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DECLARATION OF DR. SHANNON BETTRIDGE
I, Dr. Shannon Bettridge, declare as follows:

QUALIFICATIONS and EXPERTISE

1. | have worked with the National Marine Fisheries Service (NMFS), which
is part of the National Oceanic and Atmospheric Administration (NOAA), since April,
2006. | am currently the Chief of the Marine Mammal and Sea Turtle Conservation
Division in the Office of Protected Resources in Silver Spring, Maryland. I have held this
position since April, 2018. Prior to assuming the duties of my current position, | held a
number of positions within the Office of Protected Resources, NMFS, including fisheries
biologist, National Marine Mammal Scientific Review Group Coordinator, National
Marine Mammal Stock Assessment Report Coordinator, and Acting Division Chief and
Acting Deputy Division Chief of the Marine Mammal and Sea Turtle Conservation
Division. Through my work at NOAA, | have gained extensive experience and expertise
in the life history of large whales and the type and associated impacts of human
interactions with large whales. | am also familiar with the requirements of the Marine
Mammal Protection Act (MMPA, or Act), 16 U.S.C. 88 1361 et seq., and with the

responsibilities delegated to NMFS under the MMPA. Since 2010, my responsibilities
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have included working as a member of the NMFS team responding to the Makah Tribe’s
request seeking authorization to hunt Eastern North Pacific (ENP) gray whales in the
Tribe’s usual and accustomed fishing area (U&A).

2. | hold a Ph.D. in Marine Affairs, a Master of Arts in Marine Affairs, and a
Bachelor of Arts in Environmental Public Policy. My academic and professional
publications are described in my attached Curriculum Vitae. NMFS Ex. 2-1.

3. Prior to my current position, |1 worked as the NMFS National Marine
Mammal Stock Assessment Report Coordinator. One of my principal duties in that role
was compilation and oversight of the annual Stock Assessment Reports issued by NMFS
pursuant to Section 117 of the MMPA, 16 U.S.C. § 1386. | currently supervise the NMFS
National Marine Mammal Stock Assessment Report Coordinator. Those positions have
allowed me to develop extensive experience and expertise in the review, evaluation, and
identification of marine mammal stock structure and status under the MMPA, and with

the requirements of MMPA, particularly Section 117.

STOCK ASSESSMENT REPORTS—BACKGROUND

4. Section 117 of the MMPA, added to the Act in 1994, directs NMFS to
prepare a stock assessment report (SAR) for each marine mammal stock that occurs in
U.S. waters. 16 U.S.C. § 1386(a). The MMPA defines a “population stock” or “stock™ as
“a group of marine mammals of the same species or smaller taxa in a common spatial

arrangement, that interbreed when mature.” 16 U.S.C. § 1362(11).

L NMFS’s exhibits are labeled as follows: “NMFS Ex. 1-XX” for exhibits attached to
the Declaration of Chris Yates; “NMFS Ex. 2-XX” for exhibits attached to the
Declaration of Dr. Shannon Bettridge; “NMFS Ex. 3-XX” for exhibits attached to the
Declaration of Dr. David Weller; and, “NMFS Ex. 4-XX for exhibits attached to the
Declaration of Dr. Jeffrey Moore.
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5. Section 117 of the MMPA establishes the framework through which

NMFS identifies marine mammal stocks and assesses their status. 16 U.S.C. 8 1386. The
section also details SAR content and procedures for issuing them. The statute defines the
following terms most pertinent to my declaration at 16 U.S.C. § 1362:

o “optimum sustainable population,” or OSP, is “with respect to any

population stock, the number of animals which will result in the maximum

productivity of the population or the species, keeping in mind the carrying

capacity of the habitat and the health of the ecosystem of which they form a

constituent element”;

. “potential biological removal level,” or PBR, “means the maximum

number of animals, not including natural mortalities, that may be removed from a

marine mammal stock while allowing that stock to reach or maintain its [OSP].

