ markedly in molecular genetic traits and coloration patterns, with no evidence of exchange
of individuals between these ocean basins. In the Northern Indian Ocean, a population
inhabiting the Arabian Sea is also markedly divergent in molecular and behavioral characteristics
from all other populations globally. Whales from these four areas (North Pacific, North Atlantic,
Southern Hemisphere, and Arabian Sea) were so divergent that the BRT considered the
possibility that they might reasonably be considered different sub-species, and enlisted the aid of
the Committee on Taxonomy of the Society for Marine Mammalogy to help address this
question. The committee concluded that if a taxonomic revision of humpback whales were to be
undertaken, it is likely that the North Atlantic, North Pacific and Southern Hemisphere groups

L In this document, the term “breeding ground” refers to areas in tropical or subtropical waters where humpback
whales migrate in winter to mate and give birth to calves.
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would be recognized as sub-species. The BRT therefore largely focused on the question of
whether any DPS could be identified within each of these major ocean basins, although we also
evaluated whether any DPS so identified would also be discrete and significant if evaluated with
reference to the entire global species.

Population structure in humpback whales has been previously evaluated both for breeding areas
and feeding areas. In applying the discreteness and significance criteria, the BRT focused on
breeding populations as the units that could be identified as DPSs, consistent with the language
in the ESA that species (including DPS) “interbreed when mature.” Information on where a
breeding population feeds, however, was considered in evaluating both the significance and
discreteness of that population.

The BRT evaluated genetic data, tagging and photographic-1D data, demographic information,
geographic barriers, and stranding data, and determined that there are at least 15 DPS of
humpback whales. Significant differences in patterns of genetic variation and information on the
rates of exchange of individuals among breeding areas were particularly important for evaluating
population discreteness, and patterns of geographic occurrence, differences in ecology among
feeding and in some cases breeding areas, and degree of genetic differentiation were most
important for determining significance.

Based on this information, the BRT identified the following humpback whale distinct population
segments, named after their primary breeding locations (Figure 1):

1. West Indies

2. Cape Verde Islands/Northwest Africa
3. Hawaii

4. Central America

5. Mexico

6. Okinawa/Philippines

7. Second West Pacific (exact location unknown)
8. West Australia

9. East Australia

10. Oceania

11. Southeastern Pacific

12. Brazil

13. Gabon/Southwest Africa

14. Southeast Africa/ Madagascar

15. Arabian Sea
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Figure 1. Approximate locations of breeding/wintering areas for the 15 DPSs.
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A brief description of each DPS is provided below.

North Atlantic Distinct Population Segments

1. West Indies — The West Indies DPS consists of the humpback whales whose breeding range
includes the Atlantic margin of the Antilles from Cuba to northern Venezuela, and whose
feeding range primarily includes the Gulf of Maine, eastern Canada, and western Greenland.
While many West Indies whales also use feeding grounds in the central (Iceland) and eastern
(Norway) North Atlantic, many whales from these feeding areas appear to winter in another
location. The West Indies DPS was determined to be discrete based upon genetic evidence and
on a lack of evidence for exchange with the eastern Atlantic breeding population (or any other
population) based on re-sighting data. This DPS was determined to be significant with respect to
other North Atlantic DPS due to the significant gap in the breeding range that would occur if it
went extinct. Loss of the West Indies population would result in the loss of humpback whales
from all the Northwest Atlantic breeding (Caribbean/West Indies) and feeding grounds (United
States, Canada, Greenland) and would also result in the loss of a significant portion of whales
occupying feeding grounds in the Northeast Atlantic.

2. Cape Verde Islands plus Northwest Africa — This DPS consists of the humpback whales
whose breeding range includes waters surrounding the Cape Verde Islands as well as an
undetermined breeding area in the eastern tropical Atlantic which may be more geographically
diffuse than the West Indies breeding ground. The population of whales breeding in Cape Verde
Islands plus this unknown area likely represent the remnants of a historically larger population
breeding around Cape Verde Islands and northwestern Africa (Reeves et al. 2002). There is no
known overlap in breeding range with North Atlantic humpback whales that breed in the West
Indies, although overlap occurs among feeding aggregations from different breeding populations.
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The DPS was determined to be discrete based upon genetic evidence that suggests a second
breeding ground occupied by whales that feed primarily off Norway and Iceland, as well as the
gap that would exist in the breeding range if it became extinct. Loss of this unit would result in a
loss of this unique breeding ground as well as a significant number of whales that feed in Iceland
and Norway.

North Pacific Distinct Population Segments

3. Hawaii — The Hawaii DPS consists of humpback whales that breed within the main Hawaiian
Islands. Whales from this breeding population have been observed in most known feeding
grounds in the North Pacific, but about half of the whales from population migrate to Southeast
Alaska and Northern British Columbia. They also commonly utilize northern British Columbia,
northern Gulf of Alaska and Bering Sea feeding grounds. This DPS was determined to be
discrete based on significant genetic differentiation from other North Pacific breeding areas and
evidence for low rates of movement among breeding areas in the North Pacific based on sighting
data. The Hawaii DPS was determined to be significant due to the gap that would result in
breeding and feeding ranges if it were to go extinct, ecological differences in feeding areas
compared to other populations, and marked levels of genetic divergence to other populations.

4. Central America — The Central American DPS is composed of whales that breed along the
Pacific coast of Costa Rica, Panama, Guatemala, El Salvador, Honduras and Nicaragua. Whales
from this breeding ground feed almost exclusively offshore of California and Oregon in the
eastern Pacific, with only a few individuals identified at the northern Washington —southern
British Columbia feeding grounds. This DPS was determined to be discrete based on re-sight
data as well as findings of significant genetic differentiation between it and other populations in
the North Pacific. The genetic composition of the DPS is also unique in that it shares
mitochondrial DNA (mtDNA) haplotypes with some Southern Hemisphere DPSs, suggesting it
may serve as a conduit for gene flow between the North Pacific and Southern Hemisphere. The
breeding ground of this DPS occupies a unique ecological setting, and its primary feeding
ground is in a different marine ecosystem from most other populations. Loss of this population
would also result in a significant gap in the range the species.

5. Mexico — The Mexican DPS consists of whales that breed along the Pacific coast of mainland
Mexico, the Baja California Peninsula and the Revillagigedos Islands. The Mexican DPS feeds
across a broad geographic range from California to the Aleutian Islands, with concentrations in
California-Oregon, northern Washington — southern British Columbia, northern and western Gulf
of Alaska and Bering Sea feeding grounds. This DPS was determined to be discrete based on
significant genetic differentiation as well as evidence for low rates of movements among
breeding areas in the North Pacific based on sighting data. It was determined to be significant
due to the gap in breeding grounds that would occur if this DPS were to go extinct and the
marked degree of genetic divergence to other populations. It also differs from some other North
Pacific populations in the ecological characteristics of its feeding areas.

6. Okinawa/Philippines — The Okinawa/Philippines DPS consists of the whales’
breeding/wintering in the area of Okinawa and the Philippines. Animals transiting the
Ogasawara area are believed to be a mixture of whales from this DPS and the second West
Pacific DPS (# 7, below). The Okinawa/Philippines DPS migrates to feeding grounds in the
northern Pacific, primarily off the Russian coast. The population was determined to be discrete
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based upon both significant genetic differentiation from other North Pacific populations and
apparently limited exchange with other breeding populations in the North Pacific based on re-
sighting data. The population was determined to be significant due to the gap in both the
breeding and feeding ranges that would arise if the population were to go extinct, marked levels
of genetic differentiation from other populations, and a primary feeding area that differs in its
ecological characteristics from other populations. The relationship between this DPS and the
Second West Pacific DPS is somewhat uncertain, however, due to the latter’s unknown breeding
location.

7. Second West Pacific DPS — The existence of this breeding population is inferred from
sightings of whales in Aleutian Islands area feeding grounds that cannot be linked to any known
breeding population and by the significant genetic differences that were found between
Ogasawara and the Okinawa/Philippines DPS. Some of these whales may transit the Ogasawara
area in route to unknown breeding grounds further south. This inferred breeding population was
considered to be discrete based primarily upon the apparent low exchange with other breeding
populations in the North Pacific. Its significance was hard to assess, but it appears to feed
primarily in a marine ecosystem (the Aleutian Islands) that is rarely used by whales from other
populations. Loss of this population was also considered likely to result in a gap in the range,
based on a discrete feeding area and an unknown breeding area.

Southern Hemisphere Distinct Population Segments

8. West Australia — The West Australia DPS consists of the whales whose breeding/wintering
range includes the West Australia coast, primarily in the Kimberly Region. Individuals in this
population migrate to feeding areas in the Antarctic, primarily between 80°E and 110°E based on
tagging data. The population was considered discrete based upon lack of evidence for exchange
with other breeding populations as well as significant genetic differentiation from other
populations in the Southern Hemisphere. It was considered significant due to the gap in both the
breeding and feeding range that would be created should the population go extinct.

9. East Australia — The East Australia DPS consists of the whales’ breeding/wintering along the
eastern and northeastern Australian coast. Based upon tagging, telemetry, and re-sighting data,
individuals in this population migrate to Antarctic feeding areas ranging from 100°E to 180°E,
but concentrated mostly between 120°E and 180°E. The population was considered discrete
based upon its distribution and level of genetic differentiation from other populations. It was
considered significant due to the gap in the range that would occur should the population go
extinct.

10. Oceania — The Oceania DPS consists of whales that breed/winter in the South Pacific Islands
between ~160°E (west of New Caledonia) to ~120°W (east of French Polynesia), including
American Samoa, the Cook Islands, Fiji, French Polynesia, Republic of Kiribati, Nauru, New
Caledonia, Norfolk Island, New Zealand, Niue, the Independent State of Samoa, Solomon
Islands, Tokelau, Kingdom of Tonga, Tuvalu, Vanuatu, Wallis and Futuna. Individuals in this
population are believed to migrate to a largely undescribed Antarctic feeding area. The
population was considered discrete based on its breeding distribution and level of genetic
differentiation from other populations. It was considered significant based upon the gap in the
range that would occur should the population go extinct.



11. Southeastern Pacific — The Southeastern Pacific DPS consists of whales that breed/winter
along the Pacific coasts of Panama to northern Peru (9°N-6°S), with the main wintering areas
concentrated in Colombia. Feeding grounds for this DPS are thought to be concentrated in the
Chilean Magellan Straits and the western Antarctic Peninsula. These cross-equatorial breeders
feed in the Southern Ocean during much of the austral summer. The population was considered
discrete based on its breeding distribution and level of genetic differentiation from other
populations. It was considered significant based on the gap in the range that would occur should
it go extinct, the marked level of genetic divergence from other populations, and the unique
ecological setting of its breeding area.

12. Brazil — This DPS consists of whales that breed between 3°S and 23°S in the southwestern
Atlantic along the coast of Brazil with a prominent concentration around the Abrolhos Bank
(15°-18°S) and feed off South Georgia and the South Sandwich Islands. The population was
considered discrete based on its breeding distribution and level of genetic differentiation from
other populations. It was considered significant based upon the gap in range that would occur
should the population go extinct and its feeding location in a distinct marine ecosystem.

13. Southwest Africa — The Southwest Africa DPS consists of whales that breed and calve off
central western Africa between ~6°S and ~6°N in the eastern Atlantic, including the coastal
regions of northern Angola, Congo, Togo, Gabon, Benin, other coastal countries within the Gulf
of Guinea and possibly further north. This DPS is thought to feed offshore of west South Africa
and Namibia south of 18°S and in the Southern Ocean beneath west South Africa (20°W —
10°E). The population was considered discrete based on its breeding distribution, which is
geographically separated from other breeding distributions, and level of genetic differentiation
from other populations. It was considered significant based upon the gap in the range that would
occur should the population go extinct.

