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5-YEAR REVIEW 

Sperm Whale/Physeter macrocephalus 

 

1.0 GENERAL INFORMATION 

 

1.1  Reviewers:  

 

Lead Regional or Headquarters Office: 

Therese Conant, Office of Protected Resources (OPR), 301-427-8456 

Amanda Eplett, Intern, OPR 

 

1.2 Methodology used to complete the review: 

 

A 5-year review is a periodic analysis of a species’ status conducted to ensure that the listing 

classification of a species as threatened or endangered on the List of Endangered and Threatened 

Wildlife and Plants (List) (50 CFR 17.11 – 17.12) is accurate.  The 5-year review is required by 

section 4(c)(2) of the Endangered Species Act of 1973, as amended (ESA).  To achieve this, the 

National Marine Fisheries Service (NMFS) Office of Protected Resources led the 5-year review 

with input from NMFS regional offices and science centers.  The following staff provided 

comments on the draft: Jay Barlow, Ph.D., Southwest Fisheries Science Center; Peter Corkeron, 

Ph.D., Northeast Fisheries Science Center; Sally Mizroch, Alaska Fisheries Science Center; 

Keith Mullin, Ph.D. and Patricia Rosel, Ph.D., Southeast Fisheries Science Center; Greg Silber, 

Ph.D., Office of Protected Resources; Monica DeAngelis and Penny Ruvelas, West Coast 

Region; and Nancy Young, Pacific Islands Regional Office.  We relied on the last 5 year review 

(NMFS 2009), final recovery plan (NMFS 2010a), peer reviewed publications, government and 

technical reports, conference papers, dissertations, and theses.  Information was gathered through 

November 2014.  The information on the sperm whale biology and habitat, threats, and 

conservation efforts were summarized and analyzed in light of the recovery criteria and the ESA 

section 4(a)(1) factors (see Section 2.3.2.1) to determine whether a reclassification or delisting is 

warranted (see Section 3.0).  If the recovery criteria do not meet the guidelines for recovery 

criteria laid out in the 2006 NMFS Interim Recovery Planning Guidance or do not adequately 

address new threats, then we use the criteria only as a benchmark for measuring progress toward 

recovery.  

 

1.3 Background: 

 

1.3.1 FR Notice citation announcing initiation of this review:   

79 FR 53171, September 8, 2014. 
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1.3.2 Listing history: 

 

Original Listing    

FR notice: 35 FR 8495 

Date listed: June 2, 1970 

Entity listed: Sperm Whale (Physeter macrocephalus) 

Classification: Endangered 

 

1.3.3 Associated rulemakings:  

 

None 

 

1.3.4 Review history:  

 

S.L. Perry, 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, pp. 44-51. Department of Commerce.  

  

H.W. Braham. 1991. Endangered whales: Status update. Unpubl. Doc. 56p., on file at Natl. Mar. 

Mammal Lab. NMFS, NOAA, 7600 Sand Point Way N.E., Seattle, WA 98115.  

  

H.W. Braham. 1984. The status of endangered whales: An overview. Marine Fisheries Review, 

46:4, pp. 2-6.  

 

M.E. Gosho, D.W. Rice, and J.M. Breiwick 1984. The sperm whale, Physeter macrocephalus. 

Marine Fisheries Review, 46:4, pp. 54-64. 

 

NMFS. 2009.  Sperm Whale (Physeter macrocephalus) 5-Year Review: Summary and 

Evaluation.  

 

1.3.5 Species’ recovery priority number at start of 5-year review: 

 

 “5”, reflecting a moderate magnitude of threat, high recovery potential, and the presence of 

conflict.  

 

1.3.6 Recovery plan or outline  
 

Name of plan or outline: Final Recovery Plan for the Sperm Whale 

Date issued: December 2010 
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2.0 REVIEW ANALYSIS 

 

2.1 Application of the 1996 distinct population segment (DPS) policy 

 

2.1.1 Is the species under review a vertebrate? 

 

Yes 

  

2.1.2 Is the species under review listed as a DPS?   

 

No 

 

2.1.4 Is there relevant new information for this species regarding the application of the 

DPS policy?   
 

 __X__ Yes 
 

On December 9, 2011, we received a petition from WildEarth Guardians to list the sperm 

whale population in the Gulf of Mexico as an endangered or threatened Distinct Population 

Segment (DPS) under the ESA.  We found the petitioned action may be warranted (78 FR 

19176, March 29, 2013).  We conducted a status review, and based on the best scientific and 

commercial information, including data on genetics, size, behavior, and regulatory 

mechanisms, we found the available information does not indicate the sperm whales in the 

Gulf of Mexico are discrete from other populations of the sperm whale.  We found that the 

Gulf of Mexico population of the sperm whale does not meet the DPS Policy criteria for 

qualifying as a DPS; thus, we found the petitioned action was not warranted (78 FR 68032, 

November 13, 2013).   

 

Globally, the population structure of sperm whales has not been adequately defined.  Most 

existing models have assigned arbitrary boundaries, often based on patterns of historic whaling 

activity and catch reports, rather than on biological evidence.  Populations are often divided and 

discussed on an ocean basin level.  There is a need for an improved understanding of the genetic 

differences among and between populations.  Although there is new information since the last 

review, existing knowledge of population structure for this broadly distributed species remains 

poor.  New information that is available is currently insufficient to identify units that are both 

discrete and significant to the survival of the species.   

 

2.2 Recovery Criteria 

 

2.2.1 Does the species have a final, approved recovery plan containing objective, measurable 

criteria?  

  

Yes  

 



 

 4 

2.2.2 Adequacy of recovery criteria. 

   
2.2.2.1 Do the recovery criteria reflect the best available and most up-to date information on the 

biology of the species and its habitat? 

  

Yes 

 

2.2.2.2 Are all of the 5 listing factors that are relevant to the species addressed in the recovery 

criteria (and is there no new information to consider regarding existing or new threats)?  

    

Yes 

 

2.2.3  List the recovery criteria as they appear in the recovery plan, and discuss how each   

criterion has or has not been met, citing information  
 

Downlisting Objectives and Criteria 

 

Objective 1: Achieve sufficient and viable populations in all ocean basins. 

 

Criterion: Given current and projected threats and environmental conditions, the sperm whale 

population in each ocean basin in which it occurs (Atlantic Ocean/Mediterranean Sea, Pacific 

Ocean, and Indian Ocean) satisfies the risk analysis standard for threatened status (has no more 

than a 1% chance of extinction in 100 years) and the global population has at least 1,500 mature, 

reproductive individuals (consisting of at least 250 mature females and at least 250 mature males 

in each ocean basin).  Mature is defined as the number of individuals known, estimated, or 

inferred to be capable of reproduction.   Any factors or circumstances that are thought to 

substantially contribute to a real risk of extinction that cannot be incorporated into a Population 

Viability Analysis will be carefully considered before downlisting takes place. 

 

Status: Efforts to attain this criterion are ongoing, but data are insufficient for many stocks to 

determine population abundance and trends and to conduct the risk analysis.  The most recent 

stock assessment reports provide a best estimate of abundance of 2,288, with a minimum 

population estimate of 1,815 sperm whales in the western North Atlantic stock.  Data are 

insufficient to determine a population trend for the U.S. North Atlantic sperm whale stock.  For 

the northern Gulf of Mexico, the best estimate of abundance for sperm whales is 763, with a 

minimum population estimate of 560 sperm whales.  Data are insufficient to determine a 

population trend for the northern Gulf of Mexico sperm whale stock.  For the Pacific Ocean, the 

population is estimated between 26,300-32,100 for the North Pacific and 14,800-34,600 for the 

eastern tropical Pacific.  The California/Oregon/Washington stock best estimate of abundance is 

2,106 whales, with a minimum population estimate of 1,332.  The Hawaii stock best abundance 

estimate is 3,354, with a minimum population estimate of 2,539.  There is currently no reliable 

estimate about the minimum population estimate for the Northeast Pacific stock.  For the Indian 

Ocean, there are no currently reliable estimates.  Approximately 400 whales are estimated to 

occur in the Mediterranean Sea.  There is currently no accepted recent abundance estimate for 

sperm whales worldwide.  The most recent estimate is from 2002, which indicated a global 

population of between 300,000-450,000 sperm whales.  See Section 2.3.1.2 for further details.  
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Objective 2: Ensure significant threats are addressed. 

 

Criteria: Factors that may limit population growth (i.e., those that are identified in the threats 

analysis under relative impact to recovery as high or medium or unknown) have been identified 

and are being or have been addressed to the extent that they allow for continued growth of 

populations.  Specifically, the factors in 4(a)(l)
1
of the ESA are being or have been addressed as 

follows: 

 

Factor A: The present or threatened destruction, modification, or curtailment of a 

species’ habitat or range. 

 

A1. Effects of reduced prey abundance due to climate change continue to be investigated and 

action is being taken to address the issue, as necessary.  

 

Status: The impact climate change is having on sperm whale prey continues to be studied.  The 

range of sperm whales is vast; consequently, the sperm whale may be more resilient to climate 

change than a species with a narrower range.  Continued research is needed to provide 

quantitative data on possible changes that could occur as a result of climate change, and what 

impacts, if any, would occur to sperm whales and their prey. See Section 2.3.2.1 for further 

detail. 

 

A2. Effects of anthropogenic noise continue to be investigated and actions taken to minimize 

potential effects, as necessary. 

 

Status:  Efforts to attain this criterion are ongoing.  Anthropogenic noise is believed to be 

increasing in the marine environment as a result of oil and gas exploration, shipping, 

construction, and naval exercises.  Possible negative impacts to sperm whales include changes in 

foraging behavior.  NMFS developed draft guidance for assessing the effects of anthropogenic 

sound on marine mammal species, including the sperm whale (78 FR 78822; December 27, 

2013).  The guidance provides updated received levels, or thresholds above which individual 

marine mammals are predicted to experience changes in their hearing sensitivity (either 

temporary or permanent) for all underwater anthropogenic sound sources.  This guidance is 

intended to be used by NOAA analysts, managers, and other relevant user groups and 

stakeholders, including other federal agencies, when seeking to determine whether and how their 

activities are expected to result in particular types of impacts to marine mammals via acoustic 

exposure.  NMFS is reviewing updated information on acoustic impacts since the 2013 release of 

the draft guidance and will incorporate the new information prior to finalizing the guidance.  

NMFS also developed a cetacean and sound mapping tool to predict wide-ranging, long-term 

underwater noise contributions from multiple human activities.  Information can be found at: 

http://cetsound.noaa.gov/.  See Section 2.3.2 for additional information on actions taken to 

minimize effects of anthropogenic noise. 
 

                                                 
1
 Factor C—disease or predation and Factor  E—other natural or manmade factors affecting its continued 

existence—were not considered a threat to the sperm whale and recovery criteria were not developed for these 

factors (NMFS 2010a).  

http://cetsound.noaa.gov/
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A3. Competition with fisheries for resources is being addressed through fishery management 

plans and other measures. 

 

Status: Efforts to attain this criterion are ongoing.  Currently, there are no management plans 

factoring in predation by sperm whales when setting catch limits for fisheries.  See Section 

2.3.2.1 for further detail. 

 

A4. Effects of oil spills and contaminants are determined to not affect the potential for continued 

growth or maintenance of sperm whale populations. 

 

Status: Efforts to attain this criterion are ongoing.  The 2010 Deepwater Horizon oil spill 

released millions of gallons of oil into the Gulf of Mexico.  The impacts of the oil on sperm 

whales in the Gulf of Mexico are unknown.  In addition, chemical dispersants were applied to the 

surface and at depth to mitigate the impacts of the oil leak.  It was determined that the 

dispersants used had the potential to be cytotoxic and genotoxic to sperm whale skin cells.  

Depending on concentrations whales were exposed to, it is plausible that the dispersants could 

have severe impacts on reproduction in females and to the health of the whales exposed.  After 

the spill, the observed mortality was assumed to underrepresent the number of whales actually 

impacted because not all dead whales are detected (e.g., strand on shore).  Not only is the 

mortality underestimated, but the long-term impacts of the exposure to oil on the population are 

unknown. See Section 2.3.2.1 for further detail.  

 

Factor B: Overutilization for commercial, recreational, or educational purposes. 

 

B1. Management measures are in place to ensure that any direct harvest (commercial, 

subsistence, and scientific) is at a sustainable level. 

 

Status: Efforts to attain this criterion are ongoing.  In 1982, the International Whaling 

Commission (IWC) adopted a temporary moratorium on the commercial whaling of all whale 

species, having taken effect in 1986.  Iceland and Norway formally reserved their position on the 

moratorium, although these nations expressed no interest in taking sperm whales.  Canada 

withdrew its membership in the IWC, but has continued to ban whaling for the large baleen 

whales (with the exception of the bowhead whale, Balaena mysticetus) in its territorial waters 

under domestic regulations.  A resumption of sperm whaling in Canada is unlikely in the near 

future.  There is no evidence that whaling will resume in the Portuguese islands of the Azores 

and Madeira.  However, Japan continues to hunt sperm whales reportedly for the purposes of 

scientific research under Article VIII of the International Convention for the Regulation of 

Whaling.  The number taken is unknown, but is likely relatively small.  See Section 2.3.2.2 for 

further detail. 

 

Factor D: The inadequacy of existing regulatory mechanisms. 

 

D1. Ship collisions continue to be investigated and actions taken to minimize potential 

effects, as necessary. 
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Status: Efforts to attain this criterion are ongoing.  Within specified areas of the U.S. waters in 

the Atlantic Ocean, NMFS established ship speed restrictions, mandatory ship reporting systems, 

recommended routes, related routing measures, and an extensive sighting advisory system.  

While these measures were designed to protect right whales specifically, they are expected to 

also reduce, to some extent, the risk of ship strikes to other marine mammals, including sperm 

whales (NMFS 2008a).  In 2013, shipping lanes off Los Angeles/Long Beach and San Francisco, 

California, were modified to reduce the probability of colliding with large whales.  While these 

measures were designed to protect mainly humpbacks, blue and fin whales, they are expected to 

also reduce the risk of ship strikes to other marine mammals, including sperm whales. 

 

Ship collisions continue to be recorded when reported or observed and necropsies on dead 

whales are performed when possible to confirm cause of death.  Federal agencies continue to 

consult under the ESA with NMFS on federally funded or permitted actions and take measures to 

reduce the likelihood of ship strikes.  Observers are being placed on ships to monitor whale 

presence and avoid collisions.  See Section 2.3.2.1 for additional information. 

 

Delisting Objectives and Criteria 

 

Because we have not met the downlisting objectives and criteria (discussed above and see 

Section 3.1 Recommended Classification) for the sperm whale, an analysis of the delisting 

objectives and criteria was not required.  The criteria for delisting the sperm whale are listed in 

the 2010 final recovery plan for the sperm whale, which is available at: 

http://www.nmfs.noaa.gov/pr/recovery/plans.htm. 

 

2.3 Updated Information and Current Species Status  

 

2.3.1 Biology and Habitat 

 

2.3.1.1 New information on the species’ biology and life history:  

 

Demographic Features (age structure, sex ratio, family size, birth rate, age at mortality, 

mortality rate, etc.) 

Sperm whales aggregate in groups of various sizes often involving adult females (some related 

and some not related to each other) travelling with their sub-adult offspring.  These social units 

may unite with other groups and multiple groups may comprise a clan (reviewed by Whitehead 

et al. 2012).  Males eventually leave these groups, after which they live in "bachelor schools." 

The cohesion among males within a bachelor school declines as the animal ages, although 

bonding is evident by the fact that males mass strand (Bond 1999), and immature males in the 

Mediterranean Sea were found to form long-term relationships (Pace et al. 2014).  During their 

prime breeding period and old age, male sperm whales are essentially solitary (Christal and 

Whitehead 1997).  Full maturation in males usually occurs 20 years of age or older.  Females 

usually begin ovulating at 7-13 years of age, with some females in the southeast Pacific Ocean 

ovulating as early as 6.5 years of age (Clarke et al. 2011).  Since females within a group often 

come into estrus synchronously, males need not remain within proximity to females for an entire 

season to maximize breeding opportunities (Best and Butterworth 1980).  In the northern 

hemisphere, peak breeding season for sperm whales occurs between March/April and June, and 
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in the southern hemisphere, peak breeding season occurs between October and December (Best 

et al. 1984).  In both cases, some mating activity takes place earlier or later.  Inter-birth interval 

is generally 4-6 years for prime-aged females and, apparently, much longer for females over 40 

years of age; although, females rarely become pregnant after the age of 40 (Best et al. 1984; 

Whitehead 2003).  The average calving interval in South Africa ranges from 5.2 (west coast) to 

6.0-6.5 years (east coast) (Best et al. 1984).  Clarke at al. (2011) suggested that a 4-year 

reproductive cycle existed for the southeast Pacific Ocean sperm whale population.  Gestation 

lasts well over a year, with credible estimates of the normal duration ranging from 15 months to 

more than a year and a half.  Lactation lasts at least two years.  Nursing females may change 

vocal repertoires (see Hearing and Vocalization discussion below) and may separate from the 

basic social unit as these individuals care for young offspring (Gero et al. 2013).  Despite the 

apparent isolation of nursing females and offspring, alloparental care has been well documented 

in sperm whales, with many individuals from the entire clan participating in caring for newborns 

and calves.  Females may also participate in allonursing--feeding calves that are not their own 

(Gero et al. 2009).  

 

Hearing and Vocalizations 

Sperm whales may possess better low frequency hearing than some of the other odontocete 

species, although not as low as many baleen whale species (Ketten 1992).  Underwater 

audiograms indicate that most odontocetes hear best at frequencies above 10 kHz. Generally, 

most of the acoustic energy in sperm whale clicks is at frequencies below 4 kHz, although 

diffuse energy up to and above 20 kHz has been reported (Thode et al. 2002), with source levels 

up to 236 dB re 1 μPa-m for a presumed adult male (Mohl et al. 2003).  Ridgway and Carder 

(2001) measured low-frequency-high-amplitude clicks with peak frequencies at 500 Hz to 3 kHz 

from a sperm whale neonate.  The clicks of neonate sperm whales are very different than those 

produced by adults in that they are of low directionality, long duration, and low frequency, with 

estimated source levels between 140 and 162 dB re 1 μPa-m (Madsen et al. 2003). 

 

Sperm whales produce four types of clicks—codas, usual clicks, creaks, and slow clicks.  

Distinctive, short, patterned series of clicks, called codas, are associated with social behavior and 

interactions within social groups (Weilgart and Whitehead 1993).  Codas are shared among 

individuals of a social unit and are considered to be primarily for intra-group communication to 

reinforce social bonds (Weilgart and Whitehead 1997; Rendell and Whitehead 2004; Shulz et al. 

2008).  Certain acoustic features of codas may be unique to individual sperm whales within the 

social unit, allowing for distinction among members (Antunes et al. 2011).  In the Mediterranean 

Sea, mature males who have left their social units will use codas upon encountering other males, 

a behavior not reported for sperm whales in the Pacific and Atlantic Oceans (Frantiz and 

Alexiadou 2008).  Usual clicks and creaks (also called buzzes) are heard most often when sperm 

whales engage in foraging/diving behavior (Miller et al. 2004; Zimmer et al. 2005).  These clicks 

may be associated with echolocation used in feeding, contact calls for communication, and 

orientation during dives.  Rapid-click creaks are associated with rapid maneuvers during 

foraging believed to be an echolocation signal adapted for prey capture (Miller et al. 2004).  

Sperm whales may switch between coda clicks used for communication to echolocation clicks 

used for foraging through anatomical adaptations in the right nasal passage where they can 

change the volume and distribution of air and control the sound energy emission (Huggenberger 

et al. 2014).  Slow clicks are believed to be only produced by males (Mullins et al. 1998).  Slow 
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clicks (>2-s duration) are detectable at a greater distance (up to 37 km) than quicker “usual” 

clicks, detectable at 18.5 km (Barlow and Taylor 2005).  Slow clicks have lower source levels 

than usual clicks suggesting they are unlikely to be used for echolocating or debilitating prey 

(Oliveira et al. 2013).  Indeed, solitary males foraging in the Arctic Ocean only occasionally used 

slow clicks and never during rapid maneuvers associated with prey capture, or during a deep (> 

370 m) dive.  Slow clicks were mainly recorded during an ascent or at the surface, indicating 

slow clicks are likely used to communicate with other whales rather than foraging (Oliveira et al. 

2013).    

 

In the South Pacific Ocean, sperm whales from multiple social units temporarily form large 

aggregations (or clans), sometimes exceeding thousands of females, with individuals exhibiting 

similar foraging strategies and codas.  Social units from different clans often overlap in 

distribution and share mitochondrial deoxyribonucleic acid (mtDNA) haplotypes, which suggests 

that distinct coda dialects are culturally transmitted (Rendell et al. 2012; reviewed by Whitehead 

et al. 2012).  The formation of these large clans in the Pacific Ocean is possibly to cope with 

predation pressure by killer whales (Orcinus orca) (reviewed by Whitehead et al. 2012).  

However, other factors may drive the formation of these large clans including differences in 

oceanographic conditions, effects of whaling, and social learning (reviewed by Whitehead et al. 

2012).  In contrast to the Pacific Ocean sperm whales, in the North Atlantic Ocean, sperm whales 

tend to aggregate in small social units and exhibit calving rates much higher than in other ocean 

basins, likely due, in part, to the lack of predation pressure by killer whales (reviewed by 

Whitehead et al. 2012).  The duration which groups stayed together also varies by ocean basin: 

Gulf of Mexico sperm whales aggregate in groups for longer periods than do sperm whales in the 

Pacific Ocean (Richter et al. 2008; Ortega-Ortiz et al. 2012).  The duration and composition of 

these groups in the Gulf of Mexico was not associated with kinship and may be more closely 

correlated with resource availability (Ortega-Ortiz et al. (2012).   

 

In the North Pacific Ocean, codas of sperm whales in two locations off Japan (Kumano coast and 

Ogasawara Islands) separated by over 1,000 km differed by number of clicks per coda, duration 

of coda, suggesting a geographic segregation of clans (Amano et al. 2014).  Oceanic conditions 

varied greatly between the two locations.  Off the Kumano Coast, the Kuroshio Current flows 

northeastward and a similarly strong current is lacking off Ogasawara Islands.  The differences 

in local conditions likely control prey type and distribution, which may require different foraging 

strategies for sperm whales in these areas (Amano et al. 2014).   

 

Schulz et al. (2011) investigated individual vocal production within a sperm whale social unit 

and found that vocalization repertoires between individual whales were statistically 

indistinguishable from each other.  However, calf and mother pairs exhibited vocalizations that 

differed from other group members, suggesting that adults with calves rely on these calls to 

locate each other or to establish/maintain social bonds.  Parents and their offspring could signal 

identity, age-class, or reproductive status using distinctive codas.  Adult females were able to 

switch from the social unit coda to a distinctive repertoire to locate and suckle their calf during 

lactation.  The adult females also had higher rates of coda production and higher rates of coda 

overlap, indicating the importance of codas among adult females, possibly to establish or 

maintain social bonds.  More study is needed to understand this female vocal repertoire as it 

relates more generally to the species (Schulz et al. 2011).   
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Natural Mortality 

Causes of natural mortality include predation, competition, and disease; however, there are many 

documented cases of strandings for which the cause of the stranding is unknown.  Sperm whales 

can live to ages in excess of 60 years (Rice 1989).  The long-standing opinion has been that adult 

sperm whales are essentially free from the threat of natural predators (Rice 1989; Dufault and 

Whitehead 1995).  Although an observation off California showed a prolonged and sustained 

attack by killer whales on a pod of sperm whales (mainly adult females) resulting in the severe 

wounding and death of some of the individuals (Pitman et al. 2001), the paucity of documented 

attacks by killer whales indicates that predation risk to sperm whales is low.  

 

Entire schools of sperm whales occasionally strand, but the causes of this phenomenon are 

uncertain (Rice 1989).  Although the causes of strandings of cetaceans in general are not well 

known, there is some evidence that sperm whale strandings may be linked to changes in wind 

patterns which result in colder and presumably nutrient-rich waters being driven closer to the 

surface, driving their prey to shallower waters (Evans et al. 2005).  Lunar cycles, possibly as a 

result of the effects that light levels have on the vertical migration of their prey species (Wright 

2005), and solar cycles, possibly by creating variations in the Earth’s magnetic field (Vanselow 

and Ricklefs 2005; Vanselow et al. 2009), may also play a role.  However, the precise 

mechanisms are unclear. 

 

Little is known about the role of disease in determining sperm whale natural mortality rates 

(Lambertsen 1997).  Only two naturally occurring diseases that are likely to be lethal have been 

identified in sperm whales: myocardial infarction associated with coronary atherosclerosis, and 

gastric ulceration associated with nematode infection (Lambertsen 1997).  Moore and Early 

(2005) identified a type of cumulative bone necrosis in sperm whales that might be caused by the 

formation of nitrogen bubbles following deep dives and subsequent ascents, which is essentially 

decompression sickness, or what is called the "bends" in humans. 

 

2.3.1.2 Abundance, population trends (e.g. increasing, decreasing, stable): 

 

Whitehead (2002) estimated sperm whale abundance to be approximately 300,000-450,000 

worldwide.  These estimates are based on extrapolating surveyed areas to unsurveyed areas and 

thus, are not necessarily accurate; however, without a systematic survey design, these are 

probably the best available and most current estimates of global sperm whale abundance.  No 

other attempts have been made to estimate worldwide sperm whale abundance although there are 

stock assessments and surveys done for smaller ranges. 

 

Historical data on the killing of sperm whales are important in understanding the current global 

population status.  From 1900 to 1999, sperm whales were the second most hunted whale 

species, with 761,523 hunted globally by industrial whaling operations.  From 1969 to 1975, 

sperm whale kills exceeded 10,000 whales each year (Rocha et al. 2014).   Unfortunately, 

whaling data from the Soviet Union have been underreported, and illegal whaling continued in 

both hemispheres from the 1950s through the 1970s (Rocha et al. 2014).  From 1948 to 1979, the 

total global catch (all species) for the Soviet Union was 534,204 whales, of which 178,811 were 

not reported (Rocha et al. 2014).  During that same period, sperm whale Soviet catch data in the 

North Pacific, showed 157,680 sperm whales were hunted of which 25,175 were unreported 
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(Ivaschchenko et al. 2014).  Areas with high catch levels included the Gulf of Alaska, central 

Pacific, and southern Kurils/northern Japan.  Extensive illegal catches of female sperm whales in 

higher latitudes likely continues to impact the populations in the North Pacific (Mizroch and 

Rice 2013; Ivaschchenko et al. 2014).  The impact of historical hunting on females is of note.  

Mizroch and Rice (2013) noted that few matrilineal groups are currently found in Alaskan waters 

and Ivashchenko et al. (2014) noted that large aggregations of sperm whales are seldom seen 

during current surveys.  Because of the extensive illegal catch of female sperm whales (Berzin 

2008; Ivashchenko et al. 2014), Mizroch and Rice (2013) suggested that the effects of the 

removal of so many females may be disproportionately negative because of the importance of 

females in sperm whale social interactions (Whitehead et al. 1997; Best et al. 1984).   

 

Atlantic Ocean 

There are no reliable estimates of total sperm whale abundance in the entire western North 

Atlantic Ocean.  Based on the sum of several aerial and shipboard surveys conducted within the 

U.S. Exclusive Economic Zone (EEZ) from June-August 2011, abundance for the North Atlantic 

U.S. population was estimated to be 2,288 (CV=0.28), but is likely an underestimate as it was 

not corrected for whales that were not visible on the surface (NMFS 2014a).  The minimum 

population estimate for the western North Atlantic population is 1,815 (NMFS 2014a).  Data are 

insufficient to determine a population trend for the U.S. North Atlantic sperm whale stock.   

Other estimates that encompass populations that may not enter U.S. waters have been conducted 

for the North Atlantic Ocean.  In 2001, based on combined line-transect and cue-count shipboard 

survey, which corrected for whales below the surface assuming 20% surface time and two deep 

dives per hour, Gunnlaugsson et al. (2009) estimated 11,185 (CV=0.34) sperm whales in the 

North Atlantic.  Between 2003 and 2011, nine organizations collected abundance estimates of 

the sperm whale for the North Atlantic Marine Demarcation and the waters of the Bay of Biscay. 

The best estimate for sperm whale abundance during that time is 865 whales (95% CI: 767-

1,041; Vázquez et al. 2013).  

 

For U.S. stocks in Puerto Rico and the U.S. Virgin Islands, sightings of sperm whales are too few 

to derive abundance estimates and population trends (NMFS 2010b).  In the eastern Caribbean, 

Whitehead and Gero (in review) used empirical data on mortality and fecundity of individuals in 

the population to estimate trends.  The population growth rate was estimated to be   r=+3.4%/yr 

(95% c.i. 1.0% to 5.7%/yr) from 1984 through 2012, suggesting an increase in adults (except 

mature males) from about 118 in 1990 to 245 in 2012.  However, this observed rate of increase is 

tempered by the projected negative population growth rate of   rs=-2.7%/yr (95% c.i. -5.4% to -

0.4%/yr), suggesting mortality is not compensated by fecundity for the eastern Caribbean 

population.  Whitehead and Gero (in review) hypothesize that the observed rate of increase in the 

area may be due to immigration of social units from other areas because foraging conditions are 

more favorable in the eastern Caribbean Sea.  High mortality in the Caribbean population may 

act as a population sink.  That is, as individuals migrate to the area, they will not deplete food 

resources because these immigrants die at a higher rate, and favorable resource conditions 

remain intact for future immigrants.  Thus, a positive observed rate of increase may not be an 

indication of a healthy population.  Analyzing individual members of a population and 

estimating current and future trends are important in understanding discrete and metapopulation 

trends (Whitehead and Gero in review).    
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Reeves et al. (2011) estimated that 1,179 sperm whales were caught during whaling in the Gulf 

of Mexico from the 1780s–1870s.   Evidence suggests that most of these whales were juveniles 

and females.  For the Northern Gulf of Mexico stock, abundance was estimated at 763 

(CV=0.38) whales based on a summer 2009 oceanic survey in the Northern Gulf of Mexico from 

the 200-m isobath to the seaward extent of the U.S. EEZ.  The minimal population estimate is 

560 sperm whales (NMFS 2012a).  The current data are insufficient to determine population 

trends.   