The potential biological removal level is the product of the following factors:

(A) "The minimum population estimate of the stock. (B) One-half the maximum

theoretical or estimated net productivity rate of the stock at a small population

size. (C) A recovery factor of between 0.1 and 1.0”;

o “minimum population estimate,” or Nmin, “means an estimate of the

number of animals in a stock that (A) is based on the best available scientific

information on abundance, incorporating the precision and variability associated

with such information; and (B) provides reasonable assurance that the stock size

is equal to or greater than the estimate”;

o a “strategic stock” is a “marine mammal stock (A) for which the level of

direct human-caused mortality exceeds the [PBR] level; (B) which . . . is
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declining and is likely to be listed as a threatened species . . .within the forseeable
future; or (C) which is listed as threatened species or endangered species under
the Endangered Species Act . . ., or is designated as depleted” under the MMPA;
o “depleted” means any case in which the Secretary or a State, after
consultation with requisite bodies, “determines that a species or population stock
is below its [OSP]; . . . ” or when “a species or population stock is listed as an
endangered species or threatened species under the Endangered Species Act . . ..”
6. Section 117(a) of the MMPA requires NMFS to prepare SARS in
consultation with the appropriate regional scientific review group (discussed below).
16 U.S.C. § 1386(a). SARs must be based on the best scientific information available and
must, among other things: “(1) describe the geographic range of the affected stock . . .”;
(2) identify the stock’s “minimum population estimate, current and maximum net
productivity rates, and current population trend . . . ; (3) estimate the annual human-
caused mortality [(HCM)] and serious injury of the stock by source, and, for a strategic
stock, other factors that may be causing their decline or impeding recovery of a stock . .
.; (4) describe commercial fisheries that interact with the stock . . . ; (5) categorize the
status of the stock as one that either . . . has a level of [HCM] and serious injury that is
not likely to cause the stock to be reduced below its [OSP or] . . . is a strategic stock . . . ;
and (6) estimate [PBR] level for the stock, describing the information used to calculate
[the PBR], including the recovery factor.” 16 U.S.C. § 1386(a). The use of PBR has been

thoroughly reviewed by NMFS scientists and others involved in marine mammal
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management. See, e.g., NMFS Ex. 2-2 (Wade 19982); NMFS Ex. 2-3 (Taylor et al.
2000%); NMFS Ex. 2-4 (National Research Council 2005%). Draft SARs are made
available for public review and comment for a period of 90 days.16 U.S.C. § 1386(b)(1).
The Marine Mammal Commission typically reviews and comments upon the draft reports
during this comment period.

7. MMPA section 117(c) requires that NMFS review SARs at least annually
for strategic stocks and stocks for which there is significant new information, and at least
once every three years for other stocks. 16 U.S.C. § 1386(c). If that review indicates that
the subject stock’s status has changed or can be more accurately determined, then NMFS
must revise the SAR accordingly. 16 U.S.C. § 1386(c)(2). The number of SARs actually
revised in a given year varies depending on the number of stocks for which there is
significant new status information; if NMFS reviews a SAR and concludes there is no
significant new information to add, it will not revise the report at that time.

8. To support the stock review process, MMPA Section 117(d) directed the
Secretary of Commerce to establish three regional scientific review groups (SRGs) to
represent Alaska, the Pacific Coast (including Hawaii), and the Atlantic Coast (including
the Gulf of Mexico). 16 U.S.C. § 1386(d). The SRGs consist of individuals with marine
mammal expertise who represent a variety of viewpoints. Id. The proceedings of SRG
meetings, along with SRG recommendations to NMFS and the agency responses are

made available online: https://www.fisheries.noaa.gov/national/marine-mammal-

2 Wade, P. R. 1998. Calculating limits to the allowable human-caused mortality of
cetaceans and pinnipeds. Marine Mammal Science 14(1):1-37.

% Taylor, B.L., Wade, P.R., D.P. DeMaster, and J. Barlow. Incorporating Uncertainty
into Management Models for Marine Mammals. Conservation Biology 14(5):1243-1252.
4 NATIONAL RESEARCH COUNCIL OF THE NATIONAL ACADEMIES, MARINE MAMMAL

POPULATIONS AND OCEAN NOISE CHAP. 4 (2005).
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protection/scientific-review-groups.® The Alaska SRG reviewed the status of the ENP
gray whale stock until 2012, when the Pacific SRG took over that responsibility. See

NMFS Ex. 2-5 (Carretta et al. 2013°). The Pacific SRG included the WNP gray whale
stock for the first time in its 2014 review. See NMFS Ex. 2-6 (Carretta et al. 20157).

9. Several NMFS offices participate in the development, review, and
publication of SARs (including revisions). Data collection, analysis, and interpretation
are conducted through marine mammal research programs at each of the six regionally
located NMFS Science Centers. SARs, and research papers supporting SARs developed
within NMFS, are peer-reviewed within the Science Centers, by the SRGs, and may also
be submitted for review by other qualified experts, such as editorial boards for scientific
journals, or the International Whaling Commission (IWC) Scientific Committee.

