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Section 7(a)(2) of the Endangered Species Act of 1973, as amended (ESA)(16 U.S.c. 1531 et 
seq.) requires each federal agency to insure that any action authorized, funded, or carried out by 
such agency is not likely to jeopardize the continued existence of any endangered or threatened 
species or result in the destruction or adverse modification of critical habitat designated for such 
species. When a federal agency's action "may affect" listed species or designated critical 
habitat, that agency is required to consult fonnally with either the National Marine Fisheries 
Service (NMFS) or the U.S. Fish and Wildlife Service (USFWS), depending upon the listed 
resources that may be affected. Federal agencies are exempt from this requirement if they have 
concluded that an action "may affect", but is "unlikely to adversely affect" listed species or 
designated critical habitat, and NMFS and/or USFWS concur with that conclusion (50 CFR 
402.14[b]). 

F or the actions described in this document, the action agency is NMFS' Office of Protected 
Resources - Pennits and Conservation Division (Pennits Division). The consulting agency is 
NMFS' Office of Protected Resources Endangered Species Act Interagency Cooperation 
Division (ESA Interagency Cooperation Division). This document represents NMFS' Biological 
Opinion (Opinion) on the effects that the proposed research activities have on listed threatened 
and endangered species and designated critical habitat in accordance with section 7 of the ESA. 
This Opinion is based on infonnation submitted by the Pennits Division as part of their initiation 
package (i.e., draft environmental assessment, original application provided by the applicant, 
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etc.), recovery plans, monitoring reports, published and unpublished scientific information on the 
biology and ecology of the listed species affected, and other relevant sources of information. 
 
CONSULTATION HISTORY 
 
On January 31, 2012, the Permits Division requested formal consultation with the ESA 
Interagency Cooperation Division on a proposed action to issue scientific research permit No. 
16473 to Ann Pabst to conduct aerial and vessel cetacean surveys along the east coast of the U.S.  
The permit would be valid for five years from the date of issuance.  The initiation package 
included the permit applications from the respective applicants, discussion of the effects of the 
proposed survey activities, and figures showing proposed survey track lines.  Upon reviewing the 
initiation package, the ESA Interagency Cooperation Division initiated formal consultation. 
 
 

BIOLOGICAL OPINION 
 
 
DESCRIPTION OF THE PROPOSED ACTION 
 
The proposed action is the issuance of a permit authorizing direct “takes”1 to listed and non-
listed cetaceans for the purposes of scientific research, pursuant to section 104 of the Marine 
Mammal Protection Act of 1972, as amended (MMPA) (16 U.S.C. 1361 et seq.), and section 
10(a)(1)(A) of the ESA.  The permit would authorize Ann Pabst, Ph.D, to conduct aerial and 
vessel surveys along predetermined transect lines from Delaware Bay to Cape Canaveral, 
Florida.  The purpose of the surveys are to document the presence of North Atlantic right 
(Eubalaena glacialis) and humpback whales (Megaptera novaeangliae) in the Mid-Atlantic 
region as well as to describe cetacean abundance and distribution within specific geographic 
areas currently utilized for military training activities or those that may be targeted in the future 
(specifically, areas off Cape Hatteras, North Carolina, and off Jacksonville, Florida).  The 
Permits Division provided proposed takes to listed cetaceans in their initiation package and these 
numbers are presented in Table 1 below.  All proposed takes are expected to be in the form of 
non-lethal harassment2 during surveys including approaches to listed whales for photo-

                                                 
 
1 The ESA defines “take” as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to 
attempt to engage in any such conduct. 
 
2 The ESA does not define harassment nor has NMFS defined the term pursuant to the ESA through regulation.  
However, the Marine Mammal Protection Act defines harassment as “any act of pursuit, torment, or annoyance 
which has the potential to injure a marine mammal or marine mammal population in the wild or has the potential to 
disturb a marine mammal or marine mammal population in the wild by causing disruption of behavioral patterns, 
including, but not limited to, migration, breathing, nursing, breeding, feeding, or sheltering” [16 U.S.C. 
1362(18)(A)].  The latter portion of this definition (that is, “...causing disruption of behavioral patterns 
including...migration, breathing, nursing, breeding, feeding, or sheltering”) is almost identical to the USFWS’ 
regulatory definition of “harass” pursuant to the ESA.  For this Opinion, “harassment” is defined similarily: as an 
intentional or unintentional human act or omission that creates the probability of injury to an individual animal by 
disrupting one or more behavioral patterns that are essential to the animal’s life history or its contribution to the 
population the animal represents. 
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documentation purposes.  The proposed permit would be valid for five years after the date of 
issuance. 
 
  Table 1.  Annual Takes to Listed Species Proposed for Permit No. 16473 

SPECIES 
LISTING 

UNIT/STOCK 
AUTHORIZED 

TAKE* 

TAKES 
PER 

ANIMAL** 

OBSERVE/ 
COLLECT 
METHOD 

PROCEDURES 

North 
Atlantic Right 

Whale 

Western 
Atlantic Stock 

200 3 
Aerial/Vessel 

Surveys 
Count/survey; Photo-id 

Humpback 
Whale 

Western North 
Atlantic Stock 

200 12 
Aerial/Vessel 

Surveys 
Count/survey; Photo-id 

Sperm Whale 
North Atlantic 

Stock 
150 12 

Aerial/Vessel 
Surveys 

Count/survey; Photo-id 

Fin Whale 
Western North 
Atlantic Stock 

100 12 
Aerial/Vessel 

Surveys 
Count/survey; Photo-id 

Sei Whale 
Nova Scotia 

Stock 
40 12 

Aerial/Vessel 
Surveys 

Count/survey; Photo-id 

  * Takes equal the maximum number of animals, not necessarily individuals, that may be targeted for research 
annually. 
  ** This column indicates the number of surveys an individual may be repeatedly taken annually.  It is not meant 
to be multiplied by the “Authorized Take” column. 
 
Aerial Surveys 
Aerial surveys are focused in three main regions along the east coast of the U.S. and will be 
conducted using two different types of aircraft depending on the region.  The three regions 
proposed are from Delaware Bay to northern Virginia, from northern Virginia to South Carolina, 
and a specific survey site off Jacksonville, Florida.   
 
The majority of surveys (south of the Maryland-Virginia border) will utilize over wing, twin-
engine Cessna 337 airplanes flown at altitudes at or above 305 meters (1,000 feet) and airspeeds 
approximately 185 kilometers per hour over pre-set track lines.  Surveys focusing on 
documenting North Atlantic right and humpback whale abundance in the Mid-Atlantic will 
follow track lines already established from prior surveys flown from Virginia to the North 
Carolina-South Carolina border (see Figure 1 below).  These track lines have been flown by 
researchers at the University of North Carolina-Wilmington (UNCW) in the past and researchers 
intend to continue utilizing them under the proposed permit.  Surveys will be flown from 
November to June each year.  The number of survey days will depend on the weather; however, 
researchers report that prior effort resulted in each track line being flown 3-12 times per survey 
season.   
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Figure 1.  Aerial survey transect lines from Virginia to South Carolina conducted from 2001-2008 to 
be continued under this proposed permit.  Surveys would focus on documenting the presence of North 
Atlantic right and humpback whales from November to June each year.  Figure included in the initiation 
package sent to the ESA Interagency Cooperation Division on January 31, 2012.   
 

Researchers are also proposing to conduct aerial surveys using the same aircraft at two specific 
sites targeted for possible military training activities (i.e., areas off Cape Hatteras, North 
Carolina, and off Jacksonville, Florida).  The Cape Hatteras track lines overlap with the broader 
study area shown in Figure 1 above; however, the track lines off Cape Hatteras (see Figure 2) 
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and off Jacksonville, Florida (see Figure 3), will be flown year round and will target all 
cetaceans found along the track line rather than focusing on specific species.  Researchers 
anticipate conducting 2-4 survey days per month within these two specific study areas each year.  
Approach and circling procedures would be the same as the North Atlantic right and humpback 
whale surveys discussed previously. 

 
Figure 2.  Additional aerial surveys proposed off Cape Hatteras, North Carolina.  Note while 
these survey track lines overlap with track lines in Figure 1, they will be conducted year round rather 
than just from November to June each year.  The dark lines represent the focus of the study.  This 
figure was included in the initiation package sent to the ESA Interagency Cooperation Division on 
January 31, 2012. 
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Figure 3.  Aerial and vessel transect survey transect lines for the Jacksonville site.  Track lines 
would be flown outside of North Atlantic right whale designated critical habitat.  Figure included in the 
initiation package sent to the ESA Interagency Cooperation Division on January 31, 2012.  
       

Finally, Dr. Pabst is proposing to partner with the Virginia Aquarium and Marine Science Center 
Foundation to conduct large whale surveys from North Carolina north to Delaware Bay to assist 
in the development of spatial planning maps for placement of offshore energy platforms.  These 
efforts would be coordinated with NMFS’ Northeast Regional Office and other researchers to fill 
in data gaps in ongoing surveys being performed in the region to avoid any duplication of effort.  
Researchers anticipate commencing these additional surveys in the years 2013-2015 of their 
proposed permit.  Researchers will use a DeHavilland Twin Otter DHC-6 aircraft flown at an 
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altitude of 183 meters (600 feet) and 200 kilometers per hour.  These surveys will be flown at 
lower altitudes than surveys conducted in other regions (i.e., 600 feet compared to 1,000 feet as 
described above). 
 
When a large whale is spotted during any of the proposed surveys, the airplane would break 
transect to approach the whale for photo-documentation.  Each whale would be circled and 
photographed, and its size, behavior, and evidence of any human interaction (e.g., evidence of 
entanglement) would be noted.  This process may result in aircraft altitude periodically 
decreasing below 305 meters, to a minimum of 244 meters (800 feet) in order to obtain legible 
photographs.  Based on past efforts, encounters may last up to 30 minutes and involve 10-20 
circling events for researchers to assess the individual and obtain legible photographs.  
Researchers expect it is possible that some individuals would be photographed more than once 
although efforts will be made to minimize the overall time of the encounter in all cases. 
 
Vessel Surveys 
Researchers also plan to conduct vessel surveys in conjunction with aerial surveys for each 
region; although the focus and intensity of vessel surveys will vary according to the research 
objectives.  Researchers will partner with the Virginia Aquarium and Marine Science Center 
Foundation to carry out vessel surveys from Delaware Bay to North Carolina to monitor and 
photo-document large whales to assist in the development of spatial planning maps for 
placement of offshore energy platforms.  Similar to aerial surveys conducted for this region, 
surveys would most likely take place during the period 2013-2015 and follow similar track lines 
than those established for aerial surveys.  Vessels to be utilized would carry a 13 meter diesel 
engine and survey at speeds of 8-12 knots.  As whales are spotted, speeds would be reduced to 2-
5 knots and the vessel will approach within 50-100 meters in order to obtain legible photographs. 
The vessel will travel parallel to the individual or group to match their speed, and to obtain 
images at a perpendicular angle to the photographer.  All efforts will be made to spend the 
shortest time possible to obtain photographs and researchers will suspend the approach if the 
whale appeared to react negatively to the vessel (e.g., change in swimming speed or direction, 
etc.). 
 
Vessel surveys will also be carried out in both sites targeted for potential military training 
activities (i.e., areas off Cape Hatteras, North Carolina, and off Jacksonville, Florida).  Although 
these surveys may occur year-round, this work will also be conducted primarily in the spring, 
summer, and fall months.  Surveys would occur approximately 10 days per month and 
researchers anticipate no more than 150 survey days per year.  Vessel surveys will also be used 
to respond to opportunistic whale sightings that may occur year-round within the mid-Atlantic 
survey sites (northern Virginia to South Carolina).  Vessel surveys conducted in this region may 
utilize smaller sized vessels (6-8 m in length) for cetaceans located closer to shore or may use 
larger vessels (13-15 m) for ceteceans spotted further offshore.  Vessel survey speed is 10-14 
knots for small vessels and 8-12 knots for larger vessels although vessel speed and approach 
protocols upon spotting a large whale would be the same as those described above.  
 
Mitigation Measures 
The following section summarizes the mitigation measures included in the proposed action to 
mitigate effects to targeted and any non-targeted protected species during research activities.  
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More detailed information may be found in the associated permit and the Draft Environmental 
Assessment document.  The relevant conditions included in the Permits Division’s draft permit 
are summarized below: 

1. In the event a serious injury or mortality3 of a protected species occurs, the Researchers 
must suspend permitted activities and contact the Chief of the Permits Division by phone 
within two business days.  Researchers must also submit a written incident report.  This 
includes events where tagging gear leads to entanglement of an animal.  The Permits 
Division may grant authorization to resume permitted activities based on review of the 
incident report and in consideration of the Terms and Conditions of the permit. 

 
2. If authorized take4 is exceeded, including accidental takes of protected species not listed 

in this permit, the Researchers must cease all permitted activities and notify the Chief of 
the Permits Division by phone as soon as possible but not later than two business days.  
Researchers must also submit a written incident report within two weeks of the incident.  
The incident report must include a complete description of the events and identification 
of steps that will be taken to reduce the potential for additional exceedance of authorized 
take.  

 
3. Counting and Reporting Takes: 

 
a. Any “approach”5 of a cetacean constitutes a take by harassment and must be 

counted and reported regardless of whether an animal reacts.   
 

b. During aerial surveys flown at an altitude lower than 1,000 ft, any cetacean 
observed should be counted and reported as a take. 

 
c. No individual may be taken more than 3 times in one day. 

 
4. Aerial Surveys: 

 
a. Aerial surveys must be flown at an altitude of 600ft (183 m) or higher for most 

                                                 
3  The permit does not allow for unintentional serious injury and mortality caused by the presence or actions of 
researchers.  This includes, but is not limited to; deaths of dependent young by starvation following research-related 
death of a lactating female; deaths resulting from infections related to sampling procedures; and deaths or injuries 
sustained by animals during capture or handling, or while attempting to avoid researchers or escape capture.  Note 
that for marine mammals, a serious injury is defined by regulation as any injury that will likely result in mortality. 

4  By regulation, a take under the MMPA means to harass, hunt, capture, collect, or kill, or attempt to harass, hunt, 
capture, collect, or kill any marine mammal.  This includes, without limitation, any of the following: The collection 
of dead animals, or parts thereof; the restraint or detention of a marine mammal, no matter how temporary; tagging a 
marine mammal; the negligent or intentional operation of an aircraft or vessel, or the doing of any other negligent or 
intentional act which results in disturbing or molesting a marine mammal; and feeding or attempting to feed a 
marine mammal in the wild.  Under the ESA, a take means to harass, harm, pursue, hunt, shoot, wound, kill, trap, 
capture, or collect, or attempt to do any of the preceding. 

5  An "approach" is defined as a continuous sequence of maneuvers (episode) involving a vessel or researcher's 
body in the water, including drifting, directed toward a cetacean or group of cetaceans closer than 100 yards for 
large whales, or 50 yards for smaller cetaceans. 
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species  

b. To minimize disturbance:  If an animal shows a response to the presence of the 
aircraft, the aircraft must leave the vicinity and either resume searching or 
continue on the line-transect survey. 

   
5. To minimize disturbance of the subject animals, the Permit Holder must exercise caution 

when approaching animals and must retreat from animals if behaviors indicate the 
approach may be interfering with reproduction, feeding, or other vital functions. 
 

6. Where females with calves are authorized to be taken, Researchers: 
 

a. Must immediately terminate efforts if there is any evidence that the activity may 
be interfering with pair-bonding or other vital functions. 

b. Must not position the research vessel between the mother and calf. 

c. Must approach mothers and calves gradually to minimize or avoid any startle 
response. 

d. Must not approach any mother or calf while the calf is actively nursing. 

e. Must not approach a right whale calf less than six months old if it appears 
unusually thin or emaciated. 

 
7. Should other protected species be encountered including those species under the 

jurisdiction of the USFWS (e.g., manatees) during the research activities authorized 
under this permit, researchers must exercise caution and remain a safe distance from the 
animal(s) to avoid take, including harassment. 

8. Individuals conducting permitted activities must possess qualifications commensurate 
with their roles and responsibilities. 

9. Persons who require state or Federal licenses to conduct activities authorized under the 
permit (e.g., veterinarians, pilots) must be duly licensed when undertaking such activities. 

 
10. The Permit holder must submit annual reports to the Chief of the Permits Division and a 

final report must be submitted within 180 days after expiration of the permit, or, if the 
research concludes prior to permit expiration, within 180 days of completion of the 
research. 
 

11. Research results must be published or otherwise made available to the scientific 
community in a reasonable period of time. Copies of technical reports, conference 
abstracts, papers, or publications resulting from permitted research must be submitted the 
Permits Division. 
 



10 
 

12. The Permit Holder must provide written notification of planned field work to the 
applicable NMFS Region at least two weeks prior to initiation of each field trip/season.  
If there will be multiple field trips/seasons in a permit year, a single summary notification 
may be submitted per year. 
 

a. Notification must include: 

i. Location of the intended field study and/or survey routes 

ii. Estimated dates of activities 

iii. Number and roles of participants 
 

13. To the maximum extent practical, the Permit Holder must coordinate permitted activities 
with activities of other Permit Holders conducting the same or similar activities on the 
same species, in the same locations, or at the same times of year to avoid unnecessary 
disturbance of animals.  Contact the applicable Regional Office(s) for information about 
coordinating with other Permit Holders. 

 
In addition to the permit conditions listed above, researchers will not survey within critical 
habitat designated for North Atlantic right whales in the southeastern U.S. to avoid disturbing 
cow-calf pairs utilizing the critical habitat.  Researchers plan to only transit through the critical 
habitat at slow speeds (around 10 knots) to and from the survey site located further offshore.  
While researchers may take opportunistic photographs while transiting, they will not actively 
approach any whales located within the critical habitat and will have trained observers onboard 
to assist in avoiding any whales that may appear within the path of the vessel. 
 
APPROACH TO THE ASSESSMENT 
 
NMFS approaches its section 7 analyses of agency actions through a series of steps.  The first 
step identifies those aspects of a proposed action likely to have direct and/or indirect physical, 
chemical, and biotic effects on listed species or on the physical, chemical, and biotic 
environment of an action area.  As part of this step, we identify the spatial extent of these direct 
and indirect effects, including changes in that spatial extent over time.  The result of this step 
includes defining the Action Area for the consultation.  The second step of our analyses identifies 
the listed resources that are likely to co-occur with these effects in space and time and the nature 
of that co-occurrence (these represent our Exposure Analyses).  In this step of our analyses, we 
try to identify the number, age (or life stage), and gender of the individuals that are likely to be 
exposed to an action’s effects and the populations or subpopulations those individuals represent.  
Once we identify which listed resources are likely to be exposed to an action’s effects and the 
nature of that exposure, we examine the scientific and commercial data available to determine 
whether and how those listed resources are likely to respond given their exposure (these 
represent our Response Analyses).  
 
The final steps of our analyses establishes the risks those responses pose to listed resources 
(these represent our Risk Analyses).  Our jeopardy determinations must be based on an action’s 
effects on the continued existence of threatened or endangered species as those “species” have 
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been listed, which can include true biological species, subspecies, or Distinct Population 
Segments (DPSs).  The continued existence of these “species” depends on the fate of the 
populations that comprise them.  Similarly, the continued existence of populations are 
determined by the fate of the individuals that comprise them – populations grow or decline as the 
individuals that comprise the population live, die, grow, mature, migrate, and reproduce (or fail 
to do so). 
 
Our risk analyses reflect these relationships between listed species, the populations that comprise 
that species, and the individuals that comprise those populations.  Our risk analyses begin by 
identifying the probable risks actions pose to listed individuals that are likely to be exposed to an 
action’s effects.  Our analyses then integrate those individual risks to identify consequences to 
the populations those individuals represent.  Our analyses conclude by determining the 
consequences of those population-level risks to the species those populations comprise.  
 
We measure risks to listed individuals using the individuals’ “fitness,” or the individual’s 
growth, survival, annual reproductive success, and lifetime reproductive success.  In particular, 
we examine the scientific and commercial data available to determine if an individual’s probable 
lethal, sub-lethal, or behavioral responses to an action’s effect on the environment (which we 
identify during our Response Analyses) are likely to have consequences for the individual’s 
fitness.   
 
When individual listed plants or animals are expected to experience reductions in fitness in 
response to an action, those fitness reductions are likely to reduce the abundance, reproduction, 
or growth rates (or increase the variance in these measures) of the populations those individuals 
represent (see Stearns, 1992).  Reductions in at least one of these variables (or one of the 
variables we derive from them) is a necessary condition for reductions in a population’s viability, 
which is itself a necessary condition for reductions in a species’ viability.  As a result, when 
listed plants or animals exposed to an action’s effects are not expected to experience reductions 
in fitness, we would not expect the action to have adverse consequences on the viability of the 
populations those individuals represent or the species those populations comprise (e.g., Brandon, 
1978; Mills and Beatty, 1979; Stearns, 1992; Anderson, 2000).  As a result, if we conclude that 
listed plants or animals are not likely to experience reductions in their fitness, we would 
conclude our assessment.  
 
Although reductions in fitness of individuals is a necessary condition for reductions in a 
population’s viability, reducing the fitness of individuals in a population is not always sufficient 
to reduce the viability of the population(s) those individuals represent.  Therefore, if we conclude 
that listed plants or animals are likely to experience reductions in their fitness, we determine 
whether those fitness reductions are likely to reduce the viability of the populations the 
individuals represent (measured using changes in the populations’ abundance, reproduction, 
spatial structure and connectivity, growth rates, variance in these measures, or measures of 
extinction risk).  In this step of our analyses, we use the population’s base condition (established 
in the Environmental Baseline and Status of the Species sections) as our point of reference.  If we 
conclude that reductions in the fitness of individuals are not likely to reduce the viability of the 
populations those individuals represent, we would conclude our assessment.   
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Reducing the viability of a population is not always sufficient to reduce the viability of the 
species those populations comprise.  Therefore, in the final step of our analyses, we determine if 
reductions in a population’s viability are likely to reduce the viability of the species those 
populations comprise using changes in a species’ reproduction, numbers, distribution, estimates 
of extinction risk, or probability of being conserved.  In this step of our analyses, we use the 
species’ status (established in the Status of the Species section) as our point of reference.  Our 
final jeopardy determinations are based on whether threatened or endangered species are likely 
to experience reductions in their viability and whether such reductions are likely to be 
appreciable.  
 
Destruction or adverse modification6 determinations are based on an action‘s effects on the 
conservation value of habitat that has been designated as critical to threatened or endangered 
species.  If an area encompassed in a critical habitat designation is likely to be exposed to the 
direct or indirect consequences of the proposed action on the natural environment, we ask if 
primary or secondary constituent elements included in the designation (if there are any) or 
physical, chemical, or biotic phenomena that give the designated area value for the conservation 
of listed species are likely to respond to that exposure.  If primary or secondary constituent 
elements of designated critical habitat (or physical, chemical, or biotic phenomena that give the 
designated area value for the conservation of listed species) are likely to respond given exposure 
to the direct and/or indirect consequences of the proposed action on the natural environment, we 
ask if those responses are likely to be sufficient to reduce the quantity, quality, or availability of 
those constituent elements or physical, chemical, or biotic phenomena.  
 
If the quantity, quality, or availability of the primary or secondary constituent elements of the 
area of designated critical habitat (or physical, chemical, or biotic phenomena) are reduced, we 
ask if those reductions are likely to be sufficient to reduce the conservation value of the 
designated critical habitat for listed species in the action area.  In this step of our assessment, we 
combine information about the contribution of constituent elements of critical habitat (or of the 
physical, chemical, or biotic phenomena that give the designated area value for the conservation 
of listed species, particularly for older critical habitat designations that have no constituent 
elements) to the conservation value of those areas of critical habitat that occur in the action area, 
given the physical, chemical, biotic, and ecological processes that produce and maintain those 
constituent elements in the action area.  
 
If the conservation value of designated critical habitat in an action area is reduced, the final step 
of our analyses asks if those reductions are likely to be sufficient to reduce the conservation 
value of the entire critical habitat designation.  In this step of our assessment, we combine 
information about the constituent elements of critical habitat (or of the physical, chemical, or 
biotic phenomena that give the designated area value for the conservation of listed species) that 
are likely to experience changes in quantity, quality, and availability given exposure to an action 
with information on the physical, chemical, biotic, and ecological processes that produce and 

                                                 
6  We are aware that several courts have ruled that the definition of destruction or adverse modification that appears 
in the section 7 regulations at 50 CFR 402.02 is invalid and do not rely on that definition for the determinations we 
make in this Opinion.  Instead, as we explain in the text, we use the “conservation value” of critical habitat for our 
determinations which focuses on the designated area’s ability to contribute to the conservation or the species for 
which the area was designated. 
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maintain those constituent elements in the action area.  We use the conservation value of the 
entire designated critical habitat as our point of reference for this comparison. For example, if the 
designated critical habitat has limited current value or potential value for the conservation of 
listed species that limited value is our point of reference for our assessment. 
 
To conduct these analyses, we rely on all of the evidence available to us.  This evidence might 
consist of monitoring reports submitted by past and present permit holders, reports from NMFS 
Science Centers, reports prepared by State or Tribal natural resource agencies, reports from non-
governmental organizations involved in marine conservation issues, the information provided by 
the Permits Division when it initiates formal consultation, and the general scientific literature.  
We supplement this evidence with reports and other documents (e.g., environmental 
assessments, environmental impact statements, and monitoring reports, etc.) prepared by other 
federal and state agencies whose operations extend into the marine environment. 
 
During each consultation, we conduct electronic searches of the general scientific literature using 
American Fisheries Society, Google Scholar, ScienceDirect, BioOne, Conference Papers Index, 
JSTOR, and Aquatic Sciences and Fisheries Abstracts search engines, among others. We 
supplement these searches with electronic searches of doctoral dissertations and master’s theses.  
These searches specifically try to identify data or other information that supports a particular 
conclusion as well as data that does not support that conclusion.  
 
We rank the results of these searches based on the quality of their study design, sample sizes, 
level of scrutiny prior to and during publication, and study results.  Carefully designed field 
experiments (for example, experiments that control potentially confounding variables) are rated 
higher than field experiments that are not designed to control those variables.  Carefully designed 
field experiments are generally ranked higher than computer simulations.  Studies that produce 
large sample sizes with small variances are generally ranked higher than studies with small 
sample sizes or large variances.  Finally, in keeping with the direction from the U.S. Congress to 
provide the “benefit of the doubt” to threatened and endangered species [House of 
Representatives Conference Report No. 697, 96th Congress, Second Session, 12 (1979)], when 
data are equivocal, or in the face of substantial uncertainty, our decisions are designed to avoid 
the risks associated with incorrectly concluding an action has no adverse effect on a listed 
species when, in fact, such adverse effects are likely (i.e. avoiding statistical Type II error in our 
decisions). 
 
ACTION AREA 
 
The Action Area is defined in 50 CFR 402.2 as “all areas to be affected directly or indirectly by 
the Federal Action and not merely the immediate area involved in the action.”  The proposed 
research would take place from Delaware Bay to Cape Canaveral, Florida out to 120 nautical 
miles offshore.  The majority of the research effort is concentrated in the following areas:  

1. From northern North Carolina to Delaware Bay; 
 

2. From northern Virginia to the North Carolina-South Carolina border (see Figure 1 
above) including additional surveys conducted at the potential military use site off Cape 
Hatteras (see Figure 2 above); and, 
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3. At the proposed undersea warfare training range (USWTR) site off Jacksonville, Florida 

(see Figure 3 above). 
 
Therefore, the Action Area for this consultation includes nearshore and offshore waters out to 
120 nautical miles from Delaware Bay to Cape Canaveral, Florida. 
 
STATUS OF THE SPECIES 
 
The ESA Interagency Cooperation Division has determined that the following ESA-listed and 
proposed species and designated critical habitat occur within the action area and may be affected 
by the research activities to be authorized in the proposed permit: 
 
LISTED RESOURCE                         SCIENTIFIC NAME   LISTING 
 
Cetaceans 
Blue Whale    Balaenoptera musculus  Endangered 
Fin Whale    Balaenoptera physalus  Endangered 
Humpback Whale   Megaptera novaeangliae  Endangered 
Sei Whale    Balaenoptera borealis   Endangered 
Sperm Whale    Physeter macrocephalus  Endangered 
North Atlantic Right Whale  Eubalaena glacialis   Endangered 
 
Sea Turtles 
Hawksbill Sea Turtle   Eretmochelys imbricata   Endangered 
Leatherback Sea Turtle  Dermochelys coriacea   Endangered 
Kemp’s Ridley Sea Turtle  Lepidochelys kempii   Endangered 
Green Sea Turtle  Chelonia mydas               

-Florida and Mexico’s Pacific Coast Breeding Colonies  Endangered7  
-All other areas       Threatened 

Loggerhead Sea Turtle  Caretta caretta       

-Northwest Atlantic Ocean DPS     Threatened 
 
Marine and Anadromous Fish  
Atlantic Sturgeon   Acipenser oxyrinchus oxyrinchus 

-Chesapeake Bay DPS      Endangered 
-Carolina DPS        Endangered 
-South Atlantic DPS       Endangered 

Shortnose Sturgeon   Acipenser brevirostrum  Endangered 
Smalltooth Sawfish U.S. DPS  Pristis pectinata   Endangered 

                                                 
7 Green sea turtles in U.S. waters are listed as threatened except for the Florida and Mexico Pacific coast breeding 
colonies, which are listed as endangered.  Due to difficulties in distinguishing between individuals from the Florida 
breeding population from other populations, green sea turtles are considered endangered wherever they occur in 
U.S. waters. 



15 
 

 
Critical Habitat 
North Atlantic Right Whale Critical Habitat     Designated 
 
 
Listed Resources Not Likely to be Adversely Affected 

Blue Whale 
The Action Area coincides with the range of endangered blue whales.  However, blue whales are 
expected to occur in deeper water further offshore than the proposed survey areas.  At best, blue 
whales are considered occasional visitors in waters off the U.S. Atlantic coast (Waring et al., 
2011) with a few individuals detected and acoustically tracked in deep water east of the U.S. 
Atlantic EEZ (i.e., further than 200 nautical miles from shore) (Clark, 1995 as cited in Waring et 
al., 2011) which is outside of the Action Area considered in this consultation (i.e., out to 120 
nautical miles from shore).  We anticipate it highly unlikely that blue whales would exposed to 
the aerial and vessel surveys, as proposed.  Therefore, issuance of permit No. 16473 is not likely 
to adversely affect listed blue whales and this species will not be considered further in this 
Opinion.  
 
Sea Turtles 
The Action Area coincides with the ranges of listed hawksbill sea turtles, leatherback sea turtles, 
Kemp’s ridley sea turtles, green sea turtles (including the endangered Florida breeding colony as 
well as individuals in other areas listed as threatened), and the Northwest Atlantic Ocean DPS of 
loggerhead sea turtles.  Researchers are not proposing to target listed sea turtles and will not 
break transect during aerial or vessel surveys to approach sea turtles.  We consider it highly 
unlikely that listed sea turtles would be exposed to ship strikes given the anticipated speeds of 
the vessels as well as the fact that trained observers will be onboard to assist in avoiding any 
species located in the path of the vessel.  We do not expect exposure to aerial and vessel surveys 
would illicit any reactions that would rise to the level of take given the fact that researchers are 
not proposing to break transect to approach listed sea turtles and the threats posed by possible 
vessel strikes are discountable.  Therefore, issuance of permit No. 16473 is not likely to 
adversely affect any listed sea turtles and these species will not be considered further in this 
Opinion. 
 
Marine and Anadromous Fish 
The Action Area coincides with the ranges of three listed DPSs of Atlantic sturgeon (i.e., 
Chesapeake Bay, Carolina, and South Atlantic DPSs), shortnose sturgeon, and the U.S. DPS of 
smalltooth sawfish.  Researchers are expected to focus a majority of their research offshore and 
will not be conducting research activities in nearshore coastal and estuarine habitats where a 
higher density of marine and anadromous fish species occur.  Even when in the marine stages of 
their life histories, we consider it highly unlikely that listed marine and anadromous fish species 
would be exposed to ship strikes and any threats posed by this stressor are considered 
discountable.  Therefore, issuance of permit No. 16473 is not likely to adversely affect any listed 
marine and anadromous fish species and these species will not be considered further in this 
Opinion. 
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North Atlantic Right Whale Designated Critical Habitat 
Portions of critical habitat designated for the North Atlantic right whale occurs in the Action 
Area off the coast of Jacksonville west of the survey site proposed for that region.  This portion 
of critical habitat encompasses nursery habitat used by North Atlantic right whales during their 
annual migration.  The physical, chemical, and biotic features that form right whale critical 
habitat in the southeastern U.S. include water depth, water temperatures, and distance from shore 
for calving and nursery areas (59 FR 28793).  Researchers are not proposing to conduct aerial 
and vessel surveys within the critical habitat but do plan to transit to and from the survey site 
over and through the critical habitat maintaining slow speeds (10 knots).  Any opportunistic 
photographs during transit are not expected to illicit any reactions that would rise to the level of a 
take since researchers will not actively approach any whales and the threat of a ship strike is 
considered discountable due to the slow speeds during transit and the fact that trained observers 
would assist in avoiding any whales located in the path of the vessel.  Transit to and from the 
survey site is not expected to cause North Atlantic right whales to abandon critical habitat areas 
and would not affect water depth, water temperature, and distance from shore for calving and 
nursery areas.  Therefore, issuance of permit No. 16473 is not expected to affect critical habitat 
designated for North Atlantic right whales and this resource will not be discussed further in this 
Opinion.  
 