14. Southeast Africa/ Madagascar— The Southeast Africa/ Madagascar DPS includes whales
breeding in at least three different areas in the western Indian Ocean: one associated with
mainland coastal waters of southeastern Africa, extending from Mozambique to as far north as
Tanzania and southern Kenya, a second found in the coastal waters of the northern Mozambique
Channel Islands and the southern Seychelles and the third found in the coastal waters of eastern
Madagascar. The feeding grounds of this DPS in the Southern Ocean are not well defined but
are believed to include multiple localities to the west and east of the region bounded by 5°W —
60°E. The population was considered discrete based on its breeding distribution, which is
geographically separated other breeding grounds and level of genetic differentiation from other
populations. It was considered significant based upon the gap in the range that would occur
should the population go extinct.

Northern Indian Ocean Distinct Population Segments

15. Arabian Sea — The Arabian Sea DPS includes those whales that are currently known to breed
and feed along the coast of Oman. However, historical records from the eastern Arabian Sea
along the coasts of Pakistan and India indicate its range may also include these areas. The
population was considered discrete based upon its unique breeding and feeding distribution
which is geographically separated other breeding distributions, and level of genetic
differentiation from other populations. It was considered significant based upon the gap in both



the range that would occur should the population become extinct, its unique ecological setting,
and marked degree of genetic differentiation from other populations.

Threats Assessment and Evaluation of Extinction Risk

The BRT then assessed the extinction risk of each DPS. Assessment of extinction risk includes
the evaluation of demographic information and threats experienced by each DPS. The BRT
qualitatively assessed the severity, geographic scope, and level of certainty of potential
individual threats to humpback whales, and assessed abundance and trend data (where available)
for each DPS. Because the severity and scope of these threats may change through time, each
threat was evaluated based on its current impact.

Overall, no humpback whale DPSs are known to be declining, although seven DPSs do not have
trend information available. Eight of the DPSs are thought to be increasing or stable. Twelve of
the DPSs are estimated to number more than 2,000 total individuals (some much more). Three
DPSs have an estimated abundance between 100 and 2,000 total individuals. There is much
uncertainty about the population size of two DPSs, the Cape Verde Islands/Northwest Africa and
the Second Western Pacific. The Arabian Sea DPS is the only DPS likely to number fewer than
100 individuals.

In the North Atlantic Ocean, the threats of harmful algal blooms (HABS), vessel collisions, and
fishing gear entanglements are likely to moderately reduce the population size or the growth rate
of the West Indies DPS. All other threats, with the exception of climate change (uncertain
severity), are considered likely to have no or minor impact on population size or the growth rate
of this DPS. For the Cape Verde Islands plus Northwest Africa DPS, the threats of HABS,
disease, parasites, vessel collisions, fishing gear entanglements and climate change were
identified but the effects remain uncertain. All other threats to this DPS are considered likely to
have no or minor impact on the current population size or growth rate. The population of whales
in this DPS likely represent the remnants of a historically larger population.

In the North Pacific Ocean, energy development, directed or incidental takes (bycatch), whaling,
and competition with fisheries are each considered likely to moderately reduce the population
size or the growth rate of the Okinawa/Philippines DPS. Vessel collisions are considered likely
to moderately reduce the population size or the growth rate of the Central America and
Okinawa/Philippines DPSs. Fishing gear entanglements are considered likely to moderately
reduce the population size or the growth rate of the Hawaii, Central America, and Mexico DPSs
and likely to seriously reduce the population size or growth rate of the Okinawa/Philippines
DPS. In general, there is great uncertainty about the threats facing the Second West Pacific DPS.
All other threats are considered likely to have no or minor impact on population size or the
growth rate or are unknown.

In the Southern Hemisphere, all threats are considered likely to have no or minor impact on
population size or the growth rate or are unknown, with the exception of energy exploration
posing a moderate threat in western Australia and in various locations on the western coast of
Africa (because of the substantial number of oil rigs and proposals for many more in these
regions) and fishing gear entanglements posing a moderate threat to the Colombia, Southeast
Africa/ Madagascar, and Oceania DPSs.
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The Arabian Sea DPS faces unique threats in part because these whales do not extensively
migrate and therefore feed and breed in the same, relatively constrained, geographic location.
Energy exploration and fishing gear entanglements are considered likely to seriously reduce the
population’s size or growth rate, and disease, vessel collisions and climate change are likely to
moderately reduce the population’s size or growth rate.

Considering the demographics of existing (or imminent) threats facing each DPS, the BRT
evaluated the risk of extinction for each DPS. The BRT used a structured decision-making
process to account for uncertainty in risk assessment. In this approach, each BRT member
distributed 100 likelihood points among the defined scenarios or options, reflecting their opinion
of the relative likelihood that the status of a specific DPS falls into each of three risk categories:
high, moderate, and not at risk. For example, if a BRT member concluded that the available
information indicated a very high certainty that a DPS was at high risk of extinction, that
member would put all or most points into the “high risk” category. On the other hand, if a BRT
member concluded that information was inconclusive, she or he might split his or her points into
two or even all three categories. High risk of extinction was defined by the BRT as: a species or
DPS that has productivity, spatial structure, genetic diversity, and/or a level of abundance that
place its near term persistence in question. Moderate risk of extinction was defined by the BRT
as: a species or DPS is at moderate risk of extinction if it exhibits characteristics indicating that it
is likely to be at a “high risk of extinction” in the future. The third risk category was “not at risk
of extinction”. The BRT decided to evaluate extinction risk over a time frame of the next 3
generations (~60 years).

Conclusions of the Status Review
The BRT conducted its analysis using the best available science and concluded:

e Nine DPSs are not at risk of extinction with high certainty (>80% of votes): the West
Indies, Hawaii, Mexico, west Australia, east Australia, Colombia, Brazil,
Gabon/Southwest Africa, and Southeast Africa/Madagascar;

e The Oceania DPS is not at risk of extinction with moderate certainty (68% of votes),
with some support for moderate risk of extinction (29% of votes);

e Both the Okinawa/Philippines and Central America DPSs were most likely at moderate
risk of extinction (44% and 56% of votes, respectively), with some support for high risk
(36% and 28% of votes, respectively) and minor support for not at risk (21% and 16% of
votes, respectively);

e The Arabian Sea DPS is at high risk of extinction (87% of votes); and

e There was considerable uncertainty regarding the risks of extinction of two of the DPSs
due to a general lack of data: the Cape Verde Islands plus Northwest Africa and the
Second West Pacific.
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l. INTRODUCTION

This review assesses the status of humpback whales (Megaptera novaeangliae), listed globally as
an endangered species under the U.S. Endangered Species Act (ESA). The National Marine
Fisheries Service (NMFS) recognized that significant new information was available since the
original listing of humpback whales under the ESA, warranting an in-depth analysis of the
species’ classification and status under the ESA. The agency convened a Biological Review
Team (BRT) to conduct a comprehensive evaluation of humpback whales worldwide to
determine 1) whether Distinct Population Segments (DPS) could be identified within this
species’ global distribution, and 2) to evaluate the extinction risk of each identified DPS. This
report describes the BRT’s deliberations and conclusions. A companion report (Fleming and
Jackson 2011) summarizing the available information on the biology and threats facing
humpback whales globally was prepared for the BRT’s review, and provides more detailed
information on these topics.

A. ESA Overview

A.1 Purpose

The purpose of the Endangered Species Act of 1973, as amended (16 U.S.C. 1531 et seq.), is to
provide a means to conserve the ecosystems upon which endangered species and threatened
species depend, to provide a program for the conservation of endangered and threatened species,
and to provide a means toward taking appropriate steps to recover endangered and threatened
species. NMFS and U.S. Fish and Wildlife Service (FWS) jointly administer the ESA, and are
responsible for determining whether species, subspecies, or distinct population segments of
vertebrate species (DPS) are endangered or threatened. NMFS has jurisdiction over most species
of marine mammals, including humpback whales.

A.2 Listing

Humpback whales were listed as endangered in 1970 under the Endangered Species
Conservation Act of 1969, the precursor to the ESA. When the ESA was enacted in 1973,
humpback whales were included in the List of Endangered and Threatened Wildlife and Plants
(the List) as endangered and were also considered as “depleted” under the Marine Mammal
Protection Act (MMPA).

Under section 4(a) of the ESA and 50 CFR part 424 of NMFS’ listing regulations, NMFS makes
determinations as to whether a marine mammal species should be listed as endangered or
threatened, or whether it should be reclassified or removed from the List. Section 4(c)(2)(A)
requires that NMFS conduct a review of listed species at least once every five years. On the
basis of such reviews, under section 4(c)(2)(B) NMFS determines whether a particular species
should be removed from the List (delisted), or reclassified from endangered to threatened, or
from threatened to endangered. Accordingly, in 2010 NMFS began a comprehensive evaluation
of the status of humpback whales, currently classified globally as an endangered species, as the
basis for considering revisions to this species’ listing status. This report is intended to form the
basis for that review.



B. Scope and Intent of the Status Review

The purpose of this status review is to evaluate the extinction risk of the humpback whale. The
ESA, as amended in 1978, defines a species to be “any subspecies of fish or wildlife or plants,
and any distinct population segment of any species or vertebrate fish or wildlife which
interbreeds when mature” (Section 3(16)). Therefore, this status review evaluates whether any
subspecies or DPSs can be identified, and then evaluates the risk of extinction of each identified
DPS. The report provides reviews and summaries of published and unpublished literature,
reports, plans, and data, coupled with numerous communications and consultation with
appropriate experts for obtaining updated information. NMFS formally announced initiation of a
humpback whale Status Review on 12 August 2009 (74 FR 40568), and solicited new
information concerning the status of humpback whales worldwide from the public, relevant
governmental agencies, tribes, the scientific community, industry, environmental entities, and
any other interested parties. NMFS requested information pertaining to species’ biology
including population trends, distribution, abundance, demographics, and genetics; habitat
conditions; conservation measures that have been implemented that benefit the species; status
and trends of threats; and other new information, data, or corrections.

In addition to soliciting new information from the public, NMFS contracted with two researchers
to prepare a Background Report on humpback whale biology, population status, and threats. The
researchers conducted numerous interviews and an extensive literature review, and the
information they compiled is synthesized in a report (Fleming and Jackson (2011). The
document underwent scientific peer review and was then made available for use in the Status
Review. This Status Review report contains a summary of general information on humpback
whale biology, population status, and threats, but we refer readers to the Background Report for
a more thorough discussion of many of these topics.

In May 2010, NMFS convened the Humpback Whale Biological Review Team (BRT),
comprised of experts in the fields of humpback whale biology and ecology, conservation
biology, taxonomy, population dynamics and modeling, and marine policy and management to
conduct a comprehensive review of the status of humpback whales and develop a Humpback
Whale Status Review Report (Status Review). The BRT’s charge was to:

(a) Synthesize and analyze available information on the species;

(b) Evaluate best available scientific information on population structure and analyze
these data for potential identification of DPSs;

(c) If DPSs are identified, analyze the status of each; and

(d) Review the five factors listed under Section 4(a)(1) of the ESA that describe the
reasons for a species’ or DPS’ status and potential threats.