 

Mediterranean Sea 

In the Mediterranean Sea, the sperm whale population is estimated to be less than 2,500 mature 

individuals (Notarbartolo di Sciara et al. 2012).  Based on photo-identification from 1990-2008, 

the average abundance estimate was approximately 400 mature individuals (Rendell et al. 2014).  

Current abundance estimates are thought to be well below historical abundance, although 

specific data are lacking (Reeves and Notarbartolo di Sciara 2006).     

 

Pacific Ocean 

For the North Pacific Ocean, prior to whaling, abundance was reported to be 1,260,000, which 

was reduced to 930,000 sperm whales by the late 1970s (Rice 1989).  In 1997, based on a 

combined visual and acoustic line-transect survey, sperm whales were estimated in the 

northeastern temperate North Pacific to be 26,300 (CV=0.81) based on visual sightings, and 

32,100 (CV=0.36) based on acoustic detections and visual group size (Barlow and Taylor 2005).  

The sperm whale population along the U.S. west coast was estimated to be 971 (CV = 0.31) 

whales based surveys conducted in 2005 and 2008 (Carretta et al. 2013).  Data collected on 

sperm whales observed in the California Current off the U.S. coast during surveys conducted 

from 1991 to 2008 provide a best estimate of abundance of 2,106 whales (CV=0.58), with a 

minimum of 1,332 (Moore and Barlow 2014).  The number of small groups has increased in the 

area likely due to an increase in adult males occurring as lone individuals or in pairs in the region 

(Moore and Barlow 2014).  For the North Pacific populations that enter U.S. waters, population 

trends are unknown (NMFS 2013).   

 

In the eastern tropical Pacific Ocean, sperm whale abundance was estimated to be 22,700 (95% 

C.I.=14,800-34,600; Wade and Gerrodette 1993 as cited in NMFS 2014b).  Surveys conducted in 

the Hawaiian Islands EEZ in 2002, resulted in an abundance estimate of 6,919 (CV=0.81) 

(Barlow 2006), and in 2010 an estimate of 3,354 (CV = 0.34) sperm whales, which included a 

correction factor for diving animals (Bradford et al. 2013 as cited in NMFS 2014b).  The latter is 

currently the best available abundance estimate for the U.S. Hawaiian stock.  The minimum 

population size estimate is 2,539 and no population trend has been determined for this stock 

(NMFS 2014b).  Additionally, there is no trend available for the U.S. California, Oregon, and 

Washington stock of sperm whales.  The best population estimate for the stock is 971 (CV=0.31) 

whales, which represents the geometric mean of surveys conducted in 2005 (3,140; CV=0.40) 

and 2008 (300; CV=0.51) and the minimum population size estimate is 751 (NMFS 2012b).  

Estimates of the sperm whale population off the west coast of Baja California are 1,640 

(CV=0.33) (Barlow and Taylor 2001 as cited in NMFS 2012b).  The mean number male sperm 

whales seen daily in Kaikoura, New Zealand, was 4 (+ 0.13) between 2010 to 2012, which is 

much lower than daily estimates of 13.8 (+ 1.3) from 1990 to 2001 (Sagnol et al. 2014). 
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Indian Ocean 

In the Indian Ocean, the current estimate of 299,400 (no CV) sperm whales from the Equator to 

latitude 70°S, dating from 1977, is statistically unreliable (IWC 1988).  The historical abundance 

estimates for the entire Southern Hemisphere for the year 1946 is 547,600 (no CV) sperm whales 

(Gosho et al. 1984).  Both estimates are statistically unreliable due to their use of historical 

whaling catch and catch per unit effort data from whaling operations.  Sperm whale catches from 

the early 19th century through the early 20th century were calculated on barrels of oil produced 

per whale rather than the actual number of whales caught.  Hence, extrapolation from these types 

of data has led to only rough estimates of the number of whales killed per year (Gosho et al. 

1984).   

 

Off Western Australia (Albany), an aerial survey was done in 2009 that replicated surveys used 

by spotter planes for the purposes of hunting sperm whales from 1968 to 1978.  The number of 

male sperm whales observed in 2009 was 2.43 (95% C.I. = 0.96, 6.08).  This increased to 3.38 

(95% C.I. = 1.30, 7.60) whales when sightings off transect were included.  The 2009 sightings 

were lower than the mean of any of the years between 1968 and 1978, which ranged from 6.30 

(±1.18) in 1976 to 12.45 (±1.83) in 1968 (Carroll et al. 2014).  Albeit, the 2009 confidence 

intervals overlap with the standard error estimates from the earlier data, which makes it difficult 

to interpret whether a true population decline occurred or simply fewer males are seen in an area 

where they were once abundant (Carroll et al. 2014).    

 

2.3.1.3 Genetics, genetic variation, or trends in genetic variation (e.g., loss of genetic 

variation, genetic drift, inbreeding, etc.): 

 

Since the last 5-year review, technology continues to advance the ability to distinguish slight 

variations in the genetic characteristics of sperm whale populations, which allows for scientists 

to draw more accurate conclusions about population structure. Single-nucleotide polymorphisms 

are reproducible across technologies and laboratories, ideal for long-term studies of globally 

distributed species such as sperm whales, and able to detect population structure even when 

differentiation within the population is low (Mesnick et al. 2011).   

 

Genetic research has focused on social structure as it may play a key role in structuring 

populations.  Sperm whale population structure is largely driven by female site fidelity and male-

mediated gene flow.  Females and juveniles form stable social "units" that generally stay within 

home ranges of approximately 2,200 km in any direction (Whitehead et al. 2008), and the 

breeding males rove among female groups (Christal and Whitehead 2001; Whitehead 2003).  

Males are thought to move over vast distances within and between ocean basins, as evidenced by 

the lack of heterogeneity in nuclear microsatellite markers (Lyrholm et al. 1999).  There is no 

known genetic evidence of a strictly or largely matrilineal unit or group of sperm whales. Rather, 

genetic studies suggest that groups of female and immature sperm whales generally contain more 

than one matriline, as indicated by the presence of multiple mtDNA haplotypes.  Both "groups" 

and "units" contain clusters of closely related animals, but some individuals have no close 

relations (Richard et al. 1996; Bond 1999; Lyrholm et al. 1999; Mesnick 2001; Mesnick et al. 

2003; Engelhaupt 2004).  Although multiple mtDNA haplotypes are found in groups and units, 

sperm whales exhibit relatively low mtDNA diversity compared to other globally distributed and 

large cetacean populations (Alexander et al. 2012).  The low diversity may be a result of a 
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population bottleneck during the glaciation period of the Pleistocene or by neutral mtDNA 

alleles that are transmitted culturally through the matrilineal line (Alexander et al. 2012).    

 

Engelhaupt et al. (2009) studied population structure comparing mtDNA and nuclear markers 

from sperm whales in the Gulf of Mexico, Mediterranean Sea, North Sea, and western North 

Atlantic Ocean.  Based on nuclear deoxyribonucleic acid (nDNA), the Mediterranean Sea 

population was significantly differentiated, but at a low level, from the Gulf of Mexico, North 

Sea, and western North Atlantic Ocean.  Based on mtDNA markers, the Mediterranean Sea 

population showed no haplotype diversity within the basin, but significant differentiation 

occurred between all sampled regions (Gulf of Mexico, Mediterranean Sea, North Sea, and 

western North Atlantic Ocean).  The possibility of a genetically isolated Mediterranean 

population is further supported by studies examining movement based on photo-identification.  

Female sperm whales were shown to exhibit high site fidelity within the Mediterranean Sea, and 

it is hypothesized that there is little to no movement of female sperm whales between the east 

and west basins of the Mediterranean through the Strait of Sicily or the Strait of Messina 

(Frantzis et al. 2011).  Male sperm whales were shown to move throughout the whole western 

Mediterranean basin but did not move between the Atlantic Ocean and Mediterranean Sea 

(Carpinelli et al. 2014).  Within the Gulf of Mexico, significant matrilineal differentiation 

occurred even for populations within close geographic proximity (Engelhaupt et al. 2009).  

Differentiation also occurred between populations within close proximity in the western North 

Atlantic; yet no differentiation was found between populations at the opposite ends of the ocean 

basin.  Females are likely philopatric to the Gulf of Mexico and Mediterranean basins 

(Engelhaupt et al. 2009).    

 

Microsatellite loci were also used to study the population structure of sperm whales along the 

Azores archipelago in the North Atlantic (Pinela et al. 2009).  Results indicated individuals who 

visit the Azores represent a single population, which is part of the larger North Atlantic 

population.  The study also determined social structure similar to that of the Caribbean and 

Galapagos; primary units and secondary social groups are mostly composed of familial 

members.  Additionally, there were high levels of genetic variability indicating a lack of 

inbreeding within the population (Pinela et al. 2009).  Increasing the sample size and including 

long-term photo identification would allow for a more detailed picture of the population structure 

of sperm whales in the North Atlantic.    

 

Mesnick et al. (2011) compared genetic diversity among three North Pacific populations 

(California Current, Hawaii, eastern tropical Pacific) to investigate population structure in the 

region. They also compared males from sub-Arctic foraging grounds (Gulf of Alaska and 

Aleutians) to the populations in the California Current, Hawaii, and eastern tropical Pacific in an 

attempt to assign the males to one of the three regions.  Low but significant differentiation was 

found for both mtDNA and nDNA in animals from the California Current and those from waters 

to the south and west to Hawaii, indicating population structure occurs in the eastern Pacific 

Ocean.  The differentiation in nDNA indicates some males may return to their natal origin to 

breed.  Further, males from the Alaskan foraging grounds were found to not originate solely 

from any one of the lower latitude regions, suggesting males from different populations return, 

post-breeding, to common feeding grounds off Alaska (Mesnick et al. 2011).  Stable isotope 

analysis of sperm whales from the California Current indicated the whales were feeding 
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throughout the California Current, which may support that a resident population occurs in the 

area (Ruiz-Colley et al. 2014).  

  

2.3.1.4 Taxonomic classification or changes in nomenclature: 

 

While there is scientific consensus that only one species of sperm whale exists, debate has been 

ongoing as to which of the two Linnaean species epithets for the sperm whale, catodon or 

macrocephalus, is the correct name and should be used.  The sperm whale was categorized first 

by Linnaeus in 1758, recognizing four species in the genus Physeter.  Husson and Holthuis 

(1974) showed that the correct name should be P. macrocephalus, the second name in the genus 

Physeter published by Linnaeus concurrently with P. catodon.  Grounds for this proposal were 

that the names were synonyms published simultaneously and therefore the International Code of 

Zoological Nomenclature (ICZN) principle of "First Reviser" should apply, in this instance 

leading to the choice of P. macrocephalus over P. catodon, a view re-stated by Holthuis (1987) 

and Rice (1989).  This has been adopted by most subsequent authors.  However Schevill (1986, 

1987) argued against this and upheld the name catodon, stating that macrocephalus lacked 

accuracy when it was described, therefore rendering the principle of “First Reviser” inapplicable.  

However Linnaeus described macrocephalus as attaining a length of 60 feet, and having 

spermaceti in the head, a description that can apply to no other species of whale.  Currently, most 

authors have accepted P. macrocephalus as the correct name. 

 

Examining molecular phylogenies, Milinkovitch et al. (1993, 1994, 1995) and Milinkovitch 

(1995) argued that sperm whales are actually more closely related to baleen whales than to other 

toothed whales, leading to the conclusion that odontocetes are not monophyletic but rather 

comprise a paraphyletic group.  Heyning's (1997) rebuttal of that hypothesis, using cladistic 

analysis, has gained wide acceptance among cetologists (Rice 1998).  

 

2.3.1.5 Spatial distribution, trends in spatial distribution (e.g. increasingly fragmented, 

increased numbers of corridors, etc.), or historic range (e.g. corrections to the historical 

range, change in distribution of the species’ within its historic range, etc.): 

 

Sperm whale distribution is global (Figure 1) and extends to all deep ice-free marine waters from 

the equator to the edges of polar pack ice (Rice 1989).  Sperm whales are present in many warm-

water areas throughout the year, and such areas may have discrete "resident" populations 

(Watkins et al. 1985; Gordon et al. 1998; Drout 2003; Jaquet et al. 2003; Engelhaupt 2004).  

While their aggregate distribution is certainly influenced by the patchiness of global marine 

productivity (Jaquet and Whitehead 1996), no physical barriers, apart from land masses, appear 

to obstruct their dispersal (Berzin 1972; Jaquet 1996).  Rice (1989) suggested that it was 

reasonable to expect some inter-basin movement around the Cape of Good Hope (Atlantic 

Ocean-Indian Ocean) and through the passages between the Lesser Sunda Islands or round the 

south coast of Tasmania (Indian Ocean-Pacific Ocean), but he considered exchange via Cape 

Horn (Pacific Ocean-Atlantic Ocean) to be “almost entirely restricted, except possibly for a few 

males.”  
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Figure 1.  Global range of the sperm whale. 

 

Mostly adult males move into high latitudes, while all age classes and both sexes range 

throughout tropical and temperate seas.  Male sperm whales are widely dispersed along the 

Antarctic ice edge from December to March (austral summer) (Gosho et al. 1984).  Sperm whale 

calls have been detected year-round in the Gulf of Alaska (Mellinger et al. 2004).  Females and 

immature whales have been found in the central Aleutian Islands in the winter; however, in the 

past 10 years no groups of females or immatures have been observed in this location in the 

summer (Fearnbach et al. 2012).  Commercial whaling data show extensive movements of both 

males and females from U.S. and Canadian coastal waters into the Aleutian Islands and Gulf of 

Alaska, and for males into and within the Bering Sea and along the Bering Sea shelf edge 

(Kasuya and Miyashita 1988, Mizroch and Rice 2013).  Only male sperm whales are seen off 

Kaikoura in New Zealand at lat. 42°S (Jaquet et al. 2000; Sagnol 2014).  Commercial whaling 

data also show that females may be more tolerant of colder temperatures than previously 

thought.  Mizroch and Rice (2013) analyzed commercial whaling catch data and multiple 

observations of individually marked whales from the North Pacific Ocean from 1949 though 

1972, which indicated females were found in areas where sea surface temperatures were colder 

than 15°C.  From 1951 through 1967, 700 females were landed at the Coal Harbour whaling 

station (about 48ºN to 51ºN), most of which were caught in April and May when sea surface 

temperatures had ranged between 8°C and 10°C (Mizroch and Rice 2013).  In the Atlantic 

Ocean, mixed groups of females and immature whales have a southern limit in the South Atlantic 

of latitude 50-54°S (Gosho et al. 1984; Tynan 1998).  Female movements are likely in response 

to changes in prey distribution and abundance (Whitehead 2003; Mizroch and Rice 2013).   

 

Intensive whaling may have fragmented the world population of sperm whales.  While present- 

day concentration areas generally match those of the 18th and 19th centuries, at least one large 
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area of the South Pacific (the "Offshore" and "On the Line" whaling grounds between the 

Galapagos and Marquesas) appears to have a relatively low density of sperm whales today 

(Jaquet and Whitehead 1996).  Further research is needed to verify that the density is in fact low, 

and if it is low, to determine the reason(s). 

 

2.3.1.6 Habitat or ecosystem conditions (e.g., amount, distribution, and suitability of the 

habitat or ecosystem): 

 

Mature female and immature sperm whales of both sexes are found in more temperate and 

tropical waters from the equator to around 45°N throughout the year.  These groups of adult 

females and immature sperm whales are rarely found at latitudes higher than 50°N and 50°S 

(Rice 1989; Reeves and Whitehead 1997).  Sexually mature males join these groups throughout 

the winter.  During summer, mature male and some female sperm whales are thought to move 

north into the Aleutian Islands and Gulf of Alaska, and males also into the Bering Sea. Based 

mostly on sighting surveys or land station whaling data, sperm whales are often concentrated 

around oceanic islands in areas of upwelling, and along the outer continental shelf, continental 

slope, and mid-ocean waters (Hain et al. 1985; Kenney and Winn 1987; Waring et al. 1993; 

Gannier 2000; Gregr and Trites 2001; Waring et al. 2001).  Sperm whales show a strong 

preference for deep waters (Rice 1989), especially in areas with high sea floor relief.  A vessel 

survey south of the eastern Aleutian Islands found sperm whales in waters 4,000-5,000 m deep, 

either over the Aleutian Abyssal Plain or north of the Aleutian Trench over deep basins (Forney 

and Brownell 1997).  Sperm whales have also been heard year-round on remote acoustic 

recorders in the Gulf of Alaska, but the number of sperm whale detections was approximately 

twice as high in summer compared to winter (Mellinger et al. 2004).  In the southern Pacific 

Ocean, Kaikoura Canyon, New Zealand, is an important foraging site for male sperm whales 

(Sagnol 2014).   

 

In waters along the U.S. east coast, the overall distribution is centered along the shelf break and 

over the continental slope in depths of 50-1,000 fathoms (~90-1,830 m) (Waring et al. 2005).  

Very high sperm whale densities occur in inner slope waters north of Cape Hatteras, North 

Carolina seaward of the 1,000 m isobath during summer months (Mullin and Fulling 2003; 

Southeast Fisheries Science Center unpublished data; Waring et al. 2005).  Sperm whales are 

also known to move onto the continental shelf in waters less than 100 m deep on the southern 

Scotian Shelf and south of New England, particularly between late spring and autumn 

(Whitehead et al. 1992a,b; Waring et al. 1997; Tran et al. 2014).  The seamount chain off New 

England is an important spring foraging area for sperm whales.  The Gulf Stream meanders and 

eddies around the seamounts providing rich productivity, including high abundance of 

cephalopods, which is a primary food source for the sperm whale (Wong and Whitehead 2014).  

 

The sperm whale is the most common large cetacean in the northern Gulf of Mexico, where it 

occurs in greatest density along and seaward of the 1,000 m isobath (Mullin et al. 1991; Davis et 

al. 1998; Mullin and Fulling 2004).  They appear to prefer steep rather than shallow depth 

gradients (Davis et al. 1998).  The spatial distribution of sperm whales within the Gulf of Mexico 

is strongly correlated with mesoscale physical features such as Loop Current eddies that locally 

increase primary production and prey availability (Biggs et al. 2005).  There has been extensive 

work on the movements and habitat use of sperm whales in the northern Gulf of Mexico by the 
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Sperm Whale Seismic Study.  These studies included habitat cruises, physical oceanographic 

analysis, and long term satellite tag deployments.  A number of sperm whales were satellite-

tagged and several tags were in operation for over 12 months.  Results indicated movements 

generally along the shelf break (700-1,000 m depth) throughout the Gulf of Mexico, with some 

individuals using water depths greater than the shelf break.  Of 52 tagged animals, one male left 

the Gulf of Mexico but subsequently returned.  These studies provided detailed information on 

the habitat preferences and population structure of Gulf of Mexico sperm whales (Jochens and 

Biggs 2004; Jochens et al. 2008). 

 

In the Mediterranean Sea, sperm whales have been observed over deep canyons, including the 

Cuma in the Tyrrhenian Sea (Mussi et al. 2014), Pelagos Sanctuary off the coast of France and 

Italy (Fiori et al. 2014), and the Hellenic Trench (Frantzis et al. 2014).  The Cuma submarine 

canyon topography allows for upwelling of waters rich in primary productivity and supports a 

high concentration of sperm whales in the area (Mussi et al. 2014).  Within the Pelagos 

Sanctuary in summer the ‘Liguria-Provencal-Catalan’ sea current creates thermal fronts along 

the continental shelf.  High primary production occurs along these fronts over submarine 

canyons and seamounts, which represents key feeding areas for sperm whales (Fiori et al. 2014).  

The Hellenic Trench, which runs parallel to the western, southern and south-eastern coasts and 

islands of Greece is a core habitat area for the sperm whale (Frantzis et al. 2014).  Sperm whales 

were observed all along the 1,000 m contour of the Hellenic Trench, and their presence dropped 

rapidly in shallow waters and deeper waters further offshore of the Hellenic Trench.  Although 

most surveys were conducted in during the summer, sperm whales were present year round along 

the Hellenic Trench (Frantzis et al. 2014).   

 

2.3.1.7 Other: 

 

No additional information is available.   

 

2.3.2  Five-Factor Analysis (threats, conservation measures, and regulatory mechanisms)  

 

The following is an analysis of the five factors cited in section 4(a)(1) of the ESA that can cause 

a species to be endangered or threatened (see below).  In considering whether a species 

reclassification or delisting is warranted, we look at each factor singularly and in aggregate and 

whether these factors contribute to the extinction risk of the species. Subsequent 5-year reviews 

completed in accordance with section 4(c)(2) of the ESA must also make determinations about 

the listing status based, in part, on these same factors.   

 

2.3.2.1 Present or threatened destruction, modification or curtailment of its habitat or 

range:  

 

Climate Change 

The effects of climate and oceanographic change on sperm whales are uncertain, but they have 

the potential to greatly affect habitat and food availability.  Evidence suggests that the 

productivity in the North Pacific Ocean (Quinn and Neibauer 1995; Mackas et al. 1998; Gregg et 

al. 2003; Doney et al. 2012) and other oceans is affected by changes in the environment.  

Increases in global temperatures are expected to have profound impacts on arctic and sub-arctic 



 

 19 

ecosystems and these impacts are projected to accelerate during this century.  Increases in sea 

surface temperatures from the Pacific equatorial waters affect sperm whale feeding success and, 

in turn, calf production rates are negatively affected (Smith and Whitehead 1993; Whitehead 

1997).  In the California Current System off the U.S. Pacific west coast, nitrogen and carbon 

isotope values in sperm whales changed from 1993 to 2005, which may indicate a recently 

progressive shift in primary producer dynamics, likely associated with changes in sea surface 

temperatures, average state of surface nutrients and/or primary production (Ruiz-Cooley et al. 

2014).  This could mean that global warming will reduce the productivity of at least some sperm 

whale populations (Whitehead 1997).  Squid, being the primary prey of sperm whales, may be 

negatively impacted by rising ocean temperatures, especially in the Antarctic.  Krill quantities 

are predicted to decrease and, as the primary prey of squid, this may have implications for squid 

populations. However, squid are opportunistic feeders, and they may be able to adapt to changes 

in krill abundance by feeding on a variety of organisms (Rodhouse 2013).  Sperm whale 

strandings have been associated with higher temperatures, possibly due to prey moving further 

inshore, which may become more frequent as sea temperatures rise (Pierce et al. 2007).  Any 

changes in these factors could lower habitat quality with possible long-term impacts to sperm 

whales or render currently used habitat areas unsuitable.  Habitat is expected to be altered.  As 

sea ice melts, areas will open to shipping lanes and increase the risk of vessel interactions with 

sperm whales (Alter et al. 2010).  Further study is necessary to evaluate and understand the 

effects of changes to oceanographic conditions due to climate change on sperm whales and 

marine mammals in general.  However, it is worth noting that the feeding range of sperm whales 

is likely the greatest of any species on earth, and, consequently, it’s likely that sperm whales will 

be more resilient to climate change than species with a narrow range of habitat preferences 

(MacLeod 2009).    

 

Anthropogenic Noise 

Humans have introduced sound intentionally and unintentionally into the marine environment for 

many purposes including oil exploration, navigation, and research.  Noise exposure can result in 

a multitude of impacts, ranging from those causing little or no impact to those being potentially 

severe, depending on source level and on various other factors.  Marine mammal response to 

noise varies due to many factors, including type and characteristics of the noise source, distance 

between the source and the receptor, receptor characteristics (e.g., sensitivity, behavioral context, 

age, sex, and previous experience with sound source) and time of the day or season.  Noise may 

be intermittent or continuous, steady or impulsive, and may be generated by stationary or 

transient sources.  As one of the potential stressors to marine mammal populations, noise may 

disrupt marine mammal communication, navigational ability, and social behavior.  Marine 

mammals use sound, both passively (i.e., listening) and actively (i.e., sound generation), to 

communicate, navigate, locate prey, and sense their environment.  Both anthropogenic and 

natural sounds may cause interference with these functions.  

 

Effects of various anthropogenic sonar sources on sperm whales have not been studied 

extensively and remain uncertain, although sperm whales are potentially disturbed by sonar.  

Since the last 5-year review, studies of the potential impacts of sonar on sperm whales have been 

conducted.  One, study by Sivle et al. (2012) compared diving behavior before and after sonar 

exposure (LFAS: Low Frequency Active Sonar, MFAS: Mid Frequency Active Sonar and silent 

exposure).  During LFAS exposure (1-2 kHz), sperm whales continued to dive deep, but not to 
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the normal depths and their vocal activity diminished, indicating the whales were not foraging. 

During MFAS exposure (6-7 kHz), whales retained their normal diving and foraging activity.  

Another study investigated the severity of behavior changes in sperm whales when exposed to 

naval sonar and found that sperm whales reacted most during LFAS, supporting previous studies 

(Miller et al. 2012).  Whales exposed to sonar that rapidly change their dive behavior may not be 

able to manage nitrogen loads during the dive and are physiologically impaired when gas-

bubbles form in the blood and tissue (decompression sickness) (Hooker et al. 2009, 2011).  

Although whales are adapted to diving, they still must manage nitrogen saturation as a trade-off 

to maximizing forage success, oxygen deprivation, predator avoidance, and other biological 

constraints such as thermoregulation.  When exposed to an unanticipated threat, whether 

manmade or natural, the animal may forego nitrogen management, which increases the risk of 

decompression sickness (Hooker et al. 2011).  Sperm whales exposed to LFAS and MFAS 

continued deep dives but the dives were shallower, which increased their risk of decompression 

sickness although the risk was within the normal range for sperm whales (Kvadsheim et al 2012).  

However, necropsies conducted on fresh stranded cetaceans found higher than normal 

concentrations of gas bubbles in the tissue of deep-diving whales, including sperm whales, 

compared to shallow divers (Bernaldo de Quirós et al. 2012).  The possible effects of sonar 

activity on sperm whales need further research (Hooker et al. 2009, 2011; Kvadsheim et al 2012; 

Miller et al. 2012; Sivle et al. 2012).  

 

The waters of the northern Gulf of Mexico have been increasingly subject to extensive seismic 

airgun sounds in the search for hydrocarbon deposits. To determine airgun impacts to sperm 

whales, visual tracking, passive acoustic monitoring, and movement recording tags were used to 

quantify behavior prior to, during, and following exposure to airgun arrays at received levels in 

the range 140–160dB at distances of 7–13km, following a phase-in of sound intensity and full 

array exposures at 1–13 km (Miller et al. 2009).  Sperm whales did not exhibit avoidance 

behavior at the surface.  However, foraging behavior may have been affected.  The sperm whales 

exhibited 19% less vocal (buzz) rate during full exposure relative to post exposure, and one 

whale closest to the exposed airgun began to forage post-exposure.  These data raise concerns 

that seismic surveys may impact foraging behavior in sperm whales, but more data are required 

to understand whether the differences were due to exposure or natural variation in sperm whale 

behavior (Miller et al. 2009). 

Sperm whales are likely sensitive to aircraft.  Several authors have reported that sperm whales 

did not react to fixed-wing aircraft or helicopters in some circumstances (Au and Perryman 1982; 

Green et al. 1992) and reacted in others (Würsig et al. 1998; Richter et al. 2003, 2006; Smultea et 

al. 2008).  For example, Smultea et al. (2008) recorded reactions of sperm whales to the noise 

from fixed-wing aircraft off Kauai, Hawaii.  Of the eight groups of whales under observation, 

three groups reacted by diving abruptly.  One group (n=11), which included a calf, gathered in a 

defensive formation, minimizing exposure of their flanks and the calf to the perceived danger.  

The prolonged or consistent exposure to aircraft may have negative implications in areas of 

breeding, foraging, or in areas that function as a nursery. 

Surface shipping is the most widespread source of anthropogenic, low frequency (0 to 1,000 Hz) 

noise in the oceans (Simmonds and Hutchinson 1996).  The National Resource Council (2003) 

estimated that the background ocean noise level at 100 Hz has been increasing by about 1.5 dB 

per decade since the advent of propeller-driven ships, and others have estimated that the increase 
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in background ocean noise is as much as 3 dB per decade in the Pacific Ocean (Andrew et al. 

2002; McDonald et al. 2006, 2008) and at least 3.3 dB per decade between 1950 and 2007, 

which was attributed to commercial shipping as a result of global economic growth (Frisk 2012). 

Michel et al. (2001) suggested an association between long-term exposure to low frequency 

sounds from shipping and an increased incidence of marine mammal mortalities caused by 

collisions with ships.  Prop-driven vessels also generate high frequency noise through cavitation, 

which accounts for approximately 85% or more of the noise emitted by a large vessel.   

Preliminary data from the Mediterranean Sea suggest that the sperm whales might be avoiding 

areas where shipping noise is at high levels (André et al. 2013). 

 

Fishery Interaction 

Since the last status review, more studies have been conducted to examine the phenomenon 

known as “depredation” when sperm whales remove fish from longline gear.  Investigations 

were conducted to document rates of depredation, understand how sperm whales manage to find 

vessels and remove fish from the gear, quantify the amount of prey removed, and record the 

frequency of resulting mortality or serious injury due to entanglement.  In some locations, the 

percentage of fish damaged by depredation can be 100%, significantly impacting fisheries quotas 

(Hernandez-Milian et al. 2008).  Depredation behavior may also be transmitted socially between 

individuals (Schakner et al. 2014).  There are many negative outcomes to depredation such as 

injury or entanglement of the whales, in addition to the negative impacts on the fisheries (Hamer 

et al. 2012). 