Listed Resources Likely to be Adversely Affected 
The sections below provide information on the status of listed resources likely to be adversely 
affected by the proposed action.  The biology and ecology of these species as well as their global 
status and trends are described below, and inform the effects analysis for this Opinion. 
 
North Atlantic Right Whale 

Species Description, Distribution, and Population Structure   
The North Atlantic right whale is one of the most endangered of the large baleen whales.  Some 
defining characteristics include a stocky body, large head, strongly bowed margin of the lower 
lip, callosities (raised patches of roughened skin) on the head region, and a lack of a dorsal fin.  
Right whales occur in sub-polar to temperate waters with a migratory pattern of high latitudes in 
the warmer seasons and lower latitudes in the winter seasons (Perry et al., 1999).  Right whales 
congregate in six major habitats in the western North Atlantic region: coastal waters of the 
southeastern U.S., the Great South Channel, Georges Bank/Gulf of Maine, Cape Cod and 
Massachusetts Bays, the Bay of Fundy, and the Scotian Shelf (Winn et al., 1986).  Nichols et al. 
(2008) noted some year-to-year variation in space and time for right whale distribution in the 
western North Atlantic which is likely resulting from patchy prey distribution.   
 
North Atlantic right whales exhibit annual migrations from foraging areas along the eastern 
seaboard of the U.S. and Canada to calving areas off the coasts of Georgia and Florida in late 
fall/early winter and then back again in late spring/early summer.  While cow-calf pairs are 
regularly seen in the southeastern calving grounds during the winter, the whereabouts of much of 
the population during the winter months remains unknown (Waring et al., 2011).  Knowlton et 
al. (1992) reported several long distance movements as far north as Newfoundland, the Labrador 
Basin, and southeast of Greenland.  In addition, Mate et al. (1997) reported radio-tagged whales 
making extensive excursions moving from the Gulf of Maine into deeper waters off the 
continental shelf.  These long range movements indicate evidence of extended ranges for some 
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North Atlantic right whale individuals and perhaps the existence of additional habitat areas 
important to the species which have not yet been identified at the time of this consultation.  
 
North Atlantic right whales consist of one single population as no subpopulations have been 
identified thus far (Waring et al., 2011).  Despite some rare sightings of right whales in the 
eastern North Atlantic in the past, the 1998 International Whaling Commission’s (IWC) 
Workshop on the Comprehensive Assessment of Right Whales agreed that only animals found in 
the western North Atlantic can be considered a functioning extant unit based on current sightings 
information.         
 
Life History Information 
Female right whales usually reach sexual maturity between 7 and 10 years of age (Best and 
Kishino, 1998; Hamilton et al., 1998).  In the western North Atlantic, calving takes place 
between December and March in shallow, coastal waters.  Gestation lasts from 357 to 396 days 
in southern right whales, and is likely similar in the North Atlantic species (Best, 1994).  
Weaning seems to be variable, but has been reported to be 8-17 months in duration (Hamilton et 
al., 1995).  The calving interval for North Atlantic right whales is between 2 and 7 years 
(Knowlton et al., 1994; Best et al., 2001; Burnell, 2001; Cooke et al., 2001).  An analysis of the 
age structure suggests that the population contains a smaller proportion of juvenile whales than 
expected (Hamilton et al., 1998; Best et al., 2001) which may reflect lowered recruitment and/or 
high juvenile mortality. 
 
Right whales fast during the winter and feed during the summer, although some may 
opportunistically feed during periods of migration.  They rely on dense patches of copepods 
(largely of the genus Calanus and Pseudocalanus) found in highly variable and spatially 
unpredictable locations in the Bay of Fundy, Roseway Basin, Cape Cod Bay, the Great South 
Channel, and other areas off the northern U.S. and Canadian coastlines (Wishner et al., 1988; 
Murison and Gaskin, 1989; Mayo and Marx, 1990; Baumgartner et al., 2003; Baumgartner and 
Mate, 2003).  Although right whales feed on copepod aggregations at the surface (Mayo and 
Marx, 1990), they more commonly dive below the surface to exploit areas of high prey density 
(Kenney et al., 1995; Baumgartner et al., 2003; Baumgartner and Mate, 2003).  Although North 
Atlantic right whales historically separated from their calves within one year, a shift appears to 
have taken place around 2001 where mothers (particularly less experienced mothers) return to 
wintering grounds with their yearling at a much greater frequency although the significance of 
this change is unknown (Hamilton and Cooper, 2010). 
 
Diving Behavior, Hearing, and Vocalization 
Although North Atlantic right whales are known to be primarily surface feeders, foraging dives 
frequently extend to the deepest layers of the water column (i.e., over 1,000 feet down) (Mate et 
al., 1992; Goodyear, 1993; Mate et al. 1997; Baumgartner et al., 2003).  Feeding dives are 
characterized by a rapid descent from the surface to between 260 and 575 feet, where dives level 
off and individuals remain for 5 to 14 minutes before rapidly ascending back to the surface 
(Baumgartner and Mate, 2003).  Dive depth has been shown to be strongly correlated with the 
depth of peak copepod abundance although cow-calf pairs are known to spend more prolonged 
periods at the surface compared to other foraging individuals (Baumgartner and Mate, 2003).  
Shallow foraging dives in the Great South Channel have averaged two minutes in duration (Winn 
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et al., 1995) while dives along the outer shelf have averaged seven minutes in duration (CETAP, 
1982). 
 
Evidence indicates that the North Atlantic right whales, like other baleen whales, are able to hear 
at least low frequency sounds (less than 1 kilohertz) based on the morphology of its auditory 
apparatus (Ketten, 1997) suggesting that the auditory system of this species is more sensitive to 
low frequency sounds than that of smaller toothed whales (Ketten, 1997).  Parks et al. (2007a) 
reported the hearing range of North Atlantic right whales to be from 10 Hz to 22 kilohertz and 
vocalizations are expected to fall within this range as well (Richardson et al., 1995). 
 
Listing Status 
The North Atlantic right whale was originally listed as endangered under the precursor to the 
ESA and this listing remained following the ESA’s inception in 1973 (35 FR 8495).  The 
original listing included both the North Atlantic and the North Pacific populations.  Following a 
comprehensive status review, NMFS concluded that these two populations consisted of two 
distinct species.  On December 27, 2006, NMFS published two proposed rules (71 FR 77704 and 
71 FR 77694) to list these species separately.  The final rule published on March 6, 2008 (73 FR 
12024).  The North Atlantic right whale is also protected by the Convention on International 
Trade in Endangered Species of Wild Fauna and Flora (CITES) and the MMPA and is listed as 
endangered on the International Union for Conservation of Nature’s (IUCN) Red List of 
Threatened Species.   
 
Critical habitat is designated for North Atlantic right whales on June 3, 1994 under the original 
Northern right whale listing in the Great South Channel8, Cape Cod Bay9, and off the states of 
Georgia and Florida10 (59 FR 28793).  The critical habitat designation encompasses three 
primary feeding and nursery habitats in the United States used by right whales during their 
annual migration.  NMFS received a petition to revise critical habitat by expanding the areas 
designated as critical feeding and calving habitat areas for the species.  Additionally, the petition 
seeks to include a migratory corridor as part of the critical habitat designation.  On October 6, 
2010, NMFS published a 90-day finding that the petition presented substantial scientific 
information indicating that the requested revision may be warranted (75 FR 61690).  At the time 
of this consultation, NMFS has not formally proposed to revise the critical habitat so the current 
listing remains in effect.    
 
Abundance and Trends 
Historically, North Atlantic right whales were greatly affected by commercial whaling pressure.  
An estimate of pre-exploitation population size of North Atlantic right whales is not available; 

                                                 
8  Right whale critical habitat in the Great South Channel is bounded by 41o 40' N and 69o 45' W; 41o 0' N and 69o 5' 
W; 41o 38' N and 68o 13' W; and 42o 10' N and 68o 31' W. 

9  Right whale critical habitat in Cape Cod Bay is bounded by 42o 04.8' N and 70o 10.0' W; 42o 12' N and 70o 15' W; 
42o 12' N and 70o 30' W; 41o 46.8' N and 70o 30' W; and on the south and east by the interior shoreline of Cape Cod, 
Massachusetts. 

10  Off the southeastern United States, right whale critical habitat is designated in waters between 31o 15' N and 30o 
15' N (or approximately from the mouth of the Altamaha River in Georgia to Jacksonville, Florida) from the 
shoreline to 15nm offshore; as well as the waters between 30o 15' N and 28o 00' N (or Jacksonville south to 
Sebastian Inlet, Florida) from the shoreline out to 5nm. 
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however, Reeves and Mitchell (1987) and Reeves et al. (1992) concluded there were hundreds to 
over a 1,000 right whale individuals, respectively, in the western North Atlantic in the 1600’s 
with the greatest rate of population decline occurring in the 1700’s.  These studies were based on 
incomplete whaling data and should be viewed with caution.  Back calculations using the present 
population size and growth rate suggest that the population may have numbered fewer than 100 
individuals by 1935 when the IWC extended protection to the species (Hain, 1975; Reeves et al., 
1992); however, this estimate should also be viewed with caution since little is known about the 
population dynamics of right whales in the years since whaling began.   
 
In 1992, the western North Atlantic right whale population was estimated to be 295 individuals 
and an updated analysis gives a minimum population size of 361 individuals for 2005 based on 
the most recent reviews of the photo-id recapture database (Waring et al., 2011).  The population 
growth rate reported for the period 1986-1992 by Knowlton et al. (1994) was 2.5 percent 
(CV=0.12) suggesting that the stock was showing signs of recovery.  However, work by Caswell 
et al. (1999) suggested that the crude survival probability declined from about 0.99 in the early 
1980’s to about 0.94 in the late 1990’s.  The authors also determined that if the mortality rate is 
not slowed and reproduction not improved, extinction could occur within 100 years from the 
time of the study.  Additional work conducted in 1999 showed that survival had indeed declined 
in the 1990’s particularly for adult females (Best et al., 2001; Clapham, 2002).  The most recent 
stock assessment for the species reported a mean growth rate of 2.1 percent for the period 1990-
2005, giving evidence that annual growth in the population remains extremely low (Waring et al. 
2011).  The number of right whales in the eastern North Atlantic Ocean is probably much 
smaller, although there is insufficient data available to make an estimation of the size of this 
population.   
 
From 1980 to 1992, the average calving interval for females was measured at 3.67 years 
(Knowlton et al., 1994) and this interval increased to 5 years during the 1990’s (Kraus et al., 
2001).  This increase represented a significant trend suggesting lowered reproductive output for 
the population.  There are several possible causes for the depressed reproductive rate including 
higher abortion or perinatal losses for pregnant females, among others (Browning et al., 2009).  
More recent analyses, however, found calving intervals were closer to three years for the 
population suggesting more positive reproductive output (Kraus et al., 2007), although the most 
recent stock assessment report indicate the population abundance (361 individuals) and growth 
rate (2.1 percent per year) remain very low for the population (Waring et al., 2011).  
 
Current Threats 
Mortalities due to fishing gear and ship strikes have been a cause for concern and threaten to 
accelerate the declining trend in growth rates in the North Atlantic right whale population 
(NMFS, 2005).  There were 24 confirmed reports of North Atlantic right whales being entangled 
in fishing gear between 2004 and 2008 off the Atlantic coast of the U.S. and Maritime Provinces 
of Canada, with 3 whales dying of their wounds and one additional whale sustaining serious 
injuries (Glass et al., 2010).  For ship strikes, there were 17 confirmed reports with 8 whales 
dying of their wounds and 2 additional whales sustaining serious injuries (Glass et al., 2010).   
 
Deaths of females, in particular, are especially threatening the ability of the population recover.  
For instance, in 2005, mortalities included six adult females, three of which were carrying near-



20 
 

term fetuses and four of which were just starting to bear calves, thereby representing a lost 
reproductive potential of as many as 21 individuals (Kraus et al., 2005).  More recently, a right 
whale female that had been calving regularly for the past ten years based on prior catalogued 
data was found dead off the coast of Virginia in early March of 2011, possibly from a ship strike 
(NMFS, 2011a).  The fact that this female had successfully reproduced multiple times during her 
lifetime is particularly concerning given that she not only would have been expected to continue 
reproducing but may also have produced calves with similar reproductive potential.  With such 
small numbers of North Atlantic right whales occurring in the North Atlantic, it is expected that 
ship strikes, especially to females, will continue to threaten survival and recovery of the species 
in the near future.    
 
Levels of chromium reported in right whale blubber samples are sufficient to be mutagenic and 
may be affecting recovery of the species along with exposure to other contaminants in the marine 
environment (Chen et al., 2009; Wise et al., 2009).  Annual mortality rate, and calculations based 
on demographic data through 1999 indicate that this mortality rate increase could reduce 
population growth by approximately 10 percent per year (Fujiwara and Caswell, 2001, Kraus et 
al., 2005).  
 
Concerns also exist for changes in climate and its effect on the ability of North Atlantic right 
whales to recover in future years (Greene et al., 2003).  Specifically, the variations in 
oceanography resulting from current shifts and water temperatures may significantly affect the 
occurrence of the North Atlantic right whale’s primary prey resource (i.e., copepod crustaceans).  
To adapt, North Atlantic right whales may have to shift their distribution to reflect changes in 
prey distribution, pursue other prey types, or face prey shortage.  Changes in calving intervals 
with sea surface temperature have already been documented for southern right whales (Leaper et 
al., 2006); however there is insufficient data to know the effects that current climate-related 
trends are having on the North Atlantic right whale population. 
 
Humpback Whale 

Species Description, Distribution, and Population Structure 
Humpback whales are large baleen whales known for their long pectoral fins (up to 15 feet in 
length) and complex whale songs.  Humpback whales occur throughout the world’s oceans and 
are generally found over continental shelves, shelf breaks, and around oceanic islands (Balcomb 
and Nichols, 1978; Whitehead, 1987).  Humpback whales exhibit seasonal migrations between 
warmer temperate and tropical waters in winter and cooler waters of high prey productivity in 
summer (Gendron and Urban, 1993), although the seasonal distributions of this species have yet 
to be fully understood (Reeves et al., 2004).  Humpback whales have the longest known 
migratory movements of any mammal, with one-way distances up to 8,461 kilometers 
(Rasmussen et al., 2007).  They usually migrate through deep, pelagic waters before settling in 
shallower, coastal waters at each end of the migration route (Winn and Reichley, 1985).  
 
In the North Atlantic, humpback whales summer in six different regions: off the eastern coast of 
the United States, the Gulf of St. Lawrence, Newfoundland/Labrador, western Greenland, 
Iceland, and northern Norway (Katona and Beard, 1990; Christensen et al., 1992a; Palsbøll et al., 
1997; Perry et al., 1999).  These regions represent relatively discrete subpopulations (Clapham 
and Mayo, 1987).  In the fall and winter, humpback whales from all feeding areas migrate to 
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calving and mating grounds in the Caribbean, where mixing among subpopulations occurs 
(Katona and Beard, 1990; Clapham et al., 1993; Palsbøll et al., 1997; Stevick et al., 1998; Bérubé 
et al., 2004).  In addition, there are reports of humpback whales wintering off Greenland, 
Norway, Newfoundland, the southern Gulf of Maine, Bermuda, and also in the eastern North 
Atlantic off the Cape Verde Islands (Katona and Beard, 1990).  The species uses U.S. mid-
Atlantic and U.S. southern waters as a migratory pathway and apparently as a feeding area, at 
least for juveniles (Wiley et al., 1995; Barco et al., 2002).  
 
In the North Pacific, the species is found off the Hawaiian Islands, from Mexico north to the 
Gulf of Alaska and Bering Sea, and west along the Aleutian Islands to the Kamchatka Peninsula 
and Sea of Okhotsk (Nemoto, 1957; Tomilin, 1967; NMFS, 1991).  Humpback whales that occur 
off Central America and Mexico in the winter and spring migrate to the coast of California north 
to British Columbia in summer and fall (Steiger et al., 1991).  Although the Pacific coast of 
Central America is not considered a major wintering area for this species, humpback whales are 
reported off the west coast of Panama as well as Costa Rica (Steiger et al., 1991).  In Asia, 
humpbacks have been observed in the vicinity of Taiwan, the Ogasawara Islands, and the 
Northern Mariana Islands (NMFS, 1991).  Humpback whales are also found in the Arabian Sea 
in the northern Indian Ocean (Mikhalev, 1997; Perry et al., 1999).   
 
In the Southern Ocean, humpback whales occur in waters off Antarctica and migrate to the 
waters off Venezuela, Brazil, southern Africa, western and eastern Australia, New Zealand, and 
islands in the southwest Pacific during the austral winter (Perry et al., 1999).  A separate 
population of humpback whales appears to reside in the Arabian Sea in the Indian Ocean off the 
coasts of Oman, Pakistan, and India (Mikhalev, 1997). 
 
Data compiled by the IWC on breeding stocks suggests multiple groupings of humpback whales 
(Bannister, 2005); however, it is uncertain how such aggregations translate into individual 
biological populations.  Nevertheless, NMFS recognizes three stocks of humpback whales in the 
North Pacific for management purposes under the MMPA: the western North Pacific, central 
North Pacific, and eastern North Pacific stocks.  In the past, humpback whales in the North 
Atlantic were treated as a single population for management purposes (Waring et al., 1999).  
However, humpback whales in the Gulf of Maine were subsequently recognized by NMFS as a 
separate feeding aggregation based upon the strong fidelity of individual whales to the region 
(Palsbøll et al., 2001 as cited in Waring et al., 2011).  In 2002, the IWC also acknowledged the 
evidence for treating the Gulf of Maine as a separate management unit (IWC, 2002 as cited in 
Waring et al., 2011).  In the Southern Hemisphere, Donovan (1991) reported four groupings of 
humpback whales found in IWC Areas II through IV; however, migration of the species between 
ocean basins is also noted (Pomilla and Rosenbaum, 2005). 
 
Life History Information 
Sexual maturity in humpback whales is reached between 5 and 11 years of age (Clapham, 1992; 
Gabriele et al., 2007).  Humpback whale reproductive activities occur primarily in winter and 
gestation takes about 11 months (Winn and Reichley, 1985), followed by a nursing period of up 
to 12 months (Baraff and Weinrich, 1993).  Calving primarily occurs in the shallow coastal 
waters of continental shelves and some oceanic islands (Perry et al., 1999).  The calving interval 
is likely 2-3 years (Clapham and Mayo, 1987), although there is some evidence of calving 
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occurring in consecutive years (Glockner-Ferrari and Ferrari, 1985; Clapham and Mayo, 1987; 
Weinrich et al., 1993).  During the breeding season, humpback whales form small unstable 
groups (Clapham, 1996), and males sing long, complex songs directed toward females and other 
males.   
 
Humpback whales exhibit seasonal migrations from warmer temperate and tropical waters where 
they give birth to calves and cooler, temperate or sub-Arctic waters in the summer months where 
they feed (Gendron and Urban, 1993).  Despite this known migration pattern, the seasonal 
distributions of this species have yet to be fully understood (Reeves et al., 2004).  
 
In a review of the social behavior of humpback whales, Clapham (1996) reported that they can 
form small, unstable social groups during the breeding season while more stable aggregate 
groups form in areas with high prey densities.  There is also evidence that humpbacks exhibit 
territoriality for both feeding (Clapham, 1996) and calving areas (Tyack, 1981).  Humpbacks 
exhibit a wide range of foraging behaviors, and feed on a range of prey types including small 
schooling fishes, euphausiids, and other large zooplankton (Nemoto, 1957; Nemoto, 1959; 
Nemoto, 1970; Krieger and Wing, 1984).  Although largely solitary, humpback whales often 
cooperate during feeding activities (Elena et al., 2002).   
 
Diving Behavior, Hearing, and Vocalization 
Since a majority of humpback whale prey is found above 300 meters (or 984 feet), most dives 
are relatively shallow (approximately 60-170 meters) (Hamilton et al., 1997).  Dives usually 
range between 2-5 minutes, but can last as long as 20 minutes in some cases (Dolphin, 1987).    
 
Humpback whale vocalization is much better understood than hearing sensitivity, although like 
other baleen whales, evidence indicates the species can hear at least low frequency sounds (less 
than 1 kilohertz) based on the morphology of its hearing apparatus suggesting that the auditory 
system of the species is more sensitive to low frequency sounds than that of smaller toothed 
whales (Ketten, 1997).  Houser et al. (2001) reported the hearing range of humpback whales to 
be in the range of 700 hertz to 10 kilohertz.  In terms of vocalization, different calls by 
humpback whales have been associated with different functions including feeding, breeding, and 
other social calls.  Humpback whales are reported to be less vocal when found on their high-
latitude feeding grounds in summer compared with their lower-latitude winter ranges 
(Richardson et al, 1995).  Au (2000) compiled information on humpback whale vocalizations 
and reported sounds to include grunts in the frequency range of 25-1,900 hertz, pulses in the 
frequency range of 25-89 hertz, and songs with components ranging from 30-8,000 hertz.   
 
Listing Status 
Humpback whales have been listed as endangered under the ESA since 1973.  The IWC first 
protected humpback whales in the North Pacific in 1965, and this species is also protected by 
CITES and the MMPA.  No critical habitat is currently designated for the species. 
 
Abundance and Trends 
It is difficult to assess the current status of humpback whales since there is no general agreement 
on the size of the humpback whale population prior to whaling.  While current abundance 
estimates of the species’ worldwide population varies, some robust estimates do exist for more 
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regional areas (i.e. western North Atlantic).  Historically, humpback whale populations 
worldwide were greatly affected by commercial whaling activities.  Based on mitochondrial 
DNA analysis, Roman and Palumbi (2003) estimated pre-exploitation populations of humpback 
whales to be as many as 1,000,000 worldwide with 240,000 occurring in the North Atlantic 
alone.  Between 1805 and 1909, American whalers harvested between 14,164-18,212 humpback 
whales in the North Atlantic while the Pacific kill was estimated to be about 28,000 (Best, 1987 
as cited in NMFS, 1991).  Records also show that from the late 1880’s to the mid-1970’s, 
whaling operations took 1,397 humpback whales off eastern Canada and 522 off West Greenland 
in the western North Atlantic (Kapel, 1979; Mitchell, 1974a), 1,579 in the eastern North Atlantic 
and Arctic Oceans (Perry et al., 1999), nearly 30,000 in the Pacific Ocean (Perry et al., 1999), 
and over 68,000 in the Southern Ocean (Bonner, 1982).    
 
Current estimates for the North Atlantic humpback whale population include the estimates by 
Palsbøll et al. (1997) of 4,894 males and 2,804 females, based on genetic tagging data.  
However, some authors believe this combined total of 7,698 whales to be an underestimate of the 
true population size in the North Atlantic (Clapham et al., 1995; Palsbøll et al., 1997).  Several 
researchers report an increasing trend in abundance for the North Atlantic population, and an 
independent increase in numbers of individuals sighted within the Gulf of Maine feeding 
aggregation (Katona and Beard, 1990; Barlow and Clapham, 1997; Smith et al., 1999; Waring et 
al., 2011).  Stevick et al., (2003) estimated that approximately 11,570 animals existed in 1993 
with an estimated rate of increase of 3.1 percent per year.  Assuming that this rate of increase has 
remained constant, the estimated 2012 population size for North Atlantic humpback whales 
would be around 20,700 individuals, a number still significantly lower than Roman and 
Palumbi’s (2003) pre-exploitation estimate of 240,000 individuals. 
 
In the 1980s, North Pacific humpback whale population estimates ranged from 1,407 to nearly 
2,100 (Darling and Morowitz, 1986; Baker and Herman, 1987); however, by the mid-1990s, the 
population was estimated to have risen to around 6,000 (Calambokidis et al., 1997).  Between 
2004 and 2006, a comprehensive assessment of the population of humpback whales in the North 
Pacific identified 7,971 unique individuals from photographic records (Calambokidis et al., 
2008).  Based on the results of that effort, Calambokidis et al. (2008) estimated that the current 
population of humpback whales in the North Pacific Ocean consisted of about 18,300 adult 
individuals.  Rice (1978) estimated pre-exploitation numbers of humpback whales in the North 
Pacific to be around 15,000; however, this data has been shown to be statistically unreliable.     
 
In the Southern Hemisphere, the IWC estimated the humpback whale population at 19,851 
individuals extrapolated from survey data of whales south of latitude 60°S (IWC, 1996) although 
this estimate has been shown to be statistically unreliable and should be taken with caution 
(Perry et al., 1999).  Nevertheless, these estimates are far lower than the pre-exploitation 
abundances reported by Gambell (1976) who estimated the humpback whale numbers in the 
Southern Ocean to be as high as 100,000 individuals. 
 
Current Threats 
At present, there are several stressors affecting humpback whales globally, although the 
significance of any effects emanating from these individual stressors remains uncertain.  
Historically, whaling represented the greatest threat to every population of humpback whales and 
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was ultimately responsible for listing humpback whales under the ESA.  Entanglement in 
commercial fishing gear continues to be a problem as there were 81 confirmed reports of 
humpback whales being entangled in fishing gear between 2004 and 2008 off the Atlantic coast 
of the U.S. and Maritime Provinces of Canada, with 5 whales dying of their wounds and an 
additional 11 sustaining serious injuries (Glass et al., 2010).  Mortality from ship strikes is also a 
threat to recovery.  Along the Pacific coast, a humpback whale is known to be killed about every 
other year by ship strikes (Barlow et al., 1997).  Along the Atlantic coast of the U.S. and Canada 
between 2004 and 2008, there were 14 confirmed reports of humpback whales being struck by 
vessels with 8 whales dying of their wounds (Glass et al., 2010). 
 
Entanglement in commercial fisheries also occurs in Hawaiian waters.  In 1995, a humpback 
whale in Maui waters was found trailing numerous lines (not fishery-related) and entangled in 
mooring lines. The whale was successfully released, but subsequently stranded and was attacked 
and killed by tiger sharks in the surf zone.  From 2001-2007, there were five observed 
interactions between humpback whales and gear associated with the Hawaii-based shallow-set 
and deep-set longline fisheries (Allen and Angliss, 2011), one of which was later determined to 
be a serious injury.  According to NMFS observer characterizations of the event, the whale was 
entangled several times in the main longline and branchline around the body and flukes and was 
released by cutting the main lines on either side of the whale (NMFS, 2010a).  NMFS issued an 
incidental take permit for the take of Central North Pacific humpback whales in Hawaii-based 
longline fisheries which was published on May 28, 2010 (75 FR 29984). 
 
Organochlorines and polychlorinated biphenyls (PCBs) have been identified from humpback 
whale blubber samples (Gauthier et al., 1997).  These contaminants are transferred to young 
through the placenta, leaving newborns with contaminant loads equal to that of mothers before 
bioaccumulating additional contaminants during life and passing the additional burden to the 
next generation (Metcalfe et al., 2004).  Bioaccumulation as a result of ingesting contaminated 
prey continues to affect the health of whale populations throughout the Atlantic and Pacific 
Ocean basins. 
 
The current IWC quota for subsistence harvest of western North Atlantic humpback whales is 20 
total individuals over the seasons 2008-2012, to be caught by the Bequians of St. Vincent and the 
Grenadines.  Japan is currently conducting its scientific whaling program (i.e. JARPA II) with 
anticipated harvests of 50 humpback whales from two stocks each year (Nishiwaki et al., 2006).  
Other current threats affecting humpback whale recovery include effects of ocean noise as well 
as disturbance from whale watching and other scientific research activities. 
 
Fin Whale 

Species Description, Distribution, and Population Structure 
Fin whales are the second largest baleen whale by length, and are long-bodied and slender, with 
a prominent dorsal fin set about two-thirds of the way back on the body.  They are dark gray 
dorsally and white ventrally, but the pigmentation pattern is often complex.  Distinctive features 
of pigmentation, along with dorsal fin shapes and body scars, are useful for photo-identification 
(Agler et al., 1993).   
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Fin whales are widely distributed throughout the world’s oceans; however, they tend to avoid 
tropical and pack ice waters with the high-latitude limit of their range set by ice and the lower-
latitude limit by warmer tropical waters approximately 15° C (Sergeant, 1977).  They are less 
concentrated in nearshore environments while appearing to favor deeper waters.  Although fin 
whales are certainly migratory, moving seasonally into and out of high latitude feeding areas, the 
overall migration pattern is confusing and likely complex (Christensen et al., 1992a).   
 
NMFS currently recognizes three fin whale management stocks in U.S. Pacific waters: Alaska 
(Northeast Pacific), California/Oregon/Washington, and Hawaii (NMFS, 2010b).  In the North 
Pacific Ocean, the IWC recognizes two “stocks” of fin whales for management purposes: (1) 
East China Sea and (2) rest of the North Pacific (Donovan, 1991).  However, Mizroch et al. 
(1984a) concluded that there were atleast five possible “stocks” of fin whales within the North 
Pacific based on histological analyses and tagging experiments: (1) East and West Pacific that 
intermingle around the Aleutian Islands; (2) East China Sea; (3) British Columbia; (4) Southern-
Central California to Gulf of Alaska; and (5) Gulf of California.  Fin whales have been observed 
feeding in Hawaiian waters during mid-May (Balcomb, 1987; Shallenberger, 1981), and their 
sounds have been recorded there during the autumn and winter (Northrop et al., 1968; Thompson 
and Friedl, 1982; Shallenberger, 1981). Fin whales have also been observed year-round off 
central and southern California, with peak numbers in summer and fall (Dohl et al., 1983; 
Barlow, 1995; Forney et al., 1995), in summer off Oregon (Green et al., 1992), and in summer 
and fall in the Gulf of Alaska (including Shelikof Strait), and the southeastern Bering Sea 
(Leatherwood et al., 1986; Brueggeman et al., 1990) Their regular summer occurrence has also 
been noted in recent years around the Pribilof Islands in the northern Bering Sea (Baretta and 
Hunt, 1994). 
 
Based on other genetic analyses, Bérubé et al. (1998) concluded that fin whales in the Sea of 
Cortez represent an isolated population that has very little genetic exchange with other 
populations in the North Pacific Ocean (although the geographic distribution of this population 
and other populations can overlap seasonally).  They also concluded that fin whales in the Gulf 
of St. Lawrence and Gulf of Maine are distinct from fin whales found off Spain and in the 
Mediterranean Sea.  Regardless of how different authors structure the fin whale population, 
mark-recapture studies have demonstrated that individual fin whales migrate between 
management units (Mitchell, 1974a; Gunnlaugsson and Sigurjónsson, 1990), which suggests that 
these management units are not geographically isolated populations. 
 
In the North Atlantic Ocean, fin whales occur in summer foraging areas from the coast of North 
America to the Arctic, around Greenland, Iceland, northern Norway, Jan Meyers, Spitzbergen, 
and the Barents Sea.  In the western Atlantic, they winter from the edge of sea ice south to the 
Gulf of Mexico and the West Indies.  In the eastern Atlantic, they winter off southern Norway, 
the Bay of Biscay, and Spain with some whales migrating into the Mediterranean Sea (Gambell, 
1985a).   
 
In the Southern Hemisphere, fin whales are distributed broadly south of latitude 50° S in the 
summer while in the winter the whales migrate into the Atlantic, Indian, and Pacific Oceans 
along the coast of South America (as far north as Peru and Brazil), Africa, and the islands in 
Oceania north of Australia and New Zealand (Gambell, 1985a). 
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Life History Information 
Most reproductive activity for fin whales, including mating and births, takes place in the winter 
season (Haug, 1981; Mitchell, 1974b), although some out-of-season births are known to occur 
off the eastern United States (Hain et al., 1992).  The gestation period is probably somewhat less 
than a year, and calves are nursed for approximately six to seven months (Haug, 1981; Gambell, 
1985a).  Fin whales become sexually mature at 5-15 years of age (Gambell, 1985a; COSEWIC, 
2005) have a calving interval of 2-3 years (Agler et al., 1993), and have a life expectancy of 70-
80 years (Kjeld et al., 2006).   
 
Fin whales feed on euphausiids and large copepods in addition to schooling fish (Nemoto, 1970; 
Kawamura, 1982; Watkins et al., 1984) although their diet varies seasonally and geographically 
(Watkins et al., 1984; Shirihai, 2002).  The movements and distribution of fin whales are thought 
to be based on prey availability.  The availability of sand lance, in particular, is thought to have 
had a strong influence on the distribution and movements of fin whales along the east coast of 
the United States (Kenney and Winn, 1986; Payne et al., 1990; Hain et al., 1992). 
 
Fin whales occur year-round in a wide range of latitudes and longitudes, but the density of 
individuals in any one area changes seasonally.  Most fin whales in the northern hemisphere 
migrate seasonally from the Arctic in summer to lower latitudes in the winter to breed.  
However, the locations of these breeding grounds are not known and their migration patterns are 
less predictable than for other species (Perry et al., 1999).  They are known to occur in high 
densities in the northern Gulf of Alaska and southeastern Bering Sea from May to October, with 
some movement through the Aleutian passes into and out of the Bering Sea (Reeves et al., 1985; 
NMFS, 2010b).  Although some fin whales apparently are present in the Gulf of California year-
round, there is a marked increase in their numbers in the winter and spring (Tershy et al., 1990) 
which is thought to be related to the high seasonal abundance of krill (Tershy, 1992). 
 
Diving Behavior, Hearing, and Vocalization 
The percentage of time fin whales spend at the surface varies. Gambell (1985a) reported fin 
whales making 5-20 shallow dives each lasting 13-20 seconds followed by a deep dive lasting 
from 1.5-15 minutes (Gambell, 1985a).  Other authors have reported common dives lasting from 
2-6 minutes, with 2-8 blows  occurring between dives (Watkins, 1981a; Hain et al., 1992).  
 