10. As part of NMFS’s internal review, draft SARs are reviewed by: me and
my staff within the NMFS Office of Protected Resources, NMFS Regional Office Staff,
NMFES Office of Science and Technology staff, NOAA General Counsel, Fisheries and
Protected Resources Section, and NMFS Leadership before being approved in draft form
for publication in the Federal Register and made available for public review and
comment. My office also reviews and coordinates development of responses to any
comments received and updates to the SARs based on those comments, as appropriate, in
cooperation with the appropriate Science Centers and Regional Offices. Then, after

considering the best available scientific information, the advice of the appropriate

® Last visited April 1, 2019.

® Carretta, J., and 15 co-authors. 2013. U.S. Pacific Marine Mammal Stock
Assessments: 2012. NOAA-TM-NMFS-SWFSC-504.

" Carretta, J., and 15 co-authors. 2015. U.S. Pacific Marine Mammal Stock
Assessments: 2014. NOAA-TM-NMFS-SWFSC-549,
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regional SRG, and all public comments and responses, and after a final review and
approval by me, NOAA General Counsel, and NMFS Leadership, and finally the NMFS
Assistant Administrator, NMFS finalizes the SARs and, under 16 U.S.C. § 1386(b)(3),
submits a Notice of Availability in the Federal Register. Additionally, the SARs receive
internal formatting review and are published as Technical Memoranda as Science Center
publications, concurrent with the Federal Register notice of availability. Draft and final
SARs are available, often within regional compendiums, on the NMFS website at:

https://www.fisheries.noaa.gov/national/marine-mammal-protection/marine-mammal-

stock-assessments.®

11. Because of the rigorous review process, SARs take many months to
finalize. As a result, most SARSs are published at least one year after the reports’
reference years, sometimes causing confusion between the citation year, and the data
year. For example, the most recent SARs for both the Eastern North Pacific and Western
North Pacific stocks of gray whales are cited as Carretta et al. 2017,° but are commonly
referred to as the 2016 ENP or WNP SAR for these stocks. See NMFS Ex. 2-7.

12. In my role as supervisor of the NMFS National Marine Mammal Stock
Assessment Report Coordinator, | oversee coordination among the six NMFS Science
Centers, five Regional Offices, three SRGs, and the NMFS Offices of Protected
Resources and Science and Technology to ensure the ongoing review and assessment of
approximately 333 marine mammal stocks, including approximately: 116 stocks in the

Atlantic Ocean and Gulf of Mexico; 165 stocks along the Pacific Coast of the continental

8 Last visited April 1, 2019.
9 Carretta, J., and 15 co-authors. 2017. U.S. Pacific Marine Mammal Stock
Assessments: 2016. NOAA-TM-NMFS-SWFSC-577.
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United States and Hawaii; and 52 stocks in Alaska and the North Pacific Ocean. The
number of stocks, and therefore SARs, may vary from year to year because stock

delineation is subject to change.

STOCK IDENTIFICATION—BACKGROUND

13. To assist in the consistent, nation-wide implementation of Section 117,
NMFS and United States Fish and Wildlife Service have held a series of workshops,
beginning in 1994, and developed guidelines, known as the Guidelines for Preparing
Stock Assessment Reports Pursuant to the 1994 Amendments to the MMPA (also known
as the Guidelines for Assessing Marine Mammal Stocks, or GAMMS). NMFS issued the
first GAMMS in 1995. To account for advances in science, NMFS updated and revised
the GAMMS in 1996, 2005, and most recently in 2016. Each update was undertaken
following a workshop by scientific experts and consultation with the Marine Mammal
Commission. The GAMMS, including all updates, were made available for public review
and comment and are available online at:

https://www.fisheries.noaa.gov/national/marine-mammal-protection/quidelines-

assessing-marine-mammal-stocks.*® NMFS adopted the most recent 2016 GAMMS as

NMFS Policy Directive 02-204-01 (February 22, 2016) (NMFS 2016), which it considers

when preparing SARs. NMFS Ex. 2-8.11

GRAY WHALE STOCK STRUCTURE

14, NMFS issued the first SAR for gray whales in 1995. 60 Fed. Reg. 44,308-

01 (Aug. 25, 1995). That SAR identified the Eastern North Pacific (ENP) population of

10 | ast visited April 1, 2019.
' NMFS 2016. Guidelines for Preparing Stock Assessment Reports Pursuant to the
1994 Amendments to the MMPA. NMFS Instruction 02-204-01, Feb. 22, 2016.
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gray whales as an MMPA stock, whose range spanned the West Coast of the United
States from Baja California to the Bering, Chukchi, and Beaufort Seas. At that time,
NMFS recognized a second population of gray whales—the Western North Pacific
(WNP) population—as a “species” protected under the Endangered Species Act, but
NMFS did not prepare a SAR for or identify the WNP population as a stock under the
MMPA, because MMPA section 117 applies only to marine mammals found in U.S.
waters. The information available at the time indicated that the WNP population did not
occur in U.S. waters.