In April 2013, NMFS received a petition from the Hawai’i Fishermen’s Alliance for
Conservation and Tradition to delineate a Distinct Population Segment of humpback whales in
the North Pacific and to de-list this DPS under the ESA. In August 2013, NMFS issued its 90-
day finding in response to this petition and determined that the petitioned action may be
warranted (78 FR 53391, August 29, 2013). A status review was initiated in response to the



petition and that review was included under the BRT’s on-going global review of humpback
whale status. On February 26, 2014, the State of Alaska submitted a petition to delineate the
Central North Pacific stock of the humpback whale as a DPS and remove the DPS from the List
of Endangered and Threatened Species under the ESA. NMFS issued its 90-day finding in
response to this petition and determined that the petitioned action may be warranted (79 FR
36281, June 26, 2014). Both petitioned actions were incorporated into this global status review.

This Status Review and the accompanying Background Report are a compilation of the best
available scientific and commercial information on humpback whales and a description of threats
to the species, as well as an evaluation of whether any populations meet the DPS Policy criteria
and an analysis of extinction risk to any identified DPSs. It does not represent a decision by
NMFS on whether this species, or any subdivision thereof, should be proposed for listing as
threatened or endangered under the ESA or a change in status with regard to the List. That
decision will be made by NMFS after reviewing this document, efforts being made to conserve
the species, and relevant laws, regulations, and policies. The determinations in this regard will
be posted on the NMFS Office of Protected Resources web site (http://www.nmfs.noaa.gov/pr) and
published in the Federal Register.

C. Key Questions in ESA Evaluations

Conducting an ESA status review involves two key tasks: delineating the taxonomic group(s)
under consideration and assessing the risk of extinction for the identified taxonomic group(s) (or
DPSs). Such a review may also consider the extent to which existing and emerging threats,
while not necessarily posing an immediate extinction risk, may hamper the recovery of a species.

C.1 The “species” question

For the purpose of the ESA, a species is defined as “any subspecies of fish or wildlife or plants,
and any distinct population segment of vertebrate fish or wildlife which interbreeds when
mature” (16 U.S.C. 1532). As amended in 1978, the ESA allows listing of DPSs of vertebrates,
as well as named species and subspecies. The BRT applied the joint U.S. NMFS-FWS “Policy
Regarding the Recognition of Distinct Population Segments Under the Endangered Species Act”
(61 FR 4722, 7 February 1996) to determine whether the globally-listed humpback whale could
be delineated into DPSs. This analysis is described in detail in Chapter 11 of this Review.

C.2 The “extinction risk” question

The term “endangered species” is defined in section 3 of the ESA as “any species which is in
danger of extinction throughout all or a significant portion of its range.” A “threatened species”
is “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 directs that when evaluating a species’ extinction risk, a variety of information shall be
considered, including the following factors (section 4(a)(1)(A)-(E)):

A. The present or threatened destruction, modification, or curtailment of its habitat or
range;
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B Overuse for commercial, recreational, scientific or educational purposes;
C. Disease or predation;

D The inadequacy of existing regulatory mechanisms; or

E. Other natural or man-made factors affecting its continued existence.

The BRT assessed the extinction risk for each identified DPS based on a variety of factors,
including abundance, trends in abundance, risks to diversity and spatial structure, and the risk
factors A-E above. Based on this information, each DPS was placed in one of three extinction
risk categories: high, moderate, or not at risk. This process and the conclusions of the BRT are
described in Chapter I11 of this review.

C.3 Decision making process

In reaching its conclusions, the BRT considered all available information, both qualitative and
quantitative. To allow for expressions of the level of uncertainty in identifying DPSs or in
assessing extinction risk, the BRT adopted a likelihood point method, often referred to as the
FEMAT method, because it is a variation of a method used by scientific teams evaluating options
under the Forest Plan (Forest Ecosystem Management: An Ecological, Economic, and Social
Assessment Report of the Forest Ecosystem Management Assessment Team, or FEMAT)
(FEMAT 1993). This method has been previously used in numerous ESA status reviews (e.g.,
Krahn et al. 2004b; Gustafson et al. 2006; Gustafson et al. 2010). In this approach, each BRT
member distributes 10 “likelihood” points among a number of proposed options (e.g., DPS
configurations or extinction risk categories), reflecting their opinion of how likely each option
correctly reflects the true situation.



1. The Species Question

The ESA, as amended in 1978, defines a species to be “any subspecies of fish or wildlife or
plants, and any DPS of any species or vertebrate fish or wildlife which interbreeds when mature”
(Section 3(16)). Guidance on what constitutes a DPS is provided by the joint NMFS-FWS
interagency policy on vertebrate populations (61 FR 4722, 7 February 1996). To be considered
“distinct”, a population, or group of populations, must be “discrete” from the remainder of the
taxon to which it belongs; and “significant” to the taxon to which it belongs as a whole.
Discreteness and significance are further defined by the Services in the following Policy
language:

Discreteness: A population segment of a vertebrate species may be considered
discrete if it satisfies either one of the following conditions:

1. 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.

2. It is 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 [Endangered Species] Act.

Significance: If a population segment is considered discrete under one or more of
the above conditions, its biological and ecological significance will then be
considered in light of congressional guidance (see Senate Report 151, 96th
Congress, 1st Session) that the authority to list DPSs be used “sparingly” while
encouraging the conservation of genetic diversity. In carrying out this
examination, the Services 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:

1. Persistence of the discrete population segment in an ecological setting unusual
or unique for the taxon,

2. Evidence that loss of the discrete population segment would result in a
significant gap in the range of a taxon,

3. Evidence that the discrete population segment represents the only surviving
natural occurrence of a taxon that may be more abundant elsewhere as an
introduced population outside its historic range, or

4. Evidence that the discrete population segment differs markedly from other
populations of the species in its genetic characteristics.

The joint policy states that international boundaries within the geographical range of the species
may be used to delimit a discrete population segment in the United States. This criterion is
applicable if differences in the control of exploitation of the species, the management of the



species’ habitat, the conservation status of the species, or regulatory mechanisms differ between
countries that would influence the conservation status of the population segment in the United
States. However, as this report focuses on the biological status of the species, the BRT focused
only on biological information in identifying humpback whale DPSs, understanding that factors
associated with international boundaries could be considered elsewhere.

Most populations of humpback whales migrate seasonally between low latitude breeding areas
and high latitude feeding areas. In applying the significance and discreteness criteria, the BRT
focused on breeding populations as the units that could potentially be identified as DPSs,
consistent with the language in the ESA that species “interbreed when mature.” The BRT was
also interested in identifying demographically cohesive populations, and some feeding areas
contain whales from multiple breeding populations. Information related to a population’s
feeding area(s) was clearly important for evaluating the population’s ecological setting, however,
which is an important factor for evaluating both discreteness and significance. Information on
genetic differences among breeding populations, rates of observed intra- or inter-seasonal
movement of individuals among breeding areas, and the physical locations of breeding areas
were particularly useful for evaluating discreteness. Information on a population’s distribution
and ecological setting, including both the breeding and feeding areas, along with the degree of
genetic, behavioral or morphological differentiation from other populations, was important for
evaluating significance.

A. Humpback whale life history and ecology

Humpback whales (Megaptera novaeangliae; Borowski, 1781) are baleen whales of the family
Balaenopteridae. They are found in all oceans. This chapter presents a general overview of the
biology of the humpback whale species, excerpted largely from Fleming and Jackson (2011).

A.1 Taxonomy

Kingdom: Animalia

Phylum: Chordata

Class: Mammalia

Order: Cetacea

Family: Balaenopteridae

Genus: Megaptera
Species:Megaptera novaeangliae
Common name: Humpback whale

Historically, numerous subspecies of humpback whales have been named, although they are not
widely recognized today and Megaptera novaeangliae remains the accepted taxonomic
classification for the species. A thorough review of known taxonomic listings for humpback
whales is presented in Clapham and Mead (1999) and Rice (1998). Recently, Jackson et al.
(2014) proposed that humpback whales in three major ocean basins (North Pacific, North
Atlantic, and Southern hemisphere) be considered separate subspecies, a possibility discussed in
more detail in section 11 B below.



A.2 Physical Description

Humpback whales are large baleen whales with long pectoral flippers, distinct ventral fluke
patterning, dark dorsal coloration, a highly varied acoustic call (termed ‘song’) and a diverse
repertoire of surface behaviors. Their body coloration is primarily dark grey, but individuals
have a variable amount of white on their pectoral fins, flukes, and belly. This variation is so
distinctive that the pigmentation pattern on the undersides of their flukes is used to identify
individual whales. Coloring of the ventral surface varies from white to marbled to fully black.
Dorsal surfaces of humpback whale pectoral flippers are typically white in the North Atlantic
and black in the North Pacific (Perrin et al. 2002), and are one-third of the total body length.
Similar to all baleen whales, body lengths differ between the sexes, with adult females being
approximately 1-1.5m longer than males. Humpback whales reach a maximum of 16-17 m,
although lengths of 14-15 m are more typical. Adult body weights in excess of 40 tons make
them one of the largest mammals on earth (Ohsumi 1966).

A.3 Behavior

Humpback whales are globally distributed and generally are highly migratory, spending spring,
summer, and fall feeding in temperate or high-latitude areas of the North Atlantic, North Pacific
and Southern Ocean and migrating to the tropics in winter to breed and calve. The Arabian Sea
humpback whale population does not migrate extensively, remaining in tropical waters year-
round (Baldwin 2000; Minton et al. 2010D).

Humpback whales travel great distances during migration, the farthest migration of any mammal.
The longest recorded migration between a breeding and feeding area was 5,160 miles

(8,300 km). This trek, from Costa Rica to Antarctica, was completed by seven individuals,
including a calf (Rasmussen et al. 2007). One of the more closely studied routes has shown
whales making the 3,000-mile (4,830 km) trip between Alaska and Hawaii in as little as 36 days
(Gabriele et al. 1996).

During summer and fall, humpback whales spend much of their time feeding and building fat
stores for winter. In their low-latitude wintering grounds, humpback whales congregate and are
believed to engage in mating and other social activities. Humpback whales are generally
polygynous, with males exhibiting competitive behavior on wintering grounds (Tyack 1981,
Baker and Herman 1984; Clapham 1996). A complex behavioral repertoire exhibited in these
areas can include aggressive and antagonistic behavior, such as chasing, vocal and bubble
displays, horizontal tail thrashing, and rear body thrashing. Males within these groups also make
physical contact, striking or surfacing on top of one another. Also on wintering grounds, males
sing complex songs that can last up to 20 minutes and may be heard up to 20 miles (30 km) away
(Clapham and Mattila 1990; Cato 1991). A male may sing for hours, repeating the song
numerous times. All males in a population sing the same song, but that song continually evolves
over time (Darling and Sousa-Lima 2005). Humpback whale singing has been studied for
decades, but its function remains uncertain.

Humpback whales are a favorite of whale watchers, as the species frequently performs aerial
displays, including breaching, lobtailing, and flipper slapping, the purposes of which are not well
understood. Diving behavior varies by season, with average lengths of dives ranging from <5



minutes in summer to 10-15 minutes (and sometimes more than 30 minutes) in winter months
(Clapham and Mead 1999). Typically, humpback whale groups are small (e.g., <10 individuals
but can vary depending on social context and season), and associations between individuals do
not last long, with the exception of the mother/calf pairs (Clapham and Mead 1999).

A4 Feeding

Humpback whales have a diverse diet that slightly varies across feeding aggregation areas. The
species is known to feed on both small schooling fish and on euphausiids (krill). Known prey
organisms include species representing Clupea (herring), Scomber (mackerel), Ammodytes (sand
lance), Sardinops (sardine), Engraulis (anchovy), Mallotus (capelin), and krills such as
Euphausia, Thysanoessa, and Meganyctiphanes (Baker 1985; Geraci et al. 1989; Clapham et al.
1997). Humpback whales also exhibit flexible feeding strategies, sometimes foraging alone and
sometimes cooperatively (Clapham 1993). During the winter, humpback whales subsist on
stored fat and likely feed little or not at all.