Fin whales can be found singly or in pairs, but can also form larger groupings of more than three 
individuals, particularly while feeding.  Balcomb (1987) noted that fin whales commonly travel 
in herds ranging from six to more than 100 individuals.  They have also been reported grouped 
with other balaenopterid whale species at times (e.g. blue whales) while feeding (Corkeron et al., 
1999; Shirihai, 2002). 
 
Fin whales produce a variety of low-frequency sounds in the 10-200 hertz band range (Watkins, 
1981a; Watkins et al., 1987; Edds, 1988; Thompson et al., 1992).  The most typical signals are 
long, patterned sequences of short duration (0.5-2 second) infrasonic pulses in the 18-35 herz 
range (Patterson and Hamilton, 1964).  Estimated source levels are as high as 190 decibels (dB) 
in some cases (Patterson and Hamilton, 1964; Watkins et al., 1987; Thompson et al., 1992; 
McDonald et al., 1995).  In temperate waters, intense bouts of long patterned sounds are very 
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common from fall through spring, but also occur to a lesser extent during the summer in high 
latitude feeding areas (Clark and Charif, 1998).      
 
Listing Status 
Fin whales were originally listed as endangered 1970, and this status remained following the 
inception of the ESA in 1973.  They are also listed as endangered on the IUCN Red List of 
Threatened Species and are also protected by CITES and the MMPA.  Critical habitat has not 
been designated for the species. 
 
Abundance and Trends 
Historically, fin whale populations worldwide were severely affected by commercial whaling in 
the 20th century in the North Atlantic, North Pacific, and Southern oceans (Cherfas, 1989 as cited 
in Perry et al., 1999).  Braham (1991) compiled available regional estimates and estimated the 
global population of fin whales in 1991 to be about 119,000 individuals, which represented about 
a quarter of his estimated pre-exploitation abundance of 464,000 individuals.     
 
Sergeant (1977) estimated that prior to commercial exploitation there may have been as many as 
30,000 to 50,000 fin whale individuals in the North Atlantic.  Currently, no reliable population 
estimates exist for the entire North Atlantic; however, estimates do exist for portions of the North 
Atlantic.  For the year’s 1996-2001, the IWC’s best estimate for the population of fin whales in 
the central and northeastern Atlantic was 30,000 individuals.  Braham (1991) estimated the 
western North Atlantic to contain between 3,590 and 6,300 individuals while Hain et al. (1992) 
estimated that there were approximately 5,000 fin whales in the western North Atlantic Ocean 
based on a 1978-1982 survey.  The most recent abundance estimate for the western North 
Atlantic stock was 3,985 individuals (CV=0.24) (Waring et al., 2011).     
 
In the North Pacific, there may have been as many as 42,000-45,000 fin whales prior to 
commercial exploitation; however, it is estimated that this population was reduced to between 
13,620 and 18,630 by the early 1970's (Ohsumi and Wada, 1974).  Moore et al. (2000) conducted 
surveys for whales in the central Bering Sea in 1999 and estimated the fin whale population to be 
approximately 4,951 individuals while more recent survey data estimated the fin whale 
population west of the Kenai Peninsula to be 5700 individuals (Moore et al., 2002; Zerbini et al., 
2006, both as cited in Allen and Angliss, 2011).  Results from ship surveys performed off the 
coasts of Washington, Oregon, and California in the years 1996 and 2001 estimated the fin whale 
population at 3,279 individuals (Barlow and Taylor, 2001) while results of surveys conducted in 
2005 and 2008 in the same region estimated the fin whale population at 3,044 individuals 
(CV=0.18) (Carretta et al., 2011).  A 2002 shipboard line-transect survey of the entire Hawaiian 
Islands EEZ resulted in an abundance estimate of 174 individuals (CV=0.72) which currently 
represents the best available abundance estimate for the Hawaiian stock (Barlow, 2003).  Based 
on the available information, it is feasible that the North Pacific population as a whole has failed 
to increase significantly over the past 30 years.   
       
In the Southern Hemisphere, there may have been as many as 400,000 fin whales prior to 
exploitation by whaling vessels; however it is estimated this population may have been reduced 
to 85,200 fin whales by the late 1970's (IWC, 1979).  A joint Conservation of Antarctic Marine 
Living Resources/IWC survey in the Scotia Sea and Antarctic Peninsula during the austral 
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summer of 2000 (January-February) resulted in a more recent abundance estimate of 4,672 
individuals in the Southern Hemisphere (Hedley et al., 2001; Reilly et al., 2004). 
 
Current Threats 
The main stressors affecting the ability of the species to recover include ongoing effects from 
prior commercial whaling, interaction with fishing gear, ship strikes, and various sources of 
habitat degradation.  Historically, whaling represented the greatest threat to every population of 
fin whales and was ultimately responsible for listing fin whales as an endangered species.  From 
1904 to 1975, the IWC estimates that 703,693 fin whales were captured and killed in Antarctic 
whaling operations alone (IWC, 1990). Whaling in the Southern Ocean originally targeted 
humpback whales, but by 1913, those whales had become so rare that whalers shifted their focus 
to other species including fin and blue whales (Mizroch et al., 1984a). From 1911 to 1924, it was 
estimated that whalers harvested between 2,000–5,000 fin whales each year. After the 
introduction of factory whaling ships in 1925, the number of whales killed each year increased 
substantially which had a major impact on global fin whale populations prior to the ban on 
international commercial whaling. 
 
As is the case with other large whale species, entanglement in commercial fishing gear and 
mortality from ship strikes continue to affect the species’ ability to recover.  There were 14 
confirmed reports of fin whales being entangled in fishing gear between 2004 and 2008 off the 
Atlantic coast of the U.S. and Maritime Provinces of Canada, with three whales dying of their 
wounds and an additional three whales sustaining serious injuries (Glass et al., 2010).  For ship 
strikes, there were 13 confirmed reports of fin whales being struck by vessels with 10 dying of 
their wounds (Glass et al., 2010). 
 
Organochlorines and PCBs have been identified from fin whale blubber samples with females 
containing lower burdens than males.  This is likely due to mobilization of contaminants during 
pregnancy and lactation (Aguilar and Borrell, 1988; Gauthier et al., 1997).  Contaminant levels 
increase steadily with age until sexual maturity, at which time levels begin to drop in females 
and continue to increase in males (Aguilar and Borrell, 1988). 
 
Fin whales are still hunted in subsistence fisheries off West Greenland and are hunted by 
Japanese whalers in the Southern Ocean as part of Japan's JARPA II research program with 
anticipated harvests of 50 fin whales each year expected for the period 2007-2019 (Nishiwaki et 
al., 2006).  Other current threats affecting fin whale recovery include effects of ocean noise as 
well as disturbance from whale watching and other scientific research activities. 
 
Effects of current climate change trends also present potential threats to fin whales, particularly 
in the Mediterranean Sea, where fin whales appear to prey exclusively on northern krill.  These 
krill species occupy the southern extent of their range and increases in water temperature could 
result in their decline in the Mediterranean Sea thereby potentially affecting food availability for 
fin whales in this region (Gambaiani et al., 2009).  However, there are insufficient data to know 
the effects that current climate-related trends are having on fin whale populations. 
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Sei Whale 

Species Description, Distribution, and Population Structure 
Sei whales have a long, sleek body that is dark bluish-gray to black in color and pale underneath 
and have baleen plates that are dark in color with gray/white fine inner fringes in their enormous 
mouths.  The distribution of the sei whale population is not well known, but this whale is found 
in all oceans and appears to prefer mid-latitude temperate waters often associated with deeper 
waters and areas along continental shelf edges (Hain et al., 1985).  However, this general 
offshore pattern is disrupted during occasional incursions into shallower inshore waters (Waring 
et al., 2011).  The difficulty of distinguishing sei whales at sea from their close relatives (e.g., fin 
whales) has created confusion about distributional limits and frequency of occurrence (NMFS, 
2011b).  
 
During summer in the North Pacific, the sei whale can be found from the Bering Sea to the 
northern Gulf of Alaska and south to southern California, and in the western Pacific from Japan 
to Korea (Leatherwood et al., 1982; Nasu, 1974).  Its winter distribution is concentrated at about 
latitude 20° N, and sightings have been made between southern Baja California and the Islas 
Revilla Gigedo (Rice, 1998) with some sightings occurring in the waters off Hawaii as well 
(Smultea et al., 2010).  Masaki (1977) reported sei whales concentrating in the northern and 
western Bering Sea from July-September, although many researchers question those findings and 
many believe the sei whale occurs mainly south of the Aleutian Islands (Leatherwood et al., 
1982; Nasu, 1974). 
 
In the western North Atlantic, a major portion of the sei whale population occurs in northern 
waters, believed to include the Scotian Shelf, along Labrador and Nova Scotia, the Gulf of 
Maine, and the Georges Bank region (Mitchell and Chapman, 1977; Waring et al., 2011).  These 
whales summer in northern areas before migrating south to Florida, in the Gulf of Mexico, and 
the northern Caribbean Sea (Gambell, 1985b; Mead, 1977).  In the U.S. EEZ, the greatest 
abundance of sei whales occurs during spring, with most sightings occurring on the eastern edge 
of Georges Bank, in the Northeast Channel, and in Hydrographer Canyon (CETAP, 1982).  
During years of greater prey abundance (e.g., copepods), sei whales are found in more inshore 
waters (Payne et al., 1990; Schilling et al., 1992).  In the eastern Atlantic, sei whales occur in the 
Norwegian Sea, occasionally occurring as far north as Spitsbergen Island, and migrate south to 
Spain, Portugal, and northwest Africa (Gambell, 1985b; Jonsgård and Darling, 1977).   
 
The population structure of sei whales is generally unknown although NMFS currently 
recognizes four distinct stocks for management purposes: (1) Hawaiian Stock, (2) Eastern North 
Pacific Stock, (3) Nova Scotia Stock, and a (4) Western North Atlantic Stock.  Wada and 
Numachi (1991) concluded that a single sei whale population existed in the North Pacific based 
on genetic studies while Masaki’s (1977) evaluation of tag recoveries, catch distributions, 
sightings, and baleen morphology led him to propose three North Pacific stocks, divided by 
longitudes 175° W and 155° W.  The fact that sei whales seem to occur in two main centers of 
abundance off eastern Canada was used as the primary basis for recognizing two stocks in the 
northwestern Atlantic, one from the southeastern coast of Newfoundland northward (Labrador 
Sea stock) and the other south from Newfoundland (Nova Scotia stock) (Mitchell and Chapman, 
1977).  There is little information on the population structure of sei whales in Antarctic waters, 
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although some degree of separation among IWC Areas I–VI in the Southern Ocean has been 
noted (Donovan, 1991).     
 
Life History Information 
Best and Lockyer (2002) calculated an average age of sexual maturity for sei whales at 8.2 years 
and 8.6 years for Southern Hemisphere females and males, respectively.  Reproductive activities 
generally occur during the winter months with calving thought to occur from September to 
March each year (Rice, 1977).  The gestation period is approximately 12-13 months, calves are 
weaned at 6-9 months, and the calving interval is 2-3 years (Gambell, 1985b; Rice, 1977).   
 
Sei whales are highly mobile, and there is no indication that any population remains in a 
particular area year-round, but studies are lacking to make definitive conclusions regarding 
possible residency. Poleward summer feeding migrations occur, and sei whales generally winter 
in warm temperate or subtropical waters (Horwood, 1987; Jefferson et al., 2008).  Pregnant 
females are believed to lead the migration to and from northern feeding grounds (Mizroch et al., 
1984b), and the migration along the Canadian coast is believed to occur in stages based both on 
gender and age (Gregr et al., 2000). 
 
Sei whales are primarily planktivorous, feeding mainly on euphausiids and copepods, although 
they are also known to consume fish (Waring et al., 2006).  In the Northern Hemisphere, sei 
whales consume small schooling fish such as anchovies, sardines, and mackerel when locally 
abundant (Mizroch et al., 1984b; Rice, 1977).  Sei whales in the North Pacific feed on 
euphausiids and copepods, which make up about 95 percent of their diets (Calkins, 1986).  The 
dominant food for sei whales off California during June-August is northern anchovy before 
switching to krill from September-October (Rice, 1977).  In the Southern Ocean, analysis of 
stomach contents indicates sei whales consume Calanus spp. and small-sized euphasiids with 
prey composition showing latitudinal trends (Kawamura, 1974).  Sei whales in the Southern 
Hemisphere may reduce direct interspecific competition with blue and fin whales by consuming 
a wider variety of prey and by arriving later to feeding grounds (Kirkwood, 1992).  Rice (1977) 
suggested that the diverse diet of sei whales may allow them greater opportunity to take 
advantage of variable prey resources, but may also increase their potential for competition with 
commercial fisheries. 
 
Diving Behavior, Hearing, and Vocalization 
Sei whales, unlike fin whales, tend not to roll high out of the water as they dive (NMFS, 2011b).  
The blowholes and dorsal fin are often exposed above the water surface simultaneously and they 
rarely breach or raise their flukes out of the water (Jefferson et al., 2008).  The species appears to 
lack a well-defined social structure and individuals are usually found alone or in small groups of 
up to six whales (Perry et al., 1999).  However, larger groupings have been observed when on 
feeding grounds (Gambell, 1985b). 
 
Data on sei whale vocal behavior is limited, but includes records off the Antarctic Peninsula of 
broadband sounds in the 100-600 hertz range with 1.5 second duration and tonal and upsweep 
calls in the 200-600 hertz range of 1-3 second durations (McDonald et al., 2005).  It is reasonable 
to assume that sei whale hearing includes, and likely extends beyond, the frequencies described 
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for these vocalizations (NMFS, 2011b).  Rankin and Barlow, (2007) suggest that differences in 
vocalizations may exist between ocean basins. 
 
Listing Status 
The sei whale was originally listed as endangered in 1970 (35 FR 18319), and this status 
remained following inception of the ESA in 1973.  Sei whales are listed as endangered on the 
IUCN’s Red List of Threatened Species are also protected by CITES and the MMPA.  No 
critical habitat is currently designated for the species. 
 
Abundance and Trends 
While there are insufficient data to determine population trends for the species (Waring et al., 
2011), application of various models to whaling catch and effort data suggests that the total 
population of adult sei whales in the North Pacific declined from about 42,000 to 8,600 
individuals between 1963 and 1974 (Tillman, 1977).  This was consistent with the dropoff in 
catch per unit effort for sei whales in California shore whaling during the same period (Rice, 
1977).  There have been no direct estimates of sei whale populations for the eastern Pacific 
Ocean (or the entire Pacific for that matter).  The minimum estimate of individuals along the 
U.S. west coast between 1996-2001 was estimated at a mere 35 individuals (Carretta et al., 
2006).  
 
In 1974, the North Atlantic stock was estimated to number about 2,078 individuals, including 
965 whales in the Labrador Sea group and 870 whales in the Nova Scotia group (Mitchell and 
Chapman, 1977).  Sei whale sighting information from surveys conducted in summer 2004 in 
waters north of Maryland (38º N) yielded an abundance estimate of 386 individuals (CV=0.85) 
(Palka, 2006) while an abundance estimate of 207 (CV=0.62) was obtained from an aerial survey 
conducted in August 2006 which covered 10,676 kilometers of trackline in the region on the 
southern edge of Georges Bank to the upper Bay of Fundy and the entrance of the Gulf of St. 
Lawrence (Waring et al., 2009).  In another location, MacLeod et al. (2005) reported that an 
estimated 1,011 (CI: 497-2058) sei whales occur in waters off Scotland, based on vessel-based 
surveys in that region. 
 
Mizroch et al. (1984b) and Braham (1991) provided pre-exploitation estimates of 63,100 and 
65,000 sei whale individuals, respectively, in the Southern Hemisphere prior to whaling.  In the 
Southern Hemisphere, more recent population estimates range between 9,800 and 12,000 
individuals (Perry et al., 1999). The IWC reported an estimate of 9,718 sei whales based on 
results of surveys performed between 1978 and 1988 in the region (IWC, 1996). 
 
Current Threats 
Just as with other listed baleen whales, there are several stressors affecting sei whales globally 
such as effects from prior commercial whaling, current whaling under subsistence or special 
permit programs, and the threat of ship strike from increasing maritime vessel traffic.  
Historically, whaling represented the greatest threat to every population of sei whales and was 
ultimately responsible for listing sei whales as an endangered species.  Sei whales in the North 
Pacific declined from about 42,000 individuals to 8,600 individuals between 1963 and 1974 
(Tillman, 1977).  While the IWC moratorium on commercial whaling significantly reduced 
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whaling pressure, sei whale populations have yet to recover to pre-exploitation levels suggesting 
they continue to feel the effects of historical whaling.   
 
Sei whales also face the threat of ship strikes in many regions throughout its range.  In a database 
of nearly 300 vessel strike records worldwide between 1975 and 2002, Jensen and Silber (2004) 
reported two sei whale vessel strikes in the North Atlantic (one each off Massachusetts and 
Maryland) and one record of a whale struck in 1994 in Hauraki Gulf, New Zealand.  A total of 
three sei whale deaths were attributed to collisions with vessels between 2003 and 2008 in the 
waters off of the U.S. eastern seaboard (one each off Maine, Maryland, and Virginia) (Nelson et 
al. 2007; Waring et al. 2009; Glass et al., 2010). 
 
Sei whales are also known to accumulate organochlorines and PCBs in their tissues (Borrell, 
1993; Borrell and Aguilar, 1987; Henry and Best, 1983).  Males carry larger burdens than 
females, as gestation and lactation transfer these toxins from mother to offspring. The highest 
concentrations of organochlorines found in cetaceans, including sei whales, are in the 
Mediterranean Sea. High concentrations of organochlorines in cetaceans also occur, although to 
a lesser extent, along the Pacific coast of the U.S. and generally in other mid-latitudes in the 
Northern Hemisphere (Aguilar et al., 2002).    
 
Subsistence whaling in Greenland targeted at fin whales, occasionally result in the killing of sei 
whales (Kapel, 1985).  In recent years sei whales were a target species for Japanese North Pacific 
whalers as exempted under a special permit. Between 2001 and 2003, 91 individuals were 
believed to be taken while 100 sei whales were believed to be taken each year between 2004 and 
2008 based on the special conditions of the permit (IWC, 2010 as cited in NMFS, 2011b).  Other 
current threats affecting sei whale recovery include effects of ocean noise as well as the potential 
for climate variability to affect prey resources similar to fin and humpback whales. 
 
Sperm Whale 

Species Description, Distribution, and Population Structure 
Sperm whales are distributed in all of the world’s oceans from equatorial to polar waters.  They 
have disproportionately large heads at one quarter to one third of their total body length (Rice, 
1989) and a rod-shaped lower jaw with 20-26 pairs of well-developed teeth in the mandibles 
(NMFS, 2010c).  Photographs of distinctive markings on the dorsal fins and flukes of sperm 
whales are used in studies of life history and behavior (Whitehead and Gordon, 1986; 
Whitehead, 1990).  Sperm whales have a strong preference for deep water and are rarely found in 
waters less than 1,000 meters (3,281 feet) deep (Watkins, 1977; Reeves and Whitehead, 1997).  
While deeper water is their preferred habitat, sperm whales have also been observed near Long 
Island, New York, in water between 41-55 meters deep (135-180 feet) (Scott and Sadove, 1997).  
When they are found relatively close to shore, sperm whales are usually associated with sharp 
increases in bottom depth where upwelling occurs and biological production is high, implying 
the presence of generous prey resources (Clarke, 1956). 
 
In the western North Atlantic, sperm whales range from Greenland south into the Gulf of Mexico 
and the Caribbean (Romero et al., 2001; Wardle et al., 2001).  Cold-core eddy features like those 
in the Gulf of Mexico, are highly attractive to sperm whales because of the large numbers of 
squid that are drawn to the high concentrations of plankton associated with these features (Biggs 
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et al., 2000; Davis et al., 2000a; Davis et al., 2000b; Davis et al., 2000c; Wormuth et al., 2000) 
and aerial surveys confirm that sperm whales are indeed located in the northern Gulf of Mexico 
in all seasons (Mullin et al., 1994, Hansen et al., 1996).  Their distribution follows a distinct 
seasonal cycle, with whales congregating east-northeast of Cape Hatteras in the winter and then 
shifting northward in spring when whales are found throughout the Mid-Atlantic Bight.  
Distribution extends further northward to areas north of Georges Bank and the Northeast 
Channel region in the summer before shifting to waters south of New England in the fall.  In the 
eastern North Atlantic, mature male sperm whales have been recorded as far north as Spitsbergen 
(Øien, 1990) and more recent observations suggest that solitary and paired mature males 
predominantly occur in waters off Iceland, the Faroe Islands, and the Norwegian Sea 
(Gunnlaugsson and Sigurjónsson, 1990; Øien, 1990; Christensen et al., 1992a; Christensen et al., 
1992b).  
 
In the North Pacific, sperm whales are distributed broadly and are found as far north as Cape 
Navarin in summer, and south of latitude 40o N in the winter (Gosho et al., 1984; Miyashita et 
al., 1995 as cited in Carretta et al., 2005).  They are found year-round in waters off California 
and Hawaii (Shallenberger, 1981; Dohl et al., 1983; Barlow, 1995; Forney et al., 1995; Mobley 
Jr. et al., 2000), and in waters off the northwestern U.S. in every season except winter (Green et 
al., 1992).  The distribution of prey likely determines movements of female and immature male 
groups in the Pacific and, although not random, movements are usually difficult to anticipate and 
are likely associated with feeding success, perception of the environment, and memory of 
optimal foraging areas (Whitehead et al., 2008).  Movements of several hundred miles are 
common (i.e. between the Galapagos Islands and the Pacific coastal Americas) and appear to be 
group or clan specific.   
 
There is no clear understanding of the global population structure of sperm whales (Dufault et 
al., 1999).  Recent ocean-wide genetic studies indicate low, but statistically significant, genetic 
diversity with no clear geographic structure but strong differentiation between social groups 
(Lyrholm et al., 1996; Lyrholm and Gyllensten, 1998; Lyrholm et al., 1999).  Genetic studies 
indicate that adult sperm whales travel over large distances and that males are known to breed in 
ocean basins separate from the ones in which they were born (Whitehead, 2003).  Sperm whale 
populations also appear to be structured socially, at the level of the clan, rather than 
geographically (Whitehead, 2003; Whitehead et al., 2008).  The IWC currently recognizes four 
sperm whale stocks: North Atlantic, North Pacific, northern Indian Ocean, and Southern 
Hemisphere (Dufault et al., 1999; Reeves and Whitehead, 1997).  NMFS recognizes five stocks 
under the MMPA: North Atlantic,  northern Gulf of Mexico, North Pacific, Hawaiian, and 
California/Oregon/Washington stocks (Perry et al., 1999; NMFS, 2010c).  All sperm whales of 
the Southern Hemisphere are treated as a single stock with nine divisions, although this 
designation has little biological basis and is more in line with whaling records (Donovan, 1991).   
 
Life History Information 
Female sperm whales become sexually mature at 9 years of age on average while males become 
sexually mature between 9 and 20 years of age (Kasuya, 1991).  Even upon reaching sexual 
maturity, males often require an additional 10 years of growth before they are large enough in 
size to outcompete other males for breeding rights (Kasuya, 1991; Würsig et al., 2000).  The 
gestation period is about 15 months and nursing lasts about 2-3 years (Waring et al., 2004).  The 
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calving interval for females is estimated to be every 4-6 years between the ages of 12 and 40 
(Kasuya, 1991; Whitehead et al., 2008). 
 
Stable, long-term associations among females form the core of sperm whale societies (Christal et 
al., 1998).  Up to about a dozen females usually live in such groups, accompanied by their 
female and young male offspring.  Young individuals are subject to alloparental care by 
members of either sex and may be suckled by non-maternal individuals (Gero et al., 2009).  At 
around 6 years of age, male sperm whales start leaving their family groups and eventually live in 
male-dominated groups known as “bachelor schools” (Pinela et al., 2009) although cohesion 
amongst males tends to decline with age (Christal and Whitehead, 1997).  Female and immature 
animals stay in Atlantic temperate or tropical waters year round.  In the western North Atlantic, 
groups of female and immature sperm whales concentrate in the Caribbean Sea (Gosho et al., 
1984) and south of New England in continental-slope and deep-ocean waters along the eastern 
United States (Blaylock et al., 1995).  In eastern Atlantic waters, groups of female and immature 
sperm whales aggregate in waters off the Azores, Madeira, Canary, and Cape Verde Islands 
(Tomilin, 1967).  It has been suggested that some mature males may not migrate to breeding 
grounds annually during winter, and instead may remain in higher latitude feeding grounds for 
more than a year at a time (Whitehead and Arnbom, 1987). 
 
Sperm whales appear to feed regularly throughout the year (NMFS, 2010c), often consuming as 
much as 3-3.5 percent of their total body weight daily (Lockyer, 1981).  A large proportion of a 
sperm whale’s diet consists of low-fat, ammoniacal, or luminescent squids (Clarke, 1980a; 
Martin and Clarke, 1986; Clarke, 1996).  They forage on or near the bottom, often ingesting 
stones, sand, sponges, and other non-food items (Rice, 1989).  While sperm whales feed 
primarily on large and medium-sized squids, the list of documented food items is fairly long and 
diverse.  Additional prey items include other cephalopods, such as octopi, and medium- and 
large-sized demersal fishes, such as rays, sharks, and many teleosts (Berzin, 1972; Clarke, 1977; 
Clarke, 1980b; Rice, 1989; Angliss and Lodge, 2004).   
 
Diving Behavior, Hearing, and Vocalization 
Sperm whales are well known for their prolific diving behavior with some whales diving as deep 
as 3 kilometers down at durations exceeding 2 hours (Clarke, 1976; Watkins et al., 1985).  Most 
dives, however, are generally shorter (25-45 minutes) and shallower (400-1,000 meters) and are 
separated by 8-11 minutes of rest at the surface (Gordon, 1987; Papastavrou et al., 1989; Würsig 
et al., 2000; Jochens et al., 2006; Watwood et al., 2006).  Differences in night and day diving 
patterns are not known for this species; however, like most diving air-breathers for which there 
are data (e.g. rorquals, fur seals, and chinstrap penguins), sperm whales probably make relatively 
shallow dives at night when prey species are located closer to the surface. 
 
Sperm whales produce loud broad-band clicks from about 0.1 to 20 kilohertz (Weilgart and 
Whitehead, 1993; Weilgart and Whitehead, 1997; Goold and Jones, 1995).  Long series of 
monotonous regularly spaced clicks are associated with feeding and are thought to be produced 
for echolocation.  Distinctive, short, patterned series of clicks, called codas, are associated with 
social behavior and intragroup interactions and are thought to facilitate intra-specific 
communication to maintain social cohesion within the group (Weilgart and Whitehead, 1993). 
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The only data on the hearing range of sperm whales are evoked potentials from a stranded 
neonate (Carder and Ridgway, 1990). These data suggest that neonatal sperm whales respond to 
sounds from 2.5-60 kilohertz.  Sperm whales have been observed to frequently stop echolocating 
in the presence of underwater pulses made by echosounders and submarine sonar (Watkins and 
Schevill, 1975; Watkins et al., 1985). They also stop vocalizing for brief periods when codas are 
being produced by other individuals, perhaps because they can hear better when not vocalizing 
themselves (Goold and Jones, 1995). 
 
Listing Status 
Sperm whales were listed as endangered under the ESA in 1973.  Sperm whales have been 
protected from commercial harvest by the IWC since 1981, although the Japanese continued to 
harvest sperm whales in the North Pacific until 1988 (Reeves and Whitehead, 1997).  The 
species is also protected through CITES and the MMPA and is currently listed as vulnerable on 
the IUCN’s Red List of Threatened Species.  Critical habitat has not been designated for the 
species. 
 
Abundance and Trends 
Sperm whale abundance was historically impacted from commercial whaling operations.  While 
past abundance estimates have largely relied on historic whaling data deemed unreliable by the 
IWC (Perry et al., 1999), Whitehead (2002) used modern visual survey research and estimated 
that prior to commercial whaling, sperm whales may have numbered around 1,110,000 
individuals with the current population estimated to be significantly less at 300,000-450,000 
individuals worldwide.  Although his estimates are based on extrapolating surveyed areas to 
unsurveyed areas without a systematic survey design, the numbers reported by Whitehead (2002) 
probably represent the most current and best available estimates of global sperm whale 
abundance at the time of this consultation. 
 
Based on historic whaling data, the population of sperm whales in the entire North Atlantic is 
estimated to be around 190,000 individuals (Perry et al. 1999).  According to the most recent 
stock assessment reports available from NMFS, the total number of sperm whales in the North 
Atlantic is unknown; however, the best available estimate is 4,804 individuals in the western 
North Atlantic (Waring et al., 2007) and 1,665 individuals in the northern Gulf of Mexico 
(Mullin, 2007 as cited in Waring et al., 2011).  In both cases, data is insufficient to determine 
population trends. 
 
Rice (1989) estimated abundance of sperm whales in the North Pacific to be over a million 
individuals prior to exploitation and that the population had reduced to 930,000 individuals by 
the late 1970’s.  Whitehead (2002) estimated current abundance of sperm whales in the eastern 
tropical Pacific, eastern North Pacific, Hawaii, and western North Pacific to be 76,803 total 
individuals.  In addition, the best available estimates according to NMFS stock assessment 
reports are 102,112 individuals in the North Pacific (Kato and Miyashita, 1998 as cited in 
Caretta et al. 2011), 6,919 individuals in Hawaiian waters (Barlow, 2006 as cited in Carretta et 
al., 2011), and 971 individuals for the California/Oregon/Washington stock (Forney, 2007; 
Barlow, 2010 both as cited in Carretta et al., 2011).  In all cases, data is insufficient to determine 
population trends. 
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Estimates of current and historical sperm whale abundance in the Southern Hemisphere are 
either unavailable or statistically unreliable (NMFS, 2010c).  Perry et al. (1999) estimated that 
20,000 individuals were harvested in the Southern Hemisphere from 1956-1976.  Whitehead 
(2002) estimated sperm whale abundance at 12,069 individuals south of 60° S.  Since the IWC 
last did a formal assessment of sperm whales, new data indicate that the Southern Hemisphere 
contains at least some populations that extend into the Northern Hemisphere (NMFS, 2010c).  
 
Current Threats 
Just as with other listed whales, there are several stressors affecting sperm whales globally such 
as effects from prior commercial whaling, current whaling as allowed under subsistence or 
special permit programs, threats from ship strikes from increasing maritime vessel traffic, 
entanglement in commercial fishing gear, and threats posed by climate change and/or variability 
on essential prey.   
 
Historically, whaling represented the greatest threat to every population of sperm whales and was 
ultimately responsible for listing sperm whales as an endangered species.  From 1800 to 1900, 
the IWC estimated that nearly 250,000 sperm whales were killed by whalers, with another 
700,000 harvested from 1910-1982.  Caretta et al. (2005) estimated that at least 436,000 sperm 
whales were killed by whalers between 1800 and 1987.  Hill and DeMaster (1999) estimated that 
258,000 sperm whales were harvested in the North Pacific alone between 1947 and 1987 while 
Perry et al. (1999) estimated that 20,000 sperm whales were harvested in the Southern 
Hemisphere each year from 1956-1976.  Sperm whale populations were also impacted by illegal 
and unreported whaling before and after the IWC moratorium went into effect by both Soviet 
(Yablokov et al., 1998; Yablokov and Zemsky, 2000) and Japanese fleets (Reeves and 
Whitehead, 1997).  Sperm whale populations continue to feel the effects of past commercial and 
illegal whaling activities as they have yet to recover to their pre-exploitation abundance. 
 
Bycatch in commercial fisheries represents an ongoing threat to sperm whale populations in U.S. 
waters.  Sperm whales are known to have been incidentally captured in northeastern Pacific drift 
gillnet operations, which killed or seriously injured an average of nine sperm whales per year 
from 1991-1995 (Barlow et al., 1997).  Interactions between longline fisheries and sperm whales 
in the Gulf of Alaska have also been reported in the past few decades (Rice, 1989; Hill and 
DeMaster, 1999) and observers aboard Alaskan sablefish and halibut longline vessels have 
documented sperm whales feeding on fish caught in longline gear.  During 1997, the first 
entanglement of a sperm whale in Alaska’s longline fishery was recorded, although the animal 
was not seriously injured (Hill and DeMaster, 1998).  In U.S. east-coast waters, bycatch of sperm 
whales has been documented in the pelagic drift gillnet fishery, which targeted primarily 
swordfish and tuna (Waring et al., 1997).  In Gulf of Mexico waters in 2008, there was one 
sperm whale released alive after an entanglement interaction with the pelagic longline fishery 
operating in the region (Garrison et al., 2009).  It is possible that sperm whale interactions with 
fisheries are greatly underestimated throughout its range due to the fact that not all whales killed 
by entanglement wash ashore nor do they show evidence of the interaction.  Nevertheless, 
bycatch in commercial fisheries represent a threat to the species throughout its range. 
 
Sperm whales are also killed by ship strikes.  In May 1994 a sperm whale that had been struck by 
a ship was observed south of Nova Scotia (Reeves and Whitehead, 1997) and in May 2000 a 



37 
 

merchant ship reported a strike in Block Canyon (NMFS, unpublished data), which is a major 
pathway for sperm whales entering southern New England continental shelf waters in pursuit of 
migrating squid (CETAP, 1982; Scott and Sadove, 1997). 
 
Seismic vessel operations in the Gulf of Mexico represent an ongoing threat due to noise 
disturbance and vessel interactions (Waring et al., 2011).  Results from very limited studies of 
northern Gulf of Mexico sperm whale responses to seismic exploration indicate that sperm 
whales do not appear to exhibit horizontal avoidance of seismic survey activities and that there 
may be some decrease in foraging effort during exposure to full-array airgun firing (Jochens et 
al. 2006) making seismic survey activities an ongoing threat to recovery of the northern Gulf of 
Mexico population as well as those found throughout the eastern North Pacific and Alaskan 
waters where seismic survey activities have been increasing in recent years.  
 