In Alaskan and Icelandic waters, sperm whales are known to remove sablefish (Anoplopoma 

fimbria) (Thode et al. 2007, 2014; Straley et al. 2014) and Greenland halibut (Reinhardtius 

hippoglossoides) from longlines (Peterson and Carothers 2013).  In the southern hemisphere, 

sperm whales impact the Patagonian toothfish (Dissostichus eleginoides) fisheries off the coast 

of Chile, South Georgia, Falkland Islands, Prince Edward Islands and Crozet and Kerguelen 

Islands (Clark and Agnew 2010; Goetz et al. 2010; Tixier et al. 2010).  Combined losses from 

sperm and killer whale (Orcinus orca) depredation of Patagonian toothfish in the Crozet EEZ 

were calculated to be 571 tonnes between 2003 and 2008 (Tixier et al. 2010).  From 2003 

through 2009, fisheries operating off South Georgia had approximately 18% of their sets 

depredated by sperm whales (Clark and Agnew 2010).  However, sperm whales were 

depredating fish (25kg-150kg) well below their daily energetic needs (400 -500kg), indicating 

the depredation was only supplementing their normal foraging activities.  Additionally, Clarke 

and Agnew (2010) found a link between catch-per-unit-effort (CPUE) and sperm whale 

presence: CPUE was higher in the presence of sperm whales, suggesting that the whales are 

drawn towards areas of high catch rates.  Sperm whale sightings increased during retrieval of the 

gear and their presence was positively correlated with fish depredation on Spanish vessels 

targeting Patagonia toothfish in the southwest Atlantic Ocean between 2007 and 2008 (Goetz et 

al. 2010).  The overall depredation rate was low (0.44% of the total catch), but may have been 

underestimated because sperm whales were suspected of also taking fish without leaving visual 

evidence (Goetz et al. 2010).  

 

Since the last 5-year review, several studies have looked at gear and/or fishing practices to 

reduce depredation.  A new fishing technique was developed for the Chilean Patagonian 

toothfish fishery as a way to prevent depredation by sperm and killer whales and to reduce 

seabird bycatch (Moreno et al. 2008).  The system consists of a buoyant net sleeve that is 
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attached to secondary vertical hook lines that allows the sleeve to slide along the line.  During 

haulback of the main line, the sleeve slides down the vertical line and covers the hooks as they 

are brought to the surface.  With the use of sleeves, depredation dropped from a maximum of 5% 

in 2002 to a maximum of 0.36% in 2006.  In addition to decreasing depredation, observers noted 

that after about a week of unsuccessful attempts to remove fish from the lines, the whales left the 

fishing grounds (Moreno et al. 2008).  Goetz et al. (2010) tested a similar sleeve design in the 

Patagonian toothfish fishery operating off Argentina and found it effective at reducing sperm 

whale depredation, but it also reduced overall catches of the fish.  Thode et al. (2007) 

investigated what may attract sperm whales to a fishing vessel, including the hydraulic system, 

fishing gear strum, echosounders, visual cues (e.g., birds), and propeller noise.  The study 

consisted first of passive observation of reactions by sperm whales and then by hypothesis 

testing which determined that engaging and disengaging the propeller caused the greatest 

reaction by the sperm whales.  The identification of acoustic cues that attract sperm whales can 

then be used to develop long-term strategies to reduce depredation, such as the production of 

“false-cues” or methods to reduce the detection range of the stimuli. 

 

Incidental capture in fishing gear, such as gillnets and bottom-set longline gear, continues to be a 

threat to sperm whale populations, although the degree of threat is considered low.  Sperm 

whales have been found as bycatch in pelagic drift gillnets targeting swordfish and tuna in U.S. 

east-coast waters (Waring et al. 1997), and in artisanal gillnets targeting sharks and large pelagic 

fishes off the Pacific coasts of northwestern South America, Central America, and Mexico 

(Palacios and Gerrodette 1996).  From 2008 to 2012, six sperm whales were reported stranded 

along the U.S. Pacific Coast due to human-related activities (Carretta et al. 2014).  Causes of the 

strandings were marine debris ingestion (two dead), vessel strike (one dead), gillnet 

entanglement (unknown source; one dead), California thresher shark/swordfish gillnet fishery 

(>14 inch mesh) entanglement (one dead and one with serious injury released with gear and was 

observed on its side and breathing abnormally) (Carretta et al. 2014).  Between 1990 and 2012, 

ten sperm whales were found tangled in fishing nets within the California swordfish and thresher 

shark gillnet fishery, half of which were discovered deceased (Carretta 2013).  No estimates of 

mortality are available for the Mexican drift gillnet fisheries. 

In the Mediterranean Sea, significant sperm whale mortality has resulted from interactions with 

the high seas swordfish and tuna driftnet fishery since the 1980s when the fishery became a large 

scale commercial operation (Reeves and Notarbartolo di Sciara 2006; reviewed by Notarbartolo 

di Sciara 2014).  In 2003, five sperm whales (two adult females and three juveniles) were found 

entangled in a driftnet in the southern Tyrrhenian Sea (Italy; Pace et al. 2008).  All whales were 

freed successfully, however driftnets continue to be a concern in Italy, where they are illegal but 

continue to be used (Pace et al. 2008).  Between 1971 and 2004, 229 sperm whales were found 

dead or entangled, most of which occurred in driftnets (reviewed by Notarbartolo di Sciara 

2014).  The historical interaction with driftnets is still impacting the sperm whale population 

today.  Surveys conducted from 2002 to 2012 in the Tyrrhenian Sea, did not observe any large 

mature males (Pace et al. 2014).  In 2002, pelagic driftnets were banned in the Mediterranean 

Sea, which has resulted in a decrease in entanglements of sperm whales in recent years. 

However, many countries (e.g. Algeria, Italy, Morocco, and Turkey) continue to fish illegally 

with pelagic driftnets; thus, entanglement in this gear continues to be a threat to sperm whales 

(reviewed by Notarbartolo di Sciara 2014).   
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Data on fisheries entanglements include the Peruvian coast where between 1995 and 2012, three 

sperm whales were discovered entangled in fishing gear (Garcia-Godos et al. 2013).  In the 

Northwest Atlantic, a total of 9 sperm whales were entangled in fishing gear from 1970-2009 

(Van der Hoop et al. 2012). 

 

Fishery-caused reductions in prey resources could also have an influence on sperm whale 

abundance and pose a threat to the species. Other cetaceans eat the prey species taken by sperm 

whales. Thus, competitive interactions are possible, but it is unknown what, if any, effect 

competition for food among these cetacean species is a factor in determining sperm whale 

population trends and abundance (NMFS 2010a).  The effect commercial fisheries may have on 

sperm whales by removal of large aggregations of the sperm whale’s prey species is not well 

known.  The effect may be limited if a large biomass of sperm whale prey remains unharvested 

and accessible.  Furthermore, commercial harvest may result in smaller, multiple aggregations of 

prey, which could enhance sperm whale foraging success (NMFS 2010a).  Data are lacking on 

species-specific duration and degree of prey disruption due to commercial harvest, and it is not 

known what impact switching to alternate prey may have on sperm whales (NMFS 2010a). 

 

Oil Spills and Contaminant 

The threat of contaminants and pollutants to sperm whales and their habitat is highly uncertain 

and further study is necessary to assess the impacts of this threat.  Little is known about the 

possible long-term and trans-generational effects of exposure to pollutants.  Marine mammals are 

considered to be good indicators for concentrations of metal and pollutant accumulation in the 

environment due to their long life span and (in some cases) position near the top of marine food 

webs (Savery et al. 2014a). 

Global baseline data on several metal contaminants were collected from apparently healthy free-

ranging sperm whales during cruises aboard the research vessel Odyssey conducted between 

1999 and 2005 (Wise et al. 2009, 2011a,b; Savery et al 2013a, b, 2014b).  Metals analyzed 

included barium, strontium, titanium, gold, silver, lead, chromium, mercury, selenium, and 

arsenic (Table 1).  The following discussion provides more detail on these metals. 

 

Barium, strontium, titanium, and gold generally have low toxicity levels in the marine 

environment, but increasingly are being used in industry products (e.g., sunscreens, household 

cleaners, catalytic convertors) as a result of nanotechnology (Wise et al. 2011a).  The use of 

nanoparticles in consumer products has increased since 2005.  Metals that are manipulated on a 

quantum scale change properties, which may alter their toxicity levels in the marine 

environment.  Barium, strontium, titanium, and gold contaminant burdens did not increase with 

size or age of the sperm whale.  Overall, Wise et al. (2011a) found that barium, strontium, 

titanium, and gold levels were generally low in sperm whales; however, sperm whales are 

exposed to these four metals even in remote areas. This study provides information that pre-dates 

some recent nanoparticle industries and is a source of global baseline for these metals.  

Additional studies are needed to understand the toxicity to whales that nanosized metals present 

and how these metals are transported through the environment to reach remote ocean regions 

(Wise et al. 2011a).   

  

Silver is another pollutant that is increasingly used in nanotechnology and is of concern in 

marine waters due to its chemistry, toxicity, and bioavailability (Savery et al. 2013b).  Sperm 
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whales are likely exposed to silver through consumption of prey and swallowing sea water.  

Silver is a potent inhibitor of selenium, which is an essential element that functions as an 

antioxidant in cells. Thus, in areas with elevated silver levels, sperm whales may become more 

sensitive to the toxicity of other chemicals or diseases.  Although silver levels in sperm whale 

skin samples were generally low, several regions in the Pacific Ocean, Australia, Mauritius, 

Seychelles, Sri Lanka and Papua New Guinea had high concentrations of silver.  One whale in 

the waters near Seychelles had the highest (4,179 μg/g ww) silver concentration sampled (Savery 

et al. 2013b).  Although silver bioaccumulation has been found in pilot and beluga whales, 

Savery et al. (2013b) did not find a difference in silver concentrations in larger and older males.  

However, the apparent lack of accumulation may be a consequence of not being able to age the 

whales more accurately or small sample sizes per region.  Silver concentrations may be 

increasing in the Pacific Ocean; however, more research is needed to assess whether the increase 

in concentrations is localized or wide-spread (Savery et al. 2013b) and to understand levels at 

which negative reproductive or physiological consequences are experienced.   

 

Lead is prevalent in the environment and more than 90% of its presence is a result of 

anthropogenic activities, including the mining and smelting of ore (Mao et al. 2009 as cited in 

Savery et al. 2014b).  Lead has a high potential for bioaccumulation and serious health 

consequences.  Sperm whales are likely exposed to lead through consumption of prey, 

swallowing water, or accidental consumption of sediment during bottom feeding (Savery et al. 

2014b).  Lead concentrations in sperm whale skin were high in Papua New Guinea, the 

Bahamas, Australia, and several areas in the Sea of Cortez.  A whale in waters adjacent to Papua 

New Guinea had a lead concentration of 129.6 ug/g ww.  Sources of the elevated lead 

concentrations around Papua New Guinea may be from mining operations (Savery et al. 2014b). 

 

Chromium is released into the marine environment by both natural (primarily continental dust) 

and anthropogenic sources, including industrial, commercial and residential fuel combustion, 

emissions from metal industries, and wastewaters from industries such as electroplating 

operations, leather tanning industries, and textile manufacturing (US Department of Health, 1993 

as cited in Wise et al. 2009).  Hexavalent chromium (Cr(VI))  is the predominant form of 

chromium found in marine waters and can have residence times up to18 years (Wise et al. 2009).   

However, CR(VI) degrades rapidly to trivalent chromium in marine organisms.  Thus, studies 

typically measure total chromium levels in marine organisms.  Overall, Wise et al. (2009) found 

high levels of chromium in sperm whales, but the consequence of such high levels is not known.  

The toxicity of CR(VI) in whales is also not well understood but has been shown to damage/kill 

(cytotoxic) or cause genetic mutation (genotoxic) in human cells resulting in cancer (Wise et al. 

2011b).  It is notable that Wise et al. (2009) found chromium levels in sperm whales to be similar 

to levels reported for lung tissue from human workers with Cr(VI)-induced lung cancer.  Wise et 

al. (2011b) exposed fibroblasts skin cells from sperm whales to CR(VI) in controlled 

experiments and found it to be both cytotoxic and genotoxic.  These results coupled with high 

levels of chromium found in free ranging sperm whales support the possibility that chromium 

exposure results in health risks to sperm whales (Wise et al. 2011b).   

 

Mercury is of high concern due to its toxicity, stability in the atmosphere (enabling global 

mobility and deposition), and ability to bioaccumulate throughout food webs (Savery et al. 

2013a).  Mercury is released to the atmosphere from natural and anthropogenic sources 
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(primarily from combustion of fossil fuels) (Pacyna et al. 2006).  Of the populations studied, 

sperm whales from the Mediterranean Sea had the highest concentration of mercury.  The 

Mediterranean Sea is thought to have high mercury levels due to geological, biochemical, and or 

ecological processes in the area (Savery et al. 2013a).  Selenium, an essential element in marine 

mammal tissue, binds with mercury and may have a protective effect against mercury’s toxicity.  

Selenium concentrations in sperm whales in this area were much higher than mercury suggesting 

that mercury is being detoxified in the skin tissue by some other element (Savery et al. 2013a).   

 

Arsenic is among the top 10 most hazardous substances in the environment based on toxicity and 

potential of exposure from air, water, and soil (Savery et al. 2014a).  It occurs naturally in the 

earth’s crust and is also introduced through anthropogenic sources such as emissions from 

smelters or coal-fired power plants.  By ocean basin, the highest mean arsenic concentration was 

found in sperm whales in the Indian Ocean particularly from the Seychelles, Maldives, and Sri 

Lanka. Overall, the global mean arsenic concentration for females was significantly lower than 

males possibly due to the female’s ability to pass arsenic loads to their offspring during birth and 

lactation, as well as differences in hormone metabolism.  Differences in mean arsenic 

concentration between sexes may also be a result from males eating larger prey and foraging 

deeper waters and coming in contact more frequently with the ocean benthos (Savery et al. 

2014a).  The mean arsenic concentrations in sperm whales from this study were three-fold 

greater than concentrations found in other toothed whales.  However, the arsenic found in sperm 

whales in this study was thought to be the nontoxic form, arsenobetaine (Savery et al. 2014a). 

 
Table 1.  Global baseline data on metal contaminants gathered from sperm whales during a research cruise 

conducted between 1999 and 2005. 

 
Metal Global Mean Global Mean 

High Region  

Global Mean 

Low Region 

Global Mean 

by Gender & 

Significance 

Age and Size
 

Significance
 

Citation 

Barium 0.93 +/- 0.2 μg 

g
-1

; range 0.1 

to 27.9 μg g
-1

  

(n = 275) 

Maldives, 

Indian Ocean 

(1.64 +/- 0.81 

μg g
-1

) 

Canary Islands, 

Atlantic Ocean 

(0.20 +/- 0.02 

μg g
-1

). 

Significant 

Female (1.1 

+/-0.23 μg g
-1

) 

 

Males (0.6 ± 

0.1 μg g
-1

).   

Not significant Wise et al. 

2011a 

Strontium 2.2 +/- 0.1 μg 

g
-1

; range 0.2 

to 11.5ug/g (n 

= 298). 

Galapagos, 

Pacific Ocean 

(3.82 +/-1.40 

μg g
-1

) 

Canary Islands, 

Atlantic Ocean 

(1.15 +/- 0.08 

μg g
-1

). 

Not significant 

Female (2.2 

+/- 0.1 μg g
-1

) 

 

Males (2.3 +/- 

0.2 μg g
-1

) 

Not significant Wise et al. 

2011a 

Titanium 4.5 +/- 0.25 μg 

g
-1

; range  0.1 

to 29.8 μg g
-1

 

(n = 298). 

Australia (6.4 

+/- 1.2 μg g
-

1
); 

Indian Ocean 

(1.68 +/-0.18 

μg g
-1

). 

Significant 

Females 5.4 

+/- 0.34 μg g
-1

 

 

Males 3.0 

+/- 0.3 μg g
-1

 

Not significant Wise et al. 

2011a 

Gold 0.2 +/- 

0.02ug/g; 

range  0.1 to 

2.3 μg g
-1

  (n = 

50).   

Mauritius,  

Indian Ocean 

(0.53 +/- 0.13 

μg g
-1

) 

Canary Islands, 

Atlantic Ocean 

and Indian 

Ocean, where 

all of the 

Not significant 

 

Females 0.2 

+/- 0.03 μg g
-1

 

 

Not significant Wise et al. 

2011a 
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Metal Global Mean Global Mean 

High Region  

Global Mean 

Low Region 

Global Mean 

by Gender & 

Significance 

Age and Size
 

Significance
 

Citation 

whales sampled 

had 

undetectable 

gold levels 

Males 0.2 +/- 

0.02 μg g
-1

 

Silver 16.9 ± 14.1 μg 

g
-1

  ww; range 

0.1 to 4,179.0 

9 μg g
-1

 ww (n 

= 176). 

Seychelles, 

Indian Ocean 

123.3+/-

122.99 μg g
-1

 

ww 

Mediterranean 

Sea 1.5 μg g
-1

  

ww 

Not significant 

Females 

(3.5+/- 1.7 9 

μg g
-1

ww; 

range 0.04 to 

297.3 μg g
-1

 

ww) 

 

Males (42.0 

+/- 40.2 9 μg g
-

1 
ww; range 0.1 

to 4,179 9 μg 

g
-1

ww) 

Not significant Savery et 

al. 2013b 

Lead 1.6 ± 0.4 μg g
-1

 

ww; range 0.1 

to 129.6 9 μg 

g
-1

ww (n = 

337) 

Papua New 

Guinea, 

Indian Ocean 

(6.1 ± 5.6 9 

μg g
-1

 ww 

Mauritius, 

Indian Ocean 

(0.3 ± 0.1 9 μg 

g
-1

ww 

Not significant 

Females (1.9 ± 

0.6 9 μg g
-1

 

ww)  

 

Males (1.1 ± 

0.1 9 μg g
-1

 

ww) 

Not significant Savery et 

al. 2014b 

Chromium 8.8 ± 0.9 μg g
-

1
; range 0.9 to 

122.6 9 μg g
-1

 

(n = 359) 

Islands of 

Kiribati, 

Pacific Ocean 

(44.3 ± 14.49 

μg g
-1

) 

Sri Lanka, 

Indian Ocean 

(mean = 3.3 ± 

0.4 9 μg g
-1

).   

Not significant 

Females (9.3 ± 

1.2 9 μg g
-1

)  

 

Males (7.9 ± 

1.4 9 μg g
-1

) 

Not significant Wise et al. 

2009 

Mercury 2.5±0.1 μg g
-1

; 

range 0.1 to 

16.0 μg g
-1

  (n 

= 343) 

Mediterranean 

Sea (6.1 μg g
-

1
) 

Indian Ocean 

(2.1 μg g
-1

).   

Not significant 

Females 

(2.4±0.1 μg g
-

1
) 

 

Males (2.5±0.2 

μg g
-1

) 

Not significant Savery et 

al. 2013a 

Selenium 33.1±1.1 μg g
-

1
; range 2.5 to 

179 μg g
-1

  (n = 

343) 

Pacific Ocean 

(42.8 μg g
-1

) 

Mediterranean 

Sea (17.7 μg g
-

1
) 

Not significant 

Female 

(2.4±0.1 μg g
-

1
) 

Males (2.5±0.2 

μg g
-1

) 

Not significant Savery et 

al. 2013a 

Arsenic 1.9 μg g
-1

 ww; 

range 0.1 to 

15.6 9 μg g
-1 

ww (n = 342) 

Maldives, 

Indian Ocean 

(3.5 ± 0.4 9 

μg g
-1

 ww) 

Canary Islands, 

Atlantic Ocean 

(0.8 ± 0.04 9 μg 

g
-1

) 

Significant 

Females (1.8 ± 

0.1 9 μg g
-1

 

ww) 

 

Males (2.0 ± 

0.2 9 μg g
-1

 

ww) 

Not significant Savery et 

al. 2014a 
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In the Gulf of Mexico, as a result of the Deepwater Horizon oil spill in 2010, over 8 million liters 

of chemical dispersants were applied at the surface and at the source of the leak without 

knowledge of the potential short and long-term toxicological impact these dispersants may have 

on marine organisms (Wise et al. 2014a).  To combat the oil spill, two dispersants were applied, 

Corexit 9500 and Corexit 9527.  Wise et al. (2014a) examined the cytotoxicity and genotoxicity 

of the dispersants at different concentration levels on sperm whale skin cells.  Both compounds 

were cytotoxic to the sperm whale skin cells with possible effects of fibrosis and impaired organ 

function.  Corexit 9527 was also genotoxic to the sperm whale skin cells.  Sperm whales occur in 

the Gulf of Mexico and depending on their proximity to the application of the dispersants, their 

exposure could have been less than 1% and up to 100% (Wise et al. 2014a).  If genotoxicity 

occurred during essential stages of reproduction or embryogenesis, mortality or developmental 

abnormalities in the offspring would increase.  Given the damaging potential of the dispersants 

used in response to Deepwater Horizon, monitoring the populations for further long-term health 

effects is needed (Wise et al. 2014a). 

 

In addition to dispersants, gentoxic metals such as chromium and nickel were present in the oil 

spilled during the Deepwater Horizon event (Wise et al. 2014b).  Chromium and nickel are 

known carcinogens in humans and damage DNA and bioaccumulate in organisms, resulting in 

persistent exposures.  Sperm whales in the Gulf of Mexico had significantly higher 

concentrations of nickel and chromium than the global mean average from the global surveys 

conducted in 1999 through 2005 (discussed above; Wise et al. 2009).  The mean global nickel 

concentration was 2.4 ppm (n = 298; measured as μg g
-
1 wet weight and expressed as ppm).  

Whereas, in this study the average nickel concentration in the Gulf of Mexico sperm whales after 

the Deepwater Horizon was 15.9 ppm, which is 6.6 times higher than the global average (Wise et 

al. 2014b).  Also, resident females and immature males had higher nickel concentrations than the 

global mean, yet mature males that migrate beyond the Gulf of Mexico to forage in higher 

latitudes had similar values to the global mean.  Chromium levels were also significantly higher 

in the Gulf of Mexico study compared to the global mean (12.8 ppm versus 9.3 ppm, 

respectively).  Sampling protocols were similar in the global surveys and this study; thus, it is 

reasonable not to rule out the oil spill as a reason for the higher concentrations in these gentoxic 

metals in the Gulf of Mexico sperm whales (Wise et al. 2014b). 

 

After the Deepwater Horizon oil spill in the Gulf of Mexico, there was a low number of observed 

sperm whale mortalities, leading media to report only a “modest” environmental impact 

(Williams et al. 2011).  However, Williams et al. (2011) estimated that the carcass recovery rate 

for sperm whales was, on average, only 3.4% of the actual mortalities.  Assuming only one 

sperm whale carcass was found and the cause of death was determined to be oil, it could be 

hypothesized that the best estimate of total mortality (using the 3.4%) was actually 29 sperm 

whales (Williams et al. 2011).  Ackleh et al. (2012) used passive acoustic recordings collected in 

the Gulf of Mexico in 2007 and compared them to data collected in 2010 after the oil spill to 

examine the possible impacts the spill may have on sperm whales.   Sperm whale abundance and 

vocalization was higher by a factor of two at a site 25 miles from the spill compared to a site 

located 9 miles from the spill.  Sperm whales likely moved away from the oil spill due to a 

shortage of non-contaminated food in the area and/or an increase in vessel traffic and 

anthropogenic noise in response to the spill (Ackleh et al. 2012).  The actual number of sperm 
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whales that may have been impacted by the Deepwater Horizon oil spill is unknown, but it can 

be assumed that the impact was greater than observed. 

 

In the Mediterranean Sea, high concentrations of contaminants such as polychlorinated biphenyls 

are found (Marsili et al. 2014).  In 2009, seven sperm whales stranded along the Adriatic coast of 

Southern Italy.  Necropsies were completed on three and muscle and blubber were collected 

from the other four for analysis for pollutants. The whales were found to have high levels of 

organochlorine xenobiotics (immunosupressors) in their blubber and also high levels of 

polycyclic aromatic hydrocarbons (the most toxic family of hydrocarbons) in their muscle. 

Biomarkers as indicators of exposure to contaminants were elevated in the liver and skin, 

indicating that the whales were under significant toxicological stress (Marsili et al. 2014).  

Although the cause of death for these stranded sperm whales is unknown, the contaminant loads 

may have lowered their immune system defenses and made them more susceptible to disease 

(Marsili et al. 2014).   

 

In the Pacific Ocean, baseline data on biomarkers for persistent organic pollutants were collected 

(Godard-Codding et al. 2011; Fossi et al. 2014).  Persistent organic pollutants resulting from 

activities such as agriculture can have a significantly negative effect on the integrity of the water 

quality and health of marine organisms.  Biomarkers for the organochlorine compounds, 

polycyclic aromatic hydrocarbons, and planar halogenated aromatic hydrocarbons were collected 

from free-ranging sperm whales (Godard-Codding et al. 2011).  Expression of the biomarkers 

was highest in whales from the Galapagos Islands, Ecuador, and lowest in whales from the 

sampling sites farthest away from continents.  Differences in age, sex, and diet did not appear to 

explain regional differences in biomarker expression (Godard-Codding et al. 2011).  In the Gulf 

of California, Sea of Cortez, expression of biomarkers for organochlorine compounds, 

polybrominated diphenyl ethers, and polycyclic aromatic hydrocarbons was higher in 

odontocetes (including the sperm whale) compared to mysticetes (Fossi et al. 2014).  Several 

factors likely influence the exposure risk, including position on the food chain, diet, and 

migratory versus residential nature (Fossi et al. 2014). 

 

In summary, threats to sperm whale habitat remain a concern.  Climate change continues to 

emerge as a possible threat to habitat and food availability, but the degree of impact on sperm 

whales is uncertain.  As sea temperatures rise, prey availability will be altered and sea ice will 

melt, opening areas to increased vessel traffic and noise.  Given its vast feeding range, sperm 

whales may be more resilient to climate change; however, further study is necessary to evaluate 

and understand the effects of changes to oceanographic conditions due to climate change on 

sperm whales.  Anthropogenic noise remains a concern, but additional study is needed to fully 

understand possible injury and behavior changes in exposed sperm whales.  Since the last 5-year 

review, gear modifications in some fisheries have successfully decreased sperm whale 

depredation and entanglement.  In the Mediterranean Sea, significant sperm whale mortality 

occurred over several decades in the high seas swordfish and tuna driftnet fishery, which is still 

impacting the sperm whale population today.  Contaminants and pollution remain a concern.  

The Deepwater Horizon oil spill in the Gulf of Mexico may have resulted in elevated health risk 

in sperm whales in the area; however, monitoring the populations for further long-term health 

effects is needed. 
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2.3.2.2 Overutilization for commercial, recreational, scientific, or educational purposes: 

 

Direct Harvest  

Members of the IWC reported harvesting a total of 388 sperm whales under reservation or 

objection to the moratorium from 1986 through 2013; however, the last reported harvest 

occurred in the 1987/88 Antarctic season (http://iwc.int/table_permit).   Although historical 

whaling activities were responsible for the depletion of sperm whales worldwide, they are now 

hunted only by Japan and in small numbers for scientific research, and therefore, the threat of 

overutilization by direct harvest is currently low.  However, if the IWC's moratorium on 

commercial whaling ended, direct harvest could again become a threat to sperm whales. The 

IWC’s moratorium on commercial whaling for sperm whales throughout the North Atlantic and 

North Pacific has been in place for two decades.  There is currently no legal commercial whaling 

for sperm whales in the Northern Hemisphere. Norway and Iceland have formally objected to the 

IWC ban on commercial whaling and are therefore under no obligation to refrain from hunting, 

but neither country has expressed interest in taking sperm whales.  There is no evidence that 

whaling will resume in the Portuguese islands of the Azores and Madeira, even though Portugal 

remains outside any regulatory body.  Canada has continued to ban whaling for the large baleen 

whales (except the bowhead, Balaena mysticetus) in its territorial waters under domestic 

regulations, and a resumption of sperm whaling in Canada is unlikely in the near future.  

Scientific Research 

Moore and Clarke (2002) studied gray whales’ responses to research activities and results ranged 

from no visible responses to short-term behavioral changes.  Research on sperm whales is likely 

to continue and increase in the future, but currently represents a low threat to sperm whales 

(NMFS 2010a).  Japan caught a total of 56 sperm whales from 1986 through 2013 reportedly for 

the purposes of scientific research under Article VIII of the International Convention for the 

Regulation of Whaling (http://iwc.int/table_permit).  In 2014, the International Court of Justice 

found that Japan’s whale research activities can be broadly characterized as scientific research, 

but that the evidence did not establish that the program design and implementation are 

reasonable in relation to achieving stated research objectives. The Court largely took issue with 

the lack of non-lethal alternatives and justification for sample targets.  The Court concluded that 

the special permits granted by Japan for the killing, taking and treating of whales was not “for 

purposes of scientific research” pursuant to Article VIII, paragraph 1, of the Convention 

(International Court of Justice 2014). 

 

In summary, overutilization for commercial and scientific purposes currently is considered a low 

threat to the sperm whale.  If the IWC's moratorium on commercial whaling ended, direct harvest 

could again become a threat to sperm whales.   

 

2.3.2.3 Disease or predation:  

 

Disease presumably plays a role in natural mortality of sperm whales, but little is known.  While 

serological studies on North Pacific and North Atlantic sperm whales indicate that these whales 

are carriers of and infected by calciviruses and papillomavirus (Smith and Latham 1978, 

Lambertsen et al. 1987), only two naturally occurring diseases that are likely to be lethal have 

been identified in sperm whales: myocardial infarction associated with coronary atherosclerosis, 

and gastric ulceration associated with nematode infection (Lambertsen 1997).  There may be 

http://iwc.int/table_permit
http://iwc.int/table_permit
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diseases that, while they do not result in direct mortality, have the potential to debilitate the 

whales enough that death may be the ultimate outcome.  A live-stranded whale was discovered in 

Knokke-Heist, Belgium and upon blood testing, was found to have been infected with 

Edwardsiella tarda, a pathogen known to cause sepsis (Cools et al. 2013).  Sepsis can cause high 

fevers, leading to disorientation and compromising echo-navigational abilities, which suggests 

that the sepsis caused the whale to strand (Cools et al. 2013) 

 

The potential for parasitism to have a population level effect on sperm whales is largely 

unknown.  Although parasites may have little effect on otherwise healthy animals, effects could 

become significant if combined with other stresses.  