15. Beginning in 2010, new information became available regarding a group
of ENP whales known to summer off the coasts of Oregon, Washington, and VVancouver
Island, B.C., rather than completing the northward migration to the Chukchi, Bering, and
Beaufort Seas. NMFS Ex. 3-2 at 9 (Weller et al. 2013'?). Also in 2010, the IWC
designated animals that spend the summer and autumn feeding in coastal waters of the
Pacific coast of North America from California to southeast Alaska as the “Pacific Coast
Feeding Group” or PCFG, and later refined the definition of the group for purposes of
abundance estimation as animals sighted more than once between 41°N lat. and 52°N lat.
from June 1 to November 30. NMFS Ex. 2-7 at 8 (Carretta et al. 2017); see also NMFS
Ex. 2-9 (IWC 2012%%). NMFS has adopted the IWC’s PCFG terminology. See, e.g.,
NMFS Ex. 2-7 (Carretta et al. 2017). In 2012, NMFS convened a task force of agency

experts to evaluate the new information to determine the possibility of finer gray whale

12 \Weller, D. W., and 7 co-authors. 2013. Report of the National Marine Fisheries
Service gray whale stock identification workshop. March 2013. NOAA Technical
memorandum NOAA-TM-NMFS-SWFSC-507.

13 1WC 2012. Chair’s Report of the 64th Annual Meeting of the International Whaling
Commission, 2-6 July 2012.
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stock structure in U.S. waters, including whether the PCFG might meet the MMPA’s
definition of a separate stock. | was a member of that task force. The overarching
objective of the task force was to provide an objective, scientific evaluation of gray whale
stock structure as defined under the MMPA and guided by the GAMMS.

16. In 2013, the task force issued its report titled Report of the National
Marine Fisheries Service Gray Whale Stock Identification Workshop. NMFS Ex. 3-2
(Weller et al. 2013). Dr. Weller describes the contents of that Report in his Declaration.
See Weller Decl. 1 7, 19-20, 27. The Task Force Report concluded, among other things,
that PCFG whales interbreed with other ENP whales, including potentially other PCFG
whales. NMFS Ex. 3-2 at 44 (Weller et al. 2013). However, upon review of results from
photo-identification, genetics, tagging, and other studies within the context of the
GAMMS, the task force found that “there remains a substantial level of uncertainty in the
strength of the lines of evidence supporting demographic independence of the PCFG
[from the ENP].” Id. at 47. Because the evidence did not support designating the PCFG
as a separate stock, NMFS has retained the existing designation for the ENP stock as
including the PCFG, and continued to evaluate PCFG whales as part of the ENP stock.
See, e.g., NMFS Ex. 2-6 (Carretta et al. 2015).

17.  Alsoin 2010, information became available demonstrating that some
WNP whales migrate through U.S. waters. As explained in more detail in the Weller
Declaration, the task force reviewed this information along with genetic information
showing mitochondrial DNA and nuclear DNA differentiation between the WNP and
ENP populations, and advised that the WNP stock should be recognized as a population

stock pursuant to the GAMMS and the MMPA. NMFS Ex. 3-2 at 48 (Weller et al. 2013).
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In response to the Task Force Report, NMFS developed a SAR for the WNP stock of

gray whales. NMFS Ex. 2-7 at 20 (Carretta et al. 2017).

GRAY WHALE SARS

18.  The Task Force Report informed the 2014 and subsequent SARs for ENP
and WNP gray whales. With regard to the ENP stock and associated PCFG, and
consistent with the Task Force Report, the 2014 and subsequent SARs continue to
recognize single stock structure for the ENP gray whale, representing NMFS’s
determination on this issue.

19.  The 2016 SAR for ENP gray whales, published in 2017, estimates ENP
gray whale abundance at 20,990 animals, with a PBR of 624 and human-caused mortality
and serious injury of 133 ENP gray whales per year on average. NMFS Ex. 2-7 at 9-15
(Carretta et al. 2017).

20.  Although the 2014 SAR confirmed that the ENP whales, including the
PCFG, was a single stock, it did acknowledge that the PCFG appears to be a feeding
aggregation that may warrant consideration as an independent stock in the future. NMFS
Ex. 2-6 (Carretta et al. 2015). The term “feeding aggregation” is used by biologists in the
scientific literature to describe concentrations of whales that forage in a specific area.
NMEFS’s use of the term is not intended to signify that such whales constitute a “stock” as
that term is defined under the MMPA (i.e., “a group of marine mammals of the same
species or smaller taxa in a common spatial arrangement, that interbreed when mature”
16 U.S.C. 8 1362(11)) .