Sperm whales in Gulf of Mexico waters also continue to feel the effects of past and present oil 
spills occurring in the region.  The Gulf of Mexico is located in an area of high-density offshore 
oil extraction with chronic, low-level spills and occasional massive spills (such as the current 
Deep Horizon oil spill, Ixtoc I oil well blowout and fire in the Bay of Campeche in 1979, and the 
explosion and destruction of a loaded supertanker, the Mega Borg, near Galveston in 1990).  Oil 
spills can impact marine mammals through ingestion, absorption, and inhalation and effects may 
range from instant death to sub-lethal damage to mild irritation, depending on concentration and 
length of exposure (Geraci, 1990).  Marine mammals may inhale toxic doses of petroleum vapor 
when at the surface in the vicinity of an oil spill (Geraci, 1990; Geraci and Williams, 1990) and 
may directly injest oil or feed on contaminated prey below the surface.  Few studies on oil spills 
have focused exclusively on cetaceans; however, bottlenose dolphins (Smultea and Wursig, 
1995) and gray whales (Kent et al., 1983 as cited in Moore and Clarke, 2002) have been 
observed swimming through oil slicks and sheens making it likely that other cetacean species 
occurring in the Gulf of Mexico would be similarly exposed as a result of the Deepwater 
Horizon oil spill event that occurred in 2010. 
 
Contaminant burdens have been identified in sperm whales, but vary widely in concentration 
based upon life history and geographic location, with northern hemisphere individuals generally 
carrying higher burdens (Evans et al., 2004).  Females appear to bioaccumulate toxins at greater 
levels than males, which may be related to possible dietary differences between females who 
remain at relatively low latitudes compared to more migratory males (Aguilar, 1983; Wise et al., 
2009).  Chromium levels from sperm whales skin samples worldwide have varied from 
undetectable to levels similar to those found in human lung tissue afflicted with chromium-
induced cancer (Wise et al., 2009).   
 
Climate change has the ability to affect habitat and food availability for sperm whales.  There is 
some evidence from Pacific equatorial waters that sperm whale feeding success and, in turn, calf 
production rates are negatively affected by increases in sea surface temperature (Smith and 
Whitehead, 1993; Whitehead, 1997).  While there is insufficient data to know the effects that 
climate-related trends have on sperm whale populations, evidence suggests that rising global 
temperatures may reduce the productivity of at least some sperm whale populations in the future 
(Whitehead, 1997) thereby potentially slowing down the ability of the species to recover. 
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ENVIRONMENTAL BASELINE 
 
By regulation, environmental baselines for biological opinions include the past and present 
impacts of all state, federal, or private actions and other human activities in the action area, the 
anticipated impacts of all proposed federal projects in the action area that have already 
undergone formal or early section 7 consultation, and the impact of state or private actions that 
are contemporaneous with the consultation in process (50 CFR §402.02).   
 
The purpose of the Environmental Baseline section is to step down from the species level 
discussion in the Status of the Species section and establish the current and projected viability or 
fitness of individuals and populations within the action area so that the effects of the proposed 
research activities can be measured and assessed.  The following sections summarize the natural 
phenomena as well as the anthropogenic activities that have affected and continue to affect listed 
species within the action area.  While some stressors uniquely occur within the action area and 
are thus easily identified for their respective impacts, there are other stressors where the impacts 
are felt only in part within the action area at an unspecified magnitude (e.g. disease, effects from 
prior commercial exploitation, etc.).  In those situations, we will discuss impacts generally and 
make the assumption that listed species are exposed to these ongoing effects in the action area at 
an unspecified degree.  
 
Natural Sources of Stress and Mortality 
Natural stressors acting on listed species in the action area include predation, diseases and 
parasitic infections, and other stochastic phenomena.  Killer whales and/or large sharks are 
known to occasionally prey on very young or sick fin, sei, and humpback whales (Perry et al., 
1999; Ford and Reeves, 2008; Steiger et al., 2008).  Large sharks and killer whales may 
conceivably prey on North Atlantic right whales as scars have been reported indicating evidence 
of attacks (Kraus, 1990; NMFS, 2005); however it is not known what impact these attacks have 
on right whale populations.  In addition to threats from shark and killer whale attacks, several 
researchers have suggested the recovery of the North Atlantic right whale may be impeded by 
competition with other whales (most notably sei whales) for copepod food resources in the 
western North Atlantic (Rice, 1974; Mitchell, 1975a; Scarff, 1986). 
 
The occurrence of the nematode Crassicauda boopis appears to increase the potential for kidney 
failure in humpback and fin whales and may be affecting recovery of these species throughout 
their ranges (Lambertsen, 1992).  Endoparasitic helminths (worms) are commonly found in sei 
whales and can result in pathogenic effects when infestations occur in the liver and kidneys 
(Rice, 1977) while calcivirus and papillomavirus are known pathogens of sperm whales (Smith 
and Latham, 1978; Lambertsen et al., 1987).  Biotoxins from red-tide blooms are other potential 
causes of mortality of listed baleen whales in the action area (Perry et al., 1999).  The threat of 
mortality and debilitation of North Atlantic right whales from similar diseases and red tide events 
is currently unknown; however, given their low numbers, North Atlantic right whales are 
expected to have a lower resilience to disease-related stressors that could affect this species’ 
ability to recover.  Highly migratory species such as large whales affected by the proposed action 
can carry pathogens across large distances (Perry et al., 1999) thus potentially introducing new 
diseases in the action area originating in regions outside of the action area.   
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Oceanographic Features and Climate Variability 
Oceanographic conditions in the Atlantic Ocean can be altered due to periodic weather patterns 
such as El Niño, La Niña, and the North Atlantic Oscillation (NAO) that can alter habitat 
conditions and prey distribution for listed cetaceans in the action area (Mantua et al., 1997; 
Francis et al., 1998; Beamish et al., 1999; Hare et al., 1999; Benson and Trites, 2002; Stabeno et 
al., 2004; Mundy and Cooney, 2005; Mundy and Olsson, 2005).  For example, decade-scale 
climatic regime shifts have been related to changes in zooplankton in the North Atlantic 
(Fromentin and Planque, 1996) and decadal trends in the NAO (Hurrell, 1995) can affect the 
position of the Gulf Stream (Taylor et al., 1998) and other circulation patterns in the North 
Atlantic that act as migratory and transport pathways for various prey species.   
 
In addition to periodic weather patterns affecting oceanographic conditions in the action area, 
longer term trends in climate change and/or variability also have the potential to alter habitat 
conditions suitable for listed species in the action area on a much longer time scale.  For 
example, from 1906-2006, global surface temperatures have risen 0.74º C and this trend is 
continuing at an accelerating pace.  Twelve of the warmest years on record since 1850 have 
occurred since 1995 (Poloczanska et al., 2009).  Possible effects of this trend in climate change 
and/or variability for listed whales in the action area include the alteration of community 
composition and structure, changes to migration patterns or community structure, changes to 
species abundance, increased susceptibility to disease and contaminants, and altered timing of 
breeding (MacLeod et al., 2005; Robinson et al., 2005; Kintisch, 2006; Learmonth et al., 2006; 
McMahon and Hays, 2006).  Climate change can influence reproductive success, as evidenced 
by data suggesting that sperm whale females have lower rates of conception following periods of 
unusually warm sea surface temperature (Whitehead, 1997).  Increases in ocean temperature due 
to interannual, decadal, and longer time-scale variability in climate may also cause dramatic 
shifts in the reproductive rate of North Atlantic right whales (Drinkwater et al., 2003; Greene et 
al., 2003) and possibly a northward shift in the location of right whale calving areas (Kenney, 
2007).  However, gaps in information and the complexity of climatic interactions complicate the 
ability to predict the effects that climate variability may have to these species from year to year 
(Kintisch, 2006; Simmonds and Isaac, 2007). 
 
Anthropogenic Sources of Stress and Mortality 

Historical Whaling 
As discussed in the Status of the Species section of this Opinion, large whale populations have 
been severely depleted in the action area as a result of historical whaling operations.  Humpback 
whales were one of the predominant species targeted by commercial whalers in the western 
North Atlantic during the 19th and 20th centuries (Stevick et al., 2003) with American whalers 
alone harvesting 14,000-18,000 humpbacks during the period (Best, 1987 as cited in NMFS, 
1991).  North Atlantic right whales were also heavily depleted in the North Atlantic with their 
greatest rates of decline probably occurring during the 18th century (Reeves and Mitchell, 1987; 
Reeves et al., 1992).  Subsequent hunting in the 19th and early 20th centuries, largely by 
Norwegian whaling operations, likely irreversibly damaged this stock (Collett, 1909; Brown, 
1976).  Fin whales were also heavily affected, as over 48,000 fin whales were harvested between 
1860 and 1970 in the North Atlantic alone (Braham, 1991). 
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Prior exploitation may have altered the population structure and social cohesion of these species 
such that effects on abundance and recruitment may continue for years after harvesting ceased.  
Significantly lower numbers have resulted in a loss of genetic diversity that could affect the 
ability of the current populations to successfully reproduce in the future (e.g., decreased 
conceptions, increased abortions, increased neonate mortality).  Also, historical whaling pressure 
significantly lowered population numbers such that their ability to resist the effects of deleterious 
phenomena such as demographic stochasticity, inbreeding depression, and Allee effects, is 
lowered thereby greatly affecting the ability of these species to recover to pre-exploitation levels. 
 
Fishing Gear Entanglement 
Entrapment in commercial fishing gear continues to impact listed cetaceans in the action area 
(especially North Atlantic right whales and humpback whales).  NMFS records show that from 
1990-2007, there were 46 confirmed North Atlantic right whale entanglements with fishing gear, 
including whales entangled in weirs, gillnets, and trailing line and buoys (Waring et al., 2009).  
During the period 2004-2008, there were 24 confirmed reports of North Atlantic right whales 
entangled in fishing gear off the Atlantic coast of the U.S. and Maritime Provinces of Canada, 
with three confirmed deaths and one whale sustaining serious injury as a result of the 
entanglement (Glass et al., 2010).  The same report cited 81 humpback whale entanglements 
(five confirmed deaths and 11 sustaining serious injuries), 14 fin whale entanglements (three 
confirmed mortalities and three sustaining serious injuries), and three sei whale entanglements 
(one confirmed mortality and two sustaining serious injuries).  In addition, Robbins and Mattila 
(2001) studied entanglement-related scarring on 134 individual humpback whales and concluded 
that between 48 and 65 percent of the surveyed individuals displayed physical evidence of prior 
entanglement and according to the most recent stock assessment reports, the annual rate of 
serious injury and mortality of fin and sei whales from fishery interactions is 1.2 and 0.6 
individuals per year, respectively (Waring et al., 2011).   
 
In addition to direct injury and/or mortality, entanglements also make listed species more 
vulnerable to additional dangers (e.g., predation and ship strikes) by restricting agility and 
swimming speed.  Robbins and Mattila (2001) found that female humpbacks showing evidence 
of prior entanglements produced significantly fewer calves, suggesting entanglement may 
significantly reduce reproductive success.  Also, many marine mammals that die from 
entanglement in commercial fishing gear tend to sink rather than strand ashore thus making it 
difficult to accurately determine the extent of such mortalities.  This, in addition to a lack of 
observer coverage in the case of many fisheries operating in the action area, mean that many 
“takes” associated with commercial fisheries are likely being underreported for many of the 
listed species affected.   
 
Ship Strikes 
Collisions with commercial ships are an increasing threat to listed whales in the action area 
particularly as shipping volume increases across breeding areas, foraging habitat, and migratory 
routes.  Jensen and Silber’s (2004) review of the NMFS’ ship strike database revealed fin whales 
as the most frequently confirmed victims of ship strikes (i.e., 26 percent of the recorded ship 
strikes) although humpbacks are also frequently struck.  Most collisions occur off the U.S. east 
coast, followed by the west coast of the U.S. and Alaska/Hawaii.  Glass et al. (2010) reported 17 
North Atlantic right whales getting struck (including eight confirmed mortalities) 14 humpbacks 
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getting struck (including eight confirmed mortalities), 13 fin whales getting struck (including 10 
confirmed mortalities), and three sei whales getting struck (including two confirmed mortalities) 
off the U.S. east coast and Canada during the period 2004-2008.  While ship strike data is useful 
in determining the relative frequency that different whale species are struck, we also assume that 
many incidents go unreported or the affected whale doesn’t strand ashore making it difficult to 
estimate the true population-level impact of ship strikes on listed whales found in the action area. 
 
While ship strikes are an ongoing problem, NMFS has several programs in place in the western 
North Atlantic to help minimize the impact.  One of these measures is the implementation of new 
rules that limit vessel traffic of ships greater than 65 feet to speeds of 10 knots or less in areas 
where North Atlantic right whales are known to congregate.  Other programs include the 
modification of shipping lanes from areas of high right whale concentrations.  Although these 
efforts are targeted primarily to help conserve North Atlantic right whales, they are also 
beneficial to other whales which inhabit the same waters and are subject to similar threats.  
Despite these measures, the threat of ship strikes is expected to continue in the action area in the 
near future and may even increase as populations recover and individuals populate new areas 
thereby increasing their range of exposure to various vessel interactions (Swingle et al., 1993; 
Wiley et al., 1995).   
 
Whale Watching  
Private and commercial shipping vessels engaged in marine mammal watching also have the 
potential to impact whales in the action area.  A 2001 study of whale watch activities worldwide 
found that the business of viewing whales and dolphins in their natural habitat has grown rapidly 
in the past couple decades (Hoyt, 2001).  In 1988, a workshop sponsored by the Center for 
Marine Conservation and NMFS was held in Monterey, California to review and evaluate whale 
watching programs and management needs.  That workshop produced several recommendations 
for addressing potential harassment of marine mammals during wildlife viewing activities that 
included developing regulations to restrict operating thrill craft near cetaceans, swimming and 
diving with the animals, and feeding cetaceans in the wild. 
 
Several studies have specifically examined the effects of whale watching on marine mammals, 
and investigators have observed a variety of short-term responses from animals, ranging from no 
apparent response to changes in vocalizations, duration of time spent at the surface, swimming 
speed, swimming angle or direction, respiration rate, dive time, feeding behavior, and social 
behavior.  Responses appear to be dependent on factors such as vessel proximity, speed, and 
direction, as well as the number of vessels in the vicinity (Watkins, 1986; Corkeron, 1995; Au 
and Green, 2000; Erbe, 2002; Magalhaes et al., 2002; Williams et al., 2002a; Williams et al., 
2002b; Richter et al., 2003; Scheidat et al., 2004).  Although numerous short-term behavioral 
responses to whale watching vessels are documented, little information is available on possible 
long-term effects to listed whales.  One concern is that animals may become more vulnerable to 
vessel strikes once they habituate to vessel traffic (Swingle et al., 1993; Wiley et al., 1995).  
Another concern is that preferred habitats may be abandoned if disturbance levels are too high.  
We expect that a portion of the individuals targeted in this proposed action may be exposed to 
whale watching activities up and down the east coast of the U.S. 
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Increased Ambient Background Noise from Shipping and Transportation 
Increases in underwater sound generated from various man-made sources such as commercial 
shipping, recreational vessels, cruise ships, research vessels, helicopters, and airplanes have the 
potential to affect listed whales in the action area through decreased communication and 
habituation to sound sources.  Marine mammals use sound in the ocean environment to find prey, 
locate mates, rear young, navigate, and to avoid predators (Bradley and Stern, 2008).  Several 
investigators have argued that anthropogenic sources of noise have increased ambient noise 
levels in the ocean over the last 50 years (Richardson et al., 1995; NRC, 2003; Jasny et al., 2005; 
NRC, 2005) with surface shipping being the most widespread in terms of low frequency (0 to 
1,000 hertz) anthropogenic noise.  The Navy estimated that the 60,000 vessels of the world’s 
merchant fleet annually emit low frequency sound into the world’s oceans for the equivalent of 
21.9 million days, assuming that 80 percent of the merchant ships are at sea at any one time (U.S. 
Navy, 2001).   
 
Continual increases in background ambient noise levels in the action area from these various 
sources can cause masking of marine animals’ communication systems, their ability to hear 
mating calls, and their ability to pick up acoustic environmental cues that animals use to navigate 
and/or sense their surroundings, including sounds that are used to detect predators (Hatch et al., 
2008; OSPAR, 2009).  Changes in acoustic communication in call rates and frequencies has 
already been proposed in North Atlantic right whales (Parks et al., 2009; Parks et al., 2007b), 
blue whales (Di Iorio and Clark, 2009), and fin whales (Castelotte et al., in press) as a result of 
increasing background ambient noise levels in the marine environment.  It is expected that listed 
cetaceans will continue to exhibit these types of behavioral responses in the action area in the 
near future. 
 
Another concern of increased sound from vessels is the gradual habituation of listed whales to 
vessels and other sound sources.  Habituation to this increasing ambient noise may increase the 
risk of vessel strikes since the whales do not actively avoid the acoustic noise generated by an 
oncoming vessel.  A study looking at the use of acoustic tags and controlled exposure 
experiments with North Atlantic right whales resulted in five of six individual whales responding 
strongly (interrupted dive pattern and swimming rapidly to the surface) to the presence of an 
artificial alarm stimulus while ignoring the playbacks of vessel noise, citing evidence of 
habituation (Nowacek et al., 2004).  Several investigators have suggested that vessel noise may 
have caused humpback whales to avoid or leave feeding or nursey areas (Jurasz and Jurasz, 
1979; Glockner-Ferrari and Ferrari, 1985; Salden, 1988; Glockner-Ferrari and Ferrari, 1990), 
while others have suggested humpback whales may become habituated to vessel traffic and its 
associated noise (e.g. Watkins, 1986).  Croll et al. (2001) examined exposure of fin whales to 
low frequency noise and found that whale foraging activity continued after exposure, and there 
were no apparent responses of whales to loud, low frequency noise sources; however, the authors 
acknowledged that these results do not address the cumulative impact of this noise over larger 
spatial and time scales. 
 
Pulsed Sound Generated by Seismic Surveys, Military Activities, and In-Water Construction 
High energy pulsed sound generated in the marine environment from seismic surveys, military 
sonar training and underwater detonations, and construction (e.g., pile driving and blasting) has 
the potential to increase stress levels, alter behavior, result in temporary or permanent hearing 
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loss, and/or, in extreme cases, result in direct injury and even death to listed cetaceans depending 
on the proximity of the animal is to the sound source (Richardson et al., 1995; NRC, 2003; Clark 
and Ellison, 2004; NRC, 2005; Nowacek et al., 2007; Southall et al., 2007; Wright et al., 2008).  
 
Surveys have been conducted in the northwest Atlantic using seismic airguns.  Airguns are 
typically fired every 10-15 seconds with theoretical source levels of about 255 decibel (dB) ± 3 
dB which are detectable 50-75 kilometers away in shallow water and over 100 kilometers away 
in survey areas deeper than 50 meters (Richardson et al., 1995).  As a general mitigation 
measure, airguns are shutdown if marine mammals approach too closely (generally within the 
180 dB isopleths for cetaceans), presumably avoiding the potential for temporary or permanent 
threshold shifts in cetaceans exposed to the airgun pulses.  While onboard observers and passive 
acoustic monitoring help identify the presence of whales, the possibility exists that some non-
vocalizing whales beneath the surface may be temporarily exposed to higher sound levels at an 
unspecified degree.  In addition to possible physical trauma and stress, whales are known to 
respond behaviorally by actively avoiding the sound of the seismic survey vessel, thus causing 
some temporary habitat displacement upon exposure (Greene, 1982; Richardson et al., 1985; 
Wartzok et al., 1989; Richardson et al., 1990; Gallagher and Hall, 1993; Richardson et al., 1995; 
Schick and Urban, 2000; Richardson and Williams, 2003; Richardson et al., 2004; Richardson 
and Williams, 2004; Streever et al., 2008; George, 2010).   
 
Naval activities occurring in the action area include, among others, vessel and aircraft transects, 
munition detonations, and sonar activities at various frequencies.  Whales targeted by this 
proposed action may be exposed to activities conducted at the Virginia Capes Range Complex, 
Cherry Point Range Complex, and Jacksonville Range Complex.  Effects to listed whales from 
these navy training exercises and other sonar activities conducted up and down the east coast 
within multiple operating areas are expected to be similar to seismic surveys (notably masking 
effects to whale communication and avoidance behavior leading to temporary habitat 
displacement).  All exempted takes (if any) from naval activities are non-lethal based on a review 
of recent biological opinions (see NMFS, 2011c and NMFS, 2011d).  The anti-warfare and sonar 
training exercises conducted by the Navy are expected to result in repeated exposures of targeted 
whales in the action area throughout the duration of the proposed permit as well as after this 
permit ceases although based on the cited biological opinions, it is expected that all takes are 
expected to be non-lethal.  NMFS and the U.S. Navy have been working cooperatively to 
establish a policy for monitoring and managing acoustic impacts from anthropogenic sound 
sources in the marine environment.  
 
Other sound fields are generated by coastal construction, pile driving, dredging and blasting 
activities in nearshore environments throughout the action area.  Source sound pressure levels 
vary widely between construction activities with drilling operations comprising relatively low 
source levels while pile-driving and the use of explosives comprises very high source levels 
(OSPAR, 2009).  The majority of the sound energy associated with pile driving and dredging is 
in the low frequency range (less than 1,000 Hz) within the hearing range of large cetaceans 
(Illingworth and Rodkin Inc., 2001; Reyff, 2003; Clarke et al., 2003; Illingworth and Rodkin 
Inc., 2004).  Several measures have been adopted to reduce the sound pressure levels associated 
with in-water construction activities or prevent exposure of marine mammals to sound.  For 
example, six inch blocks of wood placed between the pile and the impact hammer used in 
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combination with a bubble curtain can reduce sound pressure levels by about 20 dB (NMFS 
2008).  Alternatively, pile driving with vibratory hammers produces peak pressures that are 
about 17 dB lower than those generated by impact hammers (Nedwell and Edwards, 2002).  
Other measures used in the action area to reduce the risk of disturbance from these activities 
include avoidance of in-water construction activities during times of year when listed whales 
may be present; monitoring for marine mammals during construction activities; and maintenance 
of a buffer zone around the project area (NMFS, 2008).  Injuries from either dredging or drilling 
operations are unlikely, except those located very close to the source (Southall et al., 2007).  
Underwater explosions, on the other hand, have the ability to permanently injure the auditory 
systems of marine mammals as Ketten et al. (1993) reported injury in the ears of two humpback 
whales stranded after underwater explosions.   
 
While noise generated from marine construction has the potential to affect individuals in the 
action area, it is unknown how these activities affect these listed whales at the population level.  
As more coastal construction and renewable energy facilities are built in marine environments, 
studies will need to be done to understand the full range of effects that such operations have on 
whale population dynamics.  
     
Pollution and Ocean Debris 
Anthropogenic activities such as discharges from wastewater systems, dredging, ocean dumping 
and disposal, aquaculture, and additional impacts from coastal development are known to 
degrade coastal waters utilized by listed whales in the action area.  Multiple municipal, industrial 
and household sources as well as atmospheric transport introduce various pollutants such as 
pesticides, hydrocarbons, organochlorides (e.g., DDT and PCBs), and other pollutants that may 
cause adverse health effects to listed whales (Iwata, 1993; Grant and Ross, 2002; Garrett, 2004; 
Hartwell, 2004).  The accumulation of persistent pollutants through trophic transfer may cause 
mortality and sub-lethal effects including immune system abnormalities, endocrine disruption 
and reproductive effects (Krahn et al., 2007).  Recent efforts have led to improvements in 
regional water quality in the action area, although the more persistent chemicals are still detected 
and are expected to endure for years (Grant and Ross, 2002). 
 
Acute exposure to hydrocarbons from petroleum products released into the environment via oil 
spills and other discharges are known to cause behavioral changes in marine mammals (Grant 
and Ross, 2002) and may directly injure individuals through skin contact with oils (Geraci, 
1990), inhalation at the water’s surface, and ingesting compounds while feeding (Matkin and 
Saulitis, 1997).  The Gulf of Mexico represents an area of high-density offshore oil extraction 
with chronic, low-level spills and occasional massive spills such as the Deep Horizon oil spill 
event in 2010 the effects of which may extend into the Atlantic as well as portions of the action 
area.  Experience gained during the Exxon Valdez spill indicates that large-scale spills can cause 
persistent negative effects on wildlife that can last for decades (Peterson et al., 2003). 
 
Habitat in the action area may also be degraded by various sources of marine debris such as 
plastics, glass, metal, polystyrene foam, rubber, and derelict fishing gear.  Marine debris is 
introduced into the marine environment through ocean dumping, littering, or hydrologic 
transport of these materials from land-based sources.  Listed whales may become entangled in 
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marine debris or directly ingest it while feeding, potentially leading to digestive problems, injury, 
or even death.   
 
Research Activities 
Listed whales are exposed to numerous non-lethal scientific research activities throughout the 
action area as authorized by NMFS permits.  Activities include close vessel and aerial 
approaches, biopsy sampling, suction cup tagging, dart tagging, implantable tagging, ultrasound, 
and acoustic playback activities.  All takes currently exempted would be characterized as non-
lethal harassment or wounding (in the case of implantable tagging, dart tagging, and biopsy).  
Seventeen research permits are currently authorized off the U.S. east coast that may overlap the 
action area (atleast in part).  We note that many of these research permits have a larger study area 
but we acknowledge that the species targeted by this proposed action may be affected by these 
research activities in and around the action area.  Since issuance of a permit is a federal activity, 
each scientific research permit currently authorized or will be authorized is reviewed for 
compliance with section 7(a)(2) of the ESA to ensure that issuance of the permit does not 
jeopardize the continued existence of listed species.  A review of the active permits shows that 
North Atlantic right and humpback whales are the most heavily researched in the western North 
Atlantic followed by fin, sei, and sperm whales, respectively. 
 
The stress response associated with a particular research activity is often directly tied to the 
speed and direction of the approach.  For instance, whales that are biopsied or tagged following a 
fast approach or a head-on approach may respond more intensely to the impact of the dart than if 
approached slowly and from the side (Whitehead et al., 1990; Brown et al., 1991; Weinrich et al., 
1991; Jahoda et al., 2003).  Researchers operating in the action area are required to approach 
listed cetaceans slowly using a converging course technique in order to minimize the stress 
response and are required to coordinate their activities so that repeated exposure can be either 
avoided or minimized.    
 
The fact that multiple permitted “takes” of listed whales is already permitted will continue to be 
permitted in the future means that listed whales will be repeatedly harassed throughout the action 
for the purposes of scientific research.  The point at which this leads to a measurable cumulative 
impact on the survival and recovery of these species in the action area, however, is uncertain.  
Our ability to detect long-term population-level effects from research activities will depend on 
several factors including our ability to better detect sub-lethal effects, our ability to differentiate 
an animal that has become habituated to a particular activity from one who has learned to cope 
with the added stress (both of which have very different consequences), and our ability to 
prioritize long-term studies investigating survival and reproduction of species targeted by similar 
types of research in the past.  The latter in particular may lead to statistically significant trends 
showing whether or not repeated disturbances by research activities are affecting the ability of 
listed species to survive and recover in the wild to an appreciable degree and may help to further 
refine research methods to minimize stress to listed species.   
 
The ESA Interagency Cooperation Division, in cooperation with the Permits Division, reviews 
monitoring reports submitted by researchers in order to monitor the effects of permitted activities 
and requires researchers to suspend research and consult with NMFS in the event that additional 
take occurs that was not anticipated and/or evaluated in the biological opinion.  At the time of 
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this consultation, we are aware that listed whales are repeatedly harassed by research activities 
throughout the action area as a result of previously issued permits all of which have been shown 
to not jeopardize the continued existence of any species targeted by this proposed action.  The 
consequences of exposing listed whales to the additional activities to be authorized in the 
proposed permit is the subject of this consultation and will be assessed in the Effects of the 
Proposed Action section below. 
 
EFFECTS OF THE PROPOSED ACTION 
 
Pursuant to Section 7(a)(2) of the ESA, federal agencies are directed to insure that their activities 
are not likely to jeopardize the continued existence of any listed species or result in the 
destruction or adverse modification of critical habitat.  In this section, we describe the potential 
physical, chemical, or biotic stressors associated with the proposed action, the probability of 
individuals of listed species being exposed to these stressors, and the probable responses of those 
individuals (given probable exposures) based on the best scientific and commercial evidence 
available. As described in the Approach to the Assessment section, for any responses that would 
be expected to reduce an individual’s fitness (i.e., growth, survival, annual reproductive success, 
and lifetime reproductive success), the assessment would consider the risk posed to the viability 
of the population(s) those individuals comprise and to the listed species those populations 
represent. The purpose of this assessment is to determine if it is reasonable to expect the 
proposed research activities will have effects on listed species that could appreciably reduce their 
likelihood of surviving and recovering in the wild.   
 
For this consultation, we are particularly concerned about behavioral disruptions that may result 
in animals that fail to feed or breed successfully or fail to complete their life history because 
these responses are likely to have population-level consequences.  The proposed permit would 
authorize non-lethal “takes” by harassment during aerial and vessel surveys.  The ESA does not 
define harassment nor has NMFS defined the term pursuant to the ESA through regulation.  
However, the MMPA defines harassment as any act of pursuit, torment, or annoyance which has 
the potential to injure or disturb a marine mammal or marine mammal population in the wild by 
causing disruption of behavioral patterns, including, but not limited to, migration, breathing, 
nursing, breeding, feeding, or sheltering [16 U.S.C. 1362(18)(A)].  The latter portion of this 
definition (that is, “...causing disruption of behavioral patterns including...migration, breathing, 
nursing, breeding, feeding, or sheltering”) is almost identical to the U.S. Fish and Wildlife 
Service’s regulatory definition of “harass”11 pursuant to the ESA.  For this Opinion, we define 
harassment similarly: an intentional or unintentional human act or omission that creates the 
probability of injury to an individual animal by disrupting one or more behavioral patterns that 
are essential to the animal’s life history or its contribution to the population the animal 
represents.   
 
 
 
 

                                                 
11  An intentional or negligent act or omission which creates the likelihood of injury to wildlife by annoying it to  
      such an extent as to significantly disrupt normal behavior patterns which include, but are not limited to,   
      breeding, feeding, or sheltering (50 CFR 17.3) 
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Potential Stressors 
Our effects analysis begins by identifying all possible stressors for which listed species would be 
exposed.  During this consultation, we identified the following stressors associated with the 
proposed action:  

 Disturbance from aircraft noise during aerial surveys flown at altitudes of 183-305 meters 
(600-1000 feet), 

 Disturbance due to aerial approaches and circling as close as 244 meters (800 feet), 

 Disturbance from engine noise during vessel surveys and transit, 

 Disturbance due to close vessel approaches as close as 50 meters (164 feet), 

 Habitat contamination due to unexpected oil or fuel spill,  

 Ship strikes during vessel surveys and transit,  

 
Exposure Analysis 
Exposure analyses identify the ESA-listed species that are likely to co-occur with the actions’ 
effects on the environment in space and time, and identify the nature of that co-occurrence.  The 
analysis identifies, as possible, the number, age or life stage, and gender of the individuals likely 
to be exposed to the actions’ effects and the population(s) or subpopulation(s) those individuals 
represent.  Our exposure analyses are based on the best information available to us including 
recent population estimates, expected growth rates over the life of the permits, the maximum 
survey effort expected, and data from past surveys conducted in the action area.  Annual reports 
remain one of the most valuable resources for estimating exposure levels of similar permit 
actions and were thus utilized in this consultation as appropriate.  
 
Listed species as well as their prey are not expected to be exposed to fuel or other contaminant 
spills from the survey vessel as researchers are expected to take all proper precautions to avoid a 
spill or minimize the impact of a spill if it were to occur thus preventing any type of widespread, 
high-dose contamination.  Therefore, we consider the threats posed by this stressor to be 
discountable.  Similarly, ship strikes are considered extremely rare for research conducted on 
listed whales.  Researchers will have trained observers on board watching for any listed species 
located in the direct path of the vessel so they can be avoided.  Researchers plan to use a slow, 
converging course technique and will not approach a whale head on.  Therefore, we do not 
anticipate exposure of listed whales to ship strikes and the threats posed by this stressor are 
discountable. 
 
This consultation focused our assessment on the following stressors for which listed species are 
likely to be exposed and may have a measurable effect: (1) Disturbance from aircraft noise 
during aerial surveys flown at altitudes of 183-305 meters (600-1000 feet), (2) Disturbance due 
to aerial approaches and circling as close as 244 meters (800 feet), (3) Disturbance from engine 
noise during vessel surveys and transit, and (4) Disturbance due to close vessel approaches as 
close as 50 meters (164 feet). 
 