The potential impact of predation by killer whales on the dynamics of the North Pacific Ocean 

marine ecosystem has received substantial attention within the scientific community.  

Hypotheses have been developed on how predation by killer whales has influenced marine 

mammal populations, including sperm whales (Springer et al. 2003; Mizroch and Rice 2006). 

However, while evidence indicates that predation by killer whales has been, and is still, a source 

of natural mortality for sperm whales (Pitman et al. 2001), the extent of impact on sperm whale 

populations is expected to be small (NMFS 2010a). 

Sperm whales have been observed to be harassed by Risso’s dolphins (Grampus griseus) where 

the dolphin performs a head-on charge, resulting in the sperm whale opening its mouth and 

dropping the lower jaws.  Although Smultea et al. (2014) were unable to determine if there were 

pieces of food in the water, the authors speculate that the apparent interspecific harassment is 

meant to cause the sperm whale to regurgitate food, allowing the aggressor to eat the regurgitated 

food.  Sperm whales reacted to the harassment by displaying defensive behavior (i.e., herding 

calves to the middle of the unit and reducing space between individuals).  Attacks by other 

species on sperm whales usually do not result in death (NMFS 2010a). 

 

In summary, available evidence suggests that neither disease nor predation is a major threat to 

the recovery of sperm whale populations (NMFS 2010a).   

 

2.3.2.4  Inadequacy of existing regulatory mechanisms: 

 

The IWC continues to protect sperm whales from commercial whaling by member states and 

regulates direct take on a sustainable basis. In U.S. waters, sperm whales are protected under the 

ESA and the Marine Mammal Protection Act (MMPA).  The sperm whale is currently classified 

as ‘vulnerable’ on the International Union for Conservation of Nature (IUCN, also known as 

World Conservation Union) Red List of Threatened Animals, meaning that it is “facing a high 

risk of extinction in the wild in the medium-term future” (Taylor et al. 2008).  The species is also 

listed in Appendix I of the Convention on International Trade in Endangered Species of Wild 

Fauna and Flora (CITES) that, aside from exceptional circumstances, prohibits the commercial 

trade of products of sperm whales across international borders of member countries. 

 

Several international instruments have been established to address the impacts of underwater 

noise (Erbe 2013).  In 2008, the European Union created a legislative framework called the 

Marine Strategy Framework Directive (MSFD), which includes measures to reduce and monitor 

underwater noise by 2020.  The MSFD encompasses four European marine regions – the Baltic 
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Sea, the North-east Atlantic Ocean, the Mediterranean Sea and the Black Sea.  Member states are 

required to register any impulsive events that “are likely to entail significant impact on marine 

animals”, in terms of sound exposure levels and peak pressure and to monitor trends in ambient 

noise in two 1/3 octave bands centered at 63 and 125 Hz.  The Convention for the Protection of 

the Marine Environment of the North-East Atlantic (OSPAR) is a legal instrument established in 

1992, and its purpose is to protect the marine environment of the North-East Atlantic.  Fifteen 

Governments are parties to OSPAR: Belgium, Denmark, Finland, France, Germany, Iceland, 

Ireland, Luxembourg, The Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and 

United Kingdom.  OSPAR addresses both natural and human related impacts to the sea.  Under 

OSPAR Agreements 2014-08ef and 2014-10, monitoring guidance for underwater noise was 

developed to meet the requirements for reducing and monitoring underwater noise under the 

MSFD (Dekeling et al. 2014).   

 

The Agreement on the Conservation of Cetaceans of the Black Sea, Mediterranean Sea and 

Contiguous Atlantic Area (ACCOBAMS) makes recommendations for vessel speed reduction, 

propeller maintenance, noise reduction mechanisms and timing of operations to reduce impacts 

to marine mammals in the region.  Recent work includes mapping areas where sperm whales are 

at high risk of ship strikes and exposure to seismic and sonar activities (ACCOBAMS 2014).    

 

The sperm whale is listed under the Convention on the Conservation of Migratory Species of 

Wild Animals, also known as the Bonn Convention or CMS.  This Convention is an international 

treaty that focuses on the conservation of migratory species and their habitats.  As of May 2014, 

there are 120 parties to the Convention.  In 2008, the Convention adopted Resolution 9.19 on 

ocean noise impacts, which urges the Parties to assess underwater noise, adopt mitigation 

measures, develop monitoring guidelines of ambient noise, study noise sources, compile a 

reference database of noise signatures, characterize sound propagation, study bioacoustic 

impacts, and investigate the benefits of noise protection areas (Erbe 2013). 

 

In summary, the effectiveness of the IWC moratorium, MMPA, and CITES appear to minimize 

threats to sperm whales alongside the protections of the ESA.  Several international instruments 

focus on more general threats (e.g., noise) to the environment, and their direct effect on sperm 

whales is unknown.  

 

2.3.2.5  Other natural or manmade factors affecting its continued existence: 

 

Vessel Interaction
2
 

Sperm whales spend long periods (typically up to 10 minutes; Jaquet et al. 1998) “rafting” at the 

surface between deep dives. When in close proximity to vessels, this makes them vulnerable to 

ship strikes. Since the last status review, more cases of sperm whale injuries and fatalities due to 

ship strikes have been documented; however, the number of incidences recorded is still low and 

level of threat from vessel interactions is also considered low.  Ritter (2012) investigated 

worldwide collisions or near misses between sailing vessels and cetaceans between 1966 and 

2010.  Of the 168 incidents that were reported, 75% were reported for the period from 2002-

                                                 
2
 The sperm whale recovery plan (NMFS 2010a) has ship strikes under Factor D: the inadequacy of existing 

regulatory mechanisms.  However, for the purposes of this review, we analyze it in the broader context of vessel 

interactions and activities that may not be related to regulatory mechanisms. 
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2010, suggesting that vessel interactions with cetaceans is increasing.  Sperm whales were 

identified a total of 18 times, of which half collided with a sailing vessel and half were identified 

as a near miss.  This study identified a growing concern of interactions between sailing vessels 

and sperm whales; much of the focus has been on vessels such as tankers, cargo ships, ferries 

and whale watching vessels.  While most cases of injury to a whale relate to speed (>14 knots) 

and size (>80m) of vessels, sailing vessels, while smaller, can have serious impacts on whales 

due to the high speeds that can be reached (>20 knots) (Laist et al. 2011).  Off the Northwest 

Atlantic, from 1970-2009, there were six documented vessel (unspecified class and size) strike 

mortalities on sperm whales, of 176 total mortalities observed (Van der Hoop et al. 2012). 

The Canary Islands are considered a hotspot for collisions between marine mammals and ships 

due to the high ferry traffic.  Between 1991 and 2007, 556 cetacean carcasses were found 

stranded on the coastline or floating dead at sea along the seven Canary Islands (Carrillo and 

Ritter, 2010; Ritter 2010).  Fifty-nine of those animals showed obvious signs of collision with a 

ship, 24 being sperm whales.  Eleven of the sperm whales were determined to be calves. An 

average of 6.4 cetacean collisions occurred from 1999-2007.  However, many animals may sink 

or float away or collisions may go unreported, therefore the collision rate may be underestimated 

(Ritter 2010).  Maritime vessel traffic (e.g., high-speed ferries, cargo ships) in the Mediterranean 

Sea, poses a threat to sperm whales.  Between 1998 and 2009, 12 acoustic and visual surveys 

were completed along the Hellenic Trench (eastern Mediterranean) and found that 61% of 

whales stranded along the coast showed an indication of collision with vessels (Frantzis et al. 

2013).  Of 111 sperm whales that stranded in Italy (1986–1999) and Greece (1982–2001), 

approximately 7 were directly observed to die after colliding with a ship and 39 of the stranded 

sperm whales in Greece and 22 in Italy bore wounds or scars attributed to a vessel strike 

(reviewed by Notarbartolo di Sciara 2014). 

 

Effectiveness of preventative measures for collisions between whales and ships continues to be 

assessed. On-board ship observers and additional radio channels have been proposed as methods 

to assist with preventing ship strikes.  Research has also been done to enhance the Automated 

Identification Systems (AIS) technology by adding additional channels so vessels could 

automatically acknowledge receipt of a whale sighting notification (McGillivary et al. 2009). 

With regard to sperm whales’ behavioral responses to tour vessels, Richter et al. (2006) found 

that sperm whales in Kaikoura, New Zealand, respond to whale-watching activities with small 

changes in ventilation and vocalization patterns.  These changes may not be of biological 

importance; however, compared to resident whales, transients, which receive less whale-

watching effort, respond differently, and usually more strongly to whale-watching boats.  This 

appears to be consistent with Gordon et al. (1992) who also examined the effects of whale-

watching and approaching boats off the coast of Kaikoura, New Zealand, on sperm whales’ 

behavior and found that sperm whales spent less time at the surface and adjusted their breathing 

intervals and acoustic behavior.  Results also suggested that, with frequent exposure, whales 

become increasingly tolerant of the vessels' presence.  New Zealand implemented whale 

watching conservation procedures (limited number of tours, limited number of vessel exposures, 

and restricted approach distance from whale), which appear to minimize the impacts of tour 

vessels on sperm whales (Markowitz et al. 2011 as cited in Sagnol et al. 2014).  Sperm whales 

are not often seen from whale-watching vessels off the coast of the United States and Canada 

(either because the vessels are not located in areas where sperm whales are typically found or the 
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vessels are disruptive and the sperm whales avoid them), and the potential for disturbance to 

sperm whales by such vessels is probably low. 

  

Marine Debris 

Since the last status review, there have been more documented cases of mortality due to marine 

debris (ingestion and entanglement).  The threat of marine debris to sperm whales is considered 

to low due to the small number of documented cases.  Marine debris includes recreational or 

commercial fishing gear that is abandoned or lost, plastic garbage transported from land to sea 

and solid, non-biodegradable materials disposed of by ships at sea, such as plastics. Insulation, 

piping, fiberglass, bags, bottles, strapping bands, paints, adhesives, floats, synthetic ropes, 

sheeting, and synthetic fishing nets are all examples of plastic materials that could be detrimental 

to marine species.  Plastics, such as bags, rubber, balloons and wrappers, can easily be confused 

for prey and injected by marine species. The debris can cause serious internal injuries due to a 

physical blockage or puncture in the digestive system. 

 

Ingestion of marine debris by sperm whales is likely incidental ingestion from feeding near the 

bottom; mistaken ingestion due to resemblance to prey species is highly unlikely due to their 

echolocation capabilities (Walker and Coe, 1990).  Marine debris has been found in the 

gastrointestinal track of stranded sperm whales.  For example, the cause of death for a sperm 

whale discovered on a beach near Castell de Ferro, Spain, was a gastric rupture caused by a mass 

of compacted plastics (de Stephanis et al. 2013).  In 2008, two sperm whales were found 

stranded separately along the northern California coast.  The cause of death for one whale was a 

gastric rupture due to impacted debris (24,200g total).  The other whale was found to be in poor 

nutritional condition, and cause of death was established as starvation due to gastric impact 

(73,630g of total debris; Jacobsen et al. 2010).  Lost fishing gear can also entangle sperm whales.  

Off the Caribbean side of the West Indies, an adult female was spotted with a mixture of nets and 

ropes attached to her jaw. At the other end was a dead calf with the same nets and rope wrapped 

around its tail, further illustrating the impact that marine debris may have (Rinaldi and Rinaldi 

2013).  Although, the threat of entanglement of sperm whales in fishing gear is relatively low, 

minimizing and avoiding the mortality and injury to sperm whales as a result of entanglement 

needs to continue.  Not only can marine debris have physical impacts on the whales, like 

entanglement or ingestion, but the chemicals within the plastics, like PCBs, polycyclic aromatic 

hydrocarbons and petroleum hydrocarbons may also be absorbed and interfere with bodily 

functions of animals that ingest them (Simmonds 2012).   

 

Renewable Energy 

Sperm whales are at risk of entanglement in the moorings and associated power cables used to 

anchor offshore renewable energy, including offshore wind, wave and tidal energy (Benjamins et 

al. 2014).  Based on a review of current literature, Benjamins et al. (2014) assessed relative risks 

to marine megafauna groups on the basis of certain biological risk parameters such as size, 

detection capability, and diving behavior.  They also examined the physical features of the 

mooring and cable devices such mooring tension characteristics, swept volume and curvature.  

Although baleen whales were determined to be at the highest risk of entanglement, sperm whales 

also had a relatively moderate to high risk based largely on their size and foraging habits 

(Benjamins et al. 2014).   
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In summary, since the last status review, more cases of sperm whale injuries and fatalities due to 

ship strikes, including sailing vessels, have been documented; however, the number of 

incidences recorded is still low and level of threat from vessel interactions is also considered 

low.  Sperm whale mortality due to marine debris (ingestion and entanglement) continues to be 

documented, but the threat is considered to be low due to the small number of documented cases.  

Sperm whales are also vulnerable to entanglement in the moorings and associated power cables 

used in offshore renewable energy platforms, but level of impact is unknown.    

 

2.4  Synthesis: 

 

While it is often assumed that the worldwide population of sperm whales has increased since the 

implementation of the IWC moratorium against whaling in 1988, there are insufficient data on 

population structure and abundance of inhabited ocean basins to determine population trends 

accurately.  Regional estimates of abundance are fragmented and incomplete, and the best 

worldwide estimate of 300,000-450,000 (Whitehead 2002) is imprecise.  In addition, historical 

catch records are sparse or nonexistent in some areas of the world and over long periods of time.  

Also under-reporting or misreporting of modern catch data has taken place on a large scale. The 

wide-ranging, generally offshore distribution of sperm whales and their long submergence times, 

complicate efforts to estimate abundance.  Further, the removal of adults during historical 

hunting may still be impacting some populations.  Mizroch and Rice (2013) noted that few 

matrilineal groups are currently found in Alaskan waters and Ivashchenko et al. (2014) noted that 

large aggregations of sperm whales are seldom seen during current surveys.  Because of the 

extensive illegal catch of female sperm whales (Berzin 2008; Ivashchenko et al. 2014), Mizroch 

and Rice (2013) suggested that the effects of the removal of so many females may be 

disproportionately negative because of the importance of females in sperm whale social 

interactions (Whitehead et al. 1997; Best et al. 1984).  Thus, the extent of depletion and degree 

of recovery of populations are uncertain.   

 

Although the historical threat of whaling to the worldwide population is no longer a primary 

threat, sperm whales continue to face several other threats.  Current potential threats include 

vessel strikes, entanglement in fishing gear, anthropogenic noise, exposure to contaminants, 

climate change, and marine debris.  The magnitude of threats such as anthropogenic noise, 

contaminants and pollutants, and climate and ecosystem change is highly uncertain.  More 

attention and research is required to elucidate the magnitude of impact these threats have on the 

recovery of sperm whale populations.  Furthermore, some threats may, in fact, be intensifying, 

such as contaminant levels and climate change.  Although data are lacking on the severity of 

multiple potential threats, the available evidence indicates that threats are affecting the recovery 

of sperm whale populations.  Thus, reclassification should not occur, and the status of the sperm 

whale should remain as “endangered.” 
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3.0 RESULTS 

 

3.1   Recommended Classification:  

 

____ Downlist to Threatened 

 ____ Uplist to Endangered 

 ____ Delist  

  _X__ No change is needed 

 

3.2  New Recovery Priority Number (indicate if no change): Recommend change to 7. 

 

Brief Rationale:   The threat of directed harvest is low, but current threats include vessel strikes, 

entanglement in fishing gear, anthropogenic noise, exposure to contaminants, climate change, 

and marine debris.  The magnitude of threats such as anthropogenic noise, contaminants and 

pollutants, and climate and ecosystem change is highly uncertain; thus, the magnitude of threat is 

categorized as low to moderate.  Many actions needed to recover the species are outside of U.S. 

jurisdiction.  Thus, the recovery potential is low to moderate.   
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4.0 RECOMMENDATIONS FOR FUTURE ACTIONS 

 

The sperm whale recovery plan (NMFS 2010a) anticipates meeting the minimum data 

requirements by the year 2025 to meet the downlisting criterion no. 1 (achieve sufficient and 

viable populations in all ocean basins as evidenced by a risk analysis standard of no more than a 

1% chance of extinction in 100 years and the global population has at least 1,500 mature, 

reproductive individuals consisting of at least 250 mature females and at least 250 mature males 

in each ocean basin). 

 

To ensure we meet the downlisting criterion no. 1, it is essential to estimate current and, to the 

extent possible, historic species abundance accurately, which will allow for a determination of 

population trends in each ocean basin in which they occur. Because of the sperm whale’s 

migratory behavior, extremely wide geographic distribution, and deep and prolonged dives, it is 

difficult to make estimations of population size. Various methods, including population 

modeling based on acoustic and visual shipboard surveys, visual aerial surveys, and biopsy data, 

have been used to estimate abundance.  The use of these methods should be continued, but 

expanded geographically and temporally.   International cooperation with foreign scientists in 

non-U.S. waters and new techniques such as autonomous underwater acoustic recorders may also 

be necessary to collect data in areas that are not currently surveyed and to produce reliable 

results for entire populations.   

 

Secondarily, more extensive research is necessary to detect the presence of population structures 

which would help improve management strategies and accuracy of abundance data. While many 

studies showed low genetic diversity and little geographic structure, there is evidence that 

suggests the possibility of resident populations (e.g., Mediterranean Sea) and development of 

genetic differentiation due to differences in migratory patterns between males and females. 

Currently used methods should be continued, but using larger sample sizes and novel analytical 

approaches are needed to address the problems with current methods.  

 

In addition to the above, the following is needed to improve knowledge of threats to sperm 

whales:  

 

• improved knowledge of the impacts of anthropogenic noise from various sources, including 

military operations, on sperm whales’ behavior and ability to communicate and forage;  

• continued compilation of documented entanglement in fishing gear and vessel collisions;  

• continued research on the effects of exposure to high levels of organochlorine and other 

contaminants on sperm whales;  

• research to investigate the possible effects of climate change on sperm whales’ habitat and food 

availability; and  

• continued scientific information from stranded, entangled, or entrapped sperm whales to 

improve knowledge of species’ biology and causes of natural or human-induced mortality.  

 

The U.S. should also continue to cooperate with the IWC to maintain international regulation of 

the whaling of sperm whales. 

 



 

 37 

  

5.0 REFERENCES 

 

ACCOBAMS.  2014.  Report of the ninth meeting of the scientific committee of ACCOBAMS.  

Monaco, 15-17, 2014.  ACCOBAMS-SC9/2014/doc26.  61 pages. 

 

Ackleh, A.S., G.E. Ioup, J.W. Ioup, B. Ma, J.J. Newcomb, N. Pal, N. A. Sidorovskaia, and C. 

Tiemann. 2012.  Assessing the Deepwater Horizon oil spill impact on marine mammal 

populations through acoustics: endangered sperm whales. Journal Acoustical Society of 

America 131:2306-2316. 

 

Alexander, A., D. Steel, B. Slikas, K. Hoekzema, C. Carraher, M. Parks, R. Cronn, and C.S. 

Baker. 2012. Low diversity in the mitogenome of sperm whales revealed by next-

generation sequencing. Genome Biology and Evolution 5:113-129. 

 

Alter, S.E., M.P. Simmonds, and J.R. Brandon. 2010. Forecasting the consequences of climate-

driven shifts in human behavior on cetaceans. Marine Policy 34:943-954. 

 

Amano, M., A. Kourogi, K. Aoki, M. Yoshioka, and K. Mori. 2014. Differences in sperm whale 

codas between two waters off Japan: possible geographic separation of vocal clans. 

Journal of Mammalogy 95:169-175. 

 

André, M., M. van der Schaar, L. Houégnigan, S. Zaugg, L. Tenorio, A.M. Sández, and J.V. 

Castell.  2013.  Acoustics, abundance and distribution, behaviour-short talks.  Pages 86-

87 In: E. de Mar (editor) 27
th

 Annual Conference of the European Cetacean Society. 

 

Andrew, R. K., B. M. Howe, and J. A. Mercer.  2002.  Ocean ambient sound: comparing the 

1960s with the 1990s for a receiver off the California coast. Acoustics Research Letters 

Online 3:65-70.  

 

Antunes, R.N.C.  2009.  Variation in sperm whale (Physeter macrocephalus) coda vocalizations 

and social structure in the North Atlantic Ocean.  Ph.D. Dissertation University of St. 

Andrews.  136 pages.  http://hdl.handle.net/10023/827. 

 

Antunes, R., T. Schulz, S. Gero, H. Whitehead, J. Gordon, and L. Rendell.  2011.  Individually 

distinctive acoustic features in sperm whale codas.  Animal Behaviour 81:723-730. 

 

Au, D., and W. Perryman. 1982.  Movement and speed of dolphin schools responding to an 

approaching ship. Fishery Bulletin 80:371-379. 

 

Barlow, J.  2006.  Cetacean abundance in Hawaiian waters estimated from a summer/fall survey 

in 2002. Marine Mammal Science 22: 446–464. 

 

Barlow, J. and B.L. Taylor.  2005.  Estimates of sperm whale abundance in the northeastern 

temperate Pacific from a combined acoustic and visual survey. Marine Mammal Science 

21:429-455. 

http://hdl.handle.net/10023/827


 

 38 

 

Benjamins, S., V. Harnois, H.C.M. Smith, L. Johanning, L. Greenhill, L., C. Carter, C., and B. 

Wilson.  2014.  Understanding the potential for marine megafauna entanglement risk 

from renewable marine energy developments.  Scottish Natural Heritage Commissioned 

Report No. 791.  95 pages. 

 

Bernaldo de Quirós, Y., O. González-Diaz, M. Arbelo, E. Sierra, S. Sacchini, and A. Fernández.  

2012.  Decompression vs. decomposition: distribution, amount, and gas composition of 

bubbles in stranded marine mammals. Frontiers in Physiology 3:doi: 

10.3389/fphys.2012.00177. 

 

Berzin, A.A.  1972.  The sperm whale. Pacific Scientific Research Institute of Fisheries and 

Oceanography, Moscow. (Transl. from Russian 1971 version by Israel Program for Sci. 

Transl., Jerusalem).  

 

Berzin, A. A.  2008.  The truth about Soviet whaling: a memoir. Marine Fisheries Review 

70(2):4–59. 

 

Best, P.B. and D.S. Butterworth.  1980.  Timing of oestrus within sperm whale schools. Report 

International Whaling Commission (Special Issue 2):137-140. 

 

Best, P.B., P.A.S. Canham, and N. Macleod. 1984.  Patterns of reproduction in sperm whales, 

Physeter macrocephalus. Report International Whaling Commission (Special Issue 8):51-

79. 

 

Biggs, P. B., A. E. Jochens, N. K. Howard, S. F. Di Marco, K. D. Mullin, R. F. Leben, F. E. 

Muller-Karger, and C. Hu.  2005.  Eddy forced variations in On- and Off-Margin 

summertime circulation along the 1000-m isobath of the Northern Gulf of Mexico, 2000-

2003, and links with sperm whale distributions around the middle slope. Circulation in 

the Gulf of Mexico: Observations and Models. Geophysical Monograph Series 161. 

American Geophysical Union. 71-85.  

 

Bond, J.  1999.  Genetical analysis of the sperm whale using microsatellites. Ph.D. Dissertation. 

Cambridge Univ. 

 

Carpinelli, E., P. Gauffier, P. Verborgh, S. Airoldi, L. David, N. Di Méglio, A. Cañadas, A. 

Frantzis, L. Rendell, T. Lewis, B. Mussi, D.S. Pace, and R. De Stephanis.  2014.  

Assessing sperm whale (Physeter macrocephalus) movements in the western 

Mediterranean Sea through photo-identification.  Aquatic Conservation: Marine and 

Freshwater Ecosystems 24:23-30. 

 

Carretta, J.V.  2013.  A review of sperm whale (Physeter macrocephalus) bycatch in the 

California swordfish and thresher shark gillnet fishery. 10p. [Available from Southwest 

Fisheries Science Center, National Marine Fisheries Service, 8604 La Jolla Shores Drive, 

La Jolla, CA 92037, USA].  

 



 

 39 

Carretta, J. V., K. A. Forney, M. M. Muto, J. Barlow, J. Baker, B. Hanson, and M. S. Lowry.  

2007.  U.S. Pacific Marine Mammal Stock Assessments: 2006.  U.S. Department of 

Commerce, NOAA Technical Memorandum NMFS-SWFSC-398. 312 pages. 

 

Carretta, J.V., E. Oleson, D.W. Weller, A.R. Lang, K.A. Forney, J. Baker, B. Hanson, K. 

Martien, M.M. Muto, M.S. Lowry, J. Barlow, D. Lynch, L. Carswell, R.L. Brownell, Jr., 

D.K. Mattila, and M.C. Hill.  2013.  U.S. Pacific Marine Mammal Stock Assessments: 

2012.  U.S. Department of Commerce, NOAA Technical Memorandum NMFS-SWFSC-

505. 384 pages. 

 

Carretta, J.V., S.M. Wilkin, M.M. Muto, K. Wilkinson, and J. Rusin.  2014.  Sources of human-

related injury and mortality for U.S. Pacific coast marine mammal stock assessments: 

2008-2012.  U.S. Department of Commerce, NOAA Technical Memorandum NMFS-

SWFSC-533. 114 pages. 

 

Carrillo, M. and F. Ritter.  2010.  Increasing number of ship strikes in the Canary Islands: 

proposals for immediate action to reduce risk of vessel-whale collisions. Journal of 

Cetacean Research and Management 11:131-138. 

 

Carroll, G., S. Hedley, J. Bannister, P. Ensor, and R. Harcourt.  2014.  No evidence for recovery 

in the population of sperm whale bulls off Western Australia, 30 years post-whaling. 

Endangered Species Research 24:33-43. 

 

Christal, J. and H. Whitehead.  1997. Aggregations of mature male sperm whales on the 

Galapagos Islands breeding ground. Marine Mammal Science 13:59-69. 

 

Christal, J. and H. Whitehead.  2001. Social affiliations within sperm whale (Physeter 

macrocephalus) groups. Ecology 107:323-340. 

 

Clark, J.M. and D. J. Agnew.  2010.   Estimating the impact of depredation by killer whales and 

sperm whales on longline fishing for toothfish (Dissostichus eleginoides) around South 

Georgia. CCAMLR Science 17:163-178. 

 

Clarke, R., O. Paliza, and K. Van Waerebeek.  2011.  Sperm whales of the Southeast Pacific: 

Part VII. Reproduction and growth in the female. Latin American Journal of Aquatic 

Mammals 10:8-39. 

 

Cools, P., J. Haelters, G.L. dos Santos Santiago, G. Claeys, J. Boelens, I. Leroux-Roels, M. 

Vaneechoutte, and P. Deschaght.  2013.  Edwardsiella tarda sepsis in a live-stranded 

sperm whale (Physeter macrocephalus). Veterinary Microbiology 166: 311-315. 

 

Davis, R. W., G. S. Fargion, N. May, T. D. Leming, M. Baumgartner, W. E. Evans, L. J. Hansen, 

and K. Mullin.  1998.  Physical habitat of cetaceans along the continental slope in the 

north-central and western Gulf of Mexico. Marine Mammal Science 14:490-507.  

 



 

 40 

De Stephanis, R., J. Gimenez E. Carpinelli, C. Gutierrez-Exposito, and A. Canadas.  2013.  As 

main meal for sperm whales: Plastics debris. Marine Pollution Bulletin 69:2006-2014. 

 

Dekeling, R.P.A., M.L. Tasker, A.J. Van der Graaf, M.A. Ainslie, M.H. Andersson, M. André, 

J.F. Borsani, K. Brensing, M. Castellote, D. Cronin, J. Dalen, T. Folegot, R. Leaper, J. 

Pajala, P. Redman, S.P. Robinson, P. Sigray, G. Sutton, F. Thomsen, S. Werner, D. 

Wittekind, and J.V. Young.  2014.   Monitoring Guidance for Underwater Noise in 

European Seas, Part I: Executive Summary, JRC Scientific and Policy Report EUR 

26557 EN, Publications Office of the European Union, Luxembourg, 2014 doi: 

10.2788/29293. 138 pages. 

 

Doney, S.C., M. Ruckelhaus, J.E. Duffy, J.P. Barry, F. Chan, C.A. English, H.M. Galindo, J.M. 

Grebmeier, A.B. Hollowed, N. Knowlton, J. Polovina, N.N. Rabalais, W.J. Sydeman, and 

L.D. Talley.  2012.  Climate change impacts on marine ecosystems.  Annual Review of 

Marine Science 4:11-37. 

 

Drout, V.  2003. Ecology of sperm whales (Physeter macrocephalus) in the Mediterranean Sea. 

PhD Dissertation, University of Wales, Bangor.  

 

Dufault, S. and H. Whitehead. 1995. An encounter with recently wounded sperm whales 

(Physeter macrocephalus). Marine Mammal Science 11:560-563. 

 

Engelhaupt, D. T. 2004. Phylogeography, Kinship and Molecular Ecology of Sperm Whales 

(Physeter macrocephalus).  University of Durham. 

 

Engelhaupt, D., A.R. Hoelzel, C. Nicholson, A. Frantzis, S. Mesnick, S. Gero, H. Whitehead, L. 

Rendell, P. Miller, R. De Stefanis, A. Canadas, S. Airold, and A. A. Mignucci-Giannoni. 

2009. Female philopatry in coastal basins and male dispersion across the North Atlantic 

in a highly mobile marine species, the sperm whale (Physeter macrocephalus). Molecular 

Ecology 18:4193-4205. 