21.  Although NMFS does not recognize the PCFG as an MMPA stock or

prospective stock, the 2016 SARs for the ENP stock include estimates of PCFG
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abundance, human-caused mortality, and PBR for informational purposes. As reported in
the 2016 SAR, abundance estimates for PCFG whales have been relatively stable since
2003, and most recently estimated at 209, with a minimum abundance of 197. NMFS Ex.
2-7 at 10 (Carretta et al. 2017); see also NMFS Ex. 3-33 at 11 (Calambokidis et al.
20174 (discussing the PCFG as fairly stable since 2002). As explained above and as
would be typical for normal PBR calculations, the ENP SAR uses this minimum
abundance to calculate an informational PBR for PCFG whales of 3.1 whales per year.

NMFS Ex. 2-7 at 11 (Carretta et al. 2017). The SAR also identifies an average total

annual human-caused mortality and serious injury of 0.25 PCFG gray whales per year. Id.

at 15. The SAR does not estimate a separate PBR for U.S.-only waters.

22.  With regard to the WNP whales, as noted above NMFS has recognized
WNP gray whales as a separate MMPA stock, consistent with the Task Force Report. As
noted above, the most recent SAR for the WNP stock is dated 2016. Id. at 20. That SAR
describes the point estimate of WNP gray whale abundance as 140 individuals with an
annual rate of increase at 3.3 percent and a PBR in U.S. waters of 0.06 whales per year or
approximately 1 whale every 17 years (if abundance and other parameters in the PBR
equation remained constant over that time period). Id. at 21. There is no quantified
estimate of human-caused mortality for this stock and no human-caused mortality has

been observed in U.S. waters. Id. at 22.

14 Calambokidis, J., Laake, J., and A. Perez. 2017. Updated analysis of abundance and
population structure of seasonal gray whales in the Pacific Northwest, 1996-2015. Paper
SC/A17/GW/05 presented to the International Whaling Commission.
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UPCOMING GRAY WHALE SARS

23. NMFS is in the process of updating the ENP gray whale SAR, and
recently released a draft 2018 SAR for public comment. NMFS Ex. 2-10 (Carretta et al.
2018%); 83 Fed. Reg. 47,131 (Sept. 18, 2018). The update included newly published
information on abundance and PBR of the ENP stock. The updated draft 2018 SAR
includes the updated abundance estimate from Durban et al. 2017 of 26,960 whales.
NMFS Ex. 3-42 at 4 (Durban et al. 2017°). That abundance level results in a PBR of 801
whales. Human-caused mortality and serious injury in the draft SAR is 138 and thus does
not exceed PBR. This mortality estimate takes into account all known sources, including
fishery entanglement, subsistence/native harvest and ship-strikes.

24.  The revised draft 2018 ENP gray whale SAR includes data, for
informational purposes, regarding the PCFG. The revised draft 2018 SAR used the most
recent (2015) abundance estimate from Calambokidis 2017 which is 243 whales, and
identified a minimum population estimate for PCFG whales of 227 animals. NMFS Ex.
2-10 at 5-6 (Carretta et al. 2018) (citing NMFS Ex. 3-33 (Calambokidis 2017). This
results in a PBR, for informational purposes, of about 3.5 PCFG whales. The revised
draft 2018 SAR continues to conclude ENP gray whales are a single stock, since no new
evidence has been developed to suggest that the PCFG is a separate stock. During its
most recent review of the NMFS draft SAR for ENP gray whales, the Pacific SRG

recommended that NMFS reconsider the characteristics and status of the PCFG and

15 Carretta, J., and 15 co-authors. 2018. U.S. Pacific Draft Marine Mammal Stock
Assessments.

16 Durban, J.W., D.W. Weller, and W.L. Perryman. 2017. Gray whale abundance
estimates from shore-based counts off California in 2014/15 and 2015/16. Paper
SC/A17/GW/06 presented to the International Whaling Commission Scientific
Committee.
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whether it should be recognized and managed as a full stock. NMFS replied that it does
not believe that currently available information supports classifying the PCFG as a stock

under the MMPA. NMFS Ex. 2-11 at 11-12 (Wieting 2018%7).

| declare, under penalty of perjury under the laws of the United States, that the

foregoing is true and correct to the best of my knowledge, information, and belief.