In the Northern Hemisphere, feeding behavior is varied and frequently features novel capture
methods involving the creation of bubble structures to trap and corral fish; bubble nets, clouds,
and curtains can be observed when humpback whales are feeding on schooling fish (Hain et al.
1982). Lobtailing and repeated underwater ‘looping” movements (referred to as kick feeding)
have also been observed during surface feeding events and it may be that certain feeding
behaviors are spread through the population by cultural transmission (Weinrich et al. 1992;
Friedlaender et al. 2006). On Stellwagen Bank, in the Gulf of Maine, repeated side rolls have
been recorded when whales were near the bottom, which likely serves to startle prey out of the
substrate for better foraging access (Friedlaender et al. 2009). In many locations, feeding in the
water column can vary with time of day, with whales bottom feeding at night and surface feeding
near dawn (Friedlaender et al. 2009).

Humpback whales are ‘gulp’ or ‘lunge’ feeders, capturing large mouthfuls of prey during feeding
rather than continuously filtering food, as may be observed in some other large baleen whales
(Ingebrigtsen 1929). In the Southern Hemisphere, only one style of foraging (‘lunge’ feeding)
has been reported. When lunge feeding, whales advance on prey with their mouths wide open,
then close their mouths around the prey and trap them by forcing engulfed water out past the
baleen plates. Southern Hemisphere humpback whales forage in the Antarctic circumpolar
current, feeding almost exclusively on Antarctic krill (Euphausia superba) (Matthews 1937;
Mackintosh 1965; Kawamura 1994). Stomach content analysis from hunted whales taken in sub-
tropical waters and on migratory routes indicated that stomachs were nearly always empty
(Chittleborough 1965). Infrequent sightings of feeding activity and stomach content data suggest
that some individuals may feed opportunistically during the southward migration toward
Antarctic waters (Matthews 1932; Dawbin 1956; Kawamura 1980).

In the Southern Ocean, Antarctic krill tend to be most highly concentrated around marginal sea
ice zones, where they feed on sea ice algae. As a result, Southern Hemisphere humpback whale
distribution is linked to regions of marginal sea ice (Friedlaender et al. 2006) and zones of high
euphausiid density (Murase et al. 2002), with foraging mainly concentrated in the upper 100m of
the water column (Dolphin 1987; Friedlaender et al. 2006). There is evidence of a positive
relationship between prey density and humpback whale abundance (Friedlaender et al. 2006).



A.5 Reproduction

The mating system of humpback whales is generally thought to be male-dominance polygyny,
also described as a ‘floating lek’(Clapham 1996). In this system, multiple males compete for
individual females and exhibit competitive behavior. Humpback song is a long, complex
vocalization (Payne and McVay 1971) produced by males on the winter breeding grounds, and
also less commonly during migration (Clapham and Mattila 1990; Cato 1991) and on feeding
grounds (Clark and Clapham 2004). The exact function has not been determined, but behavioral
studies suggest that song is used to advertise for females, and/or to establish dominance among
males (Tyack 1981; Darling and Bérubé 2001; Darling et al. 2006). It is widely believed that,
while occasional mating may occur on feeding grounds or on migration, the great majority of
mating and conceptions take place in winter breeding areas (Clapham 1996; Clark and Clapham
2004). Breeding in the Northern and Southern Hemisphere populations is out of phase by
approximately six months, corresponding to their respective winter periods.

Sexual maturity of humpback whales in the Northern Hemisphere occurs at approximately 5-11
years of age, and appears to vary both within and among populations (Clapham 1992; Gabriele et
al. 2007; Robbins 2007). Average age of sexual maturity in the Southern Hemisphere is
estimated to be 9-11 years. In the Northern Hemisphere, calving intervals are between one and
five years, though 2-3 years appears to be most common (Wiley and Clapham 1993; Steiger and
Calambokidis 2000). Estimated mean calving rates are between 0.38 and 0.50 calves per mature
female per year (Clapham and Mayo 1990; Straley et al. 1994; Steiger and Calambokidis 2000)
and reproduction is annually variable (Robbins 2007). In the Southern Hemisphere, most
information on humpback population characteristics and life history was obtained during the
whaling period. Post-partum ovulation is reasonably common (Chittleborough 1965) and inter-
birth intervals of a single year have occasionally been recorded. This may be a consequence of
early calf mortality; the associated survival rates for annually born calves are unknown in the
Southern Hemisphere.

Humpback whale gestation is 11-12 months and calves are born in tropical waters (Matthews
1937). Lactation lasts from 10.5-11 months (Chittleborough 1965), and weaning begins to occur
at about age six months and calves attain maternal independence around the end of their first
year (Clapham and Mayo 1990). Humpback whales exhibit maternally directed fidelity to
specific feeding regions (Martin et al. 1984; Baker et al. 1990).

The average generation time for humpback whales (the average age of all reproductively active
females at carrying capacity) is estimated at 21.5 years (Taylor et al. 2007). Empirically
estimated annual rates of population increase range from a low of 0 to 4% to a maximum of
12.5% for different times and areas throughout the range (Baker et al. 1992; Barlow and
Clapham 1997; Steiger and Calambokidis 2000; Clapham et al. 2003a); however, Zerbini et al.
(2010) recently concluded that any rate above 11.8% per year is biologically implausible for this
species.

A.6 Natural Mortality

Annual adult mortality rates have been estimated to be 0.040 (SE = 0.008) (Barlow and Clapham
1997) in the Gulf of Maine, and 0.037 (95% CI 0.022-0.056) (Mizroch et al. 2004) in the North



Pacific Hawaiian Islands populations. In the Southern Hemisphere, estimates of annual adult
survival rates have been made using photo-identification studies in Hervey Bay, east Australia
(1987-2006) and range between 0.87 and 1.00 (Chaloupka et al. 1999).

Robbins (2007) estimated calf (0-1 year old) survival for humpback whales in the Gulf of Maine
at 0.664 (95% CI: 0.517-0.784) which is low compared to other areas and annually variable.
Barlow and Clapham (1997) estimated a theoretical calf mortality rate of 0.125 on the Gulf of
Maine feeding ground. Using associations of calves with identified mothers on North Pacific
breeding and feeding grounds, Gabriele (2001) estimated mortality of juveniles at 6 months of
age to be 0.182 (95% CI: 0.023-0.518). Survival of calves (6-12 months) and juveniles (1-5
years) has not been described in detail for the Southern Hemisphere. Killer whales are likely the
most common natural predators of humpback whales.

B. Differentiation among ocean basins and sub-specific taxonomy

Humpback whales routinely make extensive migrations between breeding and feeding areas
within an ocean basin. Despite this potential for long distance dispersal, there is considerable
evidence that dispersal or interbreeding of individuals from different major ocean basins is
extremely rare and that whales from the major ocean basins are differentiated in a number of
characteristics that are summarized below.

Reproductive Seasonality: Humpback whales breed and calf in July-November in the Southern
Hemisphere and in Jan-May in the Northern Hemisphere (including the Arabian Sea). It is not
known if reproductive seasonality in baleen whales is determined genetically or whether it
results from a learned behavior (migration to a particular feeding destination) combined with a
physiological response to day length.

Behavior: The most obvious behavioral difference is that migrations to and from high latitudes
are in opposite times of the calendar year for Southern Hemisphere and most Northern
Hemisphere populations, following the difference in reproductive seasonality. A Northern
Hemisphere exception to this migration pattern is found in the Arabian Sea where a non-
migratory population is found. Although these behavioral differences could be learned, they
could also be innate, genetically determined traits. Seasonality in singing and other mating
behaviors also follows the differences in reproductive seasonality.

Color patterns: Humpback whales in the Southern Hemisphere tend to have a much more white
pigmentation on their bodies which is especially noticeable laterally (Matthews 1937;
Chittleborough 1965). This has been noted in eastern and western Australia, the Coral Sea, and
Oceania, but might not be characteristic of all Southern Hemisphere populations. Rosenbaum et
al. (1995) ranked ventral fluke coloration patterns from one (nearly all white) to five (nearly all
black) and compared whales from several breeding areas. He found that over 80% of humpback
whales in eastern and western Australia were in Category 1, and that less than 10% of whales in
three breeding areas in the North Pacific were ranked in that category. Only 36% of Southern
Hemisphere whales in Colombia were classified in Category 1, but Colombian whales were still,
on average, whiter than North Pacific whales. A higher frequency of pectoral fins with white
dorsal pigmentations is found in the North Atlantic compared to the North Pacific (Clapham
2009).
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Genetics: Baker and Medrano-Gonzalez (2002) reviewed the worldwide distribution of mtDNA
haplotypes. They found three major clades with significant differences among major ocean
basins (Figure 2), although there were no completely fixed differences among these areas. The
North Pacific included only the AE and CD clades, the North Atlantic included only the CD and
IJ clades, and the Southern Oceans included all three. In a more recent comparison, Jackson et
al. (2014) found no shared haplotypes between the North Pacific and North Atlantic. Based on
patterns of mtDNA variation, Rosenbaum et al. (2009) estimated an average migration rate of
less than one per generation between the Arabian Sea and neighboring populations in the
southern Indian Ocean, and Jackson et al. (2014) also estimated generally <1 migrant per
generation among the North Pacific, North Atlantic and Southern Hemisphere populations.
Ruegg et al. (2013) also found a high degree of genetic differentiation between samples from the
North Atlantic and the Southern Hemisphere.

The BRT considered the possibility that humpback whales from different ocean basins might
reasonably be considered to belong to different subspecies. Subspecific taxonomy has some
potential relevance to the identification of DPSs, because under the 1996 DPS policy the
discreteness and significance of a potential DPS is evaluated with reference to the taxon (species
or subspecies) of which it is a part. In some cases previous BRTs concluded that subspecific
taxonomy has a large influence on DPS structure (e.g. southern resident killer whales; Krahn et
al. 2004b), while in others subspecific taxonomy has not been relevant (e.g. steelhead trout DPS
— (Busby et al. 1996).

Rice (1998) reviewed previous subspecies designations for humpback whales. Tomilin (1946)
named a Southern Hemisphere subspecies (M. n. lalandii) based on body length, but this length
difference was not substantiated in subsequent studies. The populations around Australia and
New Zealand were described as another subspecies (M. n. novazelandiae) based on color
patterns and length (Ivashin 1958). Rice (1998) noted that the statistical ability to classify these
proposed subspecies is “not quite as high as is customarily required for division into subspecies”
and that genetic analyses using restriction-fragment length polymorphisms is not congruent with
the proposed regional division. Rice (1998) therefore recommended that Megaptera
novaeangliae be considered monotypic. As was summarized above, however, since 1998
additional information has accumulated on the genetic distinctiveness of different geographic
populations of humpback whales, and some new subspecies have been proposed (Jackson et al.
2014).

One criterion for separation of subspecies is the ability to differentiate 75% of individuals found
in different geographic regions (Reeves et al. 2004b). Based on this criterion, differences in the
calendar timing of mating and reproduction could be used to distinguish close to 100% of
Northern Hemisphere from Southern Hemisphere individuals, but it is not known if this
genetically determined. Based on mtDNA haplotypes that have been identified to date,
haplotype could be used to distinguish 100% of North Pacific from North Atlantic individuals,
but some haplotypes from both ocean basins are shared with the Southern Ocean. Ventral fluke
color patterns can be used to correctly differentiate >80% of whales in eastern and western
Australia from the whales in the North Pacific (Rosenbaum et al. 1995).