We reviewed the researchers’ past monitoring reports for surveys performed in the same or 
similar regions in order to identify likely exposure given the researchers prior record.  Aerial 
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surveys were previously carried out by UNC-Wilmington in the Mid-Atlantic for the years 2001-
2002 and from 2005-2008 under prior permits12.  Researchers also performed aerial and vessel 
surveys in recent years in the Onslow Bay USWTR (which is near the study site off Cape 
Hatteras proposed in this permit) as well as the military site off Jacksonville, Florida.  For 
regions where data existed, we calculated the mean number of sightings per survey season and 
carried the estimate out to four standard deviations.  We then applied the potential growth in the 
population(s) over the permit period using growth rates from recent stock assessment reports (if 
available).  Given the increase in survey effort expected, we also applied this increase to our 
estimated exposure where possible.  For instance, past aerial surveys conducted by UNC-
Wilmington in the Mid-Atlantic region were conducted over a six month timeframe.  While these 
efforts are expected to continue, we doubled the estimate for this proposed action given that 
surveys will be conducted year round within the Cape Hatteras focus site located in the same 
region.  Our analysis resulted in the following exposure estimates for surveys to be conducted 
from Virginia to South Carolina (including the Cape Hatteras focus site): 77 humpback whales, 
131 North Atlantic right whales, 39 fin whales, and 59 sperm whales each year.  The researchers’ 
past record did not always differentiate between sightings resulting from aerial surveys compared 
to sightings resulting from vessel surveys making it difficult to project exposure likely to occur 
for each survey method under this proposed action.  Therefore, these exposure estimates include 
both aerial and vessel surveys to be conducted in the Virginia to South Carolina subset of the 
action area. 
 
While the researcher’s past record allowed us to project probable exposure in certain regions, it 
was difficult to assess exposure in other proposed regions given the lack of past records for these 
individual sites.  For instance, researchers expect to conduct additional aerial and vessel surveys 
from North Carolina to Delaware Bay in conjunction with the Virginia Aquarium and Marine 
Science Center Foundation during the final two years of the proposed permit (in the years 2013-
2015) to fill in data gaps for research already being done.  It was difficult to assess the likely 
survey effort given that the nature of these surveys would be to fill in data gaps rather than be 
ongoing continuous surveys during that time-span.  Also, very limited data exists for the 
Jacksonville study site making it difficult to project likely exposure over the next five years.  
Given these uncertainties, we are provisionally accepting the take numbers proposed by the 
Permits Division across all regions although we have separated out the exposure likely to occur 
from the Virginia to South Carolina subset given the researchers’ past record.  We also note that 
while no sei whales have been sighted in the Mid-Atlantic surveys conducted by researchers in 
the recent past this species has been recorded in the action area by other researchers under 
previous permits.  Also, one sei whale carcass was found stranded ashore just west of the survey 
track lines in 2003 suggesting that sei whales do utilize the action area on occasion12.  Given this 
as well the fact that researchers will be expanding their effort and surveying in additional areas 
than have been surveyed in the past, we found it likely that sei whales may be encountered under 
this proposed action.  Subsequent data collected by the researchers will further inform this 
analysis and may be utilized in future consultations. 
 

                                                 
12 Data obtained online at http://seamap.env.duke.edu/. 
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Table 2.  Estimated Annual Exposure of Listed Species to Stressors Resulting from 
Issuance of Permit No. 16473 

SPECIES (LIFE 
STAGE) 

STRESSORS 
EXPOSURE 

ACROSS ALL 
REGIONS 

EXPOSURE 
WITHIN 

VIRGINIA TO 
SOUTH 

CAROLINA 
SUBSET* 

North Atlantic Right 
Whale (All) 

Disturbance from 
Aerial and Vessel 
Surveys (including 

noise and close 
approaches) 

200 131 

Humpback Whale (All) 

Disturbance from 
Aerial and Vessel 
Surveys (including 

noise and close 
approaches) 

200 77 

Sperm Whale (All) 

Disturbance from 
Aerial and Vessel 
Surveys (including 

noise and close 
approaches) 

150 59 

Fin Whale (All) 

Disturbance from 
Aerial and Vessel 
Surveys (including 

noise and close 
approaches) 

100 39 

Sei Whale (All) 

Disturbance from 
Aerial and Vessel 
Surveys (including 

noise and close 
approaches) 

40 2 

 * Numbers represent a subset of the exposure anticipated across all regions of the action area (includes 
aerial and vessel surveys to be carried out from Virginia to South Carolina from November to June each 
year as well as year round surveys at the study site focused off Cape Hatteras).

Individuals may be exposed multiple times during the permit period to aerial and vessel surveys 
as well as close approaches although permit conditions allow for only three attempts to obtain 
photographs to the same individual per day.  All life stages (including cow-calf pairs) will be 
approached for observation and for obtaining photographs.  Approaches may take up to 30 
minutes and involve 10-20 circling events in the case of aerial approaches to get accurate counts 
and legible photographs. 
 
Response Analysis 
As discussed in the Approach to the Assessment section of this Opinion, response analyses 
determine how listed resources are likely to respond after being exposed to an action’s effects on 
the environment or directly on listed animals themselves.  For the purposes of consultation, our 
assessments try to detect potential lethal, sub-lethal, physiological, or behavioral responses 
expected given the results seen in the literature as well as published and unpublished data on the 
effects of similar actions.  Where information on the responses of the target individuals was 
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lacking, we relied on documented responses of similar species to serve as a proxy for our 
analysis. 
 
Behavioral and Stress Responses to Aircraft Noise and Aerial Approaches 
Aircraft overflights often elicit many different behavioral changes in cetaceans such as sudden 
dives or turns, swimming away, and occasionally tail or flipper slaps (Richardson et al., 1995; 
Richardson and Wursig, 1997).  A majority of reacting cetaceans respond to aircraft by diving 
(Luksenburg and Parsons, 2008).  About 14 percent of bowhead whales approached during aerial 
surveys changed their behavior coincident with the approach of the aircraft (Patenaude et al., 
2002).  Reactions of migrating gray whales to a Bell 212 helicopter consisted of abrupt turns, 
dives, or both (SRA, 1988).  Beluga and bowhead whale responses to aircraft have been 
classified as short surfacings, immediate dives or turns, changes in behavioral state, vigorous 
swimming, and breaching (Patenaude et al., 2002).  Smultea et al., (2008) viewed unique 
behavioral reactions of a group of sperm whales where the whales ceased their forward 
movement and positioned themselves closer to each other which may have represented agitation, 
distress, or self-defense.  This behavior was also seen in another study in the Bahamas when a 
Cessna 172 passed and circled a group of six sperm whales (Luksenburg and Parsons, 2008). 
 
Degree of response and reaction could also vary with altitude.  A stronger avoidance response 
has been reported when planes fly at lower altitudes (Walker, 1949; Bel’kovich, 1960; 
Kleinenberg et al., 1964; Best, 1981; Sergeant and Hoek, 1988).  When survey aircraft fly below 
certain altitudes (about 500 meters), they have caused marine mammals to exhibit behavioral 
responses that might constitute a significant disruption of their normal behavioral patterns (Perry, 
1998; Patenaude et al., 2002).  Bowhead whales have been observed avoiding planes flying at 
305 m or lower (Perry, 1998).  Although some whales show stronger avoidance responses to 
lower altitude planes, some whales also exhibit no response to low-flying planes.  Some 
humpbacks are disturbed by overflights at 305 meters but others show no response to flights at 
152 meters.  Cetaceans sometimes react to an aircraft passing as high as 300 or 400 meters, while 
at other times the same species can show no obvious reaction to the same aircraft at 150 meters 
(Richardson and Wursig, 1997).  Smultea et al. (2008) reported that sperm whales exhibited no 
reactions to their study’s lowest aircraft passes, 103 meters and 208 meters lateral distance, as 
compared to the higher passes in their study.  Watkins (1981a) observed fin whales from an 
aircraft at 50-300 meters and implied that engine noise or the aircraft’s shadow caused reactions.  
Other cetaceans also react if the aircraft shadow passes over them (Watkins, 1981b; Mullin et al., 
1991).  Bottlenose dolphins have been observed to react when an aircraft’s shadow passed over 
them (Mullin et al., 1991).  Some species such as beluga whales and Dall’s porpoises have been 
observed looking up at aircraft (Withrow et al., 1985; Richardson et al., 1995; Richardson and 
Wursig, 1997).  Sperm whales have also been observed looking up at aircraft (Smultea et al., 
2008). 
 
In past monitoring reports submitted by the researchers from 2006-2011, whale reactions to 
approaching aircraft included no apparent reaction, mild or medium reactions such as the whales 
changing their surface intervals or diving beneath the surface upon approach, and occasional 
stronger reactions such as active lobtailing and breaching.  Species that appeared to react 
stronger to aircraft surveys included North Atlantic right and humpback whales although sperm 
whales were also observed to exhibit medium reactions to the presence of the aircraft by diving 
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beneath the surface.  The researchers also noted that for those individuals that did react, the 
behavioral response was short in duration and the animal appeared to resume normal behavior 
shortly after responding.  Similarly, we do not anticipate any prolonged stress response to aircraft 
surveys to be conducted as part of this proposed action as conditions in the permit requires that 
the aircraft retreat to higher altitudes if a whale exhibits an adverse reaction upon approach.  
Therefore, it is expected that aerial surveys conducted during the proposed research activities 
would result in only short-term behavioral reactions ranging from short term avoidance (i.e., 
diving beneath the surface) to active lobtailing and/or breaching with exposed individuals 
returning to pre-approach behavior soon after the aircraft retreats to higher altitudes. 
 
Behavioral and Stress Responses to Vessel Engine Noise and Close Vessel Approaches 
Vessel surveys and close approaches have the potential to disturb listed whale species and induce 
behavioral and physiological stress to whales targeted by the approach as well as other whales in 
the vicinity of the approaching vessel.  Detection of vessel noise is dependent on several factors, 
including weather, vessel engine type and size, habituation, and other ambient noise.  The sound 
generated by the research vessels is expected to be at higher frequencies than larger vessels like 
supply ships, container/cargo ships, and cruise vessels operating in the action area (OSPAR, 
2009).  Since large cetaceans tend to hear and vocalize at lower frequencies, the contribution of 
marine ambient noise generated by the research vessels is expected to be minimal and would not 
adversely affect listed whales’ ability to hear mates and other conspecifics but may induce 
behavioral reactions as described below. 
 
Whales may respond differently to vessel surveys depending on what behavior the animals are 
engaged in before the vessel approaches (Würsig et al., 1998; Hooker et al., 2001; Jahoda et al., 
2003) and the degree to which they become accustomed to vessel traffic (Lusseau, 2004; Richter 
et al., 2006).  Reactions include little to no observable change in behavior to momentary changes 
in swimming speed, pattern, orientation, diving and time spent submerged, foraging, respiratory 
patterns, and also may include aerial displays such as breaching and/or lobtailing (Watkins et al., 
1981; Bauer, 1986; Brown et al., 1991; Clapham and Mattila, 1993; Jahoda et al., 2003; Best et 
al., 2005).  Reactions to vessel noise have been observed when engines are started at distances of 
3,000 feet or less (Malme et al., 1983; Richardson et al., 1995), suggesting that some level of 
disturbance may result even if the vessel does not undergo a very close approach.  In addition, 
changes in whale behavior have also been reported to correspond to vessel speed, size, and 
distance from the whale, as well as the number of vessels operating in the proximity (Baker et 
al., 1988; Koehler, 2006).  
 
For humpback whales, Baker et al. (1983) described two responses of whales to vessels, 
including: (1) “horizontal avoidance” of vessels 2,000 to 4,000 meters away characterized by 
faster swimming and fewer long dives; and (2) “vertical avoidance” of vessels from 0 to 2,000 
meters away during which whales swam more slowly, but spent more time submerged.  Hall 
(1982) reported that humpback whales closely approached by survey vessels in Prince William 
Sound, Alaska, often reacted by diving and surfacing further from the vessel or with an altered 
direction of travel.  The author noted that whale feeding activity and social behavior did not 
appear to be disturbed by the approaches; however, cow-calf pairs appeared to be wary and 
avoided the vessel.  Other studies have found that humpbacks respond to the presence of boats 
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by increasing swimming speed (e.g., Au and Green, 2000; Scheidat et al., 2004; Koehler, 2006), 
with some evidence that swimming speed then decreased after boats left the area.  
 
The slow and careful approach to humpback whales is important and is supported by studies 
conducted by Clapham and Mattila (1993) on the reactions of humpback whales to close 
approaches for biopsy sampling in Caribbean breeding areas.  The investigators concluded that 
the way a vessel approached a group of whales had a major influence on the whale’s response to 
the approach, particularly for cow-calf pairs.  Smaller pods and pods with calves also seem more 
responsive to approaching vessels (Bauer, 1986; Bauer and Herman, 1986).  Based on their 
experiments with different approach strategies, researchers concluded that experienced, trained 
personnel approaching humpback whales slowly would result in fewer whales exhibiting strong, 
high energy responses that might indicate stress. 
 
Jahoda et al. (2003) studied responses of fin whales feeding in the Ligurian Sea to vessels 
approaching with sudden speed and directional changes. Fin whales were approached repeatedly 
by a small speedboat to within 5-10 meters (or 16-33 feet) for approximately one hour for photo-
identification and biopsy sampling.  A larger vessel used for observations was also present.  Fin 
whales responded by suspending feeding through the end of the study and changing their 
swimming, diving, and respiratory behavior.  The whales tended to reduce the time they spent at 
the surface and increased their blow rates, suggesting an increase in their metabolic rates and 
possibly a stress response to the approach.  In the study, fin whales that had been disturbed while 
feeding had not resumed feeding when the exposure ended, although the presence or absence of 
prey after the disturbance was unknown.  Jahoda et al. (2003) noted the potential for long-term 
responses of fin whales to vessel disturbance cannot be ruled out, but concluded that approaching 
vessels maneuvering at low speeds were less likely to cause visible reactions than those 
approaching at higher speeds. 
 
NMFS expects that the slow converging course technique employed by the researchers should 
minimize the stress response of the approached whales for purposes of behavioral observation 
and for obtaining photographs.  Also, while temporary changes in whale behavior may occur as 
the whale reacts to the approaching vessel, the literature suggests these reactions are expected to 
be short in duration and that the whales would resume normal behavior after the approach 
consistent with the literature (Watkins et al., 1981; Bauer, 1986; Brown et al., 1991; Clapham 
and Mattila, 1993; Jahoda et al., 2003; Best et al., 2005).   
  
Risk Analysis 
Our risk analyses reflect relationships between listed species, the populations that comprise that 
species, and the individuals that comprise those populations.  Our risk analyses begin by 
identifying the probable risks actions pose to listed individuals given their exposure to the 
action’s effects and the likely responses given that exposure.  Ideally, risk analyses would 
consider and weigh evidence of adverse consequences as well as evidence suggesting the 
absence of such consequences.  We then integrate those individual risks to identify consequences 
to the populations those individuals represent.  Our analyses then determine the consequences 
those population-level risks have to the species as a whole.  Our final jeopardy determinations 
are based on whether threatened or endangered species are likely to experience reductions in 
their viability and whether such reductions are likely to be appreciable.  For more information 
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the specific parameters used to evaluate risk at each phase, please refer to the Approach to the 
Assessment section of this Opinion.   
 
Based on a review of available information, we would expect listed humpback, North Atlantic 
right, fin, sperm, and sei whales exposed to aerial and vessel surveys under the proposed permit 
to exhibit either no visible response or short-term behavioral responses similar to those seen for 
predator avoidance.  For example, reactions to close aerial and/or vessel approaches include little 
to no change in behavior to momentary changes in swimming speed, pattern, orientation, diving 
and time spent submerged, foraging respiratory patterns, and also may include aerial displays 
such as breaching and/or lobtailing (Watkins et al., 1981; Bauer, 1986; Brown et al., 1991; 
Clapham and Mattila, 1993; Jahoda et al., 2003; Best et al., 2005).  For aerial surveys, 
researchers are required to suspend their activities and retreat to higher altitudes if an adverse 
reaction is observed.  We believe this mitigation measure should minimize the duration of the 
stress response of the targeted whales and should help reduce the time it takes for the whales to 
return to their pre-approach behaviors.  For vessel surveys, we anticipate that the relatively slow 
transit speeds as well as the slow, converging course technique proposed by the researchers 
should minimize the stress response of the whales to the close vessel approach given 
observations seen in the recent past as well as observations reported in the literature (e.g., 
Clapham and Mattila, 1993; Best et al., 2005).   
 
For those whales exhibiting higher energy responses (i.e., active avoidance, multiple breaches 
and/or lobtailing), the exposure and resulting response would be expected to impact the animal’s 
energy budget that would normally be used for other essential behaviors such as feeding, 
swimming, and/or reproduction.  While multiple high energy responses may impact an 
individual’s fitness in the short term, a review of the literature suggests that repeat exposures are 
not likely to result in any long term fitness consequence (e.g., impacts to growth, survival, and 
lifetime reproductive success, etc.).  For example, Glockner-Ferrari and Ferrari (2006) noted 
several female humpback whales that had been subjected to close vessel approaches multiple 
times over a 20 year period were resighted in the same area and were known to have reproduced 
several times suggesting that the multiple approaches did not affect survival and/or reproduction.  
Best et al. (2005) conducted repeat approaches on 20 southern right whale cow-calf pairs and 
were unable to detect a trend of increased or decreased sensitivity of calves to the approach and 
noted that the same whales were resighted in subsequent years.  Best and Mate (2007) examined 
sighting patterns and reproductive intervals for southern right whales tagged off South Africa 
and found that six of seven reproductive females that were resighted post-tagging had given birth 
to a new calf and exhibited calving intervals that were similar to untagged whales, supporting the 
null hypothesis of no major effect on the reproductive success of adult females or (by inference) 
the survival of their calves.  While we cannot definitively know whether repeat exposures to 
close approaches have longer term consequences (as many responses would be sub-lethal and/or 
difficult to detect), a review of the literature suggests that individuals subjected to repeat 
exposures are resighted with no apparent interruptions to survival and reproductive success, 
suggesting no long-term adverse fitness consequences. 
 
In summary, we anticipate that research activities to be authorized in Permit No. 16473 may 
result in short term fitness consequences for exposed individuals but are not likely to result in 
any long term consequences such as mortality, serious injury, or disruption of essential behaviors 
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such as feeding, mating, or nursing, to a degree that the individual’s likelihood of successful 
reproduction or survival would be substantially reduced.  Since we do not anticipate any long 
term fitness consequences for individuals, we do not, in turn, anticipate adverse consequences for 
the populations those individuals represent or the species for which those populations comprise.     
 
CUMULATIVE EFFECTS 
 
Cumulative effects include the effects of future State, tribal, local, or private actions that are 
reasonably certain to occur in the action area considered in this Opinion.  Future Federal actions, 
including research authorized under ESA Section 10(a)1(A), that are unrelated to the proposed 
action are not considered in this section because they require separate consultation pursuant to 
section 7 of the ESA.  Future cumulative effects from these and other types of federal actions 
will be investigated in future consultations, most notably in the Status of the Species and 
Environmental Baseline sections of Opinions which inform the effects analyses for specific 
federal actions.  Other possible effects that may be acting in conjunction with federal actions and 
could possibly contribute to a cumulative impact on listed species are described below. 
 
NMFS expects the natural phenomena (e.g., disease, predation, stochastic events such as 
strandings, etc.) will continue to influence listed whale populations in the action area as 
described in the Environmental Baseline section of this Opinion.  Climatic variability has the 
potential to affect listed species in the action area in the future; however, the prediction of any 
specific effects leading to a decision on the future survival and recovery of listed species is 
currently speculative.  Nevertheless, possible effects of climatic variability for listed whales 
include the alteration of community composition and structure, changes to migration patterns or 
community structure, changes to species abundance, increased susceptibility to disease and 
contaminants, alterations to prey composition, and altered timing of breeding (MacLeod et al., 
2005; Robinson et al., 2005; Kintisch, 2006; Learmonth et al., 2006; McMahon and Hays, 2006).  
In addition, increases in ocean temperature may cause dramatic shifts in the reproductive rate of 
North Atlantic right whales (Drinkwater et al., 2003; Greene et al., 2003) and possibly a 
northward shift in the location of right whale calving areas currently designated in the southeast 
U.S. (Kenney, 2007). 
 
We also expect anthropogenic effects described in the Environmental Baseline will continue, 
including habitat degradation, vessel traffic and risk of ship strikes, interactions with fishing 
gear, and tourism activities.  Expected increases in vessel traffic would further increase collision 
risks for large whales by the increased traffic itself and/or through habituation of whales to the 
sounds of oncoming traffic making them more prone to being struck.  The number of vessels and 
tonnage of goods shipped by the U.S. fleet are increasing (e.g. there has been nearly a 30 percent 
increase in volume between 1980 and 2000) (NRC, 2003) and will lead to more vessel traffic 
throughout the action area in the future.  The primary concern of increased levels of shipping 
noise expected from increased vessel traffic is not related to acute exposures, but rather to the 
general increase in continuous background ambient noise and the potential masking of marine 
animals’ communication systems, their ability to hear mating calls, and their ability to pick up 
acoustic environmental cues that animals use to navigate and/or sense their surroundings, 
including sounds that are used to detect predators (OSPAR, 2009).  Expanded use of commercial 
sonars is also expected to increase, further exacerbating these effects (NRC, 2003).  
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Due to insufficient information on future management regimes associated with commercial and 
recreational fisheries, we cannot estimate the probability of future injuries or deaths of listed 
whales due to interactions with these fisheries. However, given whale interactions with fisheries 
in the action area during the recent past, such interactions remain a major threat to the survival 
and recovery of listed whale species in the action area. 
 
As the size of human communities increase, there is an accompanying increase in habitat 
alterations resulting from an increase in housing, roads, commercial facilities, and other 
infrastructure that result in increased discharge of sediments and pollution into the marine 
environment.  These activities are expected to continue to degrade the habitat of listed whales as 
well as that of the prey on which they depend.   
 
Additionally, unrelated factors may be acting together to affect listed species and/or the 
conservation value of designated critical habitat.  For example, vessel effects combined with the 
stresses of reduced prey availability or increased contaminant loads may reduce foraging success 
and lead to chronic energy imbalances and poorer reproductive success which all may work to 
lower an animal’s ability to suppress disease (Williams et al., 2002b; NMFS, 2008).  The net 
effect of these disturbances is dependent on the size and percentage of the population affected, 
the ecological importance of the disturbed area to the animals, the parameters that influence an 
animal’s sensitivity to disturbance or the accommodation time in response to prolonged 
disturbance (Geraci and St. Aubin, 1980).  More studies need to be done to identify the long term 
effects to listed whales and critical habitat from current stressors as well as the potential additive 
effect that multiple stressors acting in conjunction over time will have on the survival and 
recovery of listed whales.    
 
After reviewing the available information, NMFS is not aware of any additional future non-
federal activities or potential stressors acting in the action area that would not require federal 
authorization or funding and are reasonably certain to occur during the foreseeable future and 
could contribute to a cumulative impact on listed species in the action area. 
 
INTEGRATION AND SYNTHESIS OF EFFECTS 
 
The following text integrates and synthesizes the Description of the Action, Approach to the 
Assessment, Status of the Species, Environmental Baseline, Effects of the Proposed Action, and 
Cumulative Effects sections of this Biological Opinion.  This information was used to assess the 
effects and subsequent risks the proposed action poses to ESA-listed humpback, North Atlantic 
right, fin, sperm, and sei whales. 
 
As explained in the Approach to the Assessment section, risks to listed individuals are measured 
using changes to an individual’s “fitness.”  When listed plants or animals exposed to an action’s 
effects are not expected to experience reductions in fitness, we would not expect the action to 
have adverse consequences on the viability of the populations those individuals represent or the 
species those populations comprise (e.g., Brandon, 1978; Mills and Beatty, 1979; Stearns, 1992; 
Anderson, 2000).  When individuals of listed plants or animals are expected to experience 
reductions in fitness in response to an action, those fitness reductions can reduce the abundance, 
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reproduction, or growth rates of the populations that those individuals represent (see Stearns, 
1992).  If we determine that reductions in individual plants’ or animals’ fitness reduce a 
population’s viability, we consider all available information to determine whether these 
reductions are likely to appreciably reduce the viability of the species as a whole.   
 
The Permits Division proposes to issue a scientific research permit to Ann Pabst, Ph.D, to 
conduct aerial and vessel surveys along predetermined transect lines from Delaware Bay to Cape 
Canaveral, Florida.  The purpose of the surveys are to document the presence of North Atlantic 
right and humpback whales in the Mid-Atlantic region as well as to describe cetacean abundance 
and distribution within specific geographic areas currently utilized for military training activities 
or those that may be targeted in the future (specifically, areas off Cape Hatteras, North Carolina, 
and off Jacksonville, Florida).  All proposed takes to listed whales are expected to be in the form 
of non-lethal harassment during surveys including approaches to listed whales for photo-
documentation purposes.  The proposed permit would be valid for five years after the date of 
issuance. 
 
When a large whale is spotted during any of the proposed surveys, the airplane or vessel would 
break transect to approach the whale for photo-documentation and to note evidence of any 
human interaction (e.g., entanglement).  This process may result in aircraft altitude periodically 
decreasing below 305 meters, to a minimum of 244 meters (800 feet) in order to obtain legible 
photographs.  Vessels, on the other hand, would break transect and approach a whale within 50-
100 meters.  Based on past efforts, encounters may last up to 30 minutes and involve 10-20 
circling events in the case of aerial surveys.  Researchers expect it is possible that some 
individuals would be photographed more than once although efforts will be made to minimize 
the overall time of the encounter in all cases. 
 
Historically, North Atlantic right, humpback, fin, sperm, and sei whale populations were 
severely affected by commercial whaling in the 20th century in the North Atlantic, North Pacific, 
and Southern oceans.  The main stressors affecting these species’ ability to recover include 
ongoing effects from prior commercial whaling, interaction with fishing gear, ship strikes, and 
various sources of habitat degradation.  Taken together, the components of the environmental 
baseline for the action area include sources of natural mortality such as predation, disease, and 
parasites as well as influences from natural oceanographic and climatic features.  The baseline 
also includes human activities resulting in disturbance, injury, or mortality of individuals.  These 
activities include habitat degradation (e.g., due to contaminants); vessel traffic and risk of ship 
strikes; entrapment or entanglement in fishing gear; increasing ambient background noise from 
shipping and boating as well as pulse noise sources such as under water blasting, sonar, seismic 
surveys and other military activities; and harassment from other permitted scientific research 
activities. 
 
NMFS expects the natural phenomena in the action area (e.g., oceanographic features, storms, 
natural mortality) will continue to influence listed species in the action area.  Climatic variability 
has the potential to affect listed species in the action area through alteration of community 
composition and structure, changes to migration patterns or community structure, changes to 
species abundance, increased susceptibility to disease and contaminants, alterations to prey 
composition and altered timing of breeding (MacLeod et al., 2005; Robinson et al., 2005; 
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Kintisch, 2006; Learmonth et al., 2006; McMahon and Hays, 2006).  We also expect 
anthropogenic effects to continue as well.  The net effect of these disturbances (or cumulative 
effect) is dependent on the size and percentage of the population affected, the ecological 
importance of the disturbed area to the animals, the parameters that influence an animal’s 
sensitivity to disturbance, or the accommodation time in response to the prolonged disturbance 
(Geraci and St. Aubin, 1980).  More studies need to be done to identify the long term effects to 
listed whales from current stressors as well as the potential additive effect that multiple stressors 
acting in conjunction over time have on the survival and recovery of listed whales in the action 
area. 
 
For this consultation, we were particularly concerned about behavioral disruptions that may 
result in animals that fail to feed or breed successfully or fail to complete their life history 
because these responses are likely to have population-level consequences.  The stressors 
analyzed in this Opinion included: (1) Disturbance from aircraft noise during aerial surveys 
flown at altitudes of 183-305 meters (600-1000 feet), (2) Disturbance due to aerial approaches 
and circling as close as 244 meters (800 feet), (3) Disturbance from engine noise during vessel 
surveys and transit, and (4) Disturbance due to close vessel approaches as close as 50 meters 
(164 feet).  After reviewing the best available information, we assessed exposure at the levels 
proposed by the Permits Division across all regions (i.e., 200 humpback, 200 North Atlantic 
right, 150 sperm, 100 fin, and 40 sei whales each year) although we did separate out exposure 
likely to occur in the Mid-Atlantic region from Virginia to South Carolina given the researchers 
past record.  We could not separate exposure likely to occur between aerial surveys versus vessel 
surveys given the more opportunistic nature of the vessel surveys so the exposure was evaluated 
for both types of surveys in this Opinion. 
 
Aircraft overflights often elicit many different behavioral changes in cetaceans such as sudden 
dives or turns, swimming away, and occasionally tail or flipper slaps (Richardson et al., 1995; 
Richardson and Wursig, 1997).  Cetaceans sometimes react to an aircraft passing as high as 300 
or 400 meters, while at other times the same species can show no obvious reaction to the same 
aircraft at 150 meters (Richardson and Wursig, 1997).  In past monitoring reports submitted by 
the researchers, whale reactions to approaching aircraft included no apparent reaction, mild or 
medium reactions such as the whales changing their surface intervals or diving beneath the 
surface upon approach, and occasional stronger reactions such as active lobtailing and breaching.  
The researchers also noted that for those individuals that did react, the behavioral response was 
short in duration and the animal appeared to resume normal behavior shortly after responding.  
Similarly, we do not anticipate any prolonged stress response to aircraft surveys to be conducted 
as part of this proposed action as conditions in the permit requires that the aircraft retreat to 
higher altitudes if a whale exhibits an adverse reaction upon approach.  
 
Whales may respond differently to vessel surveys depending on what behavior the animals are 
engaged in before the vessel approaches (Würsig et al., 1998; Hooker et al., 2001; Jahoda et al., 
2003) and the degree to which they become accustomed to vessel traffic (Lusseau, 2004; Richter 
et al., 2006).  Documented reactions include little to no observable change in behavior to 
momentary changes in swimming speed, pattern, orientation, diving and time spent submerged, 
foraging, respiratory patterns, and also may include aerial displays like breaching and/or 
lobtailing (Watkins et al., 1981; Bauer, 1986; Brown et al., 1991; Clapham and Mattila, 1993; 
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Jahoda et al., 2003; Best et al., 2005). While temporary changes in whale behavior may occur as 
the whale reacts to the approaching vessel, the literature suggests these reactions are expected to 
be short in duration and that the whales would resume normal behavior after the approach 
consistent with the literature (Watkins et al., 1981; Bauer, 1986; Brown et al., 1991; Clapham 
and Mattila, 1993; Jahoda et al., 2003; Best et al., 2005).   
 
We analyzed the risks to individuals based on their expected responses to research activities.  We 
expect that humpback, North Atlantic right, fin, sperm, and sei whales exposed to aerial and 
vessel surveys under the proposed permit to exhibit either no visible response or short-term 
behavioral responses similar to those seen for predator avoidance.  We assume vessel surveys 
under the proposed permit might be stressful for some individuals, and might temporarily 
interrupt behaviors such as foraging, but evidence in the literature for similar actions (Watkins et 
al., 1981; Bauer, 1986; Brown et al., 1991; Clapham and Mattila, 1993; Jahoda et al., 2003; Best 
et al., 2005) suggests that responses are expected to be short-lived.  Assuming an animal is no 
longer disturbed after it responds to the presence of the vessel, we do not expect long-term 
adverse fitness consequences for listed whales exposed to the proposed aerial and vessel surveys 
conducted by the researchers.   
 
In summary, we anticipate that research activities may result in short term fitness consequences 
for exposed individuals but are not likely to result in any long term consequences such as 
mortality, serious injury, or disruption of essential behaviors such as feeding, mating, or nursing, 
to a degree that the individual’s likelihood of successful reproduction or survival would be 
substantially reduced.  Since we do not anticipate any long term fitness consequences for 
individuals, we do not, in turn, anticipate adverse consequences for the populations those 
individuals represent or the species for which those populations comprise.     
 
CONCLUSION 
 
After reviewing the current status of the affected species, the environmental baseline for the 
action area, the anticipated effects of the proposed research activities, and the possible 
cumulative effects, it is the ESA Interagency Cooperation Division’s opinion that the Permits 
Division’s proposed action of issuing permit No. 16473, as proposed, is not likely to jeopardize 
the continued existence of North Atlantic right, humpback, fin, sperm, or sei whales under 
NMFS’ authority. 
 
INCIDENTAL TAKE STATEMENT 
 
Section 9 of the ESA and federal regulation pursuant to section 4(d) of the ESA prohibit the 
“take” of endangered and threatened species, respectively, without special exemption.  “Take” is 
defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt 
to engage in any such conduct.  Harm is further defined by the NMFS to include significant 
habitat modification or degradation that results in death or injury to listed species by significantly 
impairing essential behavioral patterns, including breeding, feeding, or sheltering.  Incidental 
take is defined as take that is incidental to, and not the purpose of, the carrying out of an 
otherwise lawful activity.  Under the terms of Sections 7(b)(4) and 7(o)(2), taking that is 
incidental and not intended as part of the agency action is not considered to be prohibited taking 
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under the ESA provided that such taking is in compliance with the terms and conditions of this 
Incidental Take Statement. 
 
However, as discussed in the accompanying Opinion, only the species targeted by the proposed 
research activities will be taken by way of harassment as part of the intended purpose of the 
proposed action.  Therefore, NMFS does not expect the proposed action will incidentally take 
any threatened or endangered species. 
 
CONSERVATION RECOMMENDATIONS 
 
Section 7(a)(1) of the ESA directs federal agencies to use their authorities to further the purposes 
of the ESA by carrying out conservation programs for the benefit of endangered and threatened 
species.  Conservation recommendations are discretionary agency activities to minimize or avoid 
adverse effects of a proposed action on listed species or critical habitat, to help implement 
recovery plans or to develop information.   
 
We recommend the following conservation recommendations, which would provide information 
for future consultations involving the issuance of permits that may affect listed whales as well as 
reduce harassment related to the authorized activities: 

1. Reporting Survey Days in Annual Reports.  The Permits Division should encourage 
researchers to log the actual number of survey days completed (both for aerial and for 
vessel surveys) and include this information in the annual reports submitted to NMFS’ 
Office of Protected Resources.  Knowing the number of survey days in addition to the 
number of takes improves our ability to estimate exposure of listed species to aerial and 
vessel surveys occurring in the same region(s) and would help NMFS’ Office of 
Protected Resources determine the appropriate level of take to authorize in future 
permits. 