BETTRIDGE.SHANNO penay om0
N.O M.1365827920 M-1365827920

Date: 2019.04.01 16:55:30 -04'00'

Shannon Bettridge

Dated:

17 etter from Donna S. Wieting, Director, NOAA Office of Protected Resources to
John Calambokidis, Acting Chair, Pacific Scientific Review Group (Aug. 27, 2018).
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SHANNON BETTRIDGE, Ph.D.
Shannon.Bettridge@noaa.gov

PROFILE

Natural resource manager with specialized expertise in marine mammal and endangered species
conservation, fisheries management, and protected species policy development and
implementation. Extensive working knowledge of marine mammal biology and legal mandates
under the Marine Mammal Protection Act (MMPA), Endangered Species Act (ESA), Magnuson-
Stevens Fishery and Conservation Management Act (MSA), and National Environmental Policy
Act (NEPA). Experience with federal, regional, and state fisheries data collection and analysis,
including assessing the impact of marine mammal conservation programs on the human and
natural environments.

PROFESSIONAL EXPERIENCE

Division Chief April 2018 - present
Acting Division Chief June 2017 — November 2017
Acting Deputy Division Chief June 2016 — May 2017

NOAA Fisheries Service, Office of Protected Resources
Marine Mammal and Sea Turtle Conservation Division
1315 East-West Highway, Silver Spring, MD 20910

As Chief of the Marine Mammal and Sea Turtle Conservation Division, | manage and direct the
Division in developing and implementing natural resource conservation and management
programs and regulations under the MMPA and ESA to protect and conserve living marine
resources and their habitats. This includes planning the work of the program teams, ensuring that it
is aligned with the Office’s and Agency’s priorities, and ensuring that resources are available for
staff to accomplish projects and tasks. I work with the marine mammal and sea turtle teams to
develop priorities and goals. | am responsible for planning, executing, and overseeing multiple
budget lines, as well as the time, attendance, travel, and performance for the 20 staff under my
supervision. | review staff performance, develop performance standards, monitor, and evaluate
staff performance. | provide mentorship and supervisory support to staff so that they are able to
perform at their highest level, including encouraging training and professional development.
During my detail as Acting Deputy Division Chief, | received the NOAA Fisheries Employee of
the Year award for the Leadership/Supervisor category.

Fishery Biologist December 2017 — March 2018
December 2012 — May 2016

NOAA Fisheries Service, Office of Protected Resources

Marine Mammal and Sea Turtle Conservation Division

1315 East-West Highway, Silver Spring, MD 20910

As a fishery biologist in the Marine Mammal and Sea Turtle Conservation Division, | specialized
in marine mammal recovery, with an emphasis on implementation and interpretation of the
MMPA. This position required extensive knowledge of the ESA and NEPA, as well as marine
mammal population assessment and endangered species recovery. In this position | developed,
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reviewed, and revised MMPA guidelines, criteria, and procedures to guide the agency in the
management of marine mammal programs, and developed rulemakings under the MMPA.. This
frequently involved formulating natural resource policy recommendations to ensure legal
compliance with the MMPA and ESA. | identified, assessed, and resolved natural resource
management issues affecting protected species and involving and communicating with local, state,
Tribal and Federal governments, fishing groups, non-governmental organizations, and/or the
general public. I represented the Office of Protected Resources and NOAA Fisheries at the
national and regional level on technical matters regarding stock assessment coordination and
recovery of protected marine mammal species and populations. | presented agency policies,
positions, and interests to representatives of industry, non-governmental organizations, Federal,
state, local and Tribal governments, and the general public. I regularly developed and provided
briefings on recommendations and technical information as well as agency policies, positions, and
positions to senior NOAA leadership, and on occasion to Hill staff and representatives. | was a
member of a team that received a Department of Commerce Gold Medal for developing the ESA
listing rule for humpback whales.

As the National Coordinator of marine mammal stock assessment reports and National
Coordinator of the Scientific Review Group, | oversaw the marine mammal stock assessment and
recovery programs for the NOAA Fisheries Office of Protected Resources and represented the
agency’s policies and positions. | reviewed and coordinated publication of stock assessment
reports and other complex technical scientific documents to ensure statutory compliance and
consistency with agency requirements, as well as provided guidance to authors. This required an
understanding of population biology and quantitative methods used to evaluate population
dynamics and demographic parameters of marine mammals.