Given this uncertainty, the BRT asked the Committee on Taxonomy of the Society for Marine
Mammalogy (SMM) to examine the evidence for the recognition of subspecies of humpback
whale and to determine whether subspecies are likely to be recognized. Specifically, the
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following question was asked of the Committee: “Are humpback whales (Megaptera
novaeangliae) that feed in the North Atlantic, North Pacific, Southern Oceans and Arabian Sea
likely to belong to different sub-species?” A questionnaire (Appendix A) with related
background information was provided to the chairman of the SMM Committee on Taxonomy
(Dr. William Perrin, SWFSC), and he distributed the questionnaire to the Committee (which also
included two members of the humpback whale BRT)?. The Committee was asked only for their
scientific opinion on the likelihood of the existence of humpback whale subspecies and was not
asked to comment on the relevance of their opinion on the designation of DPSs for humpback
whales. The responses from members of the Committee were summarized by their chairman:

"The balance of opinion in the SMM Committee on Taxonomy is that given the evidence
on genetics, morphology, distribution and behavior, if a taxonomic revision of the
humpback whale were undertaken, it is likely that the North Atlantic, North Pacific and
Southern Hemisphere populations would be accorded subspecific status. Whether the
Arabian Sea population would merit recognition as a subspecies separate from the
Southern Hemisphere whales, with which it is most closely related genetically, is less
certain. However, it is clearly geographically isolated and genetically differentiated.”

Using its structured decision making process, the BRT evaluated the following question: Based
on the discussions and collective knowledge of the BRT, the Background Report (Fleming and
Jackson 2011), and the response from the SMM Committee on Taxonomy, is there enough
scientific information to suggest that humpback whales from different major ocean basins could
reasonably be considered different subspecies? BRT members were given 100 probability units,
which they distributed into following three scenarios based on their assessment of the available
information.

Table 1. Humpback Whale Subspecies Scenarios Voting.

. _— Proportion of
Scenario Description Votes
1. Single Species e Single global species 22%
e North Atlantic
2. Three subspecies ¢ North Pacific 55%
e Southern Hemisphere (including Arabian Sea)
e North Atlantic
. e North Pacific 0
3. Four subspecies e Southern Hemisphere 23%
e Arabian Sea

2 William F. Perrin, Chair (Southwest Fisheries Science Center, USA), C. Scott Baker (Oregon State University,
USA), Annalisa Berta (San Diego State University, USA), J. Boness (University of Maine, USA), Robert L.
Brownell, Jr. (NOAA Fisheries, USA), Merel L. Dalebout (University of New South Wales, Australia), Daryl P.
Domning (Howard University, USA), Rebecca M. Hamner (student member, Oregon State University, USA),
Thomas A. Jefferson (NOAA Fisheries, USA), James G. Mead (National Museum of Natural History, USA
(emeritus)), Dale W. Rice (National Marine Mammal Laboratory, USA (retired)), Patricia E. Rosel (Southeast
Fisheries Science Center, USA), John Y. Wang (FormosaCetus Research and Conservation Group, Canada/Taiwan),
Tadasu Yamada (National Museum of Nature and Science, Japan)
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Overall, the three subspecies scenario had 55% support while both the single global species
scenario and the four subspecies scenario had ~22% support. The BRT therefore felt reasonably
certain (78% support) that the available information suggested that multiple subspecies of
humpback whale could be identified?.

Figure 2. Frequency of major mtDNA clades among humpback whale populations.
Reproduced from Baker and Medrano-Gonzalez (Baker and Medrano-Gonzalez 2002).
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Figure 8.5.  Regional frequencies of the three primary clades of humpback whale mtDNA lineages inlerred from contral region sequenes
and RELF analyses of the partial and complete mitochondrial genome (Baker et al., 1990, 1993, 1994, 1998a and b; Medrano-Gonzilez et
al., 1995; Palshell et al., 1995; Larsen et al., 1006).

C. North Atlantic Populations Overview

C.A1 Distribution and Migratory Patterns

In the Northern Hemisphere, humpback whales summer in the biologically productive, northern
latitudes and travel south to warmer waters in winter to mate and calve. Migratory routes and
migratory behavior are likely to be maternally directed (Martin et al. 1984; Baker et al. 1990).
Feeding areas are often near or over the continental shelf, and are associated with cooler
temperatures and oceanographic or topographic features that serve to aggregate prey (Moore et
al. 2002; Zerbini et al. 2006b).

Primary humpback whale feeding areas in the North Atlantic Ocean range from 42° to 78°N and
include waters around Iceland, Norway and the Barents Sea in the central and eastern North

3 In October 2014, subsequent to the Team’s deliberations, the SMM Committee on Taxonomy revised their official
list of recognized species and subspecies to include three named subspecies of humpback whale: M. n. australis
(Lesson, 1828) — southern humpback whale, M. n. kuzira (Gray, 1850) — North Pacific Humpback whale, and M. n.
novaeangliae (Borowski, 1781) — North Atlantic humpback whale.
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Atlantic Ocean, and western Greenland, Newfoundland, Labrador, the Gulf of St Lawrence and
the Gulf of Maine in the western North Atlantic Ocean. Known breeding areas occur in the West
Indies and (to a much lesser extent) around the Cape Verde Islands (Katona and Beard 1990;
Clapham 1993; Palsbgll et al. 1997). In contrast to humpbacks in the North Pacific, a relatively
small proportion of whales in the North Atlantic Ocean feed in U.S. waters; in addition, the
predominant breeding and calving area lies in the territorial sea of the Dominican Republic,
although whales are also found scattered throughout the rest of the Antilles and coastal waters of
Venezuela.

Recently, a few humpback whales have also been found in the Mediterranean Sea but little is
known about humpback whale use of this region and there is no evidence for a large humpback
whale presence there, either currently or in historical times (Frantzis et al. 2004). There are also
sporadic sightings of humpback whales in a wide range of places including waters offshore from
of the Southeast U.S. and mid-Atlantic States, in the Gulf of Mexico and in the waters around
Ireland. Bermuda is a known mid-ocean stopover point for humpback whales on their
northbound migration (Stone et al. 1987).

C.2 Patterns of genetic variation among the North Atlantic breeding areas

Genetic studies have identified 25 humpback whale haplotypes in the western North Atlantic, 12
haplotypes in eastern North Atlantic samples, and 19 haplotypes in the Gulf of Maine population
(Palshgll et al. 1995; Larsen 1996; Rosenbaum et al. 2002). Humpback whales in the North
Atlantic Ocean appear to have higher haplotype diversity than humpback whales in the North
Pacific Ocean (Baker and Medrano-Gonzalez 2002). Haplotype diversity is lowest in
populations around Norway and Iceland and higher around the northwestern feeding areas off
Greenland, Gulf of St. Lawrence and Gulf of Maine (Baker and Medrano-Gonzalez 2002).
Observed nucleotide diversity is also higher in the North Atlantic than the North Pacific (Baker
and Medrano-Gonzalez 2002).

There are no published studies of genetic variation between breeding areas in the western and
eastern North Atlantic. Palsboll et al. (Palsball et al. 1995) and Valsecchi et al. (1997) found
significant (Fst= ~0.04) levels of mtDNA and nuclear genetic variation among North Atlantic
feeding areas, however, suggesting the possibility that there may also be genetically distinct
breeding areas. Photo-ID and genetic matching data suggest no evidence for substructure within
the West Indies breeding population (reviewed by Fleming and Jackson 2011), so this
differentiation likely is due to genetic divergence between the West Indies and a second North
Atlantic breeding population likely associated with the Cape Verde Islands or other areas in the
North Eastern Atlantic.

D. North Pacific Populations Overview

D.1 Distribution and Migratory Patterns
Humpback whales in the North Pacific migrate seasonally from northern latitude feeding areas in

summer to low-latitude breeding areas in winter. Feeding areas are dispersed across the Pacific
Rim from California, USA to Hokkaido, Japan. Within these regions, humpback whales have
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been observed to spend the majority of their time feeding in coastal waters. Breeding areas in
the North Pacific are more geographically separated than the feeding areas and include regions
offshore of mainland Central America; mainland, Baja Peninsula and the Revillagigedos Islands,
Mexico; Hawaii; and Asia including Ogasawara and Okinawa Islands and the Philippines.
About half of the humpback whales in the North Pacific Ocean breed and calve in the U.S.
waters off Hawaii; greater than half of North Pacific Ocean humpback whales feed in U.S.
waters.

Humpback whales in the North Pacific rarely move between these breeding regions. Strong
fidelity to both feeding and breeding sites has been observed but movements between feeding
and breeding areas are complex and varied (Calambokidis et al. 2008; Barlow et al. 2011). An
overall pattern of migration has recently emerged. Asia and Mexico/Central America are the
dominant breeding areas for humpback whales that migrate to feeding areas in lower latitudes
and more coastal areas on each side of the Pacific Ocean, such as California and Russia. The
Revillagigedo Archipelago and Hawaiian Islands are the primary winter migratory destinations
for humpback whales that feed in the more central and higher latitude areas (Calambokidis et al.
2008). However, there are exceptions to this pattern and it seems that complex population
structure and strong site fidelity coexist with lesser known, but potentially high, levels of
plasticity in the movements of humpback whales (Salden et al. 1999).

D.2 Patterns of genetic variation among the North Pacific breeding areas

Baker et al. (2013) recently analyzed genetic variation in a large (n = 2,193) sample of whales
from 8 breeding and 10 feeding regions within the North Pacific. The 8 possible breeding
regions included the Philippines, Okinawa, Ogasawara, Hawaii, Revillagigedo, Baja California,
the Mexican mainland coast, and Central America. Overall, the level of genetic divergence
among breeding areas at the mtDNA control region was substantial (Fst = 0.093). Pairwise
estimates of divergence among breeding areas ranged from none (Fst= ~0.000; Philippines vs
Okinawa) to very high (Fst>0.2 for Hawaii vs Okinawa and Philippines, and Hawaii vs Central
America). In addition to little divergence between Okinawa and the Philippines, the three
Mexican areas (mainland coast, Baja California, and Revillagigedos Islands) were also not
significantly differentiated. The breeding areas were less strongly (but still significantly)
differentiated at 10 nuclear microsatellite loci (Fst = 0.006), suggesting the possibility of male
mediated gene flow among breeding areas.

E. Southern Hemisphere Populations Overview

Current Southern hemisphere humpback whale population abundance based on circumpolar
surveys of the Antarctic is estimated to be over 50,000 (Branch 2007) with at least twelve
breeding grounds identified at temperate latitudes: Brazil, Gabon and central West Africa,
Mozambique, the Comoros Archipelago, Madagascar, the Arabian Sea, West Australia, East
Australia, New Caledonia, Tonga, French Polynesia, and the southeastern Pacific (Stevick et al.
2006; Zerbini et al. 2006b; Engel and Martin 2009; IWC 2011).

E.1 Distribution and Migratory Patterns
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Southwestern Atlantic Ocean (Brazil)

The primary mating/calving ground of humpback whales in the western South Atlantic Ocean is
the coast of Brazil. Whales are regularly found over the continental shelf (up to about 500m in
depth) from 5-24°S between April and December with peaks in August and September (Martins
et al. 2001; Zerbini et al. 2004; Rossi-Santos et al. 2008; Andriolo et al. 2010). Occasional
sightings have been made in coastal waters north of 5°S and south of 24°S as well as in various
oceanic islands (e.g. near the Fernando de Noronha, Sado Pedro and Sdo Paulo and Trindade-
Martinz Vaz Archipelagos, Pretto et al. 2009), but it is not yet clear whether these regions
correspond to the typical range of the species. This population migrates to feeding grounds
located east of the Scotia Sea near South Georgia and the South Sandwich Archipelagos (Stevick
et al. 2006; Zerbini et al. 2006b; Engel et al. 2008; Engel and Martin 2009; Zerbini et al. 2011).