2. Cumulative Impact Analysis.  The Permits Division should work with the Marine 
Mammal Commission, International Whaling Commission, and the research community 
to identify a research program with sufficient scope and depth to determine cumulative 
impacts of existing levels of research on listed whales.  This includes the cumulative sub-
lethal and behavioral impacts of research permits on listed species.  

In order for the ESA Interagency Cooperation Division to be kept informed of actions 
minimizing or avoiding adverse effects on, or benefiting, listed species or their habitats, the 
Permits Division should notify the ESA Interagency Cooperation Division of any conservation 
recommendations they implement in their final action. 
 
REINITIATION NOTICE 
 
This concludes formal consultation on the proposal to issue scientific research permit No. 16473.  
As provided in 50 CFR §402.16, reinitiation of formal consultation is required where 
discretionary Federal agency involvement or control over the action has been retained (or is 
authorized by law) and if: (1) the amount or extent of proposed take is exceeded; (2) new 
information reveals effects of the agency action that may affect listed species or critical habitat in 
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a manner or to an extent not considered in this Opinion; (3) the agency action is subsequently 
modified in a manner that causes an effect to the listed species or critical habitat not considered 
in this Opinion; or (4) a new species is listed or critical habitat designated that may be affected 
by the action.  In instances where the amount or extent of authorized take is exceeded, the 
Permits Division must immediately request reinitiation of section 7 consultation. 
 
LITERATURE CITED  
  
Agler, B.A., R.L. Schooley, S.E. Frohock, S.K. Katona, and I.E. Seipt.  1993. Reproduction of 

photographically identified fin whales, Balaenoptera physalus, from the Gulf of Maine. 
Journal of Mammalogy, 74: 577-587. 

Aguilar, A.  1983.  Organochlorine pollution in sperm whales, Physeter macrocephalus, from the 
temperate waters of the eastern North Atlantic. Marine Pollution Bulletin 14(9): 349-352. 

Aguilar, A. and A. Borrell.  1988.  Age- and sex-related changes in organochlorine compound 
levels in fin whales (Balaenoptera physalus) from the eastern North Atlantic. Marine 
Environmental Research, 25: 195-211. 

Allen, B. M., and R. P. Angliss.  2011.  Alaska marine mammal stock assessments: 2010. U.S. 
Dep. Commer., NOAA Tech. Memo. NMFS-AFSC-223, 292 p. 

Anderson, J.J.  2000.  A vitality-based model relating stressors and environmental properties to 
organism survival. Ecological Monographs, 70: 445-470. 

Angliss, R. P. and K. L. Lodge.  2004.  Alaska Marine Mammal Stock Assessment-2003. NOAA 
Technical Memorandum NMFS-AFSC-144:U.S. Department of Commerce, 230p. 

Au, W.W.L. and M. Green.  2000.  Acoustic interaction of humpback whales and whale-
watching boats. Marine Environmental Research, 49: 469-481. 

Baker, C.S. and L.M. Herman.  1987.  Alternative population estimates of humpback whales 
(Megaptera novaeangliae) in Hawaiian waters. Canadian Journal of Zoology, 65: 2818-
2821. 

Baker, C. S., L. M. Herman, B. G. Bays, and G. Bauer.  1983.  The impact of vessel traffic on the 
behavior of humpback whales in southeast Alaska: 1982 season.Report submitted to the 
NMFS National Marine Mammal Laboratory by Kewalo Basin Marine Mammal 
Laboratory, Honolulu, Hawaii. 49pp. 

Baker, C. S., A. Perry, and G. Vequist.  1988.  Conservation update-- humpback whales of 
Glacier Bay, Alaska. Whalewatcher, 22(3): 13-17. 

Balcomb, K. C.  1987.  The whales of Hawaii, including all species of marine mammals in 
Hawaiian and adjacent waters.  Marine Mammal Fund Publication, San Francisco, CA. 
99pp. 

Balcomb, K. and G. Nichols.  1978.  Western North Atlantic humpback whales. Report of the 
International Whaling Commission, 28: 159-164. 

Bannister, J. C.  2005.  Intersessional working group on Southern Hemisphere humpback whales: 
revised tables by breeding stock (as at 1 May 2005). IWC Paper SC/57/SH11. 15pp. 

Baraff, L. and M.T. Weinrich.  1993.  Separation of humpback whale mothers and calves on a 



61 
 

feeding ground in early autumn. Marine Mammal Science, 9: 431-434. 

Barco, S. G., W. A. McLellan, J. M. Allen, R. A. Asmutis-Silvia, R. Mallon-Day, E. M. 
Meagher, D. A. Pabst, J. Robbins, R. E. Seton, W. M. Swingle, M. T. Weinrich and P. J. 
Clapham. 2002.   Population identity of humpback whales (Megaptera novaeangliae) in 
the waters of the US mid-Atlantic states. Journal of Cetacean Research and Management, 
4(2):135-141. 

Barlow, J. 1995. The abundance of cetaceans in California waters. Part I: ship surveys in summer 
and fall of 1991. Fish. Bull. U.S. 93:1–14. 

Barlow, J.  2003.  Preliminary Estimates of the Abundance of Cetaceans along the U.S. West 
Coast: 1991–2001. Administrative Report LJ-03-03, available from Southwest Fisheries 
Science Center, 8604 La Jolla Shores Dr., La Jolla CA 92037. 31pp. 

Barlow, J.  2006.  Cetacean abundance in Hawaiian waters estimated from a summer/fall survey 
in 2002.  Marine Mammal Science 22: 446–464. 

Barlow, J.  2010.  Cetacean abundance in the California Current from a 2008 ship-based line-
transect survey. NOAA Technical Memorandum, NMFS, NOAA-TM-NMFS-SWFSC-
456. 

Barlow, J. and P. J. Clapham.  1997.  A new birth-interval approach to estimating demographic 
parameters of humpback whales. Ecology, 78(2): 535-546. 

Barlow, J. and B.L. Taylor.  2001.  Estimates of large whale abundance off California, Oregon, 
Washington, and Baja California based on 1993 and 1996 ship surveys. Administrative 
Report LJ-01-03 available from Southwest Fisheries Science Center, National Marine 
Fisheries Service, P.O. Box 271, La Jolla, CA 92038.  

Barlow, J., Forney, K.A., Hill, P.S., Brownell, J., R.L., Carretta, J.V., DeMaster, D.P., Julian, F., 
Lowry, M.S., Ragen, T., Reeves, R.R.  1997.  U.S. Pacific marine mammal stock 
assessment -1996. U.S. Department of Commerce, NOAA Technical Memorandum 
NMFS-SWFSC-248., Southwest Fisheries Science Center; La Jolla, California. 

Bauer, G.  1986. The behavior of humpback whales in Hawaii and modification of behavior 
induced by human interventions. Ph.D. dissertation: University of Hawaii, Honolulu. 

Bauer, G. and L. M. Herman.  1986.  Effects of vessel traffic on the behavior of humpback 
whales in Hawaii.Report submitted to the National Marine Fisheries Service, Honolulu, 
Hawaii. 151pp.  

Baumgartner, M.F., T.V.N. Cole, R.G. Campbell, G.J. Teegarden, and E.G. Durbin.  2003. 
Associations between North Atlantic right whales and their prey, Calanus finmarchicus, 
over diel and tidal time scales. Mar Ecol Prog Ser, 264: 155-166. 

Baumgartner, M. F. and B. R. Mate.  2003.  Summertime foraging ecology of North Atlantic 
right whales. Marine Ecology Progress in Series, 264:123–135. 

Beamish, R.J., Noakes, D.J., McFarlane, G.A., Klyashtorin, L., Ivanov, V.V., Kurashov, V.  
1999.  The regime concept and natural trends in the production of Pacific salmon. Can. J. 
Fish. Aquat. Sci., 56: 516-526. 

Bel’kovich, V.M.  1960.  Some biological observations on the white whale from the aircraft.  



62 
 

Zoologicheskij Zhurnal 39: 1414-1422. 

Benson, A.J. and A.W. Trites.  2002.  Ecological effects of regime shifts in the Bering Sea and 
eastern North Pacific Ocean. Fish and Fisheries, 9: 95-113. 

Bérubé, M., A. Aguilar, D. Dendanto, F. Larsen, G. N. d. Sciara, R. Sears, J. Sigurjónsson, J. 
Urban-R. and P. J. Palsbøll. 1998. Population genetic structure of North Atlantic, 
Mediterranean and Sea of Cortez fin whales, Balaenoptera physalus (Linnaeus 1758): 
analysis of mitochondrial and nuclear loci. Molecular Ecology 7:585-599. 

Bérubé, M., M. B. Rew, T. Cole, S. L. Swartz, E. Zolman, N. Øien and P. J. Palsbøll.  2004.  
Genetic identification of an individual humpback whale between the eastern Caribbean 
and the Norwegian Sea. Marine Mammal Science, 20(3):657-663. 

Berzin, A. A.  1972.  The sperm whale. Pacific Scientific Research Institute of Fisheries and 
Oceanography, Moscow. (Translated from Russian 1971 version by Israel Program for 
Scientific Translation, Jerusalem). 

Best, P.B.  1981.  The status of the right whale (Eubalaena glacialis) off South Africa, 1969-
1979.  Investigational Report of the Sea Fisheries Research Investigational Report of the 
Sea Fisheries Research Institute, South Africa 80: 1-44. 

Best, P.B.  1987.  Estimates of the landed catch of right (and other whalebone) whales in the 
american fishery, 1805-1909.  Fish. Bull., 85(3): 403-418. 

Best, P.B.  1994.  Seasonality of reproduction and the length of gestation in southern right 
whales Eubalaena australis. Journal of Zoology, London, 232: 175-189. 

Best, P.B. and H. Kishino.  1998.  Estimating natural mortality rate in reproductively active 
female southern right whales, Eubalaena australis. Mar. Mamm. Sci., 14: 12. 

Best, P. B., and C. H. Lockyer.  2002.  Reproduction, growth and migrations of sei whales 
Balaenoptera borealis off the west coast of South Africa in the 1960s. South African 
Journal of Marine Science 24:111-133. 

Best, P.B. and Mate, B.  2007. Sighting history and observations of southern right whales 
following satellite tagging off South Africa. Journal of Cetacean Research and 
Management 9(2): 111-114. 

Best, P.B., D. Reeb, M.B. Rew, P.J. Palsbøll, C. Shaeff, and A. Brandão.  2005.  Biopsying 
southern right whales: their reactions and effects on reproduction. Journal of Wildlife 
Management, 69: 1171-1180. 

Best, P. B., A. Branadâo, and D. S. Butterworth.  2001.  Demographic parameters of southern 
right whales off South Africa. Journal of Cetacean Research and Management (Special 
Issue 2): 161-169. 

Biggs, D. C., R. R. Leben, and J. G. Ortega-Ortiz.  2000.  Ship and satellite studies of mesoscale 
circulation and sperm whale habitats in the northeast Gulf of Mexico during GulfCet II. 
Gulf of Mexico Science 2000(1):15-22. 

Blaylock, R. A., J.W. Hain, L.J. Hansen, D.L. Palka, and G.T. Waring. 1995. U.S. Atlantic and 
Gulf of Mexico stock assessments. U.S. Dep. Commer., NOAA Tech. Memo. 
NMFSSEFSC-363, 211 p. 



63 
 

Bonner, N. 1982.  Humpback sightings in Antarctica. Oryx, 16: 231-232. 

Borrell, A.  1993.  PCB and DDTs in Blubber of Cetaceans from the Northeastern North 
Atlantic. Marine Pollution Bulletin 26(3): 146. 

Borrell, A., and A. Aguilar. 1987. Variations in DDE percentage correlated with total DDT 
burden in the blubber of fin and sei whales. Marine Pollution Bulletin 18:70-74. 

Bradley, D.L. and R. Stern.  2008.  Underwater sound and the marine acoustic environment: A 
guide to fundamental principles.  Prepared for the U.S. Marine Mammal Commission. 
79pp. 

Brown, M.W., S.D. Kraus, and D.E. Gaskin.  1991.  Reaction of North Atlantic right whales 
(Eubalaena glacialis) to skin biopsy sampling for genetic and pollutant analysis. Report 
of the International Whaling Commission (Special Issue 13): 81-89. 

Browning, C. L., R. M. Rolland, and S. D. Kraus.  2009.  Estimated calf and perinatal mortality 
in western North Atlantic right whales (Eubalaena glacialis). Marine Mammal Science 
26(3):648-662. 

Burnell, S.R.  2001.  Aspects of the reproductive biology, movements and site fidelity of right 
whales off Australia. Journal of Cetacean Research and Management Special Issue: 89 - 
102. 

Braham, H. W.  1991.  Endangered Whales: A Status Update. A report on the 5-year status of 
stocks review under the 1978 amendments to the U.S. Endangered Species Act.:National 
Marine Mammal Laboratory, Alaska Fisheries Science Center, National Marine Fisheries 
Service. Seattle, Washington. 56p. 

Brandon, R.  1978.  Adaptation and evolutionary theory. Studies in the History and Philosophy 
of Science, 9: 181-206. 

Brown, M.W., S.D. Kraus, and D.E. Gaskin.  1991.  Reaction of North Atlantic right whales 
(Eubalaena glacialis) to skin biopsy sampling for genetic and pollutant analysis. Report 
of the International Whaling Commission (Special Issue 13): 81-89. 

Brueggeman, J.J G.A. Green, K.C. Balcomb, C.E. Bowlby, R.A. Grotefendt, K.T. Briggs, M.L. 
Bonnell, R.G. Ford, D.H. Varoujean, D. Heinemann, and D.G. Chapman. 1990.  Oregon-
Washington marine mammal and seabird survey: information synthesis and hypothesis 
formulation. OCS Study, Minerals Management Survey, Contract 89–0030. 

Calambokidis, J., G. H. Steiger, J. M. Straley, T. Quinn, L. M. Herman, S. Cerchio, D. R. Salden, 
M. Yamaguchi, F. Sato, J. R. Urban, J. Jacobson, O. von Zeigesar, K. C. Balcomb, C. M. 
Gabriele, M. E. Dahlheim, N. Higashi, S. Uchida, J. K. B. Ford, Y. Miyamura, P. Ladrón 
de Guevara, S. A. Mizroch, L. Schlender and K. Rasmussen.  1997.  Abundance and 
population structure of humpback whales in the North Pacific basin. Final Report under 
contract No. 5ABNF500113.  NMFS Southwest Fisheries Science Center; La Jolla, 
California. 

Calambokidis, J., E.A. Falcone II, A.M. Burdin, P.J. Clapham, J.K.B. Ford, C.M. Gabriele, R.G. 
LeDuc, D.K. Mattila, L. Rojas-Bracho, J.M. Straley, B.L. Taylor, J. Urbân, R.D.W. 
Weller, B.H. Witteveen, M. Yamaguchi, A. Bendlin, D. Camacho, K.R. Flynn, A. 
Havron, J. Huggins, and N. Maloney.  2008.  SPLASH: Structure of populations, levels 



64 
 

of abundance, and status of humpback whales in the North Pacific. Final report prepared 
by Cascadia Research for U.S. Department of Commerce, National Oceanic and 
Atmospheric Administration. National Marine Fisheries Service, Seattle, Washington. 

Calkins, D.G.  1986.  Marine Mammals. In: The Gulf of Alaska, Physical Environment and 
Biological Resources.  D.W. Hood and S.T. Zimmerman (editors), Government Printing 
Office, Washington, D.C. p. 527−558. 

Carder, D.A., and S. Ridgway.  1990.  Auditory brainstem response in a neonatal sperm whale. J. 
Acous. Soc. Am. 88, Suppl. 1:S4. 

Carretta, J. V., K.A. Forney, M.M. Muto, J. Barlow, J. Baker, B. Hanson, and M.S. Lowry.  
2005.  U.S. Pacific Marine Mammal Stock Assessments - 2004. U.S. Department of 
Commerce, NOAA-TM-NMFS-SWFSC-375, 322p. 

Carretta, J. V., K.A. Forney, M.M. Muto, J. Barlow, J. Baker, B. Hanson, and M.S. Lowry.  
2006.  U.S. Pacific Marine Mammal Stock Assessments: 2005. U.S. Department of 
Commerce NOAA Technical Memorandum NOAA-TM-NMFS-SWFSC-388. 325p. 

Carretta, J.V., K.A. Forney, E. Oleson, K. Martien, M.M. Muto, M.S. Lowry, J. Barlow, J. 
Baker, B. Hanson, D. Lynch, L. Carswell, R.L. Brownell Jr., J. Robbins, D.K. Mattila, K. 
Ralls, and M.C. Hill.  2011.  U.S. Pacific Marine Mammal Stock Assessments: 2010.  
NOAA Technical Memorandum, NOAA-TM-NMFS-SWFSC-476.  357 p.  National 
Marine Fisheries Service, Southwest Fisheries Science Center.  La Jolla, CA. 

Castelotte, M., C.W. Clark, and M.O. Lammers.  In Press.  Acoustic and behavioural changes by 
fin whales (Balaenoptera physalus) in response to shipping and airgun noise.  Biological 
Conservation.  8pp. 

Caswell, H., M. Fujiwara, and S. Brault.  1999.  Declining survival probability threatens the 
North Atlantic right whales. Proceedings of the National Academy of Sciences of the 
United States of America, 96: 3308-3313. 

Cetacean and Turtle Assessment Program (CETAP).  1982.  A characterization of marine 
mammals and turtles in the mid- and north Atlantic areas of the U.S. outer continental 
shelf. Final Report of the Cetacean and Turtle Assessment Program to the U.S. Dept. of 
Interior under Contract No.  AA551-CT8-48. 

Chen, T. L., S.S. Wise, S. Kraus, F. Shaffiey, K.M. Levine, W.D. Thompson, T. Romano, T. 
O'Hara, and J.P. Wise.  2009.  Particulate hexavalent chromium is cytotoxic and 
genotoxic to the North Atlantic right whale (Eubalaena glacialis) lung and skin 
fibroblasts. Environmental and Molecular Mutagenesis, 50(5): 387-393. 

Cherfas, J. 1989. The hunting of the whale. Viking Penguin Inc., N.Y., 248p. 

Christensen, I., T. Haug and N. Øien.  1992a.  Seasonal distribution, exploitation and present 
abundance of stocks of large baleen whales (Mysticeti) and sperm whales (Physeter 
macrocephalus) in Norwegian and adjacent waters. ICES Journal of Marine Science, 49: 
341-355. 

Christensen, I., T. Haug, and N. Øien.  1992b.  A review of feeding, and reproduction in large 
baleen whales (Mysticeti) and sperm whales Physeter macrocephalus in Norwegian and 
adjacent waters. Fauna Norvegica Series A 13:39-48. 



65 
 

Christal, J., and H. Whitehead.  1997.  Aggregations of mature male sperm whales on the 
Galápagos Islands breeding ground. Marine Mammal Science 13(1):59-69. 

Christal, J., H. Whitehead, and E. Lettevall.  1998.  Sperm whale social units: variation and 
change. Canadian Journal of Zoology 76:1431-1440. 

Clapham, P.J.  1992.  Age at attainment of sexual maturity in humpback whales, Megaptera 
novaeangliae. Canadian Journal of Zoology, 70: 1470-1472. 

Clapham, P.J.  1996.  The social and reproductive biology of humpback whales: an ecological 
perspective. Mammal Review, 26: 27-49. 

Clapham, P.J. and D.K. Mattila.  1993.  Reactions of humpback whales to skin biopsy sampling 
on a West Indies breeding ground. Marine Mammal Science, 9: 382-391. 

Clapham, P.J. and C.A. Mayo.  1987.  Reproduction and recruitment of individually identified 
humpback whales, Megaptera novaeangliae, observed in Massachusetts Bay, 1979-1985. 
Canadian Journal of Zoology, 65: 2853-2863. 

Clapham, P. J., L.S. Baraff, C.A. Carlson, M.A. Christian, D.K. Mattila, C.A. Mayo, M.A. 
Murphy, and S. Pittman.  1993.  Seasonal occurrence and annual return of humpback 
whales, Megaptera novaeangliae, in the southern Gulf of Maine. Canadian Journal of 
Zoology, 71: 440-443. 

Clapham, P. J., M. Bérubé and D. K. Mattila.  1995.  Sex ratio of the Gulf of Maine humpback 
whale population. Marine Mammal Science, 11(2): 227-231. 

Clark, C. W. 1995.  Application of U.S. Navy underwater hydrophone arrays for scientific 
research on whales. Rep. Int. Whal. Comm. 45: 210-212. 

Clark, C. W. and W. T. Ellison 2004. Potential use of low-frequency sounds by baleen whales 
for probing the environment: evidence from models and empirical measurements. 
Pp.564-582 In: J.A. Thomas, C.F. Moss, and M. Vater (Editors), Echolocation in Bats 
and Dolphins.  University of Chicago Press, Chicago, Illinois. 

Clarke, R. 1956. Sperm whales of the Azores. Discovery Reports 28:237-298. 

Clarke, M. R.  1976.  Observation on sperm whale diving. Journal of the Marine Biology 
Association of the United Kingdom 56: 809-810. 

Clarke, M. R.  1977.  Beaks, nets and numbers. Symposium of the Zoological Society of London 
38:89-126. 

Clarke, M. R.  1980a.  Cephalopods in the diet of sperm whales of the Southern Hemisphere and 
their bearing on sperm whale biology. Discovery Reports 37. 

Clarke, M. R.  1980b.  Catches of sperm whales and whalebone whales in the southeast Pacific 
between 1908 and 1975. Report of the International Whaling Commission 30: 285-288. 

Clarke, C. W., and R. A. Charif.  1998.  Acoustic monitoring of large whales to the west of 
Britain and Ireland using bottom mounted hydrophone arrays, October 1996-September 
1997. JNCC Report No. 281. 

Clarke, D, C. Dickerson, and K. Reine.  2003.  Characterization of underwater sounds produced 
by dredges. Third Specialty Conference on Dredging and Dredged Material Disposal. 
Orlando, Florida. 



66 
 

Collett, R.  1909.  A few notes on the whale Balaena glacialis and its capture in recent years in 
the North Atlantic by Norwegian whalers. Proceedings of the General Meetings for 
Scientific Business of the Zoological Society of London, 7: 91-98. 

Cooke, J.G., V.J. Rowntree, and R. Payne.  2001.  Estimates of demographic parameters for 
southern right whales (Eubalaena australis) observed off Peninsula Valdes, Argentina. 
Journal of Cetacean Research and Management Special Issue: 125- 132. 

Corkeron, P.J. 1995. Humpback whales (Megaptera novaeangliae) in Hervey Bay, Queensland: 
Behaviour and responses to whale-watching vessels. Canadian Journal of Zoology 
73(7):1290-1299. 

Corkeron, P., P. Ensor, and K. Matsuoka.  1999.  Observations of blue whales feeding in 
Antarctic waters. Polar Biology, 22: 213-215. 

Committee on the Status of Endangered Wildlife in Canada (COSEWIC).  2005.  COSEWIC 
assessment and update status report on the fin whale Balaenoptera physalus (Pacific 
population, Atlantic population) in Canada. COSEWIC, Committee on the Status of 
Endangered Wildlife in Canada, Ottawa, Canada: ix + 37. 

Croll, D. A., C. W. Clark, J. Calambokidis, W. T. Ellison, and B. R. Tershy.  2001.  Effect of 
anthropogenic low-frequency noise on the foraging ecology of Balaenoptera whales. 
Animal Conservation, 4: 13-27.   

Darling, J.D. and H. Morowitz.  1986.  Census of Hawaiian humpback whales (Megaptera 
novaeangliae) by individual identification. Canadian Journal of Zoology, 64: 105-111. 

Davis, R. W., W. E. Evans, and B. Würsig.  2000a.  Cetaceans, sea turtles, and seabirds in the 
northern Gulf of Mexico: Distribution, abundance, and habitat associations. Volume I: 
Executive Summary. Prepared by the GulfCet Program, Texas A&M University, for the 
U.S. Geological Survey, Biological Resources Division. Contract Nos. 1445-CT09-96-
0004 and 1445-IA09-96-0009. OCS Study MMS 2000-02. 40p. 

Davis, R. W., W. E. Evans, and B. Würsig.  2000b.  Cetaceans, sea turtles, and seabirds in the 
northern Gulf of Mexico: Distribution, abundance, and habitat associations. Volume II: 
Technical Report. Prepared by the GulfCet Program, Texas A&M University, for the 
U.S. Geological Survey, Biological Resources Division. Contract Nos. 1445-CT09-96- 
0004 and 1445-IA09-96-0009. OCS Study MMS 2000-03. 364p. 

Davis, R. W., W. E. Evans, and B. Würsig.  2000c.  Cetaceans, sea turtles, and seabirds in the 
northern Gulf of Mexico: Distribution, abundance, and habitat associations. Volume III: 
Data Appendix. Prepared by the GulfCet Program, Texas A&M University, for the U.S. 
Geological Survey, Biological Resources Division. Contract Nos. 1445-CT09-96-0004 
and 1445-IA09-96-0009. OCS Study MMS 2000-04. 229p. 

Di Iorio, L. and C.W. Clark.  2009.  Exposure to seismic survey alters blue whale acoustic 
communication. Biol. Lett. 6, 51–54. 

Dohl, T.P., R.C. Guess, D.L. Duman, and R.C. Helm. 1983. Cetaceans of central and northern 
California, 1980-1983: status, abundance and distribution. OCS Study MMS 84-0045. 
Minerals Management Service contract 14-12-0001-29090. 284pp. 

Dolphin, W.  1987.  Observations of humpback whale, Megaptera novaeangliae -killer whale, 



67 
 

Orcinus orca , interactions in Alaska: Comparison with terrestrial predator-prey 
relationships. ONT. FIELD-NAT., 101: 70-75. 

Donovan, G. P.  1991.  A review of IWC stock boundaries. Report of the International Whaling 
Commission (Special Issue 13): 39-68. 

Drinkwater, K.F., A. Belgrano, A. Borja, A. Conversi, M. Edwards, C.H. Greene, G. Ottersen, 
A.J. Pershing, and H. Walker.  2003.  The response of marine ecosystems to climate 
variability associated with the North Atlantic Oscillation. In: The North Atlantic 
Oscillation: climatic significance and environmental impact (J. W. Hurrell et al.), pp. 279. 
Washington DC: Geophysical Monograph Series, American Geophysical Union. 

Dufault, S., H. Whitehead, and M. Dillon.  1999.  An examination of the current knowledge on 
the stock structure of sperm whales (Physeter macrocephalus) worldwide. Journal of 
Cetacean Research and Management 1(1):1-10. 

Edds, P. L. 1988. Characteristics of finback Balaenoptera physalus vocalizations in the St. 
Lawrence estuary. Bioacoustics 1:131-149. 

Elena, V., H. Peter, C. Peter, and A. William.  2002.  Social structure in migrating humpback 
whales (Megaptera novaeangliae). Molecular Ecology, 11: 507-518. 

Erbe, C. 2002. Underwater noise of whale-watching boats and potential effects on killer whales 
(Orcinus orca), based on an acoustic impact model. Marine Mammal Science 18(2):394-
418. 

Evans, K., M. A. Hindell, and G. Hince.  2004.  Concentrations of organochlorines in sperm 
whales (Physeter macrocephalus) from Southern Australian waters. Marine Pollution 
Bulletin 48:486-503. 

Ford, J. K. B. and R. R. Reeves.  2008.  Fight or flight: antipredator strategies of baleen whales. 
Mammal Review, 38(1): 50-86. 

Forney, K.A.  2007.  Preliminary Estimates of Cetacean abundance Along the U.S. West Coast 
and Within Four National Marine Sanctuaries During 2005. NOAA Technical 
Memorandum. U.S. Department of Commerce, Santa Cruz, California: 36. 

Forney, K.A., J. Barlow, and J.V. Carretta. 1995. The abundance of cetaceans in California 
waters. Part II: aerial surveys in winter and spring of 1991 and 1992. Fish. Bull. U.S. 
93:15–26. 

Francis, R.C., S.R. Hare, A.B. Hollowed, and W.S. Wooster.  1998.  Effects of interdecadal 
climate variability on the oceanic ecosystems of the NE Pacific. Fisheries Oceanography, 
7: 1-21. 

Fromentin, J.M. and B. Planque. 1996.  Calanus and environment in the eastern North Atlantic. 
II. Influence of the North Atlantic Oscillation on C. finmarchicus and C. helgolandicus. 
Marine Ecology Progress Series, 134: 111- 118. 

Fujiwara, M. and H. Caswell.  2001.  Demography of the endangered North Atlantic Right 
Whale.  Nature, 414: 537-541. 

Gabriele, C.M., J.M. Straley, and J.L. Neilson.  2007.  Age at first calving of female humpback 
whales in southeastern Alaska. Mar. Mamm. Sci., 23: 226-239. 



68 
 

Gallagher, M.L., and J.D. Hall.  1993.  A comparison of the robustness of the Kolmogorov-
Smirnov goodness of fit test and the nearest-neighbor analysis to determine changes in 
patterns of distribution of migrating bowhead (Balaena mysticetus) whales in the 
presence of industrial activity in Cam. Tenth Biennial Conference on the Biology of 
Marine Mammals. 11-15 November Galveston TX. p.50. 

Gambaiani, D.D., P. Mayol, S.J. Isaac, and M.P. Simmonds.  2009.  Potential impacts of climate 
change and greenhouse gas emissions on Mediterranean marine ecosystems and 
cetaceans. Journal of the Marine Biological Association of the United Kingdom, 89: 179-
201. 

Gambell, R.  1976.  World whale stocks. Mammal Review, 6(1): 41-53. 

Gambell, R.  1985a.  Fin whale, Balaenoptera physalus (Linnaeus, 1758). Handbook of Marine 
Mammals. Volume 3: The Sirenians and Baleen Whales. Sam H. Ridway and Sir Richard 
Harrison, eds.: 171-192. 

Gambell, R. 1985b. Sei whale Balaenoptera borealis (Lesson, 1828). Pages 193-240 in S. H. 
Ridgway, and R. Harrison, editors. Handbook of Marine Mammals. Vol. 3: The sirenians 
and baleen whales. Academic Press, London, United Kingdom. 

Garrett, C.  2004.  Priority Substances of Interest in the Georgia Basin - Profiles and background 
information on current toxics issues. Technical Supporting Document. Canadian Toxics 
Work Group Puget Sound/Georgia Basin International Task Force: 402. 

Garrison, L.P., L. Stokes and C. Fairfield.  2009.  Estimated bycatch of marine mammals and 
turtles in the U.S. Atlantic pelagic longline fleet during 2008. NOAA Tech. Memo. 
NMFS-SEFSC-591, 63 pp. 

Gauthier, J.M., C.D. Metcalfe, and R. Sears.  1997.  Chlorinated organic contaminants in blubber 
biopsies from Northwestern Atlantic Balaenopterid whales summering in the Gulf of St 
Lawrence. Marine Environmental Research, 44: 201-223. 

Gendron, D. and J. Urban.  1993.  Evidence of feeding by humpback whales (Megaptera 
novaeangliae) in the Baja California breeding ground, Mexico. Marine Mammal Science, 
9: 76-81. 

George, J.C.  2010.  Some recent biological findings on bowhead whales: Implications to 
management and offshore industrial act. Alaska Marine Science Symposium. Anchorage, 
Alaska. p 109. 

Geraci, J.R.  1990.  Physiological and toxic effects on cetaceans. Pp. 167-197 In: Geraci, J.R. 
and D.J. St. Aubin (eds), Sea Mammals and Oil: Confronting the Risks. Academic Press, 
Inc. 

Geraci, J.R. and D.J. St. Aubin.  1980.  Offshore petroleum resource development and marine 
mammals: A review and research recommendations. Mar. Fish. Rev., 42: 11:1-12. 

Geraci, J. R., and T. D. Williams.  1990.  Physiologic and toxic effects on sea otters. In: Sea 
Mammals and Oil: Confronting the Risks. J. R. Geraci, and D. J. St. Aubin [eds.]. 
Academic Press. San Diego, CA, pp. 211-221. 

Gero, S., D. Engelhaupt, L. Rendell, and H. Whitehead.  2009.  Who cares? Between-group 
variation in alloparental caregiving in sperm whales. Behavioral Ecology. 



69 
 

Glass, A. H., V. N. Cole, and M. Garron.  2010.  Mortality and serious injury determinations for 
baleen whale stocks along the United States and Canadian eastern seaboards, 2004-2008.  
NOAA Technical Memorandum NMFS-NE-214. 19 p. Available from: National Marine 
Fisheries Service, 166 Water Street, Woods Hole, MA 02543-1026. 

Glockner-Ferrari, D.A. and M.J. Ferrari.  1985.  Individual identification, behavior, reproduction, 
and distribution of humpback whales, Megaptera novaeangliae, in Hawaii. U.S. Marine 
Mammal Commission, Washington, D.C.; National Technical Information Service, 
Springfield, Virginia.  36pp. 

Glockner-Ferrari, D. A. and M. J. Ferrari.  1990.  Reproduction in the humpback whale 
(Megaptera novaeangliae) in Hawaiian waters, 1975-1988: the life history, reproductive 
rates, and behaviour of known individuals identified through surface and underwater 
photography. Report of the International Whaling Commission (Special Issue 12): 161- 
169.Green, G.A., J.J. Brueggeman, R.A. Grotefendt, C.E. Bowlby, M.L. Bonnell, and 
K.C. Balcomb. 1992. Cetacean distribution and abundance off Oregon and Washington, 
1989–1990. Final report to Minerals Management Service, Contract 14-12-0001-30426. 