Fishery Biologist April 2006 — November 2012

NOAA Fisheries Service, Office of Protected Resources
Marine Mammal and Sea Turtle Conservation Division
1315 East-West Highway, Silver Spring, MD 20910

As coordinator of large whale recovery programs, | contributed to the development and
implementation of programs and regulations to reduce threats to endangered large whales,
including ship strike reduction, ESA recovery planning, and fisheries bycatch mitigation to ensure
compliance with the MMPA and ESA. Duties included regular synthesis, evaluation, and
presentation of technical scientific data and natural resource issues in the form of briefings for
leadership and presentations to state and federal agencies, industry groups, environmental groups,
non-governmental groups, academic audiences, and the general public. I chaired the global ESA
status review of humpback whales, which provided the basis for a rulemaking to revise the ESA
listing for humpback whales. Ship strike reduction efforts included development, implementation,
monitoring, and analysis of a Final Rule to Implement Speed Restrictions to Reduce the Threat of
Ship Collisions with North Atlantic Right Whales, promulgated under MMPA and ESA. |
coordinated NEPA efforts to assess the impact of the regulations on the natural and human
environments, including drafting sections of the NEPA environmental impact statement and
assisting with responding to public comments on the review. I also reviewed NEPA environmental
assessments and impact analyses related to Federal protected species actions. Other ESA duties
included drafting, reviewing, and supervising development of marine mammal recovery plans, 5-
year reviews, and status reviews to address natural and anthropogenic threats to endangered marine
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species. These plans and reviews outline actions needed for the management, protection, and/or
restoration of aquatic habitats to recover endangered marine species. In this role I also assisted
with planning and execution of the large whale budget of approximately $1 million. | was a
member of a team that received a Department of Commerce Silver Medal for developing a
program to enforce the ship speed rule.

ACCSP Program Coordinator August 2002 — March 2006

Atlantic States Marine Fisheries Commission
Atlantic Coastal Cooperative Statistics Program
1444 Eye Street, NW, Washington, D.C. 20005

I coordinated and led scientific committee activities including the development of technical
program documents, issue and policy papers, strategic plans, implementation plans, and annual
operations plans. Specific duties included: Overall support, coordination, and documentation of
technical committee work, including the Biological Review Panel, Bycatch Committee, and
Commercial and Recreational Technical Committees; coordinated the activities of the Bycatch
Committee to ensure compliance with the MMPA, ESA, and interstate fishery management plans;
compiled relevant materials for technical committee meetings; assisted the Director with
development of policy documents and presentations; provided staff assistance to State agency
Partners as required to assist in the implementation of Program Standards; and assisted in the
annual funding process. Served as acting Director as needed.

Instructor and Doctoral Student September 2000 — May 2005

The University of Rhode Island, Department of Marine Affairs
Upper College Road, Kingston, R.I. 02881

My Ph.D. research involved analyzing and comparing the legislative mandates of the MMPA,
ESA, and NEPA, as applied to the implementation of the Atlantic Large Whale Take Reduction
Plan. This entailed interviewing Federal, state, and local government officials, and commercial
fishermen to assess the effects of the management plan on fishing operations, and conducting
statistical analyses of the data I collected. It also included attending Take Reduction Team
meetings, and developing a strong working knowledge of section 118 of the MMPA and its
mandates to manage commercial fisheries that interact with marine mammals.

Fishing Business Owner, Operator, and Manager September 1995-July 2002

Sirius Fishing
Rockland, Maine 04841

As business co-owner and manager, | was responsible for all financial aspects of a Maine lobster
fishing business, including employee payroll and benefits, accounts payable, and financial
planning. | attended and testified at NOAA and Maine Department of Marine Fisheries hearings,
conferences, and seminars relevant to lobster management and science, and disseminated policy
information to members of the fishing community. | worked on board the fishing vessel from
1995-1998.
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Ph.D. in Marine Affairs 2005
The University of Rhode Island, Kingston, Rhode Island 02881

Dissertation Title: “The Role of Planning in Marine Resource Management: The Effect of
Differing Legislative Mandates on the Atlantic Large Whale Take Reduction Plan”

Master of Arts in Marine Affairs 1998
The University of Rhode Island, Kingston, Rhode Island 02881
Thesis Title: “Management Thresholds in the Maine Green Sea Urchin Fishery”

Bachelor of Arts, Honors, in Environmental Public Policy 1993
The University of Michigan, Ann Arbor, Michigan 48109
Thesis Title: “New England Groundfish Fisheries Management”
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Secretary of Commerce, Gold Medal September 2017
Gold Medal for revising the Endangered Species Act status of the Humpback Whale with
unprecedented scientific, legal, and policy creativity and intellect. This award, the highest form of
honorary recognition the Department of Commerce bestows, is granted for Personal and
Professional Excellence.