 

Erbe, C. 2013. International regulation of underwater noise.  Acoustics Australia 41:12-19. 

 

Evans, K., R. Thresher, R.M. Warneke, C.J.A. Bradshaw, M. Pook, D. Thiele, and M.H. Hindell.  

2005.  Periodic variability in cetacean strandings: links to large-scale climate events. 

Biology Letters 1:147-150. 

 

Fearnbach, H., J.W. Durban, S.A. Mizroch, S. Barbeaux, and P.R. Wade.  2012.  Marine 

Biodiversity Records 5: doi:10.1017/S1755267211001047. 

 

Fiori, C., L. Giancardo, M. Aïssi, J. Alessi, and P. Vassallo.  2014.  Geostatistical modelling of 

spatial distribution of sperm whales in the Pelagos Sanctuary based on sparse count data 

and heterogeneous observations.  Aquatic Conservation: Marine and Freshwater 

Ecosystems. 24:41-49. 

 



 

 41 

Forney, K. A., and R. L. Brownell, Jr.  1997.  Preliminary report of the 1994 Aleutian Island 

marine mammal survey.  International Whaling Commission, Scientific Committee 

Document. SC/48/O 11. 9pp., 6 figs. 

 

Fossi, M.C., C. Panti, L. Marsilli, S. Maltese, D. Coppola, B. Jimenez, J. Muñoz-Aranz, M.G. 

Finoia, L. Rojas-Bracho, and R. J. Urban.  2014.  Could feeding habit and migratory 

behaviour be the causes of different toxicological hazard to cetaceans of the Gulf of 

California (Mexico)?  Environmental Science and Pollution Research 

doi.10.1007/s11356-014-2574-8.  14 pages. 

 

Frantzis, A. and P. Alexiadou.  2008.  Male sperm whale (Physeter macrocephalus) coda 

production and coda-type usage depend on the presence of conspecifics and the 

behavioral context. Canadian Journal of Zoology 86:62-75. 

 

Frantzis, A., S. Airoldi, G. Notarbartolo-di-Sciara, C. Johnson, and S. Mazzariol. 2011. Inter-

basin movements of Mediterranean sperm whales provide insight into their population 

structure and conservation. Deep-Sea Research I 58:454-459.  

 

Frantzis, A., R. Leaper, A. Paraskevi, and D. Lekkas.  2013.  Distribution patterns of sperm 

whales in relation to shipping density in the Hellenic Trench, Greece. Paper 

SC/65b/HIM07. 

 

Frantzis, A., A. Paraskevi, and K.C. Gkikopoulou.  2014.  Sperm whale occurrence, site fidelity 

and population structure along the Hellenic Trench (Greece, Mediterranean Sea).  

Aquatic Conservation: Marine and Freshwater Ecosysems  24:83-102. 

 

Frisk, G.V.  2012.  Noiseonomics: the relationship between ambient noise levels in the sea and 

global economic trends.  Scientific Reports 2:437/doi.10.1038/srep00437.  4 pages. 

 

Gannier, A.  2000.  Distribution of cetaceans off the Society Islands (French Polynesia) as 

obtained from dedicated surveys. Aquatic Mammalogy 26:111-126. 

 

Garcia-Godos, I., K. Van Waerbeek, J. Alfaro-Shigueto, and C. Mangel.  2013.  Entanglements 

of large Cetaceans in Peru: Few records but still high risk. Pacific Science 67: 523-532. 

 

Gero, S., D. Engelhaupt, L. Rendell, and H. Whitehead.  2009.  Who Cares? Between-group 

variation in alloparental caregiving in sperm whales. Behavioral Ecology 

doi:10.1093/behaco/arp068. 

 

Gero, S., J. Gordon, and H. Whitehead.  2013.  Calves as social hubs: dynamics of the social 

network within sperm whale units. Proceedings of the Royal Society Biological Sciences 

280:20131113. 

 

Gregg, W.W., M.E. Conkright, P. Ginoux, J.E. O’Reilly, and N.W. Casey.  2003.  Ocean 

primary production and climate: global decadal changes.  Geophysical Research Letters 

30(15):doi:10.1029/2003G1016889. 



 

 42 

 

Godard-Codding, C.A.J., R. Clark, M.C. Fossi, L. Marsili, S. Maltese, A.G. West, L. Valenzuela, 

V. Rowntree, I. Polyak, J.C. Cannon, K. Pinkerton, N. Rubio-Cisneros, S.L. Mesnick, 

S.B. Cox, I. Kerr, R. Payne, and J.J. Stegeman.  2011.  Pacific Ocean-wide profile of 

CYP1A1 expression, stable carbon and nitrogen isotope ratios, and organic contaminant 

burden in sperm whale skin biopsies.  Environmental Health Perspectives 119(3):337-

343. 

 

Goetz, S., M. Laporta, J.M. Portela, M.B. Santos, and G.J. Pierce.  2010.  Experimental fishing 

with an “umbrella-and-stones” system to reduce interactions of sperm whales (Physeter 

macrocephalus) and seabirds with bottom-set longlines for Patagonian toothfish 

(Dissostichus eleginoides) in the Southwest Atlantic.  ICES Journal of Marine Science 

doi:10.1093/icesjms/fsq161. 

 

Gordon, J., R. Leaper, F. G. Hartley, and O. Chappell.  1992.  Effects of whale-watching vessels 

on the surface and underwater acoustic behaviour of sperm whales off Kaikoura, New 

Zealand. Science & Research Series No. 52, Department of Conservation, Wellington, 

N.Z. 64 pp.  

 

Gordon, J., A. Moscrop, C. Carlson, S. Ingram, R. Leaper, J. Matthews, and K. Young.  1998. 

Distribution, movements, and residency of sperm whales off the Commonwealth of 

Dominica, eastern Caribbean: implications for the development and regulation of the 

local whaling industry. Rep. International Whaling Commission 48:551-557. 

 

Gosho, M. E., D. W. Rice, and J. M. Breiwick.  1984.  The sperm whale. Marine Fisheries 

Review 46(4):54-64. 

 

Green, G. A., J. J. Brueggeman, R. A. Grotefendt, C. E. Bowlby, M. L. Bonnell, and K. C. 

Balcomb III.  1992.  Cetacean distribution and abundance off Oregon and Washington, 

1989-1990.  Oregon and Washington Marine Mammal and Seabird Surveys. Minerals 

Management Service Contract Report 14-12-0001-30426. 

 

Gregr, E.J. and A.W. Trites.  2001.  Predictions of critical habitat for fixe whale species in the 

waters of coastal British Columbia. Canadian Journal of Fisheries and Aquatic Sciences 

58:1265-1285. 

 

Gunnlaugsson, T., G.A. Vikingsson, and D.G. Pike.  2009.  Combined line-transect and cue-

count estimate of sperm whale abundance in the North Atlantic, from Icelandic NASS-

2001 shipboard survey. NAMMCO Sci. Publ. 7:73-80. 

 

Hain, J.H.W., M.A.M Hyman, R. D. Kenney, and H.E. Winn.  1985.  The role of cetaceans in the 

shelf-edge region of the northeastern United States. Marine Fisheries Review 47:13-17. 

 

Hamer, D.J., S.J. Childerhouse, and N.J. Gales.  2012.  Odontocete bycatch and depredation in 

longline fisheries: a review of available literature and of potential solutions. Marine 

Mammal Science 28:E345-E374. 



 

 43 

 

Harvey, J.T., T. Friend, and E.A. McHuron.  2014.  Cephalopod remains from stomachs of 

sperm whales (Physeter macrocephalus) that mass-stranded along the Oregon coast. 

Marine Mammal Science 30(2):609-625.  

 

Hernandez-Milian, G., S. Goetz, C. Varela-Dopico, J. Rodriguez-Gutierrez, J. Romón-Olea, J. R. 

Fuertes-Gamundi, E. Ulloa-Alonso, J.J.C. Tregenza, A. Smerdon, M. G. Otero, V. Tato, 

J. Want, M.B. Santos, A. López, R. Lago, J. M. Portela, and G. J. Pierce.  2008.  Results 

of a short study of interactions of cetaceans and longline fisheries in Atlantic waters: 

environmental correlates of catches and depredation events. Hydrobiologia 612:251-268. 

 

Heyning, J. E.  1997.  Sperm whale phylogeny revisited: analysis of the morphological evidence. 

Marine Mammal Science 13:596-613.  

 

Holthuis, L.B.  1987.  The scientific name of the sperm whale. Marine Mammal Science 3(1):87-

89. 

 

Hooker, S.K., R.W. Baird, and A. Fahlman.  2009.  Could beaked whales get the bends? Effect 

of diving behavior and physiology on modelled gas exchange for three species: Ziphius 

cavirostris, Mesoplodon densirostris, and Hyperoodon ampullatus.  Respiratory 

Physiology and Neurobiology. 

 

Hooker, S.K., A. Fahlman, M.J. Moore, N. Aguilar de Soto, Y. Bernaldo de Quirós, A.O. 

Brubakk, D.P. Costa, A.M. Costidis, S. Dennison, K.J. Falke, A. Fernandez, M. Ferrigno, 

J.F. Fitz-Clarke, M.M. Garner, D.S. Houser, P.D. Jepson, D.R. Ketten, P.H. Kvadsheim, 

P.T. Madsen, N.W. Pollock, D.S. Rotstein, T.K. Rowles, S.E. Simmons, W. VanBonn, 

P.K. Weathersby, M.J. Weise, T.M. Williams, and P.L. Tyack.  2011.  Deadly diving?  

Physiological and behavioural management of decompression stress in diving mammals.  

Proceedings of the Royal Society B Biological Sciences doi:10.1098/rspb.2011.2088.  11 

pages. 

 

Huggenberger, S., M. André, and H.A. Oelschläger.  2014.  An acoustic valve within the nose of 

sperm whales Physeter microcephalus.  Mammal Review 44:81-87. 

 

Husson, A.M. and L.B. Holthuis.  1974.  Physeter macrocephalus, Linnaeus 1758, the valid 

name for the sperm whale. Zool. Mededel. 48:205-217. 

 

International Court of Justice.  2014.  Whaling in the Antarctic (Australia v. Japan, New Zealand 

intervening).  76 pages http://www.icj-

cij.org/docket/index.php?p1=3&p2=1&case=148&code=aj&p3=4 

 

International Whaling Commission.  1988.  Report of the Scientific Committee.  Report of the 

International Whaling Commission 38:32-61. 

 

http://www.icj-cij.org/docket/index.php?p1=3&p2=1&case=148&code=aj&p3=4
http://www.icj-cij.org/docket/index.php?p1=3&p2=1&case=148&code=aj&p3=4


 

 44 

Ivashchenko, Y.V., R.L. Brownell, Jr. and P.J. Clapham.  2014.  Soviet illegal catches of sperm 

whales (Physeter macrocephalus) in the North Pacific.  NPRB Project 1209 Final Report. 

71 pages. 

 

Jacobsen, J.K., L. Massey, and F. Gulland.  2010.  Fatal ingestion of floating net debris by two 

sperm whales (Physeter macrocephalus). Marine Pollution Bulletin 60:765-767. 

 

Jaquet, N.  1996.  How spatial and temporal scales influence understanding of sperm whale 

distribution: a review. Mammal Review 26:51-65. 

 

Jaquet, N. and H. Whitehead.  1996.  Scale-dependent correlation of sperm whale distribution 

with environmental features and productivity in the South Pacific. Marine Ecology 

Progress Series, 135:1-9. 

 

Jaquet, N., S. Dawson, and E. Slooten.  1998.  Diving behavior of male sperm whales: foraging 

implications.  International Whaling Commission, Scientific Committee Document 

SC/50/CAWS38, 20pp. + 5 figs. 

 

Jaquet, N., S. Dawson, and L. Slooten.  2000.  Seasonal distribution and diving behaviour of 

male sperm whales off Kaikura: foraging implications. Canadian Journal of Zoology 

78:407-419.  

 

Jaquet, N., D. Gendron, and A. Coakes.  2003.  Sperm whales in the Gulf of California: 

residency, movements, behavior, and the possible influence of variation in food supply. 

Marine Mammal Science 19:545-562. 

 

Jochens, A. E. and D. C. Biggs, editors.  2004.  Sperm whale seismic study in the Gulf of 

Mexico; Annual Report: Year 2. U.S. Dept. of the Interior, Minerals Management 

Service, Gulf of Mexico DCS Region, New Orleans, LA. DCS Study MMS 2004-067. 

167 pages. 

 

Jochens, A., D. Biggs, K. Benoit-Bird, D. Engelhaupt, J. Gordon, C. Hu, N. Jaquet, M. Johnson, 

R. Leben, B. Mate, P. Miller, J. Ortega-Ortiz, A. Thode, P. Tyack, and B. Würsig.  2008.  

Sperm whale seismic study in the Gulf of Mexico: Synthesis report. U.S. Dept. of the 

Interior, Minerals Management Service, Gulf of Mexico OCS Region, New Orleans, LA. 

OCS Study MMS 2008-006. 341 pages. 

 

Kasuya T. and T. Miyashita.  1988.  Distribution of sperm whale stocks in the North Pacific.  

Scientific Reports of the Whales Research Institute 39: 31-75. 

 

Kenney, R.D. and H.E. Winn.  1987.  Cetacean biomass densities near submarine canyons 

compared to adjacent shelf/slope areas. Continental Shelf Research 7:107-114. 

 

Ketten, D.R.  1992.  The marine mammal ear: specializations for aquatic audition and 

echolocation.  Pages 717-750 in Evolutionary Biology of Hearing (editors: Webster, D. F. 

Fay, and A. Popper). New York: Springer-Verlag. 



 

 45 

 

Kvadsheim, P.H., P.J.O. Miller, P.L. Tyack, L.D. Silve, F.P.A. Lam, and A. Fahlman.  2012. 

Estimated tissue and blood N2 levels and risk of decompression sickness in deep-, 

intermediate-, and shallow-diving toothed whales during exposure to naval sonar. 

Frontiers in Physiology 3:doi:10.3389/fphys.2012.00125. 

 

Laist, D.W., A.R. Knowlton, J.G. Mead, A.S. Collet, and M. Podesta.  2011.  Collisions between 

ships and whales. Marine Mammal Science 17:35-75. 

 

Lambertsen, R.H.  1997.  Natural disease problems of the sperm whale. Bulletin of the Royal 

Institute of Natural Sciences of Belgium, Biologic 67-Supll.:105-112. 

 

Lambertsen, R.H., B.A. Kohn, J.P. Sundberg, and C.D. Buergelt.  1987.  Genital papillomatosis 

in sperm whale bulls. Journal of Wildlife Diseases 23:361-367. 

 

Lyrholm, T., O. Leimar, B. Johanneson, and U. Gyllensten.  1999.  Sexbiased dispersal in sperm 

whales: contrasting mitochondrial and nuclear genetic structure of global populations.  

Proceedings of the Royal Society of London  B 266:347–354 

 

Mackas, D. L., R. Goldblatt, and A. G. Lewis.  1998.  Interdecadal variation in developmental 

timing of Neocalanus plumchrus populations at Ocean Station P in the subarctic North 

Pacific. Canadian Journal of Fisheries Aquatic Sciences 55:1878–1893. 

 

MacLeod, C.D.  2009.  Global climate change, range changes and potential implications for the 

conservation of marine cetaceans: a review and synthesis. Endangered Species Research 

7:125-136. 

 

Madsen, P.T., D.A. Carder, W.W.L. Au, P.E. Nachtigall, B. Møhl, and S.H. Ridgway.  2003. 

Sound production in neonate sperm whales (L). Journal Acoustical Society of America 

113:2988-2991. 

 

Marsili, L., S. Maltese, D. Coppola, L. Carletti, S. Mazzariol, and M.C. Fossi.  2014. 

Ecotoxicological status of seven sperm whales (Physeter macrocephalus) stranded along 

the Adriatic coast of Southern Italy. Aquatic Conservation: Marine and Freshwater 

Ecosystems 24:103-118. 

 

McDonald, M. A., J. A. Hildebrand, and S. M. Wiggins.  2006.  Increases in deep ocean ambient 

noise in the northeast Pacific west of San Nicolas Island, California.  Journal of the 

Acoustical Society of America 120: 711-718. 

 

McDonald, M.A., J.A. Hildebrand, S.M. Wiggins, and D. Ross.  2008.  A 50-year comparison of 

ambient ocean noise near San Clemente Island: A bathymetrically complex coastal region 

off Southern California.  Journal of the Acoustical Society of America 124:1985-1992. 

 



 

 46 

McGillivary, P.A., K.D. Schwehr, and K. Fall.  2009.  Enhancing AIS to improve whale-ship 

collision avoidance and maritime security. OCEANS 2009, MTS/IEEE Biloxi - Marine 

Technology for Our Future: Global and Local Challenges. 

 

Mellinger, D. K., K. M. Stafford, and C. G. Fox.  2004.  Seasonal occurrence of sperm whales 

(Physeter macrocephalus) sounds in the Gulf of Alaska, 1999-2001. Marine Mammal 

Science 20:48-62. 

 

Mesnick, S. L.  2001.  Genetic relatedness in sperm whales: evidence and cultural implications. 

Behavioral and Brain Science 24:346.  

 

Mesnick, S. L., K. Evans, B. L. Taylor, J. Hyde, S. Escorza-Trevino, and A. E. Dizon. 2003.  

Sperm Whale Social Structure: Why it Takes a Village to Raise a Child. Pages 170-174, 

in Animal Social Complexity: Intelligence, Culture and Individualized Societies (editors: 

F.B.M. de Waal and P.L. Tyack).  Harvard University Press.  

 

Mesnick, S.L., B.L. Taylor, F.I. Archer, K.K. Martien, S.E. Trevino, B.L. Hancock-Hanser, S.C. 

Moreno Medina, V.L. Pease, K.M. Robertson, J.M. Straley, R.W. Baird, J. Calambokidis, 

G.S. Schorr, P. Wade, V. Burkanov, C.R. Lunsford, L. Rendell, and P.A. Morin.  2011. 

Sperm whale population structure in the eastern and central North Pacific inferred by the 

use of single-nucleotide polymorphisms, microsatellites and mitochondrial DNA. 

Molecular Ecology Resources 11:278-298. 

 

Michel, J., R. Nairn, J. A. Johnson, and D. Hardin.  2001.  Development and design of biological 

are physical monitoring protocols to evaluate the long-term impacts of offshore dredging 

operations on the marine environment: Final Report to the U.S. Department of Interior, 

Minerals Management Service, International Activities and Marine Minerals Division 

(INTERMAR), Herndon, VA.  Contract No. 14-35-0001-31051.  116 pages. 

 

Milinkovitch, M.C.  1995.  Molecular phylogeny of cetaceans prompts revisions of 

morphological transformations. Trends Evolutionary Ecology 10:328-334. 

 

Milinkovitch, M.C., O. Guillermo, and A. Meyer.  1993.  Revised phylogeny of whales 

suggested by mitochondrial ribosomal DNA sequences. Nature 361:346-348. 

 

Milinkovitch, M.C., A. Meyer, and J.R. Powell.  1994.  Phylogeny of all major groups of 

cetaceans based on DNA sequence from three mitochondrial genes. Molecular Biology 

and Evolution 11:939-948. 

 

Milinkovitch, M.C., G. Orti, and A. Meyer.  1995.  Novel phylogeny of whales revisited but not 

revised. Molecular Biology and Evolution 12:518-520. 

 

Miller, P.J.O., M.P. Johnson, and P.L. Tyack.  2004.  Sperm whale behavior indicates the use of 

rapid echolocation click buzzes ‘creaks’ in prey capture. Proceedings of the Royal 

Society of London, Series B 271:2239-2247. 

 



 

 47 

Miller, P.J.O., M.P. Johnson, P.T. Madsen, N. Biassoni, M. Quero, and P.L. Tyack.  2009.  

Using at-sea experiments to study the effects of airguns on the foraging behavior of 

sperm whales in the Gulf of Mexico. Deep Sea Research I 56:1168-1181. 

 

Miller, P.J.O., P.H. Kvadsheim, F.P.A. Lam, P.J. Wensveen, R. Antunes, A.C. Alves, F. Visser, 

L. Kleivane, P.L. Tyack, and L.D. Silve.  2012.  The severity of behavior changes 

observed during experimental exposures of killer (Orcinus orca), long-finned pilot 

(Globicephala melas), and sperm (Physeter macrocephalus) whales to naval sonar. 

Aquatic Mammals 38:362-401. 

 

Mizroch, S.A. and D.W. Rice.  2006.  Have North Pacific killer whales switches prey species in 

response to depletion of the great whale populations? Marine Ecology Progress Series 

310:235-246. 

 

Mizroch, S.A. and D.W. Rice.  2013.  Ocean nomads: Distribution and movements of sperm 

whales in the North Pacific shown by whaling data and Discovery marks.  Marine 

Mammal Science 29(2):E136-E165. 

 

Mohl, B., M. Wahlberg, P.T. Madsen, A. Heerfordt, and A. Lund.  2003.  The monopulsed 

nature of sperm whale clicks. Journal of Acoustical Society of America. 114:12. 

 

Moore, M.J. and G.A. Early.  2005.  Cumulative sperm whale bone damage and the bends. 

Science 306:2215. 

 

Moore, S.E. and J. T. Clarke.  2002.  Potential impact of offshore human activities on grey 

whales (Eschrichtius robustus). Journal of Cetacean Research and Management 4:19-25. 

 

Moore, J.E. and J.P. Barlow.  2014.  Improved abundance and trend estimates for sperm whales 

in the eastern North Pacific from Bayesian hierarchical modeling.  Endangered Species 

Research 25:141-150. 

 

Moreno, C.A., R. Castro, L.J. Mujica, and P. Reyes.  2008.  Significant conservation benefits 

obtained from the use of a new fishing gear in the Chilean Patagonian toothfish fishery. 

CCAMLR Science 15:79-91. 

 

Mullin, K. D. and G. L. Fulling.  2003.  Abundance of cetaceans in the southern U.S. North 

Atlantic ocean during summer 1998.  Fishery Bulletin 101: 603-613. 

 

Mullin, K. D. and G. L. Fulling.  2004.  Abundance of cetaceans in the oceanic northern Gulf of 

Mexico, 1996-2001.  Marine Mammal Science 20: 787-807.  

 

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. U.S. Department of the Interior, Minerals Management Service, Gulf of Mexico 

OCS Regional Office, New Orleans, Louisiana. 108 pp. 

 



 

 48 

Mullins, J., H. Whitehead, and L.S. Weilgart.  1988.  Behaviour and vocalizations of two single 

sperm whales, Physeter macrocephalus, off Nova Scotia.  Canadian Journal of Fisheries 

and Aquatics Sciences 45:1736–1743. 

 

Mussi, B., A. Miragliuolo, A. Zucchini, and D.S. Pace.  2014.  Occurrence and spatio-temporal 

distribution of sperm whale (Physeter microcephalus) in the submarine canyon of Cuma 

(Tyrrhenian Sea, Italy).  Aquatic Conservation: Marine and Freshwater Ecosystems 

24:59-70. 

 

National Research Council.  2003. Ocean Noise and Marine Mammals. The National Academies 

Press, Washington, D.C.  

 

NMFS.  2009.  Sperm whale (Physeter macrocephalus) 5-Year: summary and evaluation.  

http://www.nmfs.noaa.gov/pr/pdfs/species/spermwhale_5yearreview.pdf 

 

NMFS.  2010a.  Final recovery plan for the sperm whale ((Physeter macrocephalus).  

http://www.nmfs.noaa.gov/pr/recovery/plans.htm 

 

NMFS. 2010b. Sperm whale (Physeter macrocephalus): Puerto Rico and U.S. Virgin Islands 

stock assessment report. http://www.nmfs.noaa.gov/pr/sars/ 

 

NMFS.  2012a.  Sperm whale (Physeter macrocephalus): Northern Gulf of Mexico stock 

assessment report. http://www.nmfs.noaa.gov/pr/sars/ 

 

NMFS.  2012b. Sperm whale (Physeter macrocephalus): California/Oregon/Washington stock 

assessment report. http://www.nmfs.noaa.gov/pr/sars/ 

 

NMFS.  2013.  Sperm whale (Physeter macrocephalus): North Pacific stock assessment report. 

http://www.nmfs.noaa.gov/pr/sars/ 

 

NMFS.  2014a.  Draft Sperm whale (Physeter macrocephalus): North Atlantic stock assessment 

report. http://www.nmfs.noaa.gov/pr/sars/ 

 

NMFS.  2014b.  Draft Sperm whale (Physeter macrocephalus): Hawaii stock assessment report. 

http://www.nmfs.noaa.gov/pr/sars/ 

 

Notarbartolo di Sciara, G.  2014.  Sperm whales, Physeter microcephalus, in the Mediterranean 

Sea: a summary of status, threats, and conservation recommendations.  Aquatic 

Conservation: Marine and Freshwater Ecosystems 24:4-10. 

 

Notarbartolo di Sciara G, A. Frantzis, G. Bearzi, and R.R. Reeves.  2012.  Sperm whale, 

Physeter macrocephalus, Mediterranean subpopulation. In: IUCN 2013. IUCN Red List 

of Threatened Species. Version 2013.1. www.iucnredlist.org. 

 

http://www.nmfs.noaa.gov/pr/pdfs/species/spermwhale_5yearreview.pdf
http://www.nmfs.noaa.gov/pr/recovery/plans.htm
http://www.nmfs.noaa.gov/pr/sars/
http://www.nmfs.noaa.gov/pr/sars/
http://www.nmfs.noaa.gov/pr/sars/
http://www.nmfs.noaa.gov/pr/sars/
http://www.nmfs.noaa.gov/pr/sars/
http://www.nmfs.noaa.gov/pr/sars/
http://www.iucnredlist.org/


 

 49 

Oliveira, C., M. Wahlberg, M. Johnson, P.J.O. Miller, and P.T. Madsen.  2013.  The function of 

sperm whale slow clicks in a high latitude habitat: communication, echolocation or prey 

debilitation. Journal Acoustical Society of America 133: 3135-3144. 

 

Ortega-Ortiz, J.G., D. Engelhaupt, M. Winsor, B.R. Mate, and A.R. Hoelzel.  2012.  Kinship of 

long-term associates in the highly social sperm whale. Molecular Ecology 21:732-744. 

 

Pace, D.S., A. Miragliuolo, and B. Mussi.  2008.  Behavior of a social unit of sperm whales 

(Physeter macrocephalus) entangled in a driftnet off Cape Palinuro (Southern Tyrrhenian 

Sea, Italy). Journal of Cetacean Research and Management 10: 131-135. 

 

Pace, D.S., A. Miragliulolo, M. Mariani, C. Vivaldi, and B. Mussi.  2014.  Sociality of sperm 

whale off Ischia Island (Tyrrhenian Sea, Italy).  Aquatic Conservation: Marine and 

Freshwater Ecosystems 24:71-82. 

 

Palacios, D. M., and T. Gerrodette.  1996.  Potential impact of artisanal gillnet fisheries on small 

cetacean populations in the eastern tropical Pacific. NOAA ADMIN report LJ-96-11. 

 

Pacyna EG, JM Pacyna, F. Steenhuisen, and S. Wilson.  2006.  Global anthropogenic mercury 

emission inventory for 2000. Atmospheric Environment 40(22):4048–4063. 

 

Peterson, M.J. and C. Carothers.  2013.  Whale interactions with Alaskan sablefish and Pacific 

halibut fisheries: surveying fishermen perception, changing fishing practices and 

mitigation. Marine Policy 42:315-324. 

 

Pierce, G.J., M.B. Santos, C. Smeenk, A. Saveliev, and A.F. Zuur.  2007.  Historical trends in the 

incidence of strandings of sperm whales (Physeter macrocephalus) on North Sea coasts: 

an association with positive temperature anomalies. Fisheries Research 87:219-228. 

 

Pinela, A.M., S. Querouil, S. Magalhaes, 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 87:802-813. 

 

Pitman, R.L., L.T. Balance, S.L. Mesnick, and S.J. Chivers.  2001.  Killer whale predation on 

sperm whales: observations and implications. Marine Mammal Science 17:494-507. 

 

Quinn, T. J., II, and H. J. Neibauer.  1995.  Relation of eastern Bering Sea walleye pollock 

(Theragra chalcogramma) recruitment to environmental and oceanographic variable. In: 

R.J. Beamish (ed.) Climate change and northern fish populations. Canadian Journal of 

Fisheries and Aquatic Science 121:497-507. 

 

Reeves, R.R. and H. Whitehead.  1997.  Status of the sperm whale, Physeter macrocephalus. 

Canadian Field Naturalist 111:293-307. 

 



 

 50 

Reeves R. and G. Notarbartolo di Sciara.  2006.  The status and distribution of cetaceans in the 

Black Sea and Mediterranean Sea. IUCN Centre for Mediterranean Cooperation, Malaga, 

Spain. 137 pp. 

 

Reeves, R.R., J.N. Lund, T.D. Smith and E.A. Josephson.  2011.  Insights from whaling 

logbooks on whales, dolphins, and whaling in the Gulf of Mexico.  Gulf of Mexico 

Science (1):41-67. 

 

Rendell, L. and H. Whitehead.  2004.  Do sperm whales share coda vocalizations? Insights into 

coda usage from acoustic size measurement. Animal Behavior 67:865-874. 

 

Rendell, L., S.L. Mesnick, M.L. Dalebout, J. Burtenshaw, and H. Whitehead.  2012.  Can genetic 

differences explain vocal dialect variation in sperm whales, Physeter macrocephalus? 

Behavior Genetics 42:332-343. 

 

Rendell, L., S. Simião, J.M. Brotons, S. Airoldi, D. Fasano, and A. Gannier.  2014.  Abundance 

and movements of sperm whales in the western Mediterranean basin.  Aquatic 

Conservation: Marine and Freshwater Ecosystems 24:31-40. 