Glockner-Ferrari, D.A. and M.J. Ferrari.  2006.  Annual report submitted to NMFS 12/19/2006 
for NMFS permit No. 393-1772. 

Goodyear, J. D. 1993. A sonic/radio tag for monitoring dive depths and underwater movements 
of whales. Journal of Wildlife Management 57(3):503-513. 

Goold, J. C. and S. E. Jones.  1995.  Time and frequency domain characteristics of sperm whale 
clicks. Journal of the Acoustical Society of America 98(3):1279-1291. 

Gordon, J. C. D. 1987. Sperm whale groups and social behaviour observed off Sri Lanka. Report 
of the International Whaling Commission 37:205-217. 

Gosho, M. E., D. W. Rice, and J. M. Breiwick. 1984. The sperm whale, Physeter macrocephalus. 
Marine Fisheries Review 46(4):54-64. 

Grant, S.C.H. and P.S. Ross.  2002.  Southern Resident killer whales at risk: toxic chemicals in 
the British Columbia and Washington environment. Canadian Technical Report of 
Fisheries and Aquatic Sciences 2412. Fisheries and Oceans Canada., Sidney, B.C.: 124. 

Green, G.A., J.J. Brueggeman, R.A. Grotefendt, C.E. Bowlby, M.L. Bonnell, and K.C. Balcomb. 
1992. Cetacean distribution and abundance off Oregon and Washington, 1989–1990. 
Final report to Minerals Management Service, Contract 14-12-0001-30426. 

Greene, C.R. 1982. Characteristics of waterborne industrial noise. Behavior, Disturbance 
Responses and Feeding of Bowhead Whales Balaena mysticetus in the Beaufort Sea, 
1980-81 W John Richardson (ed) p249-346 Unpublished report to BLM, US Dept 
Interior, Washington, DC 20240. 

Greene, C.H., A.J. Pershing, R.D. Kenney, and J.W. Jossi.  2003.  Impact of climate variability 
on the recovery of endangered North Atlantic right whales. Oceanography, 16: 98-103. 

Gregr, E. J., L. Nichol, J. K. B. Ford, G. Ellis, and A. W. Trites.  2000.  Migration and 
population structure of northeastern Pacific whales off coastal British Columbia: An 
analysis of commercial whaling records from 1908-1967. Marine Mammal Science 
16(4):699-727. 



70 
 

Gunnlaugsson, T., and J. Sigurjónsson.  1990.  NASS-87: estimation of whale abundance based 
on observations made onboard Icelandic and Faroese survey vessels. Report of the 
International Whaling Commission 40: 571-580. 

Hain, J.H.W.  1975.  The international regulation of whaling.  Marine Affairs Journal, (3): 28-48.  

Hain, J. H. W., W. A. M. Hyman, R. D. Kenney, and H. E. Winn. 1985. The role of cetaceans in 
the shelf-edge region of the U.S. Marine Fisheries Review 47(1):13-17. 

Hain, J.H.W., M.J. Ratnaswamy, R.D. Kenney, and H.E. Winn. 1992. The fin whale, 
Balaenoptera physalus, in waters of the northeastern United States continental shelf. Rep. 
Int. Whal. Commn. 42:653–669. 

Hamilton, P., and L.A. Cooper.  2010.  Changes in North Atlantic right whale (Eubalaena 
glacialis) cow-calf association times and use of the calving ground: 1993-2005. Marine 
Mammal Science 26(4):896-916. 

Hamilton, P.K., M.K. Marx, and S.D. Kraus.  1995.  Weaning in North Atlantic right whales. 
Marine Mammal Science, 11: 5. 

Hamilton, P.K., G.S. Stone, and S.M. Martin.  1997.  Note on a deep humpback whale 
(Megaptera novaeangliae) dive near Bermuda. Bulletin of Marine Science, 61:  491-494. 

Hamilton, P. K., A. R. Knowlton, M. K. Marx, and S. D. Kraus.  1998.  Age structure and 
longevity in North Atlantic right whales Eubalaena glacialis and their relationship to 
reproduction. Marine Ecology Progress Series, 171: 285-292. 

Hansen, L. J., K. D. Mullin, T. A. Jefferson, and G. P. Scott.  1996.  Visual surveys aboard ships 
and aircraft. In: R. W. Davis and G. S. Fargion (eds). Distribution and abundance of 
marine mammals in the north-central and western Gulf of Mexico: Final report. Volume 
II: Technical report:OCS Study MMS 96- 0027, Minerals Management Service, Gulf of 
Mexico OCS Region, New Orleans. p.55-132. 

Hall, J. D.  1982.  Prince William Sound, Alaska: Humpback whale population and vessel traffic 
study. Final Report, Contract No. 81-ABG-00265. NMFS, Juneau Management Office, 
Juneau, Alaska. 14pp. 

Hare, S.R., N.J. Mantua, and R.C. Francis.  1999.  Inverse production regimes: Alaskan and west 
coast salmon. Fisheries, 24: 6-14. 

Hartwell, S.I.  2004.  Distribution of DDT in sediments off the central California coast. Marine 
Pollution Bulletin, 49: 299-305. 

Hatch, L., C. Clark, R. Merrick, S. Van Parijs, D. Ponirakis, K. Schwehr, M. Thompson, and D. 
Wiley. 2008. Characterizing the relative contributions of large vessels to total ocean noise 
fields: A case study using the Gerry E. Studds Stellwagen Bank National Marine 
Sanctuary. Environmental Management 42:735-752. 

Haug, T. 1981. On some reproduction parameters in fin whales Balaenoptera physalus (L.) 
caught off Norway. Rep. Int. Whal Commn. 31:373–378. 

Hedley, S., S. Reilly, J. Borberg, R. Holland, R. Hewitt, J. Watkins, M. Naganobu, and V. 
Sushin.  2001.  Modelling whale distribution: a preliminary analysis of data collected on 
the CCAMLR-IWC Krill Synoptic Survey, 2000. Paper presented to the IWC Scientific 



71 
 

Committee, SC/53/E9. 38pp. 

Henry, J., and P. B. Best.  1983.  Organochlorine residues in whales landed at Durban, South 
Africa. Marine Pollution Bulletin 14(6):223-227. 

Hill, P. S., and D. P. DeMaster. 1998.  Alaska marine mammal stock assessments, 1998. U.S. 
Dep. Commer., NOAA Tech. Memo. NMFS AFSC-97, 165 p. 

Hill, P. S., and D. P. DeMaster. 1999. Alaska Marine Mammal Stock Assessments - 1999. U.S. 
Department of Commerce, NOAA Technical Memorandum NMFS-AFSC-110: Alaska 
Fisheries Science Center; Auke Bay, Alaska. 177p. 

Hooker, S.K., R.W. Baird, S. Al-Omari, S. Gowans, and H. Whitehead.  2001.  Behavioral 
reactions of northern bottlenose whales (Hyperoodon ampullatus) to biopsy darting and 
tag attachment procedures. Fishery Bulletin, 99: 303-308. 

Horwood, J.  1987.  The sei whale: Population biology, ecology and management.  
(Balaenoptera borealis). Croom Helm, London. 

Houser, D.S., D.A. Helweg, and P.W.B. Moore.  2001.  A bandpass filter-bank model of 
auditory sensitivity in the humpback whale. Aquatic Mammals 27(2):82–91. 

Hoyt, E.  2001.  Whale Watching 2001:  Worldwide Tourism Numbers, Expenditures, and 
Expanding Socioeconomic Benefits. International Fund for Animal Welfare,, Yarmouth 
Port, MA, USA: i-vi; 1-158. 

Hurrell, J.W.  1995.  Decadal trends in the North Atlantic Oscillation: regional temperatures and 
precipitation. Science, 269: 676-679. 

Illingworth and Rodkin, Inc. 2001. Noise and vibration measurements associated with the pile 
installation demonstration project for the San Francisco-Oakland Bay Bridge east span, 
final data report. 

Illingworth and Rodkin, Inc.  2004.  Conoco/Phillips 24-inch steel pile installation–Results of 
underwater sound measurements. Letter to Ray Neal, Conoco/Phillipsb Company. 

International Whaling Commission (IWC).  1979.  Report of the Sub-committee on Protected 
Species. Annex G, Appendix I. Report of the International Whaling Commission 29:84-
86. 

IWC.  1990.  Report of the Scientific Committee. Report of the International Whaling 
Commission 40:39-179. 

IWC.  1996.  Report of the sub-committee on Southern Hemisphere baleen whales, Annex E 
Report of the International Whaling Commission, 46: 117-131. 

IWC.  2002.  Report of the Scientific Committee.  Annex H: Report of the Sub-committee on the 
Comprehensive Assessment of North Atlantic humpback whales.  J. Cetacean Res. 
Manage., 4 (suppl.): 230-260. 

IWC.  2010.  Special Permit Catches since 1985 (Table). International Whaling Commission. 

Iwata, H., S. Tanabe, N. Sakai, and R. Tatsukawa.  1993. Distribution of persistent 
organochlorines in the oceanic air and surface seawater and the role of ocean on their 
global transport and fate. Environmental Science and Technology, 27: 1080-1098. 



72 
 

Jahoda, M., C. L. Lafortuna, N. Biassoni, C. Almirante, A. Azzellino, S. Panigada, M. 
Zanardelli, and G. N. Di Sciara. 2003. Mediterranean fin whale's (Balaenoptera physalus) 
response to small vessels and biopsy sampling assessed through passive tracking and 
timing of respiration. Marine Mammal Science, 19(1): 96-110. 

Jasny, M., J. Reynolds, C. Horowitz, and A. Wetzler.  2005.  Sounding the depths II: The rising 
toll of sonar, shipping and industrial ocean noise on marine life. New York, New York: 
Natural Resources Defense Council. 

Jefferson, T. A., M. A. Webber, and R. L. Pitman.  2008.  Marine Mammals of the World: A 
Comprehensive Guide to their Identification. Academic Press, Elsevier. London, U.K. 

Jensen, A. S., and G. K. Silber.  2004.  Large Whale Ship Strike Database. U.S. Department of 
Commerce, NOAA Technical Memorandum. NMFS-OPR. 37p.  Available at: 
http://www.nmfs.noaa.gov/pr/pdfs/shipstrike/lwssdata.pdf. 

Jochens, A., D. Biggs, D. Engelhaupt, J. Gordon, N. Jaquet, M. Johnson, R. Leben, B. Mate, P. 
Miller, J. Ortega-Ortiz, A. Thode, P. Tyack, J. Wormuth and B. Würsig.  2006.  Sperm 
whale seismic study in the Gulf of Mexico: Summary report, 2002-2004. U.S. Dept. of 
Interior, Minerals Management Service, Gulf of Mexico OCS Region, New Orleans, LA. 
OCS Study MMS 2006-034, 352 pp. 

Jonsgård, Å., and K. Darling. 1977. On the biology of the eastern North Atlantic sei whales, 
Balaenoptera borealis Lesson. Reports of the International Whaling Commission Special 
Issue 11:123-129. 

Jurasz, C.M. and V. Jurasz.  1979.  Feeding modes of the humpback whale, Megaptera 
novaeangliae, in southeast Alaska. Scientific Reports of the Whales Research Institute, 
Tokyo, 31: 69-83. 

Kapel, F.O.  1979.  Exploitation of large whales in West Greenland in the twentieth-century.  
Report of the International Whaling Commission, 29: 197-214. 

Kapel, F. O. 1985. On the occurrence of sei whales (Balaenoptera borealis) in West Greenland 
waters. Report of the International Whaling Commission 35:349-352. 

Kasuya, T. 1991. Density dependent growth in North Pacific sperm whales. Marine Mammal 
Science 7(3):230-257. 

Kato, H., and T. Miyashita.  1998.  Current status of North Pacific sperm whales and its 
preliminary abundance estimates.  Report submitted to the IWC (SC/50/CAWS/52).  6pp. 

Katona, S. K. and J. A. Beard.  1990.  Population size, migrations and feeding aggregations of 
the humpback whale (Megaptera novaeangliae) in the western North Atlantic Ocean. 
Report of the International Whaling Commission (Special Issue 12): 295-306. 

Kawamura, A. 1974. Food and feeding ecology of the southern sei whale. Scientific Reports of 
the Whales Research Institute, Tokyo 26:25-144. 

Kawamura, A.  1982.  Food habits and prey distributions of three rorqual species in the North 
Pacific Ocean. Sci Rep Whales Res Inst Tokyo, 34: 59-91. 

Kenney, R.D.  2007.  Right whales and climate change, facing the prospect of a greenhouse 
future.  In: S.D. Kraus & R.M. Rolland (Editors). The Urban Whale. North Atlantic Right 



73 
 

Whales at the Crossroads. Harvard University Press, Cambridge, Mass: 436-459. 

Kenney, R.D. and H.E. Winn. 1986. Cetacean high-use habitats of the northeast United States 
continental shelf. Fish. Bull. 84:345–357. 

Kenney, R.D., H.E. Winn, and M.C. Macaulay.  1995.  Cetaceans in the Great South Channel, 
1979-1989: Right whale (Eubalaena glacialis). Continental Shelf Research, 15: 385-414. 

Kent, D.B., S. Leatherwood, and L. Yohe.  1983.  Responses of migrating gray whales, 
Eschrichtius robustus, to oil on the sea surface - results of a field evaluation. Final 
Report, Contract P-0057621, to the Department of Pathology, Ontario Veterinary 
College, University of Guelph, Guelph, Ontario, Canada N16 2WA.  63pp. 

Ketten, D. R.  1997.  Structure and function in whale ears. Bioacoustics, 8: 103-135. 

Ketten, D. R., J. Lien and S. Todd. 1993. Blast injury in humpback whale ears: evidence and 
implications. Journal of the Acoustical Society of America 94(3 Pt.2):1849-1850. 

Kintisch, E. 2006. As the seas warm: Researchers have a long way to go before they can pinpoint 
climate-change effects on oceangoing species. Science 313:776-779. 

Kirkwood, G. P. 1992. Background to the development of revised management procedures, 
Annex I. Report of the International Whaling Commission 42:236-239. 

Kjeld, M., Ö. Ólafsson, G. A. Víkingsson, and J. Sigurjónsson.  2006.  Sex hormones and 
reproductive status of the North Atlantic fin whale (Balaenoptera physalus) during the 
feeding season. Aquatic Mammals, 32(1): 75-84. 

Kleinenberg, S.E., A.V. Yablokov, B.M. Bel’kovich, and M.N. Tarasevich.  1964. Beluga 
(Delphinapterus leucas) investigation of the species. Transl. from Russian by Israel 
Program Sci. Transl., Jerusalem, 1969. 376 p. 

Knowlton, A. R., J. Sigurjonsson, J.N. Ciano, and S. D. Kraus.  1992.  Long distance movements 
of North Atlantic right whales (Eubalaena glacialis) Marine Mammal Science., 8: 397-
405. 

Knowlton, A.R., S.D. Kraus, and R.D. Kenney.  1994.  Reproduction in North Atlantic right 
whales (Eubalaena glacialis). The Canadian Journal of Zoology, 72: 1297-1305. 

Koehler, N.  2006.  Humpback whale habitat use patterns and interactions with vessels at Point 
Adolphus, southeastern Alaska. M.S. Thesis, University of Alaska Fairbanks, 64pp. 

Krahn, M.M., M.B. Hanson, R.W. Baird, R.H. Boyer, D.G. Burrows, C.K. Emmons, J.K.B. 
Ford, L.L. Jones, D.P. Noren, P.S. Ross, G.S. Schorr, and T.K. Collier.  2007. Persistent 
organic pollutants and stable isotopes in biopsy samples (2004/2006) from Southern 
Resident killer whales. Marine Pollution Bulletin, 54: 1903-1911. 

Kraus, S.D.  1990.  Rates and Potential Causes of Mortality in North-Atlantic Right Whales 
(Eubalaena-Glacialis). Marine Mammal Science, 6: 278-291. 

Kraus, S.D., P.K. Hamilton, R.D. Kenney, A.R. Knowlton, and C.K. Slay.  2001.  Reproductive 
parameters of the North Atlantic right whale. Journal of Cetacean Research and 
Management Supplement 2: 231 - 236. 

Kraus, S.D., M.W. Brown, H. Caswell, C.W. Clark, M. Fujiwara, P.K. Hamilton, R.D. Kenney, 
A.R. Knowlton, S. Landry, C.A. Mayo, W.A. McLellan, M.J. Moore, D.P. Nowacek, 



74 
 

D.A. Pabst, A.J. Read, and R.M. Rolland.  2005.  North Atlantic right whales in crisis. 
Science, 309. 

Kraus, S. D., R. M. Pace, and T. R. Frasier. 2007. High investment, low return: The strange case 
of reproduction in Eubalaena glacialis. Pages 172-199 in S. D. Krauss, and R. M. 
Rolland, editors. The urban whale: North Atlantic right whales at the crossroads. Harvard 
University Press, Cambridge, Massachusetts. 

Krieger, K.J. and B.L. Wing.  1984.  Hydroacoustic surveys and identification of humpback 
whale forage in Glacier Bay, Stephens Passage, and Frederick Sound, southeastern 
Alaska, summer 1983. (Megaptera novaeangliae). NMFS, Auke Bay, AK. 60pp. 

Lambertsen, R. H.  1992.  Crassicaudosis: a parasitic disease threatening the health and 
population recovery of large baleen whales. Rev. Sci. Technol., Off. Int. Epizoot., 11(4): 
1131-1141. 

Lambertsen, R. H., B. A. Kohn, J. P. Sundberg, and C. D. Buergelt.  1987.  Genital 
papillomatosis in sperm whale bulls. Journal of Wildlife Diseases 23(3): 361-367. 

Leaper, R., J. Cooke, P. Trathan, K. Reid, V. Rowntree, and R. Payne.  2006.  Global climate 
drives southern right whale (Eubalaena australis) population dynamics. Biology Letters, 
2: 289-292. 

Learmonth, J. A., C. D. MacLeod, M. B. Santos, G. J. Pierce, H. Q. P. Crick and R. A. Robinson.  
2006.  Potential effects of climate change on marine mammals. Oceanography and 
Marine Biology: An Annual Review 44:431-464. 

Leatherwood, S., R. R. Reeves, W. F. Perrin, and W. E. Evans. 1982. Whales, dolphins, and 
porpoises of the eastern North Pacific and adjacent Arctic waters: a guide to their 
identification.U.S. Department of Commerce, NOAA Technical Report NMFS Circular 
444. 245p. 

Leatherwood, S., A.E. Bowles, and R.R. Reeves. 1986. Aerial surveys of marine mammals in the 
southeastern Bering Sea. U.S. Dept. of Commerce, NOAA, OCSEAP.  Final Report 
42(1986): 147–490. 

Lockyer, C. 1981. Estimates of growth and energy budget for the sperm whale, Physeter 
catodon. FAO Fisheries Series 5:489-504. 

Luksenburg, J.A. and E.C.M. Parsons.  2008.  The effects of aircraft on cetaceans: implications 
for aerial whalewatching. Paper presented in response to a request for information on the 
possible impacts of aerial whalewatching on cetaceans at the 60th Meeting of the 
International Whaling Commission. SC/61/WW2. 

Lusseau, D., R. Williams, B. Wilson, K. Grellier, T.R. Barton, P.S. Hammond, and P.M. 
Thompson. 2004. Parallel influence of climate on the behaviour of Pacific killer whales 
and Atlantic bottlenose dolphins. Ecology Letters 7:1068-1076. 

Lyrholm, T., and U. Gyllensten.  1998.  Global matrilineal population structure in sperm whales 
as indicated by mitochondrial DNA sequences. Proceedings of the Royal Society of 
London B 265(1406): 1679-1684. 

Lyrholm, T., O. Leimar, and U. Gyllensten.  1996.  Low diversity and biased substitution 
patterns in the mitochondrial DNA control region of sperm whales: implications for 



75 
 

estimates of time since common ancestry. Molecular Biology and Evolution 13(10): 
1318-1326. 

Lyrholm, T., O. Leimar, B. Johanneson, and U. Gyllensten.  1999.  Sex-biased dispersal in sperm 
whales: Contrasting mitochondrial and nuclear genetic structure of global populations. 
Philosophical Transactions of the Royal Society of London, Series B: Biological Sciences 
266(1417): 347-354. 

MacLeod, C. D., S. M. Bannon, G. J. Pierce, C. Schweder, J. A. Learmonth, J. S. Herman and R. 
J. Reid.  2005.  Climate change and the cetacean community of north-west Scotland. 
Biological Conservation 124:477-483. 

Magalhães, S., R. Prieto, M.A. Silva, J Gonçalves, M. Alfonso-dias, and R.S. Santos. 2002. 
Short-term reactions of sperm whales (Physeter macrocephalus) to whale-watching 
vessels in the Azores. Aquatic Mammals 28(3):267-274. 

Malme, C.I., P.R. Miles, C.W. Clark, P. Tyack, and J.E. Bird.  1983.  Investigations of the 
potential effects of underwater noise from petroleum industry activities on migrating gray 
whale behavior: Final report for the period of 7 June 1982-31 July 1983.  Prepared for the 
U.S. Department of the Interior Minerals Management Service, Alaska OCS Office by 
Bolt Beranek and Newman, Inc. Cambridge: Bolt and Newman, Inc., 1983. 

Mantua, N.J., S.R. Hare, Y. Zhang, J.M. Wallace, and R.C. Francis.  1997.  A Pacific 
interdecadal climate oscillation with impacts on salmon production. Bulletin of the 
American Meteorological Society, 78: 1069-1079. 

Martin, A. R., and M. R. Clarke.  1986.  The diet of sperm whales (Physeter macrocephalus) 
between Iceland and Greenland. Journal of the Marine Biological Association of the 
United Kingdom 66: 779-790. 

Masaki, Y. 1977. The separation of the stock units of sei whales in the North Pacific. Report of 
the International Whaling Commission (Special Issue 1):71-79. 

Mate, B. R., S. L. Nieukirk, R. Mesecar, and T. Martin.  1992.  Application of remote sensing for 
tracking large cetaceans: North Atlantic right whales (Eubalaena glacialis). U.S. 
Department of the Interior, Minerals Management Service, Reston, Virginia. 

Mate, B. R., S. L. Nieukirk, and S. D. Kraus.  1997.  Satellite-monitored movements of the 
northern right whale. Journal of Wildlife Management, 61(4): 1393-1405. 

Matkin, C.O. and E. Saulitis.  1997.  Restoration notebook: killer whale (Orcinus orca). Exxon 
Valdez Oil Spill Trustee Council, Anchorage, Alaska. 

Mayo, C.A. and M.K. Marx.  1990.  Surface foraging behaviour of the North Atlantic right 
whale, Eubalaena glacialis, and associated zooplankton characteristics. The Canadian 
Journal of Zoology, 68: 2214. 

McDonald, M. A., J. A. Hildebrand, and S. C. Webb. 1995. Blue and fin whales observed on a 
seafloor array in the Northeast Pacific. Journal of the Acoustical Society of America 98(2 
Part 1):712-721. 

McDonald, M. A., J.A. Hildebrand, S.M. Wiggins, D. Thiele, D.  Glasglow, and S.E. Moore.  
2005.  Sei whale sounds recorded in the Antarctic. Journal of the Acoustical Society of 
America. 118(6): 3941-3945. 



76 
 

McMahon, C. R. and G. C. Hays.  2006.  Thermal niche, large-scale movements and 
implications of climate change for a critically endangered marine vertebrate. Global 
Change Biology 12:1330-1338. 

Mead, J. G. 1977. Records of sei and Bryde's whales from the Atlantic coast of the United States, 
the Gulf of Mexico, and the Caribbean. Report of the Special Meeting of the Scientific 
Committee on Sei and Bryde's Whales, International Whaling Commission, La Jolla, 
California. p.113-116. 

Metcalfe, C., B. Koenig, T. Metcalfe, G. Paterson, and R. Sears.  2004.  Intra- and inter-species 
differences in persistent organic contaminants in the blubber of blue whales and 
humpback whales from the Gulf of St. Lawrence, Canada. Marine Environmental 
Research, 57: 245–260. 

Mikhalev, Y. A.  1997.  Humpback whales Megaptera novaeangliae in the Arabian Sea. Marine 
Ecology Progress Series, 149:13-21. 

Mills, S.K. and J.H. Beatty.  1979.  The propensity interpretation of fitness. Philosophy of 
Science, 46: 263-286. 

Mitchell, E.  1974a.  Canada progress report on whale research, May 1972–May 1973. Report of 
the International Whaling Commission, 24: 196-213. 

Mitchell, E. 1974b. Present status of Northwest Atlantic fin and other whale stocks, pp. 108–169 
in The Whale Problem: A Status Report, ed. W.E. Schevill. Harvard University Press, 
Cambridge, MA. 

Mitchell, E. and D. G. Chapman 1977. Preliminary assessment of stocks of northwest Atlantic 
sei whales (Balaenoptera borealis). Report of the International Whaling 
Commission(Special Issue 1):117-120. 

Miyashita, T., H. Kato, and T. Kasuya.  1995.  Worldwide map of cetacean distribution based on 
Japanese sighting data. Volume 1. National Research Institute of Far Seas Fisheries, 
Shizuoka, Japan. 140pp. 

Mizroch, S. A., D. W. Rice and J. M. Breiwick.  1984a.  The fin whale, Balaenoptera physalus. 
Marine Fisheries Review 46(4):20-24. 

Mizroch, S. A., D. W. Rice, and J. M. Breiwick. 1984b. The sei whale, Balaenoptera borealis. 
Marine Fisheries Review 46(4):25-29. 

Mobley Jr ., J. R., S. S. Spitz, K. A. Forney, R. A. Grotefendt, and P. H. Forestall.  2000.  
Distribution and abundance of odontocete species in Hawaiian waters: preliminary results 
of 1993-98 aerial surveys. Southwest Fisheries Science Center, National Marine Fisheries 
Service. 

Moore, S.E. and J.T. Clarke.  2002.  Potential impact of offshore human activities on grey 
whales.  Journal of Cetacean Research and Management, 4(1): 9-25. 

Moore, S. E., J.M. Waite, L.L. Mazzuca, and R.C. Hobbs.  2000.  Mysticete whale abundance 
and observations of prey associations on the central Bering Sea shelf.  J. Cetac. Res. 
Manage. 2(3):227-234. 

Moore, S.E., W.A. Watkins, M.A. Daher, J.R. Davies, and M.E. Dahlheim.  2002.  Blue whale 



77 
 

habitat associations in the Northwest Pacific: analysis of remotely-sensed data using a 
Geographic Information System.  Oceanography 15(3):20-25. 

Mullin, K.D.  2007.  Abundance of cetaceans in the oceanic Gulf of Mexico based on 2003-2004 
ship surveys.  Available from: NMFS, Southeast Fisheries Science Center, P.O. Drawer 
1207, Pascagoula, MS 39568.  26 pp. 

Mullin, K., W. Hoggard, C. Roden, R. Lohoefener, C. Rogers, and B. Taggart. 1991. Cetaceans 
on the upper continental slope in the north-central Gulf of Mexico. OCS Study MMS 91-
0027. Minerals Management Service, Gulf of Mexico OCS Region, New Orleans, LA, 
USA. 

Mullin, K., W. Hoggard, C. Roden, R. Lohoefener, and C. Rogers.  1994.  Cetaceans on the 
upper continental slope in the north-central Gulf of Mexico. Fishery Bulletin 92: 773-
786). 

Mundy, P. R., and R.T. Cooney.  2005.  Physical and biological background. Pages 15-23 in P. 
R. Mundy, editor. The Gulf of Alaska: Biology and oceanography. Alaska Sea Grant 
College Program, University of Alaska, Fairbanks, Alaska. 

Mundy, P. R., and P. Olsson. 2005. Climate and weather. Pages 25-34 in P. R. Mundy, editor. 
The Gulf of Alaska: Biology and oceanography. Alaska Sea Grant College Program, 
University of Alaska, Fairbanks, Alaska. 

Murison, L.D. and D.E. Gaskin.  1989.  The distribution of right whales and zooplankton in the 
Bay of Fundy, Canada. Canadian Journal of Zoology, 67: 1411-1420. 

Nasu, K.  1974.  Movement of baleen whales in relation to hydrographic conditions in the 
northern part of the North Pacific Ocean and the Bering Sea. In: Oceanography of the 
Bering Sea with Emphasis on Renewable Resources:Hood, D.W. and E.J. Kelley (eds). 
International Symposium for Bering Sea Study, Hakodate, Japan, 31 January - 4 February 
1972. p345-361. 

National Marine Fisheries Service (NMFS).  1991.  Recovery Plan for the Humpback Whale 
(Megaptera novaeangliae). Prepared by the Humpback Whale Recovery Team for the 
National Marine Fisheries Service. Silver Spring, Maryland. 105pp. 

NMFS.  2005.  Recovery Plan for the North Atlantic Right Whale (Eubalaena glacialis). In: 
National Marine Fisheries Service (Ed.), Silver Spring, MD. 

NMFS.  2008.  Recovery Plan for Southern Resident Killer Whales (Orcinus orca). National 
Marine Fisheries Service, Northwest Region. 251pp. 

NMFS.  2010a.  Marine Mammal Protection Act Section 101(a)(5)(E)-Negligible Impact 
Determination Central North Pacific Humpback Whale.  National Marine Fisheries 
Service, Office of Protected Resources, Pacific Islands Regional Office and Alaska 
Regional Office.  45pp. 

NMFS. 2010b. Recovery plan for the fin whale (Balaenoptera physalus). National Marine 
Fisheries Service, Silver Spring, MD. 121 pp.     

NMFS. 2010c. Recovery plan for the sperm whale (Physeter macrocephalus). National Marine 
Fisheries Service, Silver Spring, MD. 165pp. 



78 
 

NMFS. 2011a.  Email from Laura Morse of NMFS' Permits Division to Brian Bloodworth of 
NMFS' Endangered Species Division dated March 23, 2011.  Accessed March 25, 2011. 

NMFS.  2011b.  Final Recovery Plan for the Sei Whale (Balaenoptera borealis). National 
Marine Fisheries Service, Office of Protected Resources, Silver Spring, MD. 107 pp. 

NMFS.  2011c.  Biological Opinion on U.S. Navy Training Activities on East Coast Ranges June 
2011 to June 2012.  NMFS, Office of Protected Resources.  Silver Spring, MD.  367pp. 

NMFS.  2011d.  Biological Opinion on 2012-2014 Letter of Authorization for U.S. Navy 
Atlantic Fleet Active Sonar Training Activities.  NMFS, Office of Protected Resources.  
Silver Spring, MD.  269pp. 

National Research Council (NRC).  2003.  Ocean Noise and Marine Mammals. National 
Research Council: Committee on Potential Impacts of Ambient Noise in the Ocean on 
Marine Mammals. 

NRC.  2005.  Marine mammal populations and ocean noise: Determining when ocean noise 
causes biologically significant effects.  National Academy Press, Washington, District of 
Columbia. 126 pp. 

Nedwell,  J., and B. Edwards B.  2002.  Measurements of underwater noise in the Arun River 
during piling at County Wharf, Littlehampton. Subacoustech, Ltd. 

Nelson, M., M. Garron, R. L. Merrick, R. M. Pace III, and T.V.N. Cole. 2007. Mortality and 
serious injury determinations for baleen whale stocks along the United States eastern 
seaboard and adjacent Canadian Maritimes, 2001-2005. U.S. Department of Commerce, 
NOAA, Northeast Fisheries Science Center, 26. 

Nemoto, T.  1957.  Foods of baleen whales in the northern Pacific. Sci Rep Whales Res Inst 
Tokyo, 12: 33-89. 

Nemoto, T.  1959.  Food of baleen whales with reference to whale movements. Scientific 
Reports of the Whales Research Institute Tokyo, 14: 141; 149-290. 

Nemoto, T.  1970.  Feeding pattern of baleen whales in the oceans. In: Steele, J.H. (ed.), Marine 
Food Chains. University of California Press, Berkeley, California: 241-252  

Nichols, O.C., R.D. Kenney, and M.W. Brown.  2008.  Spatial and temporal distribution of 
North Atlantic right whales (Eubalaena glacialis) in Cape Cod Bay, and implications for 
management. Fish. Bull., 106: 270-280. 

Nishiwaki, S., D. Tohyama, H. Ishikawa, S. Otani, T. Bando, H. Murase, G. Yasunaga, T. Isoda, 
K. Nemoto, M. Mori, M. Tsunekawa, K. Fukutome, M. Shiozaki, M. Nagamine, 
T.Konagai, T. Takamatsu, S. Kumagai, T. Kage, K. Ito, H. Nagai and W. Komatsu.  
2006.  Cruise Report of the Second Phase of the Japanese Whale Research Program 
under Special Permit in the Antarctic (JARPAII) in 2005/2006 -Feasibility study.  
PaperSC/58/O7 presented to the IWC Scientific Committee, June 2006, St Kitts and 
Nevis, WI. 21pp. 

Northrop, J., W.C. Cummings, and P.O. Thompson.  1968.  20-Hz signals observed in the central 
Pacific. Journal of the Acoustical Society of America 43:383–384. 

Nowacek, D.P., M.P. Johnson, and P.L. Tyack.  2004.  North Atlantic right whales (Eubalaena 



79 
 

glacialis) ignore ships but respond to alerting stimuli. Proceedings of the Royal Society 
Biological Sciences Series B, 271(1536): 227-231. 

Nowacek, D. P., L. H. Thorne, D. W. Johnston, D. W., and P. L. Tyack.  2007.  Responses of 
cetaceans to anthropogenic noise. Mammalian Review, 37: 81-115. 