The winter breeding distribution of humpback whales in the southwestern Atlantic (June to
December) is concentrated around the Abrolhos Bank region in Brazil (15-18°S) and 500 km
north, along the north coast of Bahia State and Espirito Santo State (Rossi-Santos et al. 2008)
and near Salvador and Recife. In a line transect survey of the coastal waters between 5° and
12°S, the majority of humpback whales (>90%) were found to be concentrated within 300m of
the shoreline, with all whales distributed within 800m of the shore (Zerbini et al. 2004).
Humpback whales migrate seasonally past coastal waters off the South American coast, the
majority travelling offshore towards feeding grounds between 20° and 25°S (Andriolo et al.
2006; Zerbini et al. 2006c¢), via a narrow (~600km wide) migratory corridor (Zerbini et al.
2006c¢). Satellite telemetry, photo-identification and genetic studies indicate that most whales
frequent offshore summer feeding grounds in the South Atlantic, near South Georgia and the
South Sandwich Islands (Stevick et al. 2006; Zerbini et al. 2006b; Engel and Martin 2009).

Southeastern and Central eastern Atlantic (Gabon)

A humpback whale winter breeding and calving ground is located off central western Africa
between ~6°S and ~6°N in the eastern Atlantic. This includes the coastal regions of northern
Angola (Best et al. 1999; Weir 2007), Congo, Togo, Gabon (Walsh et al. 2000; Rosenbaum and
Collins 2006), Benin (Van Waerebeek 2003), offshore islands (Principe and Sdo Tomé, Carvalho
et al. 2011), Pagalu (Aguilar 1985) and other coastal countries within the Gulf of Guinea
(Rosenbaum and Mate 2006), with a northerly extent that includes occasional sightings and
strandings off the coast of Ghana (Van Waerebeek et al. 2009). Periods of peak abundance are
found between July and September, with some whales still present as late as December and
January in Angola, Gabon and S&o Tomé (Weir 2007). Ongoing investigations are studying
migratory patterns to summer feeding grounds (Rosenbaum and Mate 2006; Zerbini et al. 2011).
The Gabon/Southwest Africa region appears to serve a variety of purposes with some individual
whales remaining in the area through the year while some utilize the area for feeding and others
for mating.

Southwestern Indian Ocean (Madagascar, Comoros Archipelago, Mozambique)

At least three winter breeding aggregations of humpback whales have been suggested in the
southwestern Indian Ocean from historical whaling records and contemporary surveys (Wray
and Martin 1983; Best et al. 1998). One is associated with the mainland coastal waters of
southeastern Africa, extending from Mozambique (24°S, Findlay et al. 1994), to as far north as
Tanzania and southern Kenya (Wamukoya et al. 1996; Berggren et al. 2001; O'Connor et al.
2009). The second is found in the coastal waters of the northern Mozambique Channel Islands
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(Comoros Archipelago) (Ersts et al. 2006; Kiszka et al. 2007; Kiszka et al. 2010) and the
southern Seychelles (Reeves et al. 1991; Hermans and Pistorius 2008). The third is associated
with the coastal waters of Madagascar (15-25°S), best described in Antongil Bay on the east
coast (Rosenbaum et al. 1997).

At least three migratory pathways to Antarctic summer feeding grounds in this region have been
proposed using a compilation of data from surveys, whaling and acoustic records and sightings
(Best et al. 1998). The first pathway (and the one for which the greatest evidence is available)
occurs off the coast of east South Africa, where humpback whales arrive at the coast from
Knysna (33°S 23°E, April onwards) during the northward migration and depart the coast at a
similar longitude on the southward migration through December. Other potential migratory
paths have been suggested in the central Mozambique Channel and offshore along the
Madagascar Ridge (which runs between Madagascar and ~40°S). The Madagascar Ridge has
been identified as a potential migratory route based on whaling and sightings data from Walter’s
Shoal, a location on the Madagascar Ridge, south of Madagascar (Best et al. 1998). The
Mozambique Channel route was proposed based on acoustic surveys in 1994, which recorded a
few singing whales in the center of the channel. That the same surveys did not detect singers
away from the middle of the channel might suggest (on rather weak evidence) that the Channel is
not commonly bisected but instead serves primarily as a thoroughfare for whales on the east
African migratory route (Best et al. 1998). The migratory path for whales wintering in La
Réunion and Mauritius has not yet been identified.

Southeastern Indian Ocean (West Australia)

Humpback whale wintering grounds and coastal migratory routes in the eastern Indian Ocean are
located between 15-35°S along the west coast of Australia, with major calving grounds occurring
in the Kimberley Region (15-18°S) and resting areas on the southern migration at Exmouth Gulf
(21°S) and at Shark Bay (25°S) (Bannister and Hedley 2001; Jenner et al. 2001).

During the southward migration to their Antarctic feeding grounds, whales are found close to
shore along much of the coast, mostly occurring within the 200m isobath. During the northward
migration, whales tend to be distributed farther from shore, out to the continental shelf boundary
(Jenner et al. 2001; Jenner et al. 2006), with whales observed as far out as the 1400m isobath in
some places e.g. Northwest Cape (Jenner et al. 2006).

Southwestern Pacific (East Australia)

Humpback whales along the east coast of Australia are thought to breed primarily in waters
inside the Great Barrier Reef (16-21°S) (Chittleborough 1965; Simmons and Marsh 1986) and
are seen as far north as Murray Island at ~10°S (Simmons and Marsh 1986). Northward
migration of humpbacks to the breeding ground occurs (i) along the Australian mainland coast
(and sometimes eastwards through Bass Strait, Paterson 1991), (ii) through New Zealand’s Cook
Strait, and (iii) past Foveaux Strait off the New Zealand southwest coast (Dawbin 1964; Franklin
et al. 2011), as suggested by photo-identification studies and Discovery- mark returns.
Discovery marks and satellite telemetry suggest east Australian whales feed in a broad swath of
the Antarctic between 100°E-175°W, or that they frequent at least two feeding regions, one due
south of eastern Australia stretching to the east beneath New Zealand, and one south of west
Australia at ~100°E and accessed via migration through Bass Strait.

17



Oceania

The longitudinal distribution boundaries of humpback whales wintering in Oceania lie between
~160°E (west of New Caledonia) and ~120°W (east of French Polynesia) and latitudinally
between 0° and 30°S (Reeves et al. 1999), a range that includes American Samoa (United States
of America), the Cook Islands, Fiji, French Polynesia (France), Republic of Kiribati, Nauru, New
Caledonia (France), Norfolk Island, New Zealand, Niue, the Independent State of Samoa,
Solomon Islands, Tokelau, Kingdom of Tonga, Tuvalu, Vanuatu, Wallis and Futuna (France).

Southeastern Pacific (Colombia, Panama, Ecuador)

The wintertime breeding distribution of humpback whales in the southeastern Pacific (May to
November) includes the coastal waters between Panama and northern Peru, with the main
wintering areas concentrated in Colombia (Gorgona Island, Malaga Bay and Tribuga Gulf),
Panama and Ecuador. Low densities of whales are also found around the Galapagos Islands
(Félix et al. 2006b) and coastal sightings have been made as far north as Costa Rica (Coco Island
and Golfo Dulce, 8°N) (Acevedo and Smultea 1995; May-Collado et al. 2005). In the summer
months, these whales migrate to feeding grounds located in waters off of southern Chile, the
Magellan Strait, and the Antarctic Peninsula (May-Collado et al. 2005; Félix et al. 2006b;
Acevedo et al. 2008).

E.2 Patterns of genetic variation among the Southern Hemisphere breeding areas

Olavarria et al. (2007) analyzed patterns of mtDNA control region variation obtained from 1,112
samples from 6 breeding grounds in the South Pacific: New Caledonia, Tonga, Cook Islands,
eastern Polynesia, Colombia, and Western Australia. Of these areas, the samples from Colombia
were most differentiated (Fst = 0.06 — 0.08 in pairwise comparison to other areas). Pairwise
divergence among the other areas was lower (Fst = 0.01 — 0.05). All pairwise comparisons were
statistically >0, however, and indicated a lack of free exchange among these breeding areas.
Levels of haplotype diversity were generally very high (0.90 — 0.97). Rosenbaum et al. (2009)
conducted a similar study of breeding areas in the Southern Atlantic and Western Indian Oceans,
including the coastal areas of Brazil, Southwestern Africa, and Southeastern Africa. Levels of
differentiation among these are statistically significant but relatively low, with Fst ranging from
0.003 (among two Southwestern African locations) to 0.017 (between Brazil and Southeastern
Africa). Although there was some detectable differentiation among samples from Southwestern
and Southeastern African coastal locations (B1/B2 and C1/C2/C3 IWC stocks, respectively), the
levels of divergence within these areas were very low (Fst = 0.003-0.009 within the “B” stock
and 0.002-0.005 within the “C” stock). The estimated number of migrants per generation was 26
between Brazil and Southwestern Africa, and 33 between Southwestern and Southeastern Africa.

F. Arabian Sea Population

F.1 Distribution and Migratory Patterns

Sightings and survey data suggest that humpback whales in the Arabian Sea are primarily
concentrated in the shallow near-shore areas off the coast of Oman, particularly in the Gulf of
Masirah and Kuria Muria Islands regions (Minton 2004); sightings and strandings suggest a
population range that encompasses the northern Gulf of Aden, the Balochistan coast of Pakistan,
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and western India and Sri Lanka, with occasional sightings on the Sistan and Baluchistan coasts
of Iran, and also Iraq (Al Robaae 1974; Braulik et al. 2010). Photo-identification re-sightings
suggest humpback whales move seasonally between the Dhofar region (Kuria Muria Islands) in
winter and the Gulf of Masirah to the north in summer, with similar re-sighting rates between
and within regions (Minton et al. 2010b).

Despite extensive comparisons of photo-identification catalogues and genotyped individuals
between Oman and the other Indian Ocean catalogues and genetic datasets, no matches have
been detected between regions (Pomilla et al. 2006; Minton et al. 2010a). Humpback whales
from this region carry fewer and smaller barnacles than Southern Hemisphere whales, and do not
exhibit the white oval scars indicative of cookie cutter shark (lIsistius brasiliensis) bites, a feature
commonly seen on some Southern Hemisphere humpback whales (Mikhalev 1997).

Connections with the Northern Hemisphere populations are highly unlikely as there is no
accessible northward passage from the Arabian Sea. Furthermore, there are no mitochondrial
haplotypes or song patterns shared with North Pacific humpback whales (Whitehead 1985;
Rosenbaum et al. 2009); thus, on current evidence, and in the absence of comparisons with far
western North Pacific humpbacks, it appears that whales from these populations have no recent
biological connectivity. Analysis of fetal lengths in pregnant females killed by Soviet whalers
clearly indicate that this population exhibits a Northern Hemisphere reproductive cycle, with
births occurring in the boreal winter (Mikhalev 1997).

F.2 Patterns of genetic variation between the Arabian Sea population and other populations

Nuclear and mitochondrial genetic diversity of humpback whales from Oman (up to 47
individuals sampled) is the lowest among all breeding grounds (Pomilla et al. 2006; Olavarria et
al. 2007; Rosenbaum et al. 2009). Mitochondrial DNA analysis revealed only eight distinct
haplotypes, half of which are exclusive to Oman (not detected on other breeding grounds,
Pomilla et al. 2006). Haplotype diversity at the mtDNA control region is markedly lower than in
other populations (0.69 vs 0.90-0.98 for Southern Hemisphere populations and 0.84 for North
Pacific populations (Olavarria et al. 2007; Rosenbaum et al. 2009; Baker et al. 2013).