 

Rice, D.W.  1989.  Sperm whale Physeter macrocephalus Linnaeus, 1758. Pages 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. Society for 

Marine Mammalogy Special Publication No. 4, Lawrence, Kansas. 231 pp.  

 

Richard, K. R., M. C. Dillon, H. Whitehead, and J. M. Wright.  1996.  Patterns of kinship in 

groups of free-living sperm whales (Physter macrocephalus) revealed by multiple 

molecular genetic analyses.  Proceedings of the National Academy of Sciences of the 

United States of America 93:8792-8795.  

 

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. Science for 

Conservation No 219.  78 pages. 

 

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. 

 

Richter, C., J. Gordon, N. Jaquet, and B. Wursig.  2008.  Social structure of sperm whales in the 

Northern Gulf of Mexico. Gulf of Mexico Science 2:118-123. 

 

Ridgway, S.H. and D.A. Carder.  2001.  Assessing hearing and sound production in cetaceans 

not available for behavioral audiograms: experiences with sperm, pygmy sperm, and gray 

whales. Aquatic Mammals 27:267-276. 

 



 

 51 

Rinaldi, C. and R. Rinaldi.  2013.  A deadly mother-calf bond in Caribbean sperm whales? 

International Whaling Commission SC/65b/HIM02. 

 

Ritter, F.  2010.  Quantification of ferry traffic in the Canary Islands (Spain) and its implications 

for collisions with cetaceans. Journal of Cetacean Research and Management 11:139-146. 

 

Ritter, F.  2012.  Collisions of sailing vessels with cetaceans worldwide: first insights into a 

seemingly growing problem. Journal of Cetacean Research and Management 12:119-127. 

 

Rocha, R.C., Jr., P.J. Clapham, and Y.V. Ivashchenko.  2014.  Emptying the oceans: a summary 

of industrial whaling catches in the 20
th

 Century.  Marine Fisheries Review 76(4):37-48. 

  

Rodhouse, P.G.K. 2013. Role of squid in the Southern Ocean pelagic ecosystem and the possible 

consequences of climate change. Deep-Sea Research II 95:129-138. 

 

Ruiz-Cooley, R.I., P.L. Koch, P.C. Fiedler, M.D. McCarthy.  2014.  Carbon and nitrogen 

isotopes from top predatory amino acids reveal rapidly shifting ocean biochemistry in the 

outer California current.  PLoS ONE 9(10): e110355. doi:10.1371/journal.pone.0110355. 

8 pages. 

 

Sagnol, O.   2014.  Spatial and temporal distriubtion of sperm whales (Physeter macrocephalus) 

within the Kaikoura submarine canyon in relation to oceanographic variables.  Ph.D. 

Dissertation, University of Canterbury.  185 pages. 

 

Sagnol, O., C. Richter, F. Reitsma, and L.H. Field.  2014.  Estimating sperm whale (Physeter 

macrocephalus) daily abundance from a shore-based survey within the Kaikoura 

submarine canyon, New Zealand.  New Zealand Journal of Marine and Freshwater 

Research http://dx.doi.org/10.1080/00288330.2014.925479.  12 pages. 

 

Savery, L.C., D.C. Evers, S.S. Wise, C. Falank, J. Wise, C. Gianios Jr., I. Kerr, R. Payne, W.D.  

Thompson, C. Perkins, T. Zheng, C. Zhu, L. Benedict, and J.P. Wise Sr.  2013a.  Global 

mercury and selenium concentrations in skin from free-ranging sperm whales (Physeter 

macrocephalus). Science of the Total Environment 450-451:59-71. 

 

Savery, L.C., S.S. Wise, C. Falank, J. Wise, C. Gianios Jr., W.D. Thompson, C. Perkins, M.D. 

Mason, R. Payne, I. Kerr, and J.P. Wise Sr.  2013b.  Global assessment of silver pollution 

using sperm whales (Physeter macrocephalus) as an indicator species. Journal of 

Environmental and Analytical Toxicology 3:169. Doi:10.4172/2161-0525.1000169. 

 

http://dx.doi.org/10.1080/00288330.2014.925479


 

 52 

Savery, L.C., J.T.F. Wise, S.S. Wise, C. Falank, C. Gianios Jr., W.D. Thompson, C. Perkins, T. 

Zheng, C.  Zhu, and J.P. Wise Sr.  2014a.  Global assessment of arsenic pollution using 

sperm whales (Physeter macrocephalus) as an emerging aquatic model organism. 

Comparative Biochemistry and Physiology, Part C 163: 55-63. 

 

Savery, L.C., S.S. Wise, C. Falank, J. Wise, C. Gianios Jr., W.D. Thompson, C. Perkins, T. 

Zheng, C Zhu, and J.P. Wise Sr.  2014b.  Global assessment of oceanic lead pollution 

using sperm whales (Physeter macrocephalus) as an indicator species. Marine Pollution 

Bulletin 79: 236-244. 

 

Schakner, Z.A., C. Lunsford, J. Straley, T. Eguchi, and S.L. Mesnick.  2014.  Using models of 

social transmission to examine the spread of longline depredation behavior among sperm 

whales in the Gulf of Alaska.  PLoS ONE 9(10): 

e109079.doi:10.1371/journal.pone.0109079. 

 

Schevill, W.E.  1986.  The international code of zoological nomenclature and a paradigm: the 

name Physeter catadon Linnaeus 1758. Marine Mammal Science 2:153-157. 

 

Schevill, W.E.  1987.  Reply to Holthuis 1987. Marine Mammal Science 3:89-90 

 

Schulz, T.M., H. Whitehead, S. Gero, and L. Rendell.  2008.  Overlapping and matching of 

codas in vocal interactions between sperm whales: insights into communication function. 

The Association for the Study of Animal Behavior 76:1977-1988. 

 

Schulz, T.M., H. Whitehead, S. Gero, and L. Rendell.  2011.  Individual vocal production in a 

sperm whale (Physeter macrocephalus) social unit. Marine Mammal Science 27:149-166. 

 

Sivle, L.D., P.H. Kvadsheim, A. Fahlman, F.P.A. Lam, P.L. Tyack, and P.J.O. Miller.  2012. 

Changes in dive behavior during naval sonar exposure in killer whales, long-finned pilot 

whales and sperm whales. Frontier of Physiology 3: doi:10.3389/fphys.2012.00400. 

 

Simmonds, M.P.  2012.  Cetaceans and Marine Debris: the great unknown. Journal of Marine 

Biology doi:10.1155/2012/684279. 

 

Simmonds, M. P. and J. D. Hutchinson, editors.  1996.  The Conservation of Whales and 

Dolphins. Wiley, Chichester, United Kingdom. 

 

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. 



 

 53 

 

Smith, S. C., and H. Whitehead.  1993.  Variations in the feeding success and behaviour of 

Galapagos sperm whales (Physeter macrocephalus) as they relate to oceanographic 

conditions.  Canadian Journal of Zoology 71:1991-1996. 

 

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., C.E. Bacon, K. Lomac-Macnair, F. Visser, and J. Bredvik.  2014.  Rare mixed-

species associations between sperm whales and Risso’s and northern right whale dolphins 

off the southern California bight: kleptoparasitism and social parasitism?  Northwestern 

Naturalist 95:43-49. 

 

Springer, A.M., J.A. Estes, G.B. van Vilet, T.M. Williams, D.F. Doak, E.M. Danner, K.A. 

Forney, and B. Pfister.  2003.   Sequential megafaunal collapse in the North Pacific 

Ocean: An ongoing legacy of industrial whaling? PNAS 100:12223-12228. 

 

Straley, J.M., G.S. Schorr, A.M. Thode, J. Calambokidis, C.R. Lunsford, E.M. Chenoweth, V.M. 

O’Connell, and R. D. Andrews.  2014.  Depredating sperm whales in the Gulf of Alaska: 

local habitat use and long distance movements across putative population boundaries. 

Endangered Species Research 24: 125-135. 

 

Taylor, B.L., J Barlow, S.M. Dawson, J. Ford, J.G. Mead, G. Notarbartolo di Sciara, P. Wade, 

and R. L. Pitman.  2008.  Physeter macrocephalus. The IUCN Red List of Threatened 

Species. Version 2014.1. www.iucnredlistorg 

 

Thode, A., D.K. Mellinger, S. Stienessen, A. Martinez, and K. Mullin.  2002.  Depth-dependent 

acoustic features of diving sperm whales (Physeter macrocephalus) in the Gulf of 

Mexico. Journal of Acoustical Society of America. 112:308-321. 

 

Thode, A., J. Straley, C.O. Tiemann, K. Folkert, and V. O’Connell.  2007.  Observations of 

potential acoustic cues that attract sperm whales to longline fishing in the Gulf of Alaska. 

The Journal of the Acoustical Society of America. 122: 1265-1277. 

 

Thode, A.M., L. Wild, D. Mathias, J. Straley, and C. Lunsford.  2014.  A  comparison of acoustic 

and visual metrics of sperm whale longline depredation.  Journal of Acoustical Society of 

America. 135(5):3086-3100. 

 

http://www.iucnredlistorg/


 

 54 

Tixier, P., N. Gasco, G. Duhamel, M. Viviant, M. Authier, and C. Guinet.  2010.  Interactions of 

Patagonian toothfish fisheries with killer and sperm whales in the Crozet Islands 

exclusive economic zone: an assessment of depredation levels and insights on possible 

mitigation strategies. CCAMLR Science. 17:179-195. 

 

Tran, D.D., W. Huang, A.C. Bohn, and D. Wang.  2014.  Using a coherent hydrophone array for 

observing sperm whale range, classification, and shallow-water dive profiles.  Journal of 

Acoustical Society of America. 135(6):3352-3363. 

 

Tynan, C. T.  1998.  Ecological importance of the Southern Boundary of the Antarctic 

circumpolar current.  Nature. 392:708-710. 

 

 

Van der Hoop, J.M., M.J. Moore, S. G. Barco, T. V.N. Cole, P.Y. Daoust, A.G. Henry, D. F. 

McAlpine, W. A. McLellan, T. Wimmer, and A. R. Solow.  2012.  Assessment of 

management to mitigate anthropogenic effects on large whales. Conservation Biology. 

27:121-133. 

 

Vanselow, K.H. and K. Ricklefs.  2005.  Are solar activity and sperm whale Physeter 

macrocephalus strandings around the North Sea related? Journal of Sea Research. 

53:319-327. 

 

Vanselow, K.H., K. Ricklefs, and F. Colijn.  2009.  Solar driven geomagnetic anomalies and 

sperm whale (Physeter macrocephalus) strandings around the North Sea: an analysis of 

long-term datasets. The Open Marine Biology Journal. 3:89-94. 

 

Vázquez, J.A., J. Martínez-Cedeira, A. López, A, Cañadas, E. Maracos, I. Maestre, A. Bruano, 

L. Laria, A. Llanova, K. Maccleaod, and P. Evans.  2013.  Abundance estimates for fin 

whale (Balaenoptera physalus) and sperm whale (Physeter macrocephalus) in the North 

Atlantic Marine Demarcation and adjacent waters of the Bay of Biscay (2003-2011). 

Journal of Cetacean Research and Management. SC/65a/012. 

 

Walker, W.A. and J.M. Coe.  1990.  Proceedings of the Second International Conference on 

Marine Debris, 2-7 April 1989. Honolulu, Hawaii. NOAA Technical Memorandum 

NMFS-SWFSC-154. 

 

Waring, G.T., C.P. Fairfield, C.M. Ruhsam, and M. Sano.  1993.  Sperm whales associated with 

Gulf Stream features off the northeastern USA shelf. Fisheries Oceanography. 2:101-105. 

  



 

 55 

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 

Technical Memorandum. NMFS-NEFSC-114. 250 pages. 

 

Waring, G.T., T. Hamazaki, D. Sheehan, G. Wood, and S. Baker. 2001. Characterization of 

beaked whale (Ziphiidae) and sperm whale (Physeter macrocephalus) summer habitat in 

shelf-edge and deeper waters off the northeast U.S. Marine Mammal Science, 17:703-

717. 

 

Waring, G. T., Josephson E., Fairfield C. P., and K. Maze-Foley. 2005.  U.S. Atlantic and Gulf 

of Mexico Marine Mammal Stock Assessments -- 2005. NOAA Technical Memorandum 

NMFS-NEFSC-194. 318pp.  

 

Watkins, W.A., K.E. Moore, and P. Tyack.  1986.  Sperm whale acoustic behaviors in the 

Southeast Caribbean. Cetology. 49:1-15. 

 

Weilgart, L. and H. Whitehead.  1993.  Coda communication by sperm whales (Physeter 

macrocephalus) off the Galapagos Islands. Canadian Journal of Zoology. 71:744-752. 

 

Weilgart, L., 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. 

 

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. 

 

Whitehead, H.  2002.  Estimates of the current global population size and historical trajectory for 

sperm whales. Marine Ecology Progress Series. 242:295-304. 

 

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

Chicago, IL. 

 

Whitehead, H.R. and S. Gero.  In review.  Positive observed rates of increase do not reflect a 

healthy population: conflicting rates of increase in the sperm whale population of the 

eastern Caribbean. Endangered Species Research.  

 



 

 56 

Whitehead, H., S. Brennan, and D. Grover.  1992a.  Distribution and behaviour of male sperm 

whales on the Scotian Shelf.  Canadian Journal of Zoology 70:912-918.  

 

Whitehead, H., S. Waters, and T. Lyrholm. 1992b.  Population structure of female and immature 

sperm whales (Physeter macrocephalus) off the Galapagos Islands.  Canadian Journal of 

Fisheries and Aquatic Sciences 49:78-84.  

 

Whitehead, H., J. Christal, and S. Dufault.  1997.  Past and distant whaling and the rapid decline 

of sperm whales off the Galapagos Islands. Conservation Biology 11:1387–1396. 

 

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. 

 

Whitehead, H., R. Antunes, S. Gero, S.N.P. Wong, D. Engelhaupt, and L. Rendell.  2012. 

Multilevel societies of female sperm whales (Physeter macrocephalus) in the Atlantic 

and Pacific: why are they so different? International Journal of Primatology. 33:1142-

1164.  

 

Williams, R., S. Gero, L. Bejder, J. Calambokidis, S.D. Kraus, D. Lusseau, A.J. Read, and J. 

Robbins.  2011.  Underestimating the damage: interpreting cetacean carcass recoveries in 

the context of the Deepwater Horizon/BP incident. Conservation Letters. 4:228-233. 

 

Wise, Sr. J.P., R. Payne, S.S. Wise, C. Lacerte, J. Wise, C. Gianios 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. 75:1461-1467. 

 

Wise Sr. J.P., W.D. Thompson, S.S. Wise, C. LaCerte, J. Wise, C. Gianios Jr., C. Perkins, T. 

Zheng, L. Benedict, M.D. Mason, R. Payne, and I. Kerr.  2011a.  A global assessment of 

gold, titanium, strontium and barium pollution using sperm whales (Physeter 

macrocephalus) as an indicator species. Journal of Ecosystem and Ecography. 1: 101. 

doi:10.4172/2157-7625.1000101. 

 

Wise Sr. J.P., S.S. Wise, C. LaCerte, J.P. Wise Jr., A.M. Aboueissa.  2011b.  The genotoxicity of 

particulate and soluble chromate in sperm whale (Physeter macrocephalus) skin 

fibroblasts. Environmental and Molecular Mutagenesis. 52:43-49. 

 

Wise, C.F., J.T.F. Wise, S.S. Wise, W.D. Thompson, J.P. Wise Jr., and J.P Wise Sr.  2014a. 

Chemical dispersants used in the Gulf of Mexico oil crisis are cytotoxic and genotoxic to 

sperm whale skin cells. Aquatic Toxicology. 152:335-340. 



 

 57 

 

Wise, C.F., J.T.F. Wise, C.F.Wise, S.S. Wise, C. Gianios, Jr., H. Xie, W.D. Thompson, C. 

Perkins, C. Falank, and J.P Wise Sr.  2014b.  Concentrations of the genotoxic metals, 

chromium and nickel, in whales, tar balls, oil slicks, and released oil from the Gulf of 

Mexico in the immediate aftermath of the Deepwater Horizon oil crisis: is genotoxic 

metal exposure part of the Deepwater Horizon Legacy?  Environmental Science and 

Technology. 48:2997-3006. 

 

Wong, S.N.P. and H. Whitehead.  2014.  Seasonal occurrence of sperm whales (Physeter 

macrocephalus) around Kelvin Seamount in the sargasso sea in relation to oceanographic 

processes.  Deep-Sea Research I. 91:10-16. 

 

Wright, A.  2005.  Lunar cycles and sperm whales (Physeter macrocephalus) strandings on the 

North Atlantic coastlines of the British Isles and eastern Canada. Marine Mammal 

Science. 21:145-149. 

 

Würsig, B., S. K. Lynn, T. A. Jefferson, and K. D. Mullin.  1998.  Behaviour of cetaceans in the 

northern Gulf of Mexico relative to survey ships and aircraft. Aquatic Mammals. 

24(1):41-50. 

 

 

Zimmer, W.M.X., P.L. Tyack, M.P. Johnson, and P.T. Madsen.  2005.  Three-dimensional beam 

patter of regular sperm whale clicks confirms bent-horn hypothesis. Journal Acoustical 

Society of America. 117:1473-1485. 



NATIONAL MARINE FISHERIES SERVICE 
5-YEAR REVIEW 

Sperm Whale (Physeter macrocephalus) 

Current Classification: Endangered 

Recommendation resulting from the 5-Y ear Review 

Downlist to Threatened 
__ Uplist to Endangered 

De list 
_X_ No change is needed 

Review Conducted By: Therese Conant (National Marine Fisheries Service) and Amanda Eplett 
(Intern, National Marine Fisheries Service) 

REGIONAL OFFICE APPROVAL: The draft document was reviewed by the appropriate 
Regional Offices and Science Centers. 

HEADQUARTERS APPROVAL: 
Director, Office of P otected Resources, NOA 

Approve: Signature.~!!!'......!..~::::..c.~..::.s;2__,1--HL/-.~=--~~':!!J-------Date MAY 2 9 2015 
Donna S. Wieting 

Assistant Administrator, NOAA Fisheries 

__X'.:_Concur Do Not Concur 

/~ 

Signature ~:;;:_______ L 
Eileen Sobeck 7 

Date Jvrvc. 3, Z.oJ 5 

Assistant Administrator for Fisheries 

58 


	Structure Bookmarks
	 
	 
	 
	 
	 
	 
	Sperm Whale 
	(Physeter macrocephalus) 
	 
	5-Year Review: 
	Summary and Evaluation 
	June 2015 
	 
	 
	 
	InlineShape

	      Source: NOAA Northeast Fisheries Science Center 
	  
	 
	National Marine Fisheries Service 
	Office of Protected Resources 
	Silver Spring, MD 
	 
	 
	TABLE OF CONTENTS 
	 
	 
	1.0 GENERAL INFORMATION .............................................................................................. 1
	1.0 GENERAL INFORMATION .............................................................................................. 1
	1.0 GENERAL INFORMATION .............................................................................................. 1

	 

	2.0 REVIEW ANALYSIS ......................................................................................................... 3
	2.0 REVIEW ANALYSIS ......................................................................................................... 3
	2.0 REVIEW ANALYSIS ......................................................................................................... 3

	 

	2.1 Application of the 1996 Distinct Population Segment (DPS) policy ............................... 3
	2.1 Application of the 1996 Distinct Population Segment (DPS) policy ............................... 3
	2.1 Application of the 1996 Distinct Population Segment (DPS) policy ............................... 3

	 

	2.2 Recovery Criteria ............................................................................................................. 3
	2.2 Recovery Criteria ............................................................................................................. 3
	2.2 Recovery Criteria ............................................................................................................. 3

	 

	2.3 Updated Information and Current Species Status ............................................................ 7
	2.3 Updated Information and Current Species Status ............................................................ 7
	2.3 Updated Information and Current Species Status ............................................................ 7

	 

	2.3.1 Biology and Habitat .................................................................................................. 7
	2.3.1 Biology and Habitat .................................................................................................. 7
	2.3.1 Biology and Habitat .................................................................................................. 7

	 

	2.3.2  Five-Factor Analysis ............................................................................................... 18
	2.3.2  Five-Factor Analysis ............................................................................................... 18
	2.3.2  Five-Factor Analysis ............................................................................................... 18

	 

	2.4  Synthesis: ....................................................................................................................... 34
	2.4  Synthesis: ....................................................................................................................... 34
	2.4  Synthesis: ....................................................................................................................... 34

	 

	3.0 RESULTS .......................................................................................................................... 35
	3.0 RESULTS .......................................................................................................................... 35
	3.0 RESULTS .......................................................................................................................... 35

	 

	3.1   Recommended Classification............................................................................................ 35
	3.1   Recommended Classification............................................................................................ 35
	3.1   Recommended Classification............................................................................................ 35

	 

	3.2  New Recovery Priority Number. .................................................................................... 35
	3.2  New Recovery Priority Number. .................................................................................... 35
	3.2  New Recovery Priority Number. .................................................................................... 35

	 

	4.0 RECOMMENDATIONS FOR FUTURE ACTIONS ....................................................... 36
	4.0 RECOMMENDATIONS FOR FUTURE ACTIONS ....................................................... 36
	4.0 RECOMMENDATIONS FOR FUTURE ACTIONS ....................................................... 36

	 

	5.0 REFERENCES .................................................................................................................. 37
	5.0 REFERENCES .................................................................................................................. 37
	5.0 REFERENCES .................................................................................................................. 37

	 


	LIST OF TABLES AND FIGURES 
	 
	 
	Table 1.  Global baseline data on contaminants of several metals gathered from sperm whales during a research cruise conducted between 1999 and 2005. ....................................................... 25
	Table 1.  Global baseline data on contaminants of several metals gathered from sperm whales during a research cruise conducted between 1999 and 2005. ....................................................... 25
	Table 1.  Global baseline data on contaminants of several metals gathered from sperm whales during a research cruise conducted between 1999 and 2005. ....................................................... 25

	 

	 
	Figure 1.  Global range of the sperm whale. ................................................................................. 16
	Figure 1.  Global range of the sperm whale. ................................................................................. 16
	Figure 1.  Global range of the sperm whale. ................................................................................. 16

	 


	5-YEAR REVIEW 
	Sperm Whale/Physeter macrocephalus 
	 
	1.0 GENERAL INFORMATION 
	 
	1.1  Reviewers:  
	 
	Lead Regional or Headquarters Office: 
	Therese Conant, Office of Protected Resources (OPR), 301-427-8456 
	Amanda Eplett, Intern, OPR 
	 
	1.2 Methodology used to complete the review: 
	 
	A 5-year review is a periodic analysis of a species’ status conducted to ensure that the listing classification of a species as threatened or endangered on the List of Endangered and Threatened Wildlife and Plants (List) (50 CFR 17.11 – 17.12) is accurate.  The 5-year review is required by section 4(c)(2) of the Endangered Species Act of 1973, as amended (ESA).  To achieve this, the National Marine Fisheries Service (NMFS) Office of Protected Resources led the 5-year review with input from NMFS regional off
	 
	1.3 Background: 
	 
	1.3.1 FR Notice citation announcing initiation of this review:   
	79 FR 53171, September 8, 2014. 
	 
	1.3.2 Listing history: 
	 
	Original Listing    
	FR notice: 35 FR 8495 
	Date listed: June 2, 1970 
	Entity listed: Sperm Whale (Physeter macrocephalus) 
	Classification: Endangered 
	 
	1.3.3 Associated rulemakings:  
	 
	None 
	 
	1.3.4 Review history:  
	 
	S.L. Perry, 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, pp. 44-51. Department of Commerce.  
	  
	H.W. Braham. 1991. Endangered whales: Status update. Unpubl. Doc. 56p., on file at Natl. Mar. Mammal Lab. NMFS, NOAA, 7600 Sand Point Way N.E., Seattle, WA 98115.  
	  
	H.W. Braham. 1984. The status of endangered whales: An overview. Marine Fisheries Review, 46:4, pp. 2-6.  
	 
	M.E. Gosho, D.W. Rice, and J.M. Breiwick 1984. The sperm whale, Physeter macrocephalus. Marine Fisheries Review, 46:4, pp. 54-64. 
	 
	NMFS. 2009.  Sperm Whale (Physeter macrocephalus) 5-Year Review: Summary and Evaluation.  
	 
	1.3.5 Species’ recovery priority number at start of 5-year review: 
	 
	 “5”, reflecting a moderate magnitude of threat, high recovery potential, and the presence of conflict.  
	 
	1.3.6 Recovery plan or outline  
	 
	Name of plan or outline: Final Recovery Plan for the Sperm Whale 
	Date issued: December 2010 
	 
	 
	2.0 REVIEW ANALYSIS 
	 
	2.1 Application of the 1996 distinct population segment (DPS) policy 
	 
	2.1.1 Is the species under review a vertebrate? 
	 
	Yes 
	  
	2.1.2 Is the species under review listed as a DPS?   
	 
	No 
	 
	2.1.4 Is there relevant new information for this species regarding the application of the DPS policy?   
	 
	 __X__ Yes 
	 
	On December 9, 2011, we received a petition from WildEarth Guardians to list the sperm whale population in the Gulf of Mexico as an endangered or threatened Distinct Population Segment (DPS) under the ESA.  We found the petitioned action may be warranted (78 FR 19176, March 29, 2013).  We conducted a status review, and based on the best scientific and commercial information, including data on genetics, size, behavior, and regulatory mechanisms, we found the available information does not indicate the sperm 
	 
	Globally, the population structure of sperm whales has not been adequately defined.  Most existing models have assigned arbitrary boundaries, often based on patterns of historic whaling activity and catch reports, rather than on biological evidence.  Populations are often divided and discussed on an ocean basin level.  There is a need for an improved understanding of the genetic differences among and between populations.  Although there is new information since the last review, existing knowledge of populat
	 
	2.2 Recovery Criteria 
	 
	2.2.1 Does the species have a final, approved recovery plan containing objective, measurable criteria?  
	  
	Yes  
	 
	2.2.2 Adequacy of recovery criteria. 
	   
	2.2.2.1 Do the recovery criteria reflect the best available and most up-to date information on the biology of the species and its habitat? 
	  
	Yes 
	 
	2.2.2.2 Are all of the 5 listing factors that are relevant to the species addressed in the recovery criteria (and is there no new information to consider regarding existing or new threats)?  
	    
	Yes 
	 
	2.2.3  List the recovery criteria as they appear in the recovery plan, and discuss how each   criterion has or has not been met, citing information  
	 
	Downlisting Objectives and Criteria 
	 
	Objective 1: Achieve sufficient and viable populations in all ocean basins. 
	 
	Criterion: Given current and projected threats and environmental conditions, the sperm whale population in each ocean basin in which it occurs (Atlantic Ocean/Mediterranean Sea, Pacific Ocean, and Indian Ocean) satisfies the risk analysis standard for threatened status (has no more than a 1% chance of extinction in 100 years) and the global population has at least 1,500 mature, reproductive individuals (consisting of at least 250 mature females and at least 250 mature males in each ocean basin).  Mature is 
	 
	Status: Efforts to attain this criterion are ongoing, but data are insufficient for many stocks to determine population abundance and trends and to conduct the risk analysis.  The most recent stock assessment reports provide a best estimate of abundance of 2,288, with a minimum population estimate of 1,815 sperm whales in the western North Atlantic stock.  Data are insufficient to determine a population trend for the U.S. North Atlantic sperm whale stock.  For the northern Gulf of Mexico, the best estimate 
	 
	Objective 2: Ensure significant threats are addressed. 
	 
	Criteria: Factors that may limit population growth (i.e., those that are identified in the threats analysis under relative impact to recovery as high or medium or unknown) have been identified and are being or have been addressed to the extent that they allow for continued growth of populations.  Specifically, the factors in 4(a)(l)1of the ESA are being or have been addressed as follows: 
	1 Factor C—disease or predation and Factor  E—other natural or manmade factors affecting its continued existence—were not considered a threat to the sperm whale and recovery criteria were not developed for these factors (NMFS 2010a).  
	1 Factor C—disease or predation and Factor  E—other natural or manmade factors affecting its continued existence—were not considered a threat to the sperm whale and recovery criteria were not developed for these factors (NMFS 2010a).  

	 
	Factor A: The present or threatened destruction, modification, or curtailment of a 
	species’ habitat or range. 
	 
	A1. Effects of reduced prey abundance due to climate change continue to be investigated and action is being taken to address the issue, as necessary.  
	 
	Status: The impact climate change is having on sperm whale prey continues to be studied.  The range of sperm whales is vast; consequently, the sperm whale may be more resilient to climate change than a species with a narrower range.  Continued research is needed to provide quantitative data on possible changes that could occur as a result of climate change, and what impacts, if any, would occur to sperm whales and their prey. See Section 2.3.2.1 for further detail. 
	 
	A2. Effects of anthropogenic noise continue to be investigated and actions taken to minimize potential effects, as necessary. 
	 
	Status:  Efforts to attain this criterion are ongoing.  Anthropogenic noise is believed to be increasing in the marine environment as a result of oil and gas exploration, shipping, construction, and naval exercises.  Possible negative impacts to sperm whales include changes in foraging behavior.  NMFS developed draft guidance for assessing the effects of anthropogenic sound on marine mammal species, including the sperm whale (78 FR 78822; December 27, 2013).  The guidance provides updated received levels, o
	Status:  Efforts to attain this criterion are ongoing.  Anthropogenic noise is believed to be increasing in the marine environment as a result of oil and gas exploration, shipping, construction, and naval exercises.  Possible negative impacts to sperm whales include changes in foraging behavior.  NMFS developed draft guidance for assessing the effects of anthropogenic sound on marine mammal species, including the sperm whale (78 FR 78822; December 27, 2013).  The guidance provides updated received levels, o
	http://cetsound.noaa.gov/
	http://cetsound.noaa.gov/

	.  See Section 2.3.2 for additional information on actions taken to minimize effects of anthropogenic noise. 