Ohsumi, S. and S. Wada 1974. Status of whale stocks in the North Pacific, 1972. Report of the 
International Whaling Commission 24:114-126. 

Øien, N.  1990.  Sightings surveys in the northeast Atlantic in July 1988: distribution and 
abundance of cetaceans. Report of the International Whaling Commission 40: 499-511. 

OSPAR.  2009.  Overview of the impacts of anthropogenic underwater sound in the marine 
environment.  OSPAR Commission, 2009.  Publication No. 441/2009. 

Palka, D. L.  2006.  Summer abundance estimates of cetaceans in US North Atlantic Navy 
Operating Areas. Northeast Fisheries Science Center, 52. 

Palsbøll, P. J., J. Allen, M. Bérubé, P. J. Clapham, T. P. Feddersen, R. R. Hudson, H. Jørgensen, 
S. Katona, A. H. Larsen, F. Larsen, J. Lien, D. K. Mattila, J. Sigurjónsson, R. Sears, T. 
Smith, R. Sponer, P. Stevick and N. Øien.  1997.  Genetic tagging of humpback whales. 
Nature, 388: 767-769. 

Palsbøll, P. J., J. Allen, T. H. Anderson, M. Bérubé, P. J. Clapham, T. P. Feddersen, N. Friday, P. 
Hammond, H. Sponer, R. Sears, J. Sigurjónsson, T. D. Smith, P.T. Stevick, G. 
Vikingsson, and N. Øien.  2001.  Stock structure and composition of the North Atlantic 
humpback whale, Megaptera novaeangliae.  International Whaling Commission 
Scientific Committee, IWC, 135 Station Road, Impington, Cambridge, UK.  
SC/53/NAH11. 

Papastavrou, V., S. C. Smith and H. Whitehead.  1989.  Diving behaviour of the sperm whale, 
Physeter macrocephalus, off the Galápagos Islands. Canadian Journal of Zoology 67:839-
846. 

Parks, S., D.R. Ketten, J.T. O’Malley, and J. Arruda.  2007.  Anatomical Predictions of Hearing 
in the North Atlantic Right Whale. The Anatomical Record 290:734–744. 

Parks, S.E., C.W. Clark, and P.L. Tyack.  2007.  Short and long-term changes in right whale 
calling behavior: the potential effects of noise on communication. J. Acoust. Soc. Am. 
122, 3725–3731. 

Parks, S.E., I. Urazghildiiev, and C.W. Clark.  2009.  Variability in ambient noise levels and call 
parameters of North Atlantic right whales in three habitat areas. J. Acoust. Soc. Am. 125, 
1230–1239. 

Patenaude, N.J., W.J. Richardson, M.A. Smultea, W.R. Koski, G.W. Miller, B. Würsig, B., and 
C.R. Greene, Jr. 2002. Aircraft sound and disturbance to bowhead and beluga whales 
during spring migration in the Alaskan Beaufort Sea. Marine Mammal Science 18: 309-
335. 

Patterson, B., and G. R. Hamilton. 1964. Repetitive 20 cycle per second biological hydroacoustic 
signals at Bermuda. W. N. Tavolga, editor. Marine bioacoustics. 

Payne, P.M., D.N. Wiley, S.B. Young, S. Pittman, P.J. Clapham, and J.W. Jossi. 1990. Recent 



80 
 

fluctuations in the abundance of baleen whales in the southern Gulf of Maine in relation 
to changes in selected prey. Fish. Bull., U.S. 88:687–696. 

Perry, C.  1998.  A review of the impact of anthropogenic noise on cetaceans. Paper presented to 
the Scientific Committee at the 50th Meeting of the International Whaling Commission, 
27 April-8 May 1999, Oman. SC/50/E9. 

Perry, S.L., D.P. DeMaster, and G.K. Silber.  1999.  The Great Whales: History and Status of Six 
Species Listed as Endangered Under the U.S. Endangered Species Act of 1973. Marine 
Fisheries Review, 61: 1-74. 

Peterson, C.H., S.D. Rice, J.W. Short, D. Esler, J.L. Bodkin, B.E. Ballachey, and D.B. Irons.  
2003.  Long-term ecosystem response to the ‘Exxon Valdez’ oil spill. Science 302: 2082–
2086. 

Pinela, A. M., S. Quérouil, S. Magalhães, M.A. Silva, R. Prieto, J.A. Matos, and R.S. Santos.  
2009.  Population genetics and social organization of the sperm whale (Physeter 
macrocephalus) in the Azores inferred by microsatellite analyses. Canadian Journal of 
Zoology 87(9):802-813. 

Poloczanska, E. S., C. J. Limpus, and G. C. Hays.  2009.  Vulnerability of marine turtles in 
climate change. Pages 151-211 in Advances in Marine Biology, volume 56. Academic 
Press, New York. 

Pomilla, C. and H. C. Rosenbaum.  2005.  Against the current: an inter-oceanic whale migration 
event. Biology Letters, 1(4): 476-479. 

Rankin, S., and J. Barlow. 2007. Vocalizations of the sei whale Balaenoptera borealis off the 
Hawaiian Islands. Bioacoustics - The International Journal of Animal Sound and Its 
Recording 16(2):137-145. 

Rasmussen, K., D.M. Palacios, J. Calambokidis, M.T. Saborío, L.D. Rosa, E.R. Secchi, G.H. 
Steiger, J.M. Allen, and G.S. Stone.  2007.  Southern Hemisphere humpback whales 
wintering off Central America: insights from water temperature into the longest 
mammalian migration. Biology Letters, 3: 302-305. 

Reeves, R. R. and E. Mitchell.  1987.  Shore whaling for right whales in the northeastern United 
States.  Contract Report No. NA85-WC-06194, Southeast Fisheries Science Center, 
Miami, FL.  108pp. 

Reeves, R. R. and H. Whitehead.  1997.  Status of the sperm whale, Physeter macrocephalus, in 
Canada. Canadian Field-Naturalist 111(2): 293-307. 

Reeves., R.R., S. Leatherwood, S.A. Karl, and E.R. Yohe.  1985.  Whaling results at Akutan 
(1912–39) and Port Hobron (1926-37), Alaska. Rep. Int. Whal. Commn. 35:441–457. 

Reeves, R. R., J. M. Breiwick, and E. Mitchell.  1992.  Preexploitation abundance of right whales 
off the eastern United States, pages 5-7.  In: Hain, J. (ed.)  The right whale in the western 
Atlantic: A science and management workshop, 14-15 April 1992, Silver Spring, MD.  
NOAA-National Marine Fisheries Service NEFSC Ref. Doc. No. 92-05.  88pp. 

Reeves, R.R., T.D. Smith, E.A. Josephson, P.J. Clapham, and G. Woolmer.  2004. Historical 
observations of humpback and blue whales in the North Atlantic Ocean: Clues to 
migratory routes and possibly additional feeding grounds. Marine Mammal Science, 20: 



81 
 

774-786. 

Reilly, S., S. Hedley, J. Borberg, R. Hewitt, D. Thiele, J. Watkins, and M. Naganobu.  2004.  
Biomass and energy transfer to baleen whales in the South Atlantic sector of the Southern 
Ocean. Deep Sea Research II, 51(12-13): 1397-1409. 

Reyff, J.A.  2003.  Underwater sound levels associated with constnlction of the Benicia-Martinez 
Bridge. lllingworth & Rodkin, Inc. p 26. 

Rice, D.W.  1974.  Whales and whale research in the eastern North Pacific. In: Schevill, W.E. 
(Ed.), The Whale Problem: A Status Report. Harvard University Press, Cambridge, MA: 
170-195. 

Rice, D. W.  1977.  Synopsis of biological data on the sei whale and Bryde's whale in the eastern 
North Pacific. Report of the International Whaling Commission (Special Issue 1): 92-97. 

Rice, D.W.  1978.  The humpback whale in the North Pacific: distribution, exploitation, and 
numbers.  In: Norris, K.S., Reeves, R.R. (Eds.), Report on a Workshop on Problems 
Related to Humpback Whales (Megaptera novaeangliae) in Hawaii. U.S. Marine 
Mammal Commission: 29–44. 

Rice, D.W.  1989.  Sperm whale Physeter macrocephalus Linnaeus, 1758. Pp. 177-233 in S.H.  
Ridgway and R. Harrison (eds.), Handbook of marine mammals, vol. 4. Academic Press, 
London. 

Rice, D. W. 1998. Marine Mammals of the World. Systematics and Distribution.Special 
Publication Number 4. The Society for Marine Mammalogy, Lawrence, Kansas. 

Richardson, W.J., and M.T. Williams. 2003. Monitoring of industrial sounds, seals, and bowhead 
whales near BP's northstar oil development, Alaskan Beaufort Sea, 1999–2002 Rep. from 
LGL Ltd., King City, Ont., and Greeneridge Sciences Inc., Santa Barbara, CA, for BP. 

Richardson, W.J., and M.T. Williams.  2004.  Monitoring of industrial sounds, seals, and 
bowhead whales near BP’s Northstar oil development, Alaskan Beaufort Sea, 1999-2003. 
Annual and comprehensive report, Dec 2004. A report from LGL Ltd, Greenridge 
Sciences Inc, and WEST Inc for BP Exploration (Alaska) Inc LGL Report TA 4001. 
Anchorage, AK: BP Exploration (Alaska) Inc. p 297. Explor. (Alaska) Inc., Anchorage, 
AK, and Nat. Mar. Fish. Serv., Anchorage, AK, and Silver Spring, MD. p 343. 

Richardson, W.J. and B. Wursig. 1997.  Influences of an-made noise and other human actions on 
cetacean behaviour. Marine and Freshwater Behaviour and Physiology 29(1):183–209. 

Richardson, W.J., M.A. Fraker, B. Wursig, and R.S.Wells. 1985. Behavior of bowhead whales 
Balaena mysticetus summering in the Beaufort Sea: Reactions to industrial activities. 
Biological Conservation 32(3):195-230. 

Richardson W.J., C.R., Greene, W.R. Koski, C.I. Malme, G.W. Miller, M.A. Smultea, and B. 
Wursig.  1990.  Acoustic effects of oil production activities on bowhead and white 
whales visible during spring migration near Pt. Barrow, Alaska -- 1989 phase: Sound 
propagation and whale responses to playbacks of continuous drilling noise from an ice 
platform, as studied in pack ice conditions. OCS Study. Anchorage, AK: Alaska Outer 
Continental Shelf Region of the Minerals Management Service. p xx + 284. 

Richardson, W.J., C.R. Greene Jr, C.I. Malme, and D.H. Thomson.  1995.  Marine mammals and 



82 
 

noise. Academic Press, Inc., San Diego, California. 

Richardson, W.J., T.L. McDonald, C.R. Greene, and S.B. and Blackwell.  2004.  Acoustic 
localization of bowhead whales near Northstar, 2001-2003: Evidence of deflection at 
high-noise times? In: Richardson WJ, and Williams MT, editors. Monitoring of industrial 
sounds, seals, and bowhead whales near BP's Northstar oil development, Alaskan 
Beaufort Sea, 1999-2003. Anchorage, Alaska: LGL, Ltd, Greenridge Science, Inc., and 
WEST Inc. for BP Exploration Inc. 

Richter, C. F., S. M. Dawson, and E. Slooten. 2003. Sperm whale watching off Kaikoura, New 
Zealand: Effects of current activities on surfacing and vocalisation patterns. Department 
of Conservation, Wellington, New Zealand. Science For Conservation 219. 78p. 

Richter, C., S. Dawson, and E. Slooten.  2006.  Impacts of commercial whale watching on male 
sperm whales at Kaikoura, New Zealand. Marine Mammal Science, 22(1): 46-63. 

Robbins, J. and D.K. Mattila.  2001.  Monitoring entanglements of humpback whales (Megaptera 
novaeangliae) in the Gulf of Maine on the basis of caudal peduncle scarring.  Paper 
SC/53/NAH25 presented to the International Whaling Commission Scientific Committee.  
Available from IWC, 135 Station Road, Impington, Cambridge, U.K. 

Robinson, R. A., J. A. Learmonth, A. M. Hutson, C. D. Macleod, T. H. Sparks, D. I. Leech, G. J. 
Pierce, M. M. Rehfisch and H. Q. P. Crick.  2005.  Climate change and migratory 
species. A Report for Defra Research Contract CR0302, August 2005.  BTO Research 
Report 414, British Trust for Ornithology, Norfolk, U.K. 306p. 

Roman, J. and S.R. Palumbi.  2003.  Whales before whaling in the North Atlantic. Science, 301: 
508-510. 

Romero, A., A. I. Agudo, S. M. Green, and G. Notarbartolo Di Sciara.  2001.  Cetaceans of 
Venezuela: Their Distribution and Conservation Status. NOAA Technical Report NMFS- 
151. Seattle, Washington. 60p. 

Salden, D. R.  1988.  Humpback whale encounter rates offshore of Maui, Hawaii. Journal of 
Wildlife Management, 52(2): 301-304. 

Scarff, J. E. 1986. Historic and present distribution of the right whale (Eubalaena glacialis) in 
the eastern North Pacific south of 50oN and east of 180oW. Report of the International 
Whaling Commission, (Special Issue 10): 43-63. 

Scheidat, M., C. Castro, J. Gonzalez, and R. Williams. 2004. Behavioural responses of 
humpback whales (Megaptera novaeangliae) to whalewatching boats near Isla de la Plata, 
Machalilla National Park, Ecuador. Journal of Cetacean Research and Management 
6(1):63-68. 

Schick, R.S., and D.L. Urban.  2000.  Spatial components of bowhead whale (Balaena 
mysticetus) distribution in the Alaskan Beaufort Sea. Canadian Journal of Fisheries and 
Aquatic Sciences 57:2193-2200. 

Schilling, M. R., I. Seipt, M.T. Weinrich, S.E. Frohock, A.E. Kuhlberg, and P.J. Clapham. 1992. 
Behavior of individually-identified sei whales Balaenoptera borealis during an episodic 
influx into the southern Gulf of Maine in 1986. Fishery Bulletin 90:749–755. 

Scott, T. M. and S. S. Sadove.  1997.  Sperm whale, Physeter macrocephalus, sightings in the 



83 
 

shallow shelf waters off Long Island, New York. Marine Mammal Science 13:317-321. 

Sergeant, D. E. 1977. Stocks of fin whales Balaenoptera physalus L. in the North Atlantic Ocean. 
Report of the International Whaling Commission 27:460-473. 

Seargeant, D.E. and W. Hoek.  1988.  An update of the status of white whales Delphinapterus 
leucas in the Saint Lawrence Estuary, Canada. Biological Conservation 45: 287-302. 

Shallenberger, E.W.  1981.  The status of Hawaiian cetaceans. Final report to Marine Mammal 
Commission, Washington, D.C. MMC-77/23. 79 pp. 

Shirihai, H.  2002.  A complete guide to Antarctic wildlife. Alula Press, Degerby, Finland. 

Simmonds, M. P. and S. J. Isaac.  2007.  The impacts of climate change on marine mammals: 
early signs of significant problems. Oryx 41(1):19-26. 

Southall, B. L., A. E. Bowles, W. T. Ellison, J. J. Finneran, R. L. Gentry, C. R. Greene Jr., D. 
Kastak, D. R. Ketten, J. H. Miller, P. E. Nachtigall, W. J. Richardson, J. A. Thomas, and 
P. L. Tyack.  2007.  Marine mammal noise exposure criteria: Initial scientific 
recommendations. Aquatic Mammals, 33: 411-521. 

Smith, A. W. and A. B. Latham.  1978.  Prevalence of vesicular exanthema of swine antibodies 
among feral animals associated with the southern California coastal zones. American 
Journal of Veterinary Research 39: 291–296. 

Smith, S.C., and H. Whitehead.  1993.  Variations in the feeding success and behaviour of 
Galápagos sperm whales (Physeter macrocephalus) as they relate to oceanographic 
conditions. Can. J. Zool. 71: 1991-1996.  

Smith, T. D., J. Allen, P. J. Clapham, P. S. Hammond, S. Katona, F. Larsen, J. Lien, D. Mattila 
and P. J. Palsbøll.  1999.  An ocean-basin-wide mark-recapture study of the North 
Atlantic humpback whale (Megaptera novaeangliae). Marine Mammal Science, 15(1): 1-
32. 

Smultea M.A. and B. Wursig.  1995.  Behavioral reactions of bottlenose dolphins to the Mega 
Borg oil spill, Gulf of Mexico 1990. Aquat Mamm 21: 171–181. 

Smultea, M.A., J.R. Mobley Jr., D. Fertl, and G.L. Fulling.  2008.  An unusual reaction and other 
observations of sperm whales near fixed-wing aircraft. Gulf and Caribbean Research 
20:75-80. 

Smultea, M. A., T. A. Jefferson, and A. M. Zoidis. 2010. Rare sightings of a bryde’s whale 
(Balaenoptera edeni) and sei whales (B. borealis) (Cetacea: Balaenopteridae) northeast of 
O‘ahu, Hawai‘i. Pacific Science 64(3):449-457. 

SRA.  1988.  Results of the 1986-1987 gray whale migration and landing craft, air cushion 
interaction study program. U.S. Navy  Contr. N62474-86-M-0942. Rep. from SRA 
Southwest Res. Assoc., Cardiff by the Sea, CA, for Naval Facil. Eng. Comm., San Bruno, 
CA. 31 p. 

Stabeno, P. J., N.A. Bond, A.J. Hermann, N.B. Kachel, C.W. Mordy, and J.E. Overland.  2004.  
Meteorology and oceanography of the northern Gulf of Alaska. Continental Shelf 
Research 24:859-897. 

Stearns, S.C.  1992.  The evolution of life histories. Oxford University Press, 249pp. 



84 
 

Steiger, G.H., J. Calambokidis, R. Sears, K.C. Balcomb, and J.C. Cubbage.  1991. Movement of 
humpback whales between California and Costa Rica. Marine Mammal Science, 7: 306-
310. 

Steiger, G. H., J. Calambokidis, J.M. Straley, L.M. Herman, S. Cerchio, D.R. Salden, J. Urban-
R, J.K. Jacobsen, O. von Ziegesar, K.C. Balcomb, C.M. Gabriele, M.E. Dahlheim, S. 
Uchida, J.K.B. Ford, P.L. de Guevara-P., M. Yamaguchi, and J. Barlow. 2008. 
Geographic variation in killer whale attacks on humpback whales in the North Pacific: 
Implications for predation pressure. Endangered Species Research, 4: 247-256. 

Stevick, P. T., N. Øien and D. K. Mattila.  1998.  Migration of a humpback whale (Megaptera 
novaeangliae) between Norway and the West Indies. Marine Mammal Science, 14(1): 
162-166. 

Stevick, P.T., J. Allen, P.J. Clapham, N. Friday, S.K. Katona, F. Larsen, J. Lien, D.K. Mattila, 
P.J. Palsboll, J. Sigurjónsson, T.D. Smith, N. Øien, and P.S. Hammond. 2003.  North 
Atlantic humpback whale abundance and rate of increase four decades after protection 
from whaling. Marine Ecology Progress Series, 258: 263-273. 

Streever, B., R.P. Angliss, R. Suydam, M. Ahmaogak, C. Bailey, S.B. Blackwell, J.C. George, 
C.R. Greene Jr, R.S. Jakubczak and J. Lefevre.  2008.  Progress through collaboration: A 
case study examining effects of industrial sounds on bowhead whales. Bioacoustics 
17:345-347. Special Issue on the International Conference on the Effects of Noise on 
Aquatic Life. Edited By A. Hawkins, A. N. Popper & M. Wahlberg. 

Swingle, W.M., S.G. Barco, T.D. Pitchford, W.A. McLellan, and D.A. Pabst.  1993. Appearance 
of Juvenile Humpback Whales Feeding in the Nearshore Waters of Virginia. Marine 
Mammal Science, 9: 309-315. 

Taylor, A.H., M.B. Jordan, and J.A. Stephens.  1998.  Gulf Stream shifts following ENSO 
events. Nature, 393: 638. 

Tershy, B.R. 1992. Body size, diet, habitat use, and social behavior of Balaenoptera whales in 
the Gulf of California. J. Mamm. 73:477–486. 

Tershy, B.R., D. Breese, and C.S. Strong.  1990.  Abundance, seasonal distribution and 
population composition of balaenopterid whales in the Canal de Ballenas, Gulf of 
California, Mexico. Rep. Int. Whal. Commn. (Special Issue 12):369–375. 

Thompson, P.O. and W.A. Friedl.  1982.  A long term study of low frequency sound from 
several species of whales off Oahu, Hawaii. Cetology 45:1–19. 

Thompson, P. O., L. T. Findley, and O. Vidal.  1992.  20-Hz pulses and other vocalizations of fin 
whales, Balaenoptera physalus, in the Gulf of California, Mexico. Journal of the 
Acoustical Society of America 92:3051-3057. 

Tillman, M. F. 1977. Estimates of population size for the North Pacific sei whale. Report of the 
International Whaling Commission (Special Issue 1):98-106. 

Tomilin. 1957.  Cetacea. Vol. 9 In: Mammals of the USSR and adjacent countries, Heptner, V. 
G. (ed.). Israel Program for Scientific Translations, Jerusalem, 1967.  Scientific 
Translation No. 1124, National Technical Information Service TT 1965-50086.  
Springfield, Virginia (Translation of Russian text published in 51957). 



85 
 

Tyack, P.L.  1981.  Interactions between singing Hawaiian humpback whales and conspecifics 
nearby. Behavioral Ecology and Sociobiology, 8: 105-116. 

U.S. Department of the Navy (Navy). 2001. Overseas Environmental Impact Statement and 
Environmental Impact Statement for Surveillance Towed Array Sensor System Low 
Frequency Action (surtass lfa) Sonar. Technical Report 2: Acoustic Modeling Results. 
Department of the Navy, Chief of Naval Operations; Washington, D.C. 

Wada, S., and K. Numachi. 1991. Allozyme analyses of genetic differentiation among the 
populations and species of the Balaenoptora. Report of the International Whaling 
Commission Special Issue 13:125-154. 

Walker, L.W. 1949. Nursery of the gray whales. Natural History 58: 248-256. 

Wardle, C. S., T.J. Carter, G.G. Urquhart, A.D.F. Johnstone, A.M. Ziolkowski, G. Hampson, and 
D. Mackie.  2001.  Effects of seismic air guns on marine fish. Continental Shelf Research 
21:1005-1027. 

Waring, G.T., D.L. Palka, P.J. Clapham, S. Swartz, M. Rossman, T. Cole, K.D. Bisack and L.J. 
Hansen.  1999.  U.S. Atlantic Marine Mammal Stock Assessments - 1998. NOAA 
Technical Memorandum NMFS-NEFSC: Woods Hole, Mass. 193pp. 

Waring, G.T., D.L. Palka, K.D. Mullin, J.H.W. Main, L.J. Hansen, and K.D. Bisack.  1997.  U.S. 
Atlantic and Gulf of Mexico marine mammal stock assessments—1996. NOAA Tech. 
Memo. NMFS-NE-114: 250pp. 

Waring, G. T., R. M. Pace, J. M. Quintal, C. P. Fairfield and K. Maze-Foley 2004. U.S. Atlantic 
and Gulf of Mexico Marine Mammal Stock Assessments - 2003. NOAA Technical 
Memorandum NMFS-NE-182:Woods Hole, Massachusetts, 300p. 

Waring, G. T., E. Josephson, C. P. Fairfield, and K. Maze-Foley. 2006. U.S. Atlantic and Gulf of 
Mexico Marine Mammal Stock Assessments -- 2005. NOAA Technical Memorandum 
NMFS-NE-194. Woods Hole, Massachusetts. 358p. 

Waring GT, Josephson E, Maze-Foley K, Rosel, PE, editors. 2009. U.S. Atlantic and Gulf of 
Mexico Marine Mammal Stock Assessments -- 2011. NOAA Tech Memo NMFS NE 
219; 598 p. Available from: National Marine Fisheries Service, 166 Water Street, Woods 
Hole, MA 02543-1026, or online at http://www.nefsc.noaa.gov/nefsc/publications/ 

Waring, G.T., E. Josephson, K. Maze-Foley, P.E. Rosel, editors.  2011.  U.S. Atlantic and Gulf 
of Mexico Marine Mammal Stock Assessments -- 2010. NOAA Tech Memo NMFS NE 
219. 598 p.  Available from: National Marine Fisheries Service, 166 Water Street, Woods 
Hole, MA 02543-1026, or online at http://www.nefsc.noaa.gov/nefsc/publications/ 

Wartzok, D., W.A. Watkins, B. Wursig, and C.I. Malme.  1989.  Movements and behaviors of 
bowhead whales in response to repeated exposures to noises associated with industrial 
activities in the Beaufort Sea. (Balaena mysticetus): Whale Research Report, AMOCO 
Production Co., Anchorage, AK. 228p. 

Watkins, W. A. 1977. Acoustic behavior of sperm whales. Oceanus 20:50-58. 

Watkins, W. A. 1981a. Activities and underwater sounds of fin whales. Scientific Reports of the 
Whales Research Institute 33:83-117. 



86 
 

Watkins, W.A. 1981b. Reaction of three species of whales Balaenoptera physalus, Megaptera 
novaeangliae, and Balaenoptera edeni to implanted radio tags. Deep-Sea Research 
28(A):589-599. 

Watkins, W. A. 1986. Whale Reactions to Human Activities in Cape-Cod Waters. Marine 
Mammal Science 2(4):251-262. 

Watkins, W. A. and W. E. Schevill. 1975.  Sperm whales (Physeter catodon) react to pingers. 
Deep-Sea Research 22:123-129. 

Watkins, W.A., K.E. Moore, D. Wartzok, and J.H. Johnson.  1981.  Radio tracking of finback 
(Balaenoptera physalus) and humpback (Megaptera novaeangliae) whales in Prince 
William Sound, Alaska. Deep-Sea Research, 28A: 577-588. 

Watkins, W. A., K. E. Moore, J. Sigujónsson, D. Wartzok and G. N. di Sciara. 1984.  Fin Whale 
(Balaenoptera physalus) tracked by radio in the Irminger Sea. Rit Fiskideildar 8:1-14. 

Watkins, W. A., K. E. Moore and P. Tyack.  1985.  Sperm whale acoustic behavior in the 
southeast Caribbean. Cetology 49:1-15. 

Watkins, W. A., P. Tyack, K. E. Moore, and J. E. Bird. 1987. The 20 Hz signals of finback 
whales (Balaenoptera physalus). Journal of the Acoustical Society of America 8(6):1901-
1912. 

Watwood, S. L., P. J. O. Miller, M. Johnson, P. T. Madsen, and P. L. Tyack.  2006.  Deep-diving 
foraging behaviour of sperm whales (Physeter macrocephalus). Journal of Animal 
Ecology 75:814-825. 

Weilgart, L. and H. Whitehead.  1993. Coda communication by sperm whales (Physeter 
macrocephalus) off the Galápagos Islands. Canadian Journal of Zoology 71(4):744-752. 

Weilgart, L. S. and H. Whitehead.  1997.  Group-specific dialects and geographical variation in 
coda repertoire in South Pacific sperm whales. Behavioral Ecology and Sociobiology 
40:277-285. 

Weinrich, M.T., R.H. Lambertsen, C.S. Baker, M.R. Schilling, and C.R. Belt.  1991. Behavioral 
responses of humpback whales (Megaptera novaeangliae) in the southern Gulf of Maine 
to biopsy sampling. Report of the International Whaling Commission: 91-98. 

Weinrich, M.T., J. Bove, and N. Miller.  1993.  Return and survival of humpback whale 
(Megaptera novaeangliae) calves born to a single female in three consecutive years. 
Marine Mammal Science, 9: 325-328. 

Whitehead, H.  1987.  Updated status of the humpback whale, Megaptera novaeangliae, in 
Canada. Canadian Field-Naturalist, 101: 284-294. 

Whitehead, H.  1990.  Assessing sperm whale populations using natural markings: recent 
progress. Rep. Int. Whal. Commn (Spec. Iss. 12): 377-382. 

Whitehead, H. 1997. Sea surface temperature and the abundance of sperm whale calves off the 
Galapagos Islands: Implications for the effects of global warming. Report of the 
International Whaling Commission 47:941-944.-Sc/48/O30). 

Whitehead, H.  2002.  Estimates of the current global population size and historical trajectory for 
sperm whales. Marine Ecology Progress Series 242: 295-304. 



87 
 

Whitehead, H.  2003.  Sperm whales: social evolution in the ocean. University of Chicago Press, 
Chicago, Illinois. 431p. 

Whitehead, H., and T. Arnbom. 1987. Social organization of sperm whales off the Galapagos 
Islands, February-April 1985. Canadian Journal of Zoology 65(4):913-919. 

Whitehead, H., and J. Gordon.  1986.  Methods of obtaining data for assessing and modelling 
sperm whale populations which do not depend on catches. Rep. Int. Whal. Commn (Spec. 
Iss. 8):149-1165. 

Whitehead, H., J. Gordon, E.A. Mathews, and K.R. Richard.  1990.  Obtaining skin samples 
from living sperm whales. Marine Mammal Science, 6: 316-326. 

Whitehead, H., A. Coakes, N. Jaquet, and S. Lusseau.  2008.  Movements of sperm whales in the 
tropical Pacific. Marine Ecology Progress Series 361:291-300. 

Wiley, D.N., R.A. Asmutis, T.D. Pitchford, and D.P. Gannon.  1995.  Stranding and mortality of 
humpback whales, Megaptera novaeangliae, in the mid-Atlantic and southeast United 
States, 1985-1992. Fishery Bulletin, 93: 196-205. 

Williams, R., D. E. Bain, J. K. B. Ford, and A. W. Trites. 2002a.  Behavioural responses of male 
killer whales to a “leapfrogging” vessel. (Orcinus orca). Journal of Cetacean Research 
and Management 4(3):305-310. 

Williams, R., R.W. Trites, and D. E. Bain. 2002b.  Behavioural responses of killer whales 
(Orcinus orca) to whale-watching boats: Opportunistic observations and experimental 
approaches. Journal of Zoology 256(2):255-270. 

Winn, H.E. and N.E. Reichley.  1985.  Humpback whale, Megaptera novaeangliae (Borowski, 
1781). Handbook of Marine Mammals. Volume 3: The Sirenians and Baleen Whales. 
Sam H. Ridway and Sir Richard Harrison, eds.: 241-273. 

Winn, H.E., C.A. Price, and P.W. Sorensen.  1986.  The distributional biology of the right whale 
(Eubalaena glacialis) in the western North Atlantic. Report of the International Whaling 
Commission: 129-138. 

Winn, H. E., J. D. Goodyear, R. D. Kenney, and R. O. Petricig. 1995.  Dive patterns of tagged 
right whales in the Great South Channel. Continental Shelf Research 15:593-611. 

Wise, J. P., Sr., R. Payne, S.S. Wise, C. LaCerte, J. Wise, C. Gianos Jr, W.D. Thompson, C. 
Perkins, T. Zheng, C. Zhu, L. Benedict, and I. Kerr.  2009.  A global assessment of 
chromium pollution using sperm whales (Physeter macrocephalus) as an indicator 
species. Chemosphere, 75(11): 1461-1467. 

Wishner, K., E. Durbin, A. Durbin, M. Macaulay, H. Winn, and R. Kenney.  1988. Copepod 
patches and right whales in the Great South Channel off New England. Bulletin of 
Marine Science, 43: 825-844. 

Withrow, D.E., G.C. Bouchet, and J.J. Jones. 1985. Responses of Dall’s porpoise (Phocoenoides 
dalli) to survey vessels in both offshore and nearshore waters: results of 1984 research. 
Int. N. Pacific Fish. Comm. Doc. U.S. Natl. Mar. Mamm. Lab., Seattle, WA. 16pp. 

Wormuth, J. H., P. H. Ressler, R. B. Cady, and E. J. Harris.  2000.  Zooplankton and 
micronekton in cyclones and anticyclones in the northeast Gulf of Mexico. Gulf of 



88 
 

Mexico Science 18(1):23-34. 

Wright, A. J., N. Aguilar Soto, A. L. Baldwin, M. Bateson, C. Beale, C. Clark, T. Deak, E. F. 
Edwards, A. Fernández, A. Godinho, L. Hatch, A. Kakuschke, D. Lusseau, D. Martineau, 
L.M. Romero, L. Weilgart, B. Wintle, G. Notarbartolo-di-Sciara, and V. Martin. 2008. 
Do marine mammals experience stress related to anthropogenic noise?  International 
Journal of Comparative Psychology, 20: 274-316. 

Würsig, B., S.K. Lynn, T.A. Jefferson, and K.D. Mullin.  1998.  Behaviour of cetaceans in the 
northern Gulf of Mexico relative to surveys ships and aircraft. Aquatic Mammals, 24(1): 
41-50. 

Würsig, B., T. A. Jefferson and D. J. Schmidly.  2000.  The marine mammals of the Gulf of 
Mexico.Texas A&M University Press, College Station. 232p. 

Yablokov, A. V., V. A. Zemsky, Y. A. Mikhalev, V. V. Tormosov, and A. A. Berzin.  1998.  
Data on Soviet whaling in the Antarctic in 1947–1972 (population aspects). Russian 
Journal of Ecology 29: 38–42. 

Yablokov, A. V., and V. A. Zemsky.  2000.  Soviet whaling data (1949-1979). Center for 
Russian Environmental Policy, Moscow. 

Zerbini, A.N., J.M. Waite, J.L. Laake, and P.R. Wade.  2006.  Abundance, trends and 
distribution of baleen whales off Western Alaska and the central Aleutian Islands.  Deep 
Sea Res. I 53(11):1772-1790. 


	16473 biop sig page (1)
	16473 Whale Survey East Coast Final 4-24-12