Genetic data (nuclear microsatellites and mitochondrial control region) and fluke pigmentation
markings indicate that this breeding population is significantly differentiated from Southern
Indian Ocean breeding grounds (Rosenbaum et al. 2009). Nuclear genetic analysis suggests that
this population is the most strongly and significantly differentiated in all comparisons among
other Indian Ocean and South Atlantic breeding populations (pair-wise Fst range between Oman
and Southern Indian Ocean breeding populations = 0.38-0.48; (Pomilla et al. 2006). Levels of
mitochondrial differentiation between Oman and other Indian Ocean breeding grounds are
around ten times higher than among the other breeding grounds (pair-wise Fst range between
Oman and other Indian Ocean breeding populations 0.11-0.15; (Rosenbaum et al. 2009).

G. Evaluation of Discreteness
The BRT initially evaluated the discreteness of known major humpback whale breeding

populations (Table 2). Quantitative measures of genetic differentiation; direct estimates of
dispersal among breeding populations from tagging, photo-identification, or genetic recapture;
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and geographic discontinuities in distribution were used as the primary information sources for
determining population discreteness. This information is summarized in the previous sections of
this report and is reviewed in greater detail by Fleming and Jackson (2011). The BRT concluded
that populations from different ocean basins were clearly distinct on the basis of geographic
isolation, substantial levels of genetic divergence, coloration differences between northern and
Southern Hemisphere populations, behavioral differences in migration and breeding timing, and
lack of observed dispersal (see Chapter 1l B). The discussion below therefore focuses largely on
the information related to the existence of discrete populations within major ocean basins.

Table 2. Major known humpback whale breeding areas by major ocean basin.

Ocean Basin Major known breeding area

North Atlantic West Indies, along the Atlantic margins of the
Antilles from Cuba to Northern Venezuela

Cape Verde Islands

North Pacific Hawaii Islands

West coast of Central America

West coast of Mexico

Revillagigedos Islands

Baja California

Okinawa

Philippines

Ogasawara

Southern Hemisphere Western Australian coastal areas

Eastern Australia coastal area

Oceania, from New Caledonia to French
Polynesia

Coastal areas of Colombia, Panama and
Ecuador

Coastal areas of Brazil

Southwest African coastal areas

Southeast African coastal areas, including the
Comoros and the Seychelles and Madagascar

Arabian Sea Oman coastal areas

G.1 North Atlantic Ocean

There is one very well studied breeding ground in the North Atlantic Ocean: the West Indies.
Most of the humpback whales on the western North Atlantic feeding grounds (Gulf of Maine,
Gulf of St Lawrence, West Greenland, and eastern Canada) go to the West Indies to breed
(approximately 90%; (Clapham et al. 1993; Mattila et al. 2001). Some of the Iceland and
Norway feeding ground whales also go to the West Indies, but genetic evidence suggests that
most whales that feed off Iceland and Norway migrate to some other breeding ground possibly in
the eastern tropical Atlantic (Clapham et al. 1993). However, the location of the northeastern
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Atlantic breeding ground is still not well understood. The only candidate from historical whaling
records is the Cape Verde Islands, but current studies show only a small number of whales there
(far fewer than are known to exist in the northeastern Atlantic) and sighting histories of these
whales link them to waters off Iceland or Norway (Katona and Beard 1990; Jann et al. 2003).
The Cape Verde Islands may be part of a larger breeding area or there may be a third separate
breeding area that is as yet undiscovered (Charif et al. 2001; Reeves et al. 2002). There is a
significant degree of heterogeneity in nuclear DNA between the western, central (Iceland) and
eastern (Norway) North Atlantic feeding grounds further supporting the possibility of a third
breeding area (Larsen 1996).

The BRT decided upon four plausible discreteness scenarios among which they would vote:
One unit
Two units: West Indies and Cape Verde Islands

Two units: West Indies and Cape Verde Islands plus an associated breeding area

> W npoE

Three units: West Indies and Cape Verde Islands and another unknown breeding area

The group evaluated the proposed scenarios, distributing 100 points across the range of four
scenarios to reflect their levels of confidence in each option. After initial votes were cast and
shared with the group, a discussion of the results followed and some members modified their
votes. Final voting results showed approximately 70% support for two distinct populations
based on a two breeding area scenario and 27% support for three distinct populations (Table 3).
The BRT noted that the distinction between scenarios 2 and 3 was relatively unimportant (in that
they both designate 2 discrete populations), and it is clear that gaining a better understanding of
where the whales that do not go to the West Indies are migrating is a major priority. Scenario 3
was viewed as the most likely scenario, and the BRT concluded that two populations of
humpback whales in the North Atlantic Ocean meet the established criteria for being discrete
under the DPS policy guidelines: West Indies and Cape Verde Islands plus another associated
breeding area off northwest Africa.

The BRT concluded that the humpback whales found breeding around the Cape Verdes Islands,
which include at least some of the whales that feed in the eastern and perhaps central North
Atlantic, constitute a discrete population from humpback whales that breed in the West Indies.
In particular, the West Indies and Cape Verde Islands are separate breeding grounds based on: 1)
no photographic matches between individuals using the West Indies and Cape Verde Islands
areas (acknowledging that there is a large discrepancy in sample size between the two areas), 2)
occupation of both breeding grounds at the same time, 3) evidence from 19" century whaling
data of a historically larger population at the Cape Verde Islands than exists today, and 4)
evidence from genetic heterogeneity that the West Indies is not the only breeding ground. In
addition, the Cape Verde Islands cannot account for the abundance of whales estimated from the
eastern North Atlantic feeding grounds that are apparently not using the West Indies, so there
must be an additional breeding area somewhere, likely near Northwest Africa.
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Table 3. North Atlantic Discreteness Scenarios Voting.

i — Proportion of
Scenario Description \Votes
1. One unit All of North Atlantic Ocean 2%
: : West Indies 0
2. Two discrete units Cape Verde Islands 18%
West Indies
3. Two discrete units Cape Verde Islands plus other associated 53%
breeding area
West Indies
4. Three discrete units | Cape Verde Islands 27%
Unknown breeding area

G.2 North Pacific Ocean

North Pacific humpback whales are known to aggregate in at least eight geographically separate
areas during their breeding season: Central America; mainland Mexico; Baja California,
Mexico; the Revillagigedos Archipelago, Mexico; the Hawaiian Islands, USA; Ogasawara
Islands, Japan; Okinawa Islands, Japan; and the northern Philippine Islands. In addition, results
from the Structure of Populations, Levels of Abundance and Status of Humpback Whales in the
North Pacific (SPLASH) study (Calambokidis et al. 2008) indicate the existence of at least one
additional breeding area whose location has not been identified.

Two of these nine areas were identified as likely migratory routes to other locations and might
therefore not be primary migratory destinations: the waters off Baja California and the
Ogasawara Islands. Available genetic and demographic studies indicate that humpback whales
migrating to mainland Mexico and to the Revillagigedos Islands pass by the tip of Baja
California. The BRT therefore concluded that humpback whales off Baja California should not
be considered a discrete population. Similarly, some humpback whales migrating to the
Okinawa Islands pass by the Ogasawara Islands, and the Ogasawara Islands are thought likely to
be along the migration route to the yet-unidentified breeding area that was described by the
SPLASH program. The BRT was not certain, however, on how to classify the Ogasawara area
and therefore used the structured decision making process to evaluate relative certainty of
whether whales in this area formed a discrete population (see below).

In the eastern North Pacific, humpback whales in Central America have a unique mtDNA
signature, as reflected in the frequencies of haplotypes (Baker et al. 2008a; Baker et al. 2008b).
This frequency composition is significantly different from that found in all other breeding
grounds in the North Pacific. The BRT concluded that humpback whales in Central America are
a discrete population. In Mexico, the mainland population does not differ significantly from the
Revillagigedos population in its mtDNA haplotype frequencies (Baker et al. 2013). Photo-
identification studies also indicate considerable movement of individuals between mainland and
offshore island breeding areas in Mexico (Calambokidis et al. 2008). The BRT also therefore
concluded that mainland Mexico and the Revillagigedos populations are not discrete from each
other but considered together as a single Mexico population are discrete from all other
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populations. The Hawaii population of humpback whales is separated by the greatest geographic
distance from neighboring populations and was significantly different from other populations in
both frequencies of mtDNA haplotypes and nDNA (microsatellite) alleles (Baker et al. 2013).
The BRT therefore concluded that whales wintering in Hawaii constitute a discrete population.

Humpback whales in Okinawa were not significantly different in either mtDNA or nDNA from
whales in the Philippines (Baker et al. 2013), so those two areas were pooled for all subsequent
analyses of population structure. The genetic data from the pooled populations from Okinawa
and the Philippines populations differ significantly in both mtDNA and nDNA markers from
humpback whale in the Ogasawara Islands and all other populations (Baker et al. 2013);
however, given the likelihood that Ogasawara whales are only passing through en route to two or
more migratory destinations, the BRT could not reach consensus in delineating discrete
populations in the western North Pacific.

The diversity of opinion in the BRT regarding population discreteness in the western North
Pacific was expressed in the voting process. BRT members were given 100 probability units,
which they voted according to the strength of their belief in the following three scenarios given
the available information (Error! Reference source not found.).

Table 4. Western North Pacific Discreteness Scenarios Voting.

Proportion of

Scenario Description \Votes
1. One discrete unit e Okinawa/Philippines/Ogasawara pooled 13%
2 Two discrete units e Okinawa/Philippines pooled 5%

e (Ogasawara

e Okinawa/Philippines pooled and 2"
3. Two discrete units unidentified breeding area; 62%
e (Ogasawara as migratory route

The percentage distribution of votes strongly favored the delineation of two distinct populations
(with a combined 87% of votes). Scenario 3 (which included the Ogasawara area as a migratory
route for both discrete populations) was viewed as the most likely scenario.

The BRT concluded that five breeding populations of humpback whales in the North Pacific
meet the established criteria for being discrete under the DPS policy guidelines: (1) Central
America, (2) Mexico (mainland Mexico and the Revillagigedos Islands), (3) the Main Hawaiian
Islands, (4) the Okinawa and Philippine Islands pooled, and (5) an unidentified breeding area in
the western North Pacific.

Recently, Lammers et al. (2011) used acoustic recorders to document the presence of humpback
whales wintering in the Northwest Hawaiian Islands (NWHI) and suggested this area as a
possibility for the unidentified breeding location. Johnston et al. (2007) also reported whales in
the NWHI area, and using habitat modeling suggested that it was well suited to being a
humpback whale wintering area. However, the theory that the NWHI is the unidentified western
North Pacific breeding area, and its status relative to adjacent breeding areas, cannot be
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evaluated until individual identification data (photo-id and genetic) from the NWHI are
compared to other areas of the North Pacific, including Hawai’i and to the feeding grounds to
which animals from the unidentified western Pacific DPS are believed to migrate. Furthermore,
the BRT noted that the presence of humpback whales in the NWHI is also consistent with an
alternative explanation, namely expansion of the range of the population of the main Hawaiian
Islands. Further research is required to determine which of these hypotheses is correct.