	 
	A3. Competition with fisheries for resources is being addressed through fishery management plans and other measures. 
	 
	Status: Efforts to attain this criterion are ongoing.  Currently, there are no management plans factoring in predation by sperm whales when setting catch limits for fisheries.  See Section 2.3.2.1 for further detail. 
	 
	A4. Effects of oil spills and contaminants are determined to not affect the potential for continued growth or maintenance of sperm whale populations. 
	 
	Status: Efforts to attain this criterion are ongoing.  The 2010 Deepwater Horizon oil spill released millions of gallons of oil into the Gulf of Mexico.  The impacts of the oil on sperm whales in the Gulf of Mexico are unknown.  In addition, chemical dispersants were applied to the surface and at depth to mitigate the impacts of the oil leak.  It was determined that the dispersants used had the potential to be cytotoxic and genotoxic to sperm whale skin cells.  Depending on concentrations whales were expose
	 
	Factor B: Overutilization for commercial, recreational, or educational purposes. 
	 
	B1. Management measures are in place to ensure that any direct harvest (commercial, subsistence, and scientific) is at a sustainable level. 
	 
	Status: Efforts to attain this criterion are ongoing.  In 1982, the International Whaling Commission (IWC) adopted a temporary moratorium on the commercial whaling of all whale species, having taken effect in 1986.  Iceland and Norway formally reserved their position on the moratorium, although these nations expressed no interest in taking sperm whales.  Canada withdrew its membership in the IWC, but has continued to ban whaling for the large baleen whales (with the exception of the bowhead whale, Balaena m
	 
	Factor D: The inadequacy of existing regulatory mechanisms. 
	 
	D1. Ship collisions continue to be investigated and actions taken to minimize potential 
	effects, as necessary. 
	 
	Status: Efforts to attain this criterion are ongoing.  Within specified areas of the U.S. waters in the Atlantic Ocean, NMFS established ship speed restrictions, mandatory ship reporting systems, recommended routes, related routing measures, and an extensive sighting advisory system.  While these measures were designed to protect right whales specifically, they are expected to also reduce, to some extent, the risk of ship strikes to other marine mammals, including sperm whales (NMFS 2008a).  In 2013, shippi
	 
	Ship collisions continue to be recorded when reported or observed and necropsies on dead whales are performed when possible to confirm cause of death.  Federal agencies continue to consult under the ESA with NMFS on federally funded or permitted actions and take measures to reduce the likelihood of ship strikes.  Observers are being placed on ships to monitor whale presence and avoid collisions.  See Section 2.3.2.1 for additional information. 
	 
	Delisting Objectives and Criteria 
	 
	Because we have not met the downlisting objectives and criteria (discussed above and see Section 3.1 Recommended Classification) for the sperm whale, an analysis of the delisting objectives and criteria was not required.  The criteria for delisting the sperm whale are listed in the 2010 final recovery plan for the sperm whale, which is available at: http://www.nmfs.noaa.gov/pr/recovery/plans.htm. 
	 
	2.3 Updated Information and Current Species Status  
	 
	2.3.1 Biology and Habitat 
	 
	2.3.1.1 New information on the species’ biology and life history:  
	 
	Demographic Features (age structure, sex ratio, family size, birth rate, age at mortality, mortality rate, etc.) 
	Sperm whales aggregate in groups of various sizes often involving adult females (some related and some not related to each other) travelling with their sub-adult offspring.  These social units may unite with other groups and multiple groups may comprise a clan (reviewed by Whitehead et al. 2012).  Males eventually leave these groups, after which they live in "bachelor schools." The cohesion among males within a bachelor school declines as the animal ages, although bonding is evident by the fact that males m
	in the southern hemisphere, peak breeding season occurs between October and December (Best et al. 1984).  In both cases, some mating activity takes place earlier or later.  Inter-birth interval is generally 4-6 years for prime-aged females and, apparently, much longer for females over 40 years of age; although, females rarely become pregnant after the age of 40 (Best et al. 1984; Whitehead 2003).  The average calving interval in South Africa ranges from 5.2 (west coast) to 6.0-6.5 years (east coast) (Best e
	 
	Hearing and Vocalizations 
	Sperm whales may possess better low frequency hearing than some of the other odontocete species, although not as low as many baleen whale species (Ketten 1992).  Underwater audiograms indicate that most odontocetes hear best at frequencies above 10 kHz. Generally, most of the acoustic energy in sperm whale clicks is at frequencies below 4 kHz, although diffuse energy up to and above 20 kHz has been reported (Thode et al. 2002), with source levels up to 236 dB re 1 μPa-m for a presumed adult male (Mohl et al
	 
	Sperm whales produce four types of clicks—codas, usual clicks, creaks, and slow clicks.  Distinctive, short, patterned series of clicks, called codas, are associated with social behavior and interactions within social groups (Weilgart and Whitehead 1993).  Codas are shared among individuals of a social unit and are considered to be primarily for intra-group communication to reinforce social bonds (Weilgart and Whitehead 1997; Rendell and Whitehead 2004; Shulz et al. 2008).  Certain acoustic features of coda
	clicks (>2-s duration) are detectable at a greater distance (up to 37 km) than quicker “usual” clicks, detectable at 18.5 km (Barlow and Taylor 2005).  Slow clicks have lower source levels than usual clicks suggesting they are unlikely to be used for echolocating or debilitating prey (Oliveira et al. 2013).  Indeed, solitary males foraging in the Arctic Ocean only occasionally used slow clicks and never during rapid maneuvers associated with prey capture, or during a deep (> 370 m) dive.  Slow clicks were m
	 
	In the South Pacific Ocean, sperm whales from multiple social units temporarily form large aggregations (or clans), sometimes exceeding thousands of females, with individuals exhibiting similar foraging strategies and codas.  Social units from different clans often overlap in distribution and share mitochondrial deoxyribonucleic acid (mtDNA) haplotypes, which suggests that distinct coda dialects are culturally transmitted (Rendell et al. 2012; reviewed by Whitehead et al. 2012).  The formation of these larg
	 
	In the North Pacific Ocean, codas of sperm whales in two locations off Japan (Kumano coast and Ogasawara Islands) separated by over 1,000 km differed by number of clicks per coda, duration of coda, suggesting a geographic segregation of clans (Amano et al. 2014).  Oceanic conditions varied greatly between the two locations.  Off the Kumano Coast, the Kuroshio Current flows northeastward and a similarly strong current is lacking off Ogasawara Islands.  The differences in local conditions likely control prey 
	 
	Schulz et al. (2011) investigated individual vocal production within a sperm whale social unit and found that vocalization repertoires between individual whales were statistically indistinguishable from each other.  However, calf and mother pairs exhibited vocalizations that differed from other group members, suggesting that adults with calves rely on these calls to locate each other or to establish/maintain social bonds.  Parents and their offspring could signal identity, age-class, or reproductive status 
	Natural Mortality 
	Causes of natural mortality include predation, competition, and disease; however, there are many documented cases of strandings for which the cause of the stranding is unknown.  Sperm whales can live to ages in excess of 60 years (Rice 1989).  The long-standing opinion has been that adult sperm whales are essentially free from the threat of natural predators (Rice 1989; Dufault and Whitehead 1995).  Although an observation off California showed a prolonged and sustained attack by killer whales on a pod of s
	 
	Entire schools of sperm whales occasionally strand, but the causes of this phenomenon are uncertain (Rice 1989).  Although the causes of strandings of cetaceans in general are not well known, there is some evidence that sperm whale strandings may be linked to changes in wind patterns which result in colder and presumably nutrient-rich waters being driven closer to the surface, driving their prey to shallower waters (Evans et al. 2005).  Lunar cycles, possibly as a result of the effects that light levels hav
	 
	Little is known about the role of disease in determining sperm whale natural mortality rates (Lambertsen 1997).  Only two naturally occurring diseases that are likely to be lethal have been identified in sperm whales: myocardial infarction associated with coronary atherosclerosis, and gastric ulceration associated with nematode infection (Lambertsen 1997).  Moore and Early (2005) identified a type of cumulative bone necrosis in sperm whales that might be caused by the formation of nitrogen bubbles following
	 
	2.3.1.2 Abundance, population trends (e.g. increasing, decreasing, stable): 
	 
	Whitehead (2002) estimated sperm whale abundance to be approximately 300,000-450,000 worldwide.  These estimates are based on extrapolating surveyed areas to unsurveyed areas and thus, are not necessarily accurate; however, without a systematic survey design, these are probably the best available and most current estimates of global sperm whale abundance.  No other attempts have been made to estimate worldwide sperm whale abundance although there are stock assessments and surveys done for smaller ranges. 
	 
	Historical data on the killing of sperm whales are important in understanding the current global population status.  From 1900 to 1999, sperm whales were the second most hunted whale species, with 761,523 hunted globally by industrial whaling operations.  From 1969 to 1975, sperm whale kills exceeded 10,000 whales each year (Rocha et al. 2014).   Unfortunately, whaling data from the Soviet Union have been underreported, and illegal whaling continued in both hemispheres from the 1950s through the 1970s (Roch
	(Ivaschchenko et al. 2014).  Areas with high catch levels included the Gulf of Alaska, central Pacific, and southern Kurils/northern Japan.  Extensive illegal catches of female sperm whales in higher latitudes likely continues to impact the populations in the North Pacific (Mizroch and Rice 2013; Ivaschchenko et al. 2014).  The impact of historical hunting on females is of note.  Mizroch and Rice (2013) noted that few matrilineal groups are currently found in Alaskan waters and Ivashchenko et al. (2014) not
	 
	Atlantic Ocean 
	There are no reliable estimates of total sperm whale abundance in the entire western North Atlantic Ocean.  Based on the sum of several aerial and shipboard surveys conducted within the U.S. Exclusive Economic Zone (EEZ) from June-August 2011, abundance for the North Atlantic U.S. population was estimated to be 2,288 (CV=0.28), but is likely an underestimate as it was not corrected for whales that were not visible on the surface (NMFS 2014a).  The minimum population estimate for the western North Atlantic p
	 
	For U.S. stocks in Puerto Rico and the U.S. Virgin Islands, sightings of sperm whales are too few to derive abundance estimates and population trends (NMFS 2010b).  In the eastern Caribbean, Whitehead and Gero (in review) used empirical data on mortality and fecundity of individuals in the population to estimate trends.  The population growth rate was estimated to be   r=+3.4%/yr (95% c.i. 1.0% to 5.7%/yr) from 1984 through 2012, suggesting an increase in adults (except mature males) from about 118 in 1990 
	 
	Reeves et al. (2011) estimated that 1,179 sperm whales were caught during whaling in the Gulf of Mexico from the 1780s–1870s.   Evidence suggests that most of these whales were juveniles and females.  For the Northern Gulf of Mexico stock, abundance was estimated at 763 (CV=0.38) whales based on a summer 2009 oceanic survey in the Northern Gulf of Mexico from the 200-m isobath to the seaward extent of the U.S. EEZ.  The minimal population estimate is 560 sperm whales (NMFS 2012a).  The current data are insu
	 
	Mediterranean Sea 
	In the Mediterranean Sea, the sperm whale population is estimated to be less than 2,500 mature individuals (Notarbartolo di Sciara et al. 2012).  Based on photo-identification from 1990-2008, the average abundance estimate was approximately 400 mature individuals (Rendell et al. 2014).  Current abundance estimates are thought to be well below historical abundance, although specific data are lacking (Reeves and Notarbartolo di Sciara 2006).     
	 
	Pacific Ocean 
	For the North Pacific Ocean, prior to whaling, abundance was reported to be 1,260,000, which was reduced to 930,000 sperm whales by the late 1970s (Rice 1989).  In 1997, based on a combined visual and acoustic line-transect survey, sperm whales were estimated in the northeastern temperate North Pacific to be 26,300 (CV=0.81) based on visual sightings, and 32,100 (CV=0.36) based on acoustic detections and visual group size (Barlow and Taylor 2005).  The sperm whale population along the U.S. west coast was es
	 
	In the eastern tropical Pacific Ocean, sperm whale abundance was estimated to be 22,700 (95% C.I.=14,800-34,600; Wade and Gerrodette 1993 as cited in NMFS 2014b).  Surveys conducted in the Hawaiian Islands EEZ in 2002, resulted in an abundance estimate of 6,919 (CV=0.81) (Barlow 2006), and in 2010 an estimate of 3,354 (CV = 0.34) sperm whales, which included a correction factor for diving animals (Bradford et al. 2013 as cited in NMFS 2014b).  The latter is currently the best available abundance estimate fo
	 
	Indian Ocean 
	In the Indian Ocean, the current estimate of 299,400 (no CV) sperm whales from the Equator to latitude 70°S, dating from 1977, is statistically unreliable (IWC 1988).  The historical abundance estimates for the entire Southern Hemisphere for the year 1946 is 547,600 (no CV) sperm whales (Gosho et al. 1984).  Both estimates are statistically unreliable due to their use of historical whaling catch and catch per unit effort data from whaling operations.  Sperm whale catches from the early 19th century through 
	 
	Off Western Australia (Albany), an aerial survey was done in 2009 that replicated surveys used by spotter planes for the purposes of hunting sperm whales from 1968 to 1978.  The number of male sperm whales observed in 2009 was 2.43 (95% C.I. = 0.96, 6.08).  This increased to 3.38 (95% C.I. = 1.30, 7.60) whales when sightings off transect were included.  The 2009 sightings were lower than the mean of any of the years between 1968 and 1978, which ranged from 6.30 (±1.18) in 1976 to 12.45 (±1.83) in 1968 (Carr
	 
	2.3.1.3 Genetics, genetic variation, or trends in genetic variation (e.g., loss of genetic variation, genetic drift, inbreeding, etc.): 
	 
	Since the last 5-year review, technology continues to advance the ability to distinguish slight variations in the genetic characteristics of sperm whale populations, which allows for scientists to draw more accurate conclusions about population structure. Single-nucleotide polymorphisms are reproducible across technologies and laboratories, ideal for long-term studies of globally distributed species such as sperm whales, and able to detect population structure even when differentiation within the population
	 
	Genetic research has focused on social structure as it may play a key role in structuring populations.  Sperm whale population structure is largely driven by female site fidelity and male-mediated gene flow.  Females and juveniles form stable social "units" that generally stay within home ranges of approximately 2,200 km in any direction (Whitehead et al. 2008), and the breeding males rove among female groups (Christal and Whitehead 2001; Whitehead 2003).  Males are thought to move over vast distances withi
	population bottleneck during the glaciation period of the Pleistocene or by neutral mtDNA alleles that are transmitted culturally through the matrilineal line (Alexander et al. 2012).    
	 
	Engelhaupt et al. (2009) studied population structure comparing mtDNA and nuclear markers from sperm whales in the Gulf of Mexico, Mediterranean Sea, North Sea, and western North Atlantic Ocean.  Based on nuclear deoxyribonucleic acid (nDNA), the Mediterranean Sea population was significantly differentiated, but at a low level, from the Gulf of Mexico, North Sea, and western North Atlantic Ocean.  Based on mtDNA markers, the Mediterranean Sea population showed no haplotype diversity within the basin, but si
	 
	Microsatellite loci were also used to study the population structure of sperm whales along the Azores archipelago in the North Atlantic (Pinela et al. 2009).  Results indicated individuals who visit the Azores represent a single population, which is part of the larger North Atlantic population.  The study also determined social structure similar to that of the Caribbean and Galapagos; primary units and secondary social groups are mostly composed of familial members.  Additionally, there were high levels of 
	 
	Mesnick et al. (2011) compared genetic diversity among three North Pacific populations (California Current, Hawaii, eastern tropical Pacific) to investigate population structure in the region. They also compared males from sub-Arctic foraging grounds (Gulf of Alaska and Aleutians) to the populations in the California Current, Hawaii, and eastern tropical Pacific in an attempt to assign the males to one of the three regions.  Low but significant differentiation was found for both mtDNA and nDNA in animals fr
	throughout the California Current, which may support that a resident population occurs in the area (Ruiz-Colley et al. 2014).  
	  
	2.3.1.4 Taxonomic classification or changes in nomenclature: 
	 
	While there is scientific consensus that only one species of sperm whale exists, debate has been ongoing as to which of the two Linnaean species epithets for the sperm whale, catodon or macrocephalus, is the correct name and should be used.  The sperm whale was categorized first by Linnaeus in 1758, recognizing four species in the genus Physeter.  Husson and Holthuis (1974) showed that the correct name should be P. macrocephalus, the second name in the genus Physeter published by Linnaeus concurrently with 
	 
	Examining molecular phylogenies, Milinkovitch et al. (1993, 1994, 1995) and Milinkovitch (1995) argued that sperm whales are actually more closely related to baleen whales than to other toothed whales, leading to the conclusion that odontocetes are not monophyletic but rather comprise a paraphyletic group.  Heyning's (1997) rebuttal of that hypothesis, using cladistic analysis, has gained wide acceptance among cetologists (Rice 1998).  
	 
	2.3.1.5 Spatial distribution, trends in spatial distribution (e.g. increasingly fragmented, increased numbers of corridors, etc.), or historic range (e.g. corrections to the historical range, change in distribution of the species’ within its historic range, etc.): 
	 
	Sperm whale distribution is global (Figure 1) and extends to all deep ice-free marine waters from the equator to the edges of polar pack ice (Rice 1989).  Sperm whales are present in many warm-water areas throughout the year, and such areas may have discrete "resident" populations (Watkins et al. 1985; Gordon et al. 1998; Drout 2003; Jaquet et al. 2003; Engelhaupt 2004).  While their aggregate distribution is certainly influenced by the patchiness of global marine productivity (Jaquet and Whitehead 1996), n
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	Figure 1.  Global range of the sperm whale. 
	 
	Mostly adult males move into high latitudes, while all age classes and both sexes range throughout tropical and temperate seas.  Male sperm whales are widely dispersed along the Antarctic ice edge from December to March (austral summer) (Gosho et al. 1984).  Sperm whale calls have been detected year-round in the Gulf of Alaska (Mellinger et al. 2004).  Females and immature whales have been found in the central Aleutian Islands in the winter; however, in the past 10 years no groups of females or immatures ha
	 
	Intensive whaling may have fragmented the world population of sperm whales.  While present- day concentration areas generally match those of the 18th and 19th centuries, at least one large 
	area of the South Pacific (the "Offshore" and "On the Line" whaling grounds between the Galapagos and Marquesas) appears to have a relatively low density of sperm whales today (Jaquet and Whitehead 1996).  Further research is needed to verify that the density is in fact low, and if it is low, to determine the reason(s). 
	 
	2.3.1.6 Habitat or ecosystem conditions (e.g., amount, distribution, and suitability of the habitat or ecosystem): 
	 
	Mature female and immature sperm whales of both sexes are found in more temperate and tropical waters from the equator to around 45°N throughout the year.  These groups of adult females and immature sperm whales are rarely found at latitudes higher than 50°N and 50°S (Rice 1989; Reeves and Whitehead 1997).  Sexually mature males join these groups throughout the winter.  During summer, mature male and some female sperm whales are thought to move north into the Aleutian Islands and Gulf of Alaska, and males a
	 
	In waters along the U.S. east coast, the overall distribution is centered along the shelf break and over the continental slope in depths of 50-1,000 fathoms (~90-1,830 m) (Waring et al. 2005).  Very high sperm whale densities occur in inner slope waters north of Cape Hatteras, North Carolina seaward of the 1,000 m isobath during summer months (Mullin and Fulling 2003; Southeast Fisheries Science Center unpublished data; Waring et al. 2005).  Sperm whales are also known to move onto the continental shelf in 
	 
	The sperm whale is the most common large cetacean in the northern Gulf of Mexico, where it occurs in greatest density along and seaward of the 1,000 m isobath (Mullin et al. 1991; Davis et al. 1998; Mullin and Fulling 2004).  They appear to prefer steep rather than shallow depth gradients (Davis et al. 1998).  The spatial distribution of sperm whales within the Gulf of Mexico is strongly correlated with mesoscale physical features such as Loop Current eddies that locally increase primary production and prey
	Sperm Whale Seismic Study.  These studies included habitat cruises, physical oceanographic analysis, and long term satellite tag deployments.  A number of sperm whales were satellite-tagged and several tags were in operation for over 12 months.  Results indicated movements generally along the shelf break (700-1,000 m depth) throughout the Gulf of Mexico, with some individuals using water depths greater than the shelf break.  Of 52 tagged animals, one male left the Gulf of Mexico but subsequently returned.  
	 
	In the Mediterranean Sea, sperm whales have been observed over deep canyons, including the Cuma in the Tyrrhenian Sea (Mussi et al. 2014), Pelagos Sanctuary off the coast of France and Italy (Fiori et al. 2014), and the Hellenic Trench (Frantzis et al. 2014).  The Cuma submarine canyon topography allows for upwelling of waters rich in primary productivity and supports a high concentration of sperm whales in the area (Mussi et al. 2014).  Within the Pelagos Sanctuary in summer the ‘Liguria-Provencal-Catalan’
	 
	2.3.1.7 Other: 
	 
	No additional information is available.   
	 
	2.3.2  Five-Factor Analysis (threats, conservation measures, and regulatory mechanisms)  
	 
	The following is an analysis of the five factors cited in section 4(a)(1) of the ESA that can cause a species to be endangered or threatened (see below).  In considering whether a species reclassification or delisting is warranted, we look at each factor singularly and in aggregate and whether these factors contribute to the extinction risk of the species. Subsequent 5-year reviews completed in accordance with section 4(c)(2) of the ESA must also make determinations about the listing status based, in part, 
	 
	2.3.2.1 Present or threatened destruction, modification or curtailment of its habitat or range:  
	 
	Climate Change 
	The effects of climate and oceanographic change on sperm whales are uncertain, but they have the potential to greatly affect habitat and food availability.  Evidence suggests that the productivity in the North Pacific Ocean (Quinn and Neibauer 1995; Mackas et al. 1998; Gregg et al. 2003; Doney et al. 2012) and other oceans is affected by changes in the environment.  Increases in global temperatures are expected to have profound impacts on arctic and sub-arctic 
	ecosystems and these impacts are projected to accelerate during this century.  Increases in sea surface temperatures from the Pacific equatorial waters affect sperm whale feeding success and, in turn, calf production rates are negatively affected (Smith and Whitehead 1993; Whitehead 1997).  In the California Current System off the U.S. Pacific west coast, nitrogen and carbon isotope values in sperm whales changed from 1993 to 2005, which may indicate a recently progressive shift in primary producer dynamics
	 
	Anthropogenic Noise 
	Humans have introduced sound intentionally and unintentionally into the marine environment for many purposes including oil exploration, navigation, and research.  Noise exposure can result in a multitude of impacts, ranging from those causing little or no impact to those being potentially severe, depending on source level and on various other factors.  Marine mammal response to noise varies due to many factors, including type and characteristics of the noise source, distance between the source and the recep
	 
	Effects of various anthropogenic sonar sources on sperm whales have not been studied extensively and remain uncertain, although sperm whales are potentially disturbed by sonar.  Since the last 5-year review, studies of the potential impacts of sonar on sperm whales have been conducted.  One, study by Sivle et al. (2012) compared diving behavior before and after sonar exposure (LFAS: Low Frequency Active Sonar, MFAS: Mid Frequency Active Sonar and silent exposure).  During LFAS exposure (1-2 kHz), sperm whal
	the normal depths and their vocal activity diminished, indicating the whales were not foraging. During MFAS exposure (6-7 kHz), whales retained their normal diving and foraging activity.  Another study investigated the severity of behavior changes in sperm whales when exposed to naval sonar and found that sperm whales reacted most during LFAS, supporting previous studies (Miller et al. 2012).  Whales exposed to sonar that rapidly change their dive behavior may not be able to manage nitrogen loads during the
	 
	The waters of the northern Gulf of Mexico have been increasingly subject to extensive seismic airgun sounds in the search for hydrocarbon deposits. To determine airgun impacts to sperm whales, visual tracking, passive acoustic monitoring, and movement recording tags were used to quantify behavior prior to, during, and following exposure to airgun arrays at received levels in the range 140–160dB at distances of 7–13km, following a phase-in of sound intensity and full array exposures at 1–13 km (Miller et al.
	Sperm whales are likely sensitive to aircraft.  Several authors have reported that sperm whales did not react to fixed-wing aircraft or helicopters in some circumstances (Au and Perryman 1982; Green et al. 1992) and reacted in others (Würsig et al. 1998; Richter et al. 2003, 2006; Smultea et al. 2008).  For example, Smultea et al. (2008) recorded reactions of sperm whales to the noise from fixed-wing aircraft off Kauai, Hawaii.  Of the eight groups of whales under observation, three groups reacted by diving
	Surface shipping is the most widespread source of anthropogenic, low frequency (0 to 1,000 Hz) noise in the oceans (Simmonds and Hutchinson 1996).  The National Resource Council (2003) estimated that the background ocean noise level at 100 Hz has been increasing by about 1.5 dB per decade since the advent of propeller-driven ships, and others have estimated that the increase 
	in background ocean noise is as much as 3 dB per decade in the Pacific Ocean (Andrew et al. 2002; McDonald et al. 2006, 2008) and at least 3.3 dB per decade between 1950 and 2007, which was attributed to commercial shipping as a result of global economic growth (Frisk 2012). Michel et al. (2001) suggested an association between long-term exposure to low frequency sounds from shipping and an increased incidence of marine mammal mortalities caused by collisions with ships.  Prop-driven vessels also generate h
	 
	Fishery Interaction 
	Since the last status review, more studies have been conducted to examine the phenomenon known as “depredation” when sperm whales remove fish from longline gear.  Investigations were conducted to document rates of depredation, understand how sperm whales manage to find vessels and remove fish from the gear, quantify the amount of prey removed, and record the frequency of resulting mortality or serious injury due to entanglement.  In some locations, the percentage of fish damaged by depredation can be 100%, 
	In Alaskan and Icelandic waters, sperm whales are known to remove sablefish (Anoplopoma fimbria) (Thode et al. 2007, 2014; Straley et al. 2014) and Greenland halibut (Reinhardtius hippoglossoides) from longlines (Peterson and Carothers 2013).  In the southern hemisphere, sperm whales impact the Patagonian toothfish (Dissostichus eleginoides) fisheries off the coast of Chile, South Georgia, Falkland Islands, Prince Edward Islands and Crozet and Kerguelen Islands (Clark and Agnew 2010; Goetz et al. 2010; Tixi
	 
	Since the last 5-year review, several studies have looked at gear and/or fishing practices to reduce depredation.  A new fishing technique was developed for the Chilean Patagonian toothfish fishery as a way to prevent depredation by sperm and killer whales and to reduce seabird bycatch (Moreno et al. 2008).  The system consists of a buoyant net sleeve that is 
	attached to secondary vertical hook lines that allows the sleeve to slide along the line.  During haulback of the main line, the sleeve slides down the vertical line and covers the hooks as they are brought to the surface.  With the use of sleeves, depredation dropped from a maximum of 5% in 2002 to a maximum of 0.36% in 2006.  In addition to decreasing depredation, observers noted that after about a week of unsuccessful attempts to remove fish from the lines, the whales left the fishing grounds (Moreno et 
	 
	Incidental capture in fishing gear, such as gillnets and bottom-set longline gear, continues to be a threat to sperm whale populations, although the degree of threat is considered low.  Sperm whales have been found as bycatch in pelagic drift gillnets targeting swordfish and tuna in U.S. east-coast waters (Waring et al. 1997), and in artisanal gillnets targeting sharks and large pelagic fishes off the Pacific coasts of northwestern South America, Central America, and Mexico (Palacios and Gerrodette 1996).  
	In the Mediterranean Sea, significant sperm whale mortality has resulted from interactions with the high seas swordfish and tuna driftnet fishery since the 1980s when the fishery became a large scale commercial operation (Reeves and Notarbartolo di Sciara 2006; reviewed by Notarbartolo di Sciara 2014).  In 2003, five sperm whales (two adult females and three juveniles) were found entangled in a driftnet in the southern Tyrrhenian Sea (Italy; Pace et al. 2008).  All whales were freed successfully, however dr
	 
	Data on fisheries entanglements include the Peruvian coast where between 1995 and 2012, three sperm whales were discovered entangled in fishing gear (Garcia-Godos et al. 2013).  In the Northwest Atlantic, a total of 9 sperm whales were entangled in fishing gear from 1970-2009 (Van der Hoop et al. 2012). 
	 
	Fishery-caused reductions in prey resources could also have an influence on sperm whale abundance and pose a threat to the species. Other cetaceans eat the prey species taken by sperm whales. Thus, competitive interactions are possible, but it is unknown what, if any, effect competition for food among these cetacean species is a factor in determining sperm whale population trends and abundance (NMFS 2010a).  The effect commercial fisheries may have on sperm whales by removal of large aggregations of the spe
	 
	Oil Spills and Contaminant 
	The threat of contaminants and pollutants to sperm whales and their habitat is highly uncertain and further study is necessary to assess the impacts of this threat.  Little is known about the possible long-term and trans-generational effects of exposure to pollutants.  Marine mammals are considered to be good indicators for concentrations of metal and pollutant accumulation in the environment due to their long life span and (in some cases) position near the top of marine food webs (Savery et al. 2014a). 
	Global baseline data on several metal contaminants were collected from apparently healthy free-ranging sperm whales during cruises aboard the research vessel Odyssey conducted between 1999 and 2005 (Wise et al. 2009, 2011a,b; Savery et al 2013a, b, 2014b).  Metals analyzed included barium, strontium, titanium, gold, silver, lead, chromium, mercury, selenium, and arsenic (Table 1).  The following discussion provides more detail on these metals. 
	 