G.3 Southern Hemisphere and Arabian Sea

The International Whaling Commission (IWC) has been involved in the comprehensive
assessment of humpback whales in the Southern Hemisphere since 1991, bringing together
available information on distribution, migration, abundance, past exploitation and population
(stock) structure. A report on an IWC workshop devoted to Southern Hemisphere stock structure
issues has recently been published (IWC 2011). On the basis of these ongoing assessments, the
IWC recognizes at least seven “breeding stocks” associated with low-latitude, winter breeding
grounds and, in some cases, migratory corridors. These seven breeding stocks are referred to
alphabetically, from A to G, to distinguish them from the six management areas on feeding
grounds of the Antarctic, referred to as Areas I-VI. The current breeding stock designations are
southwestern Atlantic (A), southeastern Atlantic (B), southwestern Indian Ocean (C),
southeastern Indian Ocean (D), southwestern Pacific (E), Oceania (E and F) and southeastern
Pacific (G). These designations have been subdivided to reflect improved understanding of
substructure within some of these regions: Gabon (B1) and Southwest Africa (B2) in the
southeastern Atlantic; Mozambique (C1), the Comoros Archipelago (C2), Madagascar (C3) and
the Mascarene Islands (C4) in the southwestern Indian Ocean, east Australia (E1), New
Caledonia (E2), Tonga (E3), the Cook Islands (F1) and French Polynesia (F2) in the
southwestern Pacific and Oceania (illustrated in Figure 3). The IWC has also chosen to include in
this assessment, a year-round population of humpback whales found in the Arabian Sea, north of
the equator in the northern Indian Ocean (formerly referred to as breeding stock X).

The BRT noted that the magnitude of genetic differentiation (as measured by Fst) was generally
lower among Southern Hemisphere breeding areas than it is in the Northern Hemisphere,
indicating greater demographic connectivity among these areas. Even so, significant
differentiation was present among major breeding areas, and the estimated number of
migrants/generation among areas was small compared to the estimated sizes of the populations.

The BRT also discussed the potential for using photo-ID matching to evaluate isolation or
interchange among breeding stocks, but variability in effort and availability of these data
prevented a systematic comparison across all areas (IWC 2011). In contrast, analysis of several
large and comparable datasets of mtDNA haplotype diversity and differentiation have been
published or made available in reports to the IWC. These allow a standardized comparison of
overall and stock-by-stock (pair-wise) differentiation.
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Figure 3. Southern hemisphere humpback whale stock structure hypothesized by the IWC.

All boundaries are approximate. Dotted lines represent hypothetical connections between breeding and feeding areas,
thin lines represent a small number of documented connections, and thick lines represent a large number of documented
connections. Lines illustrate connections only, and are not necessarily indicative of actual migratory routes. Reproduced
from IWC (2011) — see that document for details.
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The BRT concluded that the seven breeding stocks of humpback whales currently recognized by
the IWC meet the criteria for being discrete populations under the DPS policy guidelines, with
the following modification. The BRT agreed that breeding stocks E and F represented at least
two discrete populations, but that the primary division was between eastern Australia and
Oceania (defined here to include New Caledonia, Tonga, Samoa, American Samoa, and French
Polynesia), as there are large differences in the rates of recovery between these two regions
indicating separation. Breeding population in New Caledonia and east Australia are separate but
some overlap between the populations occurs: some whales bound for New Caledonia use the
same migratory pathways as some whales headed past east Australia. There was consensus to
divide the Southern Hemisphere into seven discrete units, listed below, and to remove the
Arabian Sea from the Southern Hemisphere group, making it a separate category.

Following review of documents and discussion, the BRT agreed that the Arabian Sea population
was clearly discrete from all other populations. Genetic samples (nuclear microsatellites and
mitochondrial control region), fluke pigmentation markings, and data on the reproductive cycle
indicate that this breeding population is significantly differentiated from all other Indian Ocean
breeding populations. Levels of mitochondrial differentiation between Arabian Sea and
Southern Hemisphere breeding populations are around ten times greater than among these other
breeding populations (Rosenbaum et al. 2009). Despite extensive comparisons of photo-
identification catalogues and individual genotypes, no matches have been detected between the
Arabian Sea and the ‘neighboring” Southern Hemisphere breeding populations (e.g., IWC
breeding stock C; Rosenbaum et al. 2009). As stated elsewhere, connections with the Northern
Hemisphere are highly unlikely as there is no northward passage through the Arabian Sea, the
Indian Ocean population shares no mitochondrial haplotypes in common with the North Pacific,
suggesting that whales from these populations have no recent biological connectivity. The

25



Philippines population has the highest likelihood of interchange with the Arabian Sea; however,
the number of samples from this population is small.

Southern Hemisphere Discrete Units:

Brazil

Gabon/Southwest Africa

Southeast Africa/ Madagascar

West Australia

East Australia

Oceania*, including New Caledonia, Tonga, Cook Islands, Samoa, American Samoa and
French Polynesia

G. Southeastern Pacific (Colombia and Ecuador)

TmooOw>

* Differs from International Union for the Conservation of Nature and Natural Resources
(TUCN) definition of Oceania in recognizing the distinction between East Australia and breeding
population(s) to the east.

In summary, the BRT examined global humpback whale population structure and identified at
least 15 discrete breeding units: 2 in the North Atlantic, 5 in the North Pacific, 7 in the Southern
Hemisphere, and 1 in the Arabian Sea.

H. Determining Significance

Under the joint FWS/NMFS DPS policy, a population qualifies as a DPS if it is both discrete and
significant relative to the taxon to which it belongs based on the criteria described in the
introduction to this chapter. The BRT examined global humpback whale population structure
and identified 15 discrete breeding units (two in the North Atlantic, five in the North Pacific,
seven in the Southern Hemisphere and one in the Arabian Sea). These 15 discrete populations
were then analyzed to determine if any or all of them met the significance criteria of the joint
DPS policy based on their ecological characteristics, geographic range, genetics, or other factors
as defined by the DPS policy.

The BRT concluded (see Section Il B) that whales from the North Pacific, North Atlantic,
Southern Hemisphere and Arabian Sea were markedly differentiated from each other at genetic,
behavioral, morphological, and geographic factors to the degree that they could arguably be
considered different subspecies. In evaluating the significance criterion, the BRT therefore
largely focused on differentiation within major ocean basins and whether any of the 15 discrete
units described above are “significant” with respect the other populations collectively within
their respective ocean basin (i.e., the potential oceanic subspecies). Recognizing that formal
subspecies of the humpback whale are not currently recognized, however, and that there was
some uncertainty within the BRT about likely subspecies designations, the BRT also discussed
whether the identified populations within ocean basins would be considered ‘significant” with
respect to the entire global species.
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H.1 Ecological setting

Many of the 15 discrete humpback whale populations the BRT identified occupy different large
marine ecosystems as defined by the National Oceanic and Atmospheric Administration
(NOAA) (http://www.Ime.noaa.gov), either in their breeding range, feeding range or both (Table

5). The BRT weighted ecological differences among feeding areas more heavily than among
breeding areas, since the team concluded that the ecological characteristics of humpback whales

in their breeding ranges were largely similar among populations. In contrast, the BRT concluded
whales largely foraging in different large marine ecosystems inhabit different ecological settings
and that this is relevant in evaluating the significance of these populations.

Table 5. Large Marine Ecosystems inhabited by humpback whale populations

Large Marine Ecosystem

Discrete Unit

Breeding range

Primary Feeding range

West Indies

Caribbean Sea

Scotian Shelf, Newfoundland-
Labrador Shelf, Canadian Eastern
Arctic-West Greenland, Iceland
Shelf and Sea, Norwegian Sea

Cape Verde Islands + plus Northwest Africa

Eastern Atlantic/Canary Current?

Iceland Shelf and Sea, Norwegian
Sea

Hawaii

Insular Pacific-Hawaiian

East Bering Sea, Gulf of Alaska

Central America

Pacific Central-America

California Current

Mainland Mexico

Pacific Central-American

California Current, Gulf of Alaska,
East Bering Sea

Revillagigedos Islands

Revillagigedos Islands

Gulf of Alaska, East Bering Sea

Mexico — Baja

California Current

Gulf of Alaska, East Bering Sea

Okinawa/Philippines

Kuroshio Current

West Bering Sea

Second West Pacific ? Aleutian Islands
West Australia Northwest Australian Shelf Antarctic
East Australia Northeast Australian Shelf Antarctic
Oceania Oceania Antarctic
Southeastern Pacific Pacific Central-America Antarctic

Brazil East Brazil Shelf Sub-Antarctic areas around the
South Georgia and South Sandwich
Islands
Gabon/Southwest Africa Guinea Current, Benguela Current Antarctic
Southeast Africa/ Madagascar Agulhas Current Antarctic
Arabian Sea Arabian Sea Arabian Sea
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http://www.lme.noaa.gov/

Within the North Atlantic, the West Indies and Cape Verde/Northwest Africa breeding
populations both are believed to feed in largely overlapping areas, so BRT concluded that these
two groups did not occupy unique ecological settings within the North Atlantic, although
together they differ ecologically from other populations worldwide. Within the North Pacific,
the Okinawa/Philippines, Hawaii, Mexican, and Central American populations tended to feed in
different marine ecosystems, although there was some overlap. The Central American
population’s breeding habitat is also ecologically unique for the species as it is the only area
where documented geographic overlap of populations that feed in different hemispheres occurs,
potentially creating a conduit for genetic exchange between the two hemispheres. A minority of
members believed that this was an example of temporal and geographic overlap, not a unique
ecological setting, however.

The Arabian Sea population persists year-round in a monsoon driven tropical ecosystem with
highly contrasting seasonal wind and resulting upwelling patterns. The BRT therefore concluded
that this population persists in a unique ecological setting.

Within the Southern Hemisphere, most breeding populations feed in the same Antarctic marine
ecosystem. One exception is the Brazil population, which feeds north of 60 degrees in the South
Georgia and South Sandwich Islands area (IWC 2011). In addition to feeding in the Antarctic
system, the Gabon/Southwest Africa population may also feed along the west the coast of South
Africa in the Benguela Current, but this is uncertain (IWC 2011). Like the Central America
population, the South Eastern Pacific breeding population may also be ecologically unique as it
is the only population in the Southern Hemisphere to occupy an area also used by a Northern
Hemisphere population.

H.2 Gap in the range

Most of the discrete breeding populations occupy non-overlapping areas during the winter
months that, if lost, would arguable result in a significant gap in the range, certainly within an
ocean basin and likely within the global distribution of the species. Possible exceptions are the
Southeast Pacific and Central America breeding populations, which occupy a partially
overlapping breeding range. The breeding range of the unidentified Western Pacific population
IS not known, so it is not clear if its loss would result in a significant gap.

The feeding areas of the discrete populations overlap more than the breeding areas do, but in
many cases if lost would, in combination with the lost breeding area, contribute to a significant
gap in the species’ range. In the North Atlantic Ocean, the West Indies and Cape Verde
Islands/Northwest Africa populations have a largely overlapping feeding range, so loss of either
population would not necessarily create a significant gap in the feeding range as long as the other
population remained. The BRT noted, however, that most of the whales feeding throughout the
North Atlantic are from the West Indies population. If all North Atlantic humpback whales were
extinct, this would also clearly create a gap within the range of the global species.

In the North Pacific Ocean, loss of the Hawaii breeding population would result not only in loss
of humpbacks from the Hawaiian Islands but also from SE Alaska and Northern British
Columbia. Similarly, loss of the Okinawa/Philippines population would likely result in a
significant gap in Pacific feeding range as these individuals are the only breeding population to
migrate primarily to Russia and loss of this population would therefore result in a loss of feeding
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range along the Russian coast. Loss of the Mexican and Central American populations would
result in the loss of humpback whales in the California current along the coasts of California,
Oregon and Washington.

For the Southern Hemisphere, determination of feeding range is more difficult since Antarctic
feeding areas are less well studied and fewer connections between breeding and feeding
populations have been made. However, some populations such as Brazil, Southwest Africa,
Southeast Africa, and the Southeast Pacific are believed to have fairly discrete and non-
overlapping feeding areas (Figure 3), suggesting that if any of these feed