	Barium, strontium, titanium, and gold generally have low toxicity levels in the marine environment, but increasingly are being used in industry products (e.g., sunscreens, household cleaners, catalytic convertors) as a result of nanotechnology (Wise et al. 2011a).  The use of nanoparticles in consumer products has increased since 2005.  Metals that are manipulated on a quantum scale change properties, which may alter their toxicity levels in the marine environment.  Barium, strontium, titanium, and gold con
	  
	Silver is another pollutant that is increasingly used in nanotechnology and is of concern in marine waters due to its chemistry, toxicity, and bioavailability (Savery et al. 2013b).  Sperm 
	whales are likely exposed to silver through consumption of prey and swallowing sea water.  Silver is a potent inhibitor of selenium, which is an essential element that functions as an antioxidant in cells. Thus, in areas with elevated silver levels, sperm whales may become more sensitive to the toxicity of other chemicals or diseases.  Although silver levels in sperm whale skin samples were generally low, several regions in the Pacific Ocean, Australia, Mauritius, Seychelles, Sri Lanka and Papua New Guinea 
	 
	Lead is prevalent in the environment and more than 90% of its presence is a result of anthropogenic activities, including the mining and smelting of ore (Mao et al. 2009 as cited in Savery et al. 2014b).  Lead has a high potential for bioaccumulation and serious health consequences.  Sperm whales are likely exposed to lead through consumption of prey, swallowing water, or accidental consumption of sediment during bottom feeding (Savery et al. 2014b).  Lead concentrations in sperm whale skin were high in Pap
	 
	Chromium is released into the marine environment by both natural (primarily continental dust) and anthropogenic sources, including industrial, commercial and residential fuel combustion, emissions from metal industries, and wastewaters from industries such as electroplating operations, leather tanning industries, and textile manufacturing (US Department of Health, 1993 as cited in Wise et al. 2009).  Hexavalent chromium (Cr(VI))  is the predominant form of chromium found in marine waters and can have reside
	 
	Mercury is of high concern due to its toxicity, stability in the atmosphere (enabling global mobility and deposition), and ability to bioaccumulate throughout food webs (Savery et al. 2013a).  Mercury is released to the atmosphere from natural and anthropogenic sources 
	(primarily from combustion of fossil fuels) (Pacyna et al. 2006).  Of the populations studied, sperm whales from the Mediterranean Sea had the highest concentration of mercury.  The Mediterranean Sea is thought to have high mercury levels due to geological, biochemical, and or ecological processes in the area (Savery et al. 2013a).  Selenium, an essential element in marine mammal tissue, binds with mercury and may have a protective effect against mercury’s toxicity.  Selenium concentrations in sperm whales 
	 
	Arsenic is among the top 10 most hazardous substances in the environment based on toxicity and potential of exposure from air, water, and soil (Savery et al. 2014a).  It occurs naturally in the earth’s crust and is also introduced through anthropogenic sources such as emissions from smelters or coal-fired power plants.  By ocean basin, the highest mean arsenic concentration was found in sperm whales in the Indian Ocean particularly from the Seychelles, Maldives, and Sri Lanka. Overall, the global mean arsen
	 
	Table 1.  Global baseline data on metal contaminants gathered from sperm whales during a research cruise conducted between 1999 and 2005. 
	 
	Metal 
	Metal 
	Metal 
	Metal 

	Global Mean 
	Global Mean 

	Global Mean High Region  
	Global Mean High Region  

	Global Mean Low Region 
	Global Mean Low Region 

	Global Mean by Gender & Significance 
	Global Mean by Gender & Significance 

	Age and Size 
	Age and Size 
	Significance 

	Citation 
	Citation 

	Span

	Barium 
	Barium 
	Barium 

	0.93 +/- 0.2 μg g-1; range 0.1 to 27.9 μg g-1  (n = 275) 
	0.93 +/- 0.2 μg g-1; range 0.1 to 27.9 μg g-1  (n = 275) 

	Maldives, Indian Ocean (1.64 +/- 0.81 μg g-1) 
	Maldives, Indian Ocean (1.64 +/- 0.81 μg g-1) 

	Canary Islands, Atlantic Ocean (0.20 +/- 0.02 μg g-1). 
	Canary Islands, Atlantic Ocean (0.20 +/- 0.02 μg g-1). 

	Significant Female (1.1 +/-0.23 μg g-1) 
	Significant Female (1.1 +/-0.23 μg g-1) 
	 
	Males (0.6 ± 0.1 μg g-1).   

	Not significant 
	Not significant 

	Wise et al. 2011a 
	Wise et al. 2011a 

	Span

	Strontium 
	Strontium 
	Strontium 

	2.2 +/- 0.1 μg g-1; range 0.2 to 11.5ug/g (n = 298). 
	2.2 +/- 0.1 μg g-1; range 0.2 to 11.5ug/g (n = 298). 

	Galapagos, Pacific Ocean (3.82 +/-1.40 μg g-1) 
	Galapagos, Pacific Ocean (3.82 +/-1.40 μg g-1) 

	Canary Islands, Atlantic Ocean (1.15 +/- 0.08 μg g-1). 
	Canary Islands, Atlantic Ocean (1.15 +/- 0.08 μg g-1). 

	Not significant 
	Not significant 
	Female (2.2 +/- 0.1 μg g-1) 
	 
	Males (2.3 +/- 
	0.2 μg g-1) 

	Not significant 
	Not significant 

	Wise et al. 2011a 
	Wise et al. 2011a 

	Span

	Titanium 
	Titanium 
	Titanium 

	4.5 +/- 0.25 μg g-1; range  0.1 to 29.8 μg g-1 (n = 298). 
	4.5 +/- 0.25 μg g-1; range  0.1 to 29.8 μg g-1 (n = 298). 

	Australia (6.4 +/- 1.2 μg g-1); 
	Australia (6.4 +/- 1.2 μg g-1); 

	Indian Ocean (1.68 +/-0.18 μg g-1). 
	Indian Ocean (1.68 +/-0.18 μg g-1). 

	Significant 
	Significant 
	Females 5.4 +/- 0.34 μg g-1 
	 
	Males 3.0 
	+/- 0.3 μg g-1 

	Not significant 
	Not significant 

	Wise et al. 2011a 
	Wise et al. 2011a 

	Span

	Gold 
	Gold 
	Gold 

	0.2 +/- 0.02ug/g; range  0.1 to 2.3 μg g-1  (n = 50).   
	0.2 +/- 0.02ug/g; range  0.1 to 2.3 μg g-1  (n = 50).   

	Mauritius,  Indian Ocean 
	Mauritius,  Indian Ocean 
	(0.53 +/- 0.13 μg g-1) 

	Canary Islands, Atlantic Ocean and Indian Ocean, where all of the 
	Canary Islands, Atlantic Ocean and Indian Ocean, where all of the 

	Not significant 
	Not significant 
	 
	Females 0.2 +/- 0.03 μg g-1 
	 

	Not significant 
	Not significant 

	Wise et al. 2011a 
	Wise et al. 2011a 

	Span


	Metal 
	Metal 
	Metal 
	Metal 

	Global Mean 
	Global Mean 

	Global Mean High Region  
	Global Mean High Region  

	Global Mean Low Region 
	Global Mean Low Region 

	Global Mean by Gender & Significance 
	Global Mean by Gender & Significance 

	Age and Size 
	Age and Size 
	Significance 

	Citation 
	Citation 

	Span

	TR
	whales sampled had undetectable gold levels 
	whales sampled had undetectable gold levels 

	Males 0.2 +/- 0.02 μg g-1 
	Males 0.2 +/- 0.02 μg g-1 

	Span

	Silver 
	Silver 
	Silver 

	16.9 ± 14.1 μg g-1  ww; range 0.1 to 4,179.0 9 μg g-1 ww (n = 176). 
	16.9 ± 14.1 μg g-1  ww; range 0.1 to 4,179.0 9 μg g-1 ww (n = 176). 

	Seychelles, Indian Ocean 123.3+/-122.99 μg g-1 ww 
	Seychelles, Indian Ocean 123.3+/-122.99 μg g-1 ww 

	Mediterranean Sea 1.5 μg g-1  ww 
	Mediterranean Sea 1.5 μg g-1  ww 

	Not significant 
	Not significant 
	Females (3.5+/- 1.7 9 μg g-1ww; range 0.04 to 297.3 μg g-1 ww) 
	 
	Males (42.0 +/- 40.2 9 μg g-1 ww; range 0.1 to 4,179 9 μg g-1ww) 

	Not significant 
	Not significant 

	Savery et al. 2013b 
	Savery et al. 2013b 

	Span

	Lead 
	Lead 
	Lead 

	1.6 ± 0.4 μg g-1 ww; range 0.1 to 129.6 9 μg g-1ww (n = 337) 
	1.6 ± 0.4 μg g-1 ww; range 0.1 to 129.6 9 μg g-1ww (n = 337) 

	Papua New Guinea, Indian Ocean (6.1 ± 5.6 9 μg g-1 ww 
	Papua New Guinea, Indian Ocean (6.1 ± 5.6 9 μg g-1 ww 

	Mauritius, Indian Ocean (0.3 ± 0.1 9 μg g-1ww 
	Mauritius, Indian Ocean (0.3 ± 0.1 9 μg g-1ww 

	Not significant 
	Not significant 
	Females (1.9 ± 0.6 9 μg g-1 ww)  
	 
	Males (1.1 ± 0.1 9 μg g-1 ww) 

	Not significant 
	Not significant 

	Savery et al. 2014b 
	Savery et al. 2014b 

	Span

	Chromium 
	Chromium 
	Chromium 

	8.8 ± 0.9 μg g-1; range 0.9 to 122.6 9 μg g-1 (n = 359) 
	8.8 ± 0.9 μg g-1; range 0.9 to 122.6 9 μg g-1 (n = 359) 

	Islands of Kiribati, Pacific Ocean (44.3 ± 14.49 μg g-1) 
	Islands of Kiribati, Pacific Ocean (44.3 ± 14.49 μg g-1) 

	Sri Lanka, Indian Ocean (mean = 3.3 ± 0.4 9 μg g-1).   
	Sri Lanka, Indian Ocean (mean = 3.3 ± 0.4 9 μg g-1).   

	Not significant 
	Not significant 
	Females (9.3 ± 1.2 9 μg g-1)  
	 
	Males (7.9 ± 1.4 9 μg g-1) 

	Not significant 
	Not significant 

	Wise et al. 2009 
	Wise et al. 2009 

	Span

	Mercury 
	Mercury 
	Mercury 

	2.5±0.1 μg g-1; range 0.1 to 16.0 μg g-1  (n = 343) 
	2.5±0.1 μg g-1; range 0.1 to 16.0 μg g-1  (n = 343) 

	Mediterranean Sea (6.1 μg g-1) 
	Mediterranean Sea (6.1 μg g-1) 

	Indian Ocean (2.1 μg g-1).   
	Indian Ocean (2.1 μg g-1).   

	Not significant 
	Not significant 
	Females (2.4±0.1 μg g-1) 
	 
	Males (2.5±0.2 μg g-1) 

	Not significant 
	Not significant 

	Savery et al. 2013a 
	Savery et al. 2013a 

	Span

	Selenium 
	Selenium 
	Selenium 

	33.1±1.1 μg g-1; range 2.5 to 179 μg g-1  (n = 343) 
	33.1±1.1 μg g-1; range 2.5 to 179 μg g-1  (n = 343) 

	Pacific Ocean (42.8 μg g-1) 
	Pacific Ocean (42.8 μg g-1) 

	Mediterranean Sea (17.7 μg g-1) 
	Mediterranean Sea (17.7 μg g-1) 

	Not significant Female (2.4±0.1 μg g-1) 
	Not significant Female (2.4±0.1 μg g-1) 
	Males (2.5±0.2 μg g-1) 

	Not significant 
	Not significant 

	Savery et al. 2013a 
	Savery et al. 2013a 

	Span

	Arsenic 
	Arsenic 
	Arsenic 

	1.9 μg g-1 ww; range 0.1 to 15.6 9 μg g-1 ww (n = 342) 
	1.9 μg g-1 ww; range 0.1 to 15.6 9 μg g-1 ww (n = 342) 

	Maldives, Indian Ocean (3.5 ± 0.4 9 μg g-1 ww) 
	Maldives, Indian Ocean (3.5 ± 0.4 9 μg g-1 ww) 

	Canary Islands, Atlantic Ocean (0.8 ± 0.04 9 μg g-1) 
	Canary Islands, Atlantic Ocean (0.8 ± 0.04 9 μg g-1) 

	Significant 
	Significant 
	Females (1.8 ± 0.1 9 μg g-1 ww) 
	 
	Males (2.0 ± 0.2 9 μg g-1 ww) 

	Not significant 
	Not significant 

	Savery et al. 2014a 
	Savery et al. 2014a 

	Span


	In the Gulf of Mexico, as a result of the Deepwater Horizon oil spill in 2010, over 8 million liters of chemical dispersants were applied at the surface and at the source of the leak without knowledge of the potential short and long-term toxicological impact these dispersants may have on marine organisms (Wise et al. 2014a).  To combat the oil spill, two dispersants were applied, Corexit 9500 and Corexit 9527.  Wise et al. (2014a) examined the cytotoxicity and genotoxicity of the dispersants at different co
	 
	In addition to dispersants, gentoxic metals such as chromium and nickel were present in the oil spilled during the Deepwater Horizon event (Wise et al. 2014b).  Chromium and nickel are known carcinogens in humans and damage DNA and bioaccumulate in organisms, resulting in persistent exposures.  Sperm whales in the Gulf of Mexico had significantly higher concentrations of nickel and chromium than the global mean average from the global surveys conducted in 1999 through 2005 (discussed above; Wise et al. 2009
	 
	After the Deepwater Horizon oil spill in the Gulf of Mexico, there was a low number of observed sperm whale mortalities, leading media to report only a “modest” environmental impact (Williams et al. 2011).  However, Williams et al. (2011) estimated that the carcass recovery rate for sperm whales was, on average, only 3.4% of the actual mortalities.  Assuming only one sperm whale carcass was found and the cause of death was determined to be oil, it could be hypothesized that the best estimate of total mortal
	whales that may have been impacted by the Deepwater Horizon oil spill is unknown, but it can be assumed that the impact was greater than observed. 
	 
	In the Mediterranean Sea, high concentrations of contaminants such as polychlorinated biphenyls are found (Marsili et al. 2014).  In 2009, seven sperm whales stranded along the Adriatic coast of Southern Italy.  Necropsies were completed on three and muscle and blubber were collected from the other four for analysis for pollutants. The whales were found to have high levels of organochlorine xenobiotics (immunosupressors) in their blubber and also high levels of polycyclic aromatic hydrocarbons (the most tox
	 
	In the Pacific Ocean, baseline data on biomarkers for persistent organic pollutants were collected (Godard-Codding et al. 2011; Fossi et al. 2014).  Persistent organic pollutants resulting from activities such as agriculture can have a significantly negative effect on the integrity of the water quality and health of marine organisms.  Biomarkers for the organochlorine compounds, polycyclic aromatic hydrocarbons, and planar halogenated aromatic hydrocarbons were collected from free-ranging sperm whales (Goda
	 
	In summary, threats to sperm whale habitat remain a concern.  Climate change continues to emerge as a possible threat to habitat and food availability, but the degree of impact on sperm whales is uncertain.  As sea temperatures rise, prey availability will be altered and sea ice will melt, opening areas to increased vessel traffic and noise.  Given its vast feeding range, sperm whales may be more resilient to climate change; however, further study is necessary to evaluate and understand the effects of chang
	 
	2.3.2.2 Overutilization for commercial, recreational, scientific, or educational purposes: 
	 
	Direct Harvest  
	Members of the IWC reported harvesting a total of 388 sperm whales under reservation or objection to the moratorium from 1986 through 2013; however, the last reported harvest occurred in the 1987/88 Antarctic season (
	Members of the IWC reported harvesting a total of 388 sperm whales under reservation or objection to the moratorium from 1986 through 2013; however, the last reported harvest occurred in the 1987/88 Antarctic season (
	http://iwc.int/table_permit
	http://iwc.int/table_permit

	).   Although historical whaling activities were responsible for the depletion of sperm whales worldwide, they are now hunted only by Japan and in small numbers for scientific research, and therefore, the threat of overutilization by direct harvest is currently low.  However, if the IWC's moratorium on commercial whaling ended, direct harvest could again become a threat to sperm whales. The IWC’s moratorium on commercial whaling for sperm whales throughout the North Atlantic and North Pacific has been in pl

	Scientific Research 
	Moore and Clarke (2002) studied gray whales’ responses to research activities and results ranged from no visible responses to short-term behavioral changes.  Research on sperm whales is likely to continue and increase in the future, but currently represents a low threat to sperm whales (NMFS 2010a).  Japan caught a total of 56 sperm whales from 1986 through 2013 reportedly for the purposes of scientific research under Article VIII of the International Convention for the Regulation of Whaling (
	Moore and Clarke (2002) studied gray whales’ responses to research activities and results ranged from no visible responses to short-term behavioral changes.  Research on sperm whales is likely to continue and increase in the future, but currently represents a low threat to sperm whales (NMFS 2010a).  Japan caught a total of 56 sperm whales from 1986 through 2013 reportedly for the purposes of scientific research under Article VIII of the International Convention for the Regulation of Whaling (
	http://iwc.int/table_permit
	http://iwc.int/table_permit

	).  In 2014, the International Court of Justice found that Japan’s whale research activities can be broadly characterized as scientific research, but that the evidence did not establish that the program design and implementation are reasonable in relation to achieving stated research objectives. The Court largely took issue with the lack of non-lethal alternatives and justification for sample targets.  The Court concluded that the special permits granted by Japan for the killing, taking and treating of whal

	 
	In summary, overutilization for commercial and scientific purposes currently is considered a low threat to the sperm whale.  If the IWC's moratorium on commercial whaling ended, direct harvest could again become a threat to sperm whales.   
	 
	2.3.2.3 Disease or predation:  
	 
	Disease presumably plays a role in natural mortality of sperm whales, but little is known.  While serological studies on North Pacific and North Atlantic sperm whales indicate that these whales are carriers of and infected by calciviruses and papillomavirus (Smith and Latham 1978, Lambertsen et al. 1987), only two naturally occurring diseases that are likely to be lethal have been identified in sperm whales: myocardial infarction associated with coronary atherosclerosis, and gastric ulceration associated wi
	diseases that, while they do not result in direct mortality, have the potential to debilitate the whales enough that death may be the ultimate outcome.  A live-stranded whale was discovered in Knokke-Heist, Belgium and upon blood testing, was found to have been infected with Edwardsiella tarda, a pathogen known to cause sepsis (Cools et al. 2013).  Sepsis can cause high fevers, leading to disorientation and compromising echo-navigational abilities, which suggests that the sepsis caused the whale to strand (
	 
	The potential for parasitism to have a population level effect on sperm whales is largely unknown.  Although parasites may have little effect on otherwise healthy animals, effects could become significant if combined with other stresses.  
	The potential impact of predation by killer whales on the dynamics of the North Pacific Ocean marine ecosystem has received substantial attention within the scientific community.  Hypotheses have been developed on how predation by killer whales has influenced marine mammal populations, including sperm whales (Springer et al. 2003; Mizroch and Rice 2006). However, while evidence indicates that predation by killer whales has been, and is still, a source of natural mortality for sperm whales (Pitman et al. 200
	Sperm whales have been observed to be harassed by Risso’s dolphins (Grampus griseus) where the dolphin performs a head-on charge, resulting in the sperm whale opening its mouth and dropping the lower jaws.  Although Smultea et al. (2014) were unable to determine if there were pieces of food in the water, the authors speculate that the apparent interspecific harassment is meant to cause the sperm whale to regurgitate food, allowing the aggressor to eat the regurgitated food.  Sperm whales reacted to the hara
	 
	In summary, available evidence suggests that neither disease nor predation is a major threat to the recovery of sperm whale populations (NMFS 2010a).   
	 
	2.3.2.4  Inadequacy of existing regulatory mechanisms: 
	 
	The IWC continues to protect sperm whales from commercial whaling by member states and regulates direct take on a sustainable basis. In U.S. waters, sperm whales are protected under the ESA and the Marine Mammal Protection Act (MMPA).  The sperm whale is currently classified as ‘vulnerable’ on the International Union for Conservation of Nature (IUCN, also known as World Conservation Union) Red List of Threatened Animals, meaning that it is “facing a high risk of extinction in the wild in the medium-term fut
	 
	Several international instruments have been established to address the impacts of underwater noise (Erbe 2013).  In 2008, the European Union created a legislative framework called the Marine Strategy Framework Directive (MSFD), which includes measures to reduce and monitor underwater noise by 2020.  The MSFD encompasses four European marine regions – the Baltic 
	Sea, the North-east Atlantic Ocean, the Mediterranean Sea and the Black Sea.  Member states are required to register any impulsive events that “are likely to entail significant impact on marine animals”, in terms of sound exposure levels and peak pressure and to monitor trends in ambient noise in two 1/3 octave bands centered at 63 and 125 Hz.  The Convention for the Protection of the Marine Environment of the North-East Atlantic (OSPAR) is a legal instrument established in 1992, and its purpose is to prote
	 
	The Agreement on the Conservation of Cetaceans of the Black Sea, Mediterranean Sea and Contiguous Atlantic Area (ACCOBAMS) makes recommendations for vessel speed reduction, propeller maintenance, noise reduction mechanisms and timing of operations to reduce impacts to marine mammals in the region.  Recent work includes mapping areas where sperm whales are at high risk of ship strikes and exposure to seismic and sonar activities (ACCOBAMS 2014).    
	 
	The sperm whale is listed under the Convention on the Conservation of Migratory Species of Wild Animals, also known as the Bonn Convention or CMS.  This Convention is an international treaty that focuses on the conservation of migratory species and their habitats.  As of May 2014, there are 120 parties to the Convention.  In 2008, the Convention adopted Resolution 9.19 on ocean noise impacts, which urges the Parties to assess underwater noise, adopt mitigation measures, develop monitoring guidelines of ambi
	 
	In summary, the effectiveness of the IWC moratorium, MMPA, and CITES appear to minimize threats to sperm whales alongside the protections of the ESA.  Several international instruments focus on more general threats (e.g., noise) to the environment, and their direct effect on sperm whales is unknown.  
	 
	2.3.2.5  Other natural or manmade factors affecting its continued existence: 
	 
	Vessel Interaction2 
	2 The sperm whale recovery plan (NMFS 2010a) has ship strikes under Factor D: the inadequacy of existing regulatory mechanisms.  However, for the purposes of this review, we analyze it in the broader context of vessel interactions and activities that may not be related to regulatory mechanisms. 
	2 The sperm whale recovery plan (NMFS 2010a) has ship strikes under Factor D: the inadequacy of existing regulatory mechanisms.  However, for the purposes of this review, we analyze it in the broader context of vessel interactions and activities that may not be related to regulatory mechanisms. 

	Sperm whales spend long periods (typically up to 10 minutes; Jaquet et al. 1998) “rafting” at the surface between deep dives. When in close proximity to vessels, this makes them vulnerable to ship strikes. Since the last status review, more cases of sperm whale injuries and fatalities due to ship strikes have been documented; however, the number of incidences recorded is still low and level of threat from vessel interactions is also considered low.  Ritter (2012) investigated worldwide collisions or near mi
	2010, suggesting that vessel interactions with cetaceans is increasing.  Sperm whales were identified a total of 18 times, of which half collided with a sailing vessel and half were identified as a near miss.  This study identified a growing concern of interactions between sailing vessels and sperm whales; much of the focus has been on vessels such as tankers, cargo ships, ferries and whale watching vessels.  While most cases of injury to a whale relate to speed (>14 knots) and size (>80m) of vessels, saili
	The Canary Islands are considered a hotspot for collisions between marine mammals and ships due to the high ferry traffic.  Between 1991 and 2007, 556 cetacean carcasses were found stranded on the coastline or floating dead at sea along the seven Canary Islands (Carrillo and Ritter, 2010; Ritter 2010).  Fifty-nine of those animals showed obvious signs of collision with a ship, 24 being sperm whales.  Eleven of the sperm whales were determined to be calves. An average of 6.4 cetacean collisions occurred from
	 
	Effectiveness of preventative measures for collisions between whales and ships continues to be assessed. On-board ship observers and additional radio channels have been proposed as methods to assist with preventing ship strikes.  Research has also been done to enhance the Automated Identification Systems (AIS) technology by adding additional channels so vessels could automatically acknowledge receipt of a whale sighting notification (McGillivary et al. 2009). 
	With regard to sperm whales’ behavioral responses to tour vessels, Richter et al. (2006) found that sperm whales in Kaikoura, New Zealand, respond to whale-watching activities with small changes in ventilation and vocalization patterns.  These changes may not be of biological importance; however, compared to resident whales, transients, which receive less whale-watching effort, respond differently, and usually more strongly to whale-watching boats.  This appears to be consistent with Gordon et al. (1992) wh
	vessels are disruptive and the sperm whales avoid them), and the potential for disturbance to sperm whales by such vessels is probably low. 
	  
	Marine Debris 
	Since the last status review, there have been more documented cases of mortality due to marine debris (ingestion and entanglement).  The threat of marine debris to sperm whales is considered to low due to the small number of documented cases.  Marine debris includes recreational or commercial fishing gear that is abandoned or lost, plastic garbage transported from land to sea and solid, non-biodegradable materials disposed of by ships at sea, such as plastics. Insulation, piping, fiberglass, bags, bottles, 
	 
	Ingestion of marine debris by sperm whales is likely incidental ingestion from feeding near the bottom; mistaken ingestion due to resemblance to prey species is highly unlikely due to their echolocation capabilities (Walker and Coe, 1990).  Marine debris has been found in the gastrointestinal track of stranded sperm whales.  For example, the cause of death for a sperm whale discovered on a beach near Castell de Ferro, Spain, was a gastric rupture caused by a mass of compacted plastics (de Stephanis et al. 2
	 
	Renewable Energy 
	Sperm whales are at risk of entanglement in the moorings and associated power cables used to anchor offshore renewable energy, including offshore wind, wave and tidal energy (Benjamins et al. 2014).  Based on a review of current literature, Benjamins et al. (2014) assessed relative risks to marine megafauna groups on the basis of certain biological risk parameters such as size, detection capability, and diving behavior.  They also examined the physical features of the mooring and cable devices such mooring 
	In summary, since the last status review, more cases of sperm whale injuries and fatalities due to ship strikes, including sailing vessels, have been documented; however, the number of incidences recorded is still low and level of threat from vessel interactions is also considered low.  Sperm whale mortality due to marine debris (ingestion and entanglement) continues to be documented, but the threat is considered to be low due to the small number of documented cases.  Sperm whales are also vulnerable to ent
	 
	2.4  Synthesis: 
	 
	While it is often assumed that the worldwide population of sperm whales has increased since the implementation of the IWC moratorium against whaling in 1988, there are insufficient data on population structure and abundance of inhabited ocean basins to determine population trends accurately.  Regional estimates of abundance are fragmented and incomplete, and the best worldwide estimate of 300,000-450,000 (Whitehead 2002) is imprecise.  In addition, historical catch records are sparse or nonexistent in some 
	 
	Although the historical threat of whaling to the worldwide population is no longer a primary threat, sperm whales continue to face several other threats.  Current potential threats include vessel strikes, entanglement in fishing gear, anthropogenic noise, exposure to contaminants, climate change, and marine debris.  The magnitude of threats such as anthropogenic noise, contaminants and pollutants, and climate and ecosystem change is highly uncertain.  More attention and research is required to elucidate the
	 
	 
	3.0 RESULTS 
	 
	3.1   Recommended Classification:  
	 
	____ Downlist to Threatened 
	 ____ Uplist to Endangered 
	 ____ Delist  
	  _X__ No change is needed 
	 
	3.2  New Recovery Priority Number (indicate if no change): Recommend change to 7. 
	 
	Brief Rationale:   The threat of directed harvest is low, but current threats include vessel strikes, entanglement in fishing gear, anthropogenic noise, exposure to contaminants, climate change, and marine debris.  The magnitude of threats such as anthropogenic noise, contaminants and pollutants, and climate and ecosystem change is highly uncertain; thus, the magnitude of threat is categorized as low to moderate.  Many actions needed to recover the species are outside of U.S. jurisdiction.  Thus, the recove
	 
	 
	 
	4.0 RECOMMENDATIONS FOR FUTURE ACTIONS 
	 
	The sperm whale recovery plan (NMFS 2010a) anticipates meeting the minimum data requirements by the year 2025 to meet the downlisting criterion no. 1 (achieve sufficient and viable populations in all ocean basins as evidenced by a risk analysis standard of no more than a 1% chance of extinction in 100 years and the global population has at least 1,500 mature, reproductive individuals consisting of at least 250 mature females and at least 250 mature males in each ocean basin). 
	 
	To ensure we meet the downlisting criterion no. 1, it is essential to estimate current and, to the extent possible, historic species abundance accurately, which will allow for a determination of population trends in each ocean basin in which they occur. Because of the sperm whale’s migratory behavior, extremely wide geographic distribution, and deep and prolonged dives, it is difficult to make estimations of population size. Various methods, including population modeling based on acoustic and visual shipboa
	 
	Secondarily, more extensive research is necessary to detect the presence of population structures which would help improve management strategies and accuracy of abundance data. While many studies showed low genetic diversity and little geographic structure, there is evidence that suggests the possibility of resident populations (e.g., Mediterranean Sea) and development of genetic differentiation due to differences in migratory patterns between males and females. Currently used methods should be continued, b
	 
	In addition to the above, the following is needed to improve knowledge of threats to sperm whales:  
	 
	• improved knowledge of the impacts of anthropogenic noise from various sources, including military operations, on sperm whales’ behavior and ability to communicate and forage;  
	• continued compilation of documented entanglement in fishing gear and vessel collisions;  
	• continued research on the effects of exposure to high levels of organochlorine and other contaminants on sperm whales;  
	• research to investigate the possible effects of climate change on sperm whales’ habitat and food availability; and  
	• continued scientific information from stranded, entangled, or entrapped sperm whales to improve knowledge of species’ biology and causes of natural or human-induced mortality.  
	 
	The U.S. should also continue to cooperate with the IWC to maintain international regulation of the whaling of sperm whales. 
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