NOAA Fisheries Employee of the Year: Leadership/Management 2016

Secretary of Commerce, Silver Medal January 2015
Silver Medal Award for developing an effective, economical program to ensure compliance with
vessel speed restrictions to protect endangered North Atlantic right whales.

NOAA Office of General Counsel Award 2015
The Georgia Aquarium Team is recognized for their outstanding work in defense of the National
Marine Fisheries Service’s final decision on the Georgian Aquarium’s request for an MMPA
permit to import beluga whales that were caught from the wild in Russia.
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ABSTRACT

A simulation method was developed for identifying populations with levels
of human-caused mortality that could lead to depletion, taking into account
the uncertainty of available information. A mortality limit (termed the Po-
tential Biological Removal, PBR, under the U.S. Marine Mammal Protection
Act) was calculated as the product of a minimum population estimate (Nyy),
one-half of the maximum net productivity rate (Ry,x), and a recovery factor
(Fr). Mortality limits were evaluated based on whether at least 95% of the
simulated populations met two criteria: (1) that populations starting at the
maximum net productivity level (MNPL) stayed there or above after 20 yr,
and (2) that populations starting at 30% of carrying-capacity (K) recovered
to at least MNPL after 100 yr. Simulations of populations that experienced
mortality equal to the PBR indicated that using approximately the 20th
percentile (the lower 60% log-normal confidence limit) of the abundance
estimate for Ny met the criteria for both cetaceans (assuming Ry,x = 0.04)
and pinnipeds (assuming Ry,x = 0.12). Additional simulations that included
plausible levels of bias in the available information indicated that using a
value of 0.5 for F; would meet both criteria during these “bias trials.” It is
concluded that any marine mammal population with an estimate of human-
caused mortality that is greater than its PBR has a level of mortality that
could lead to the depletion of the population. The simulation methods were
also used to show how mortality limits could be calculated to meet conser-
vation goals other than the U.S. goal of maintaining populations above
MNPL.

Key words: bycatch, cetacean, conservation, incidental fisheries mortality,
management, mortality limit, PBR, population modeling, pinniped, U.S.
MMPA.

Human activities sometimes cause the mortality of marine mammals. This
mortality ranges from the obvious, such as intentional takes by commercial or
subsistence harvesters, to the not-so-obvious, such as incidental mortality in
fishing operations. Correctly assessing the significance of incidental mortality to

1
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marine mammal populations can be difficule. In cases where the incidental
fisheries mortality is perceived to be high, such as for the well-known 1960s
case of eastern tropical Pacific dolphins killed in the tuna purse seine fishery
(Perrin 1969, Wade 1995), it can seem obvious that the mortality should be
reduced. However, when human-caused mortality is more moderate, it becomes
less obvious whether that mortality should be of concern from the standpoint
of preventing the depletion of a population. Of course, some may atgue that
no mortality should be tolerated, but even some of the least-harmful fisheries
still have the potential to cause the death of a marine mammal. Other human
activities that are apparently innocuous can also cause incidental morrtality, such
as ships colliding with large whales (e.g., Kraus 1990), yet it would be im-
practical to stop all ship traffic. Most people would probably agree that an
activity could be considered acceptable if it only rarely caused the incidental
mortality of a marine mammal (e.g., one animal in 20 yr). The difficulty is how
to decide when a level of mortality is no longer acceptable. This paper desctibes
a method for setting a limit in mortality for identifying marine mammal pop-
ulations with levels of human-caused mortality that may be too high.

Before a management scheme can be designed, the management goal must
be defined. The management goal of the U.S. Marine Mammal Protection Act
(MMPA) is to prevent populations from “depletion.” The U.S. National Marine
Fisheries Service (NMFS) considers a population depleted if it falls below its
maximum net productivity level (MNPL) (Fig. 1). For marine mammals, this
level is thought to be between 50% and 85% of carrying capacity and is more
likely to be in the lower portion of that range (Taylor and DeMaster 1993).
Therefore, populations are considered depleted by the U.S. Government if they
are directly estimated to be below their MNPL, or if they are estimated to be
below 50%-70% of a historic population size which is thought to represent
carrying capacity (Gerrodette and DeMaster 1990). Although maintaining
populations above MNPL is an excellent management goal, basing manage-
ment decisions entirely on assessing status relative to MNPL has proven in-
adequate. Assessment methods such as dynamic response (Goodman 1988) or
back calculation (Smith 1983) require a quantity of data unavailable for most
species and cannot always be applied (Gerrodette and DeMaster 1990).

Alternatively, management actions could be triggered by criteria using
trends in abundance. In fact, a series of abundance surveys were planned to
monitor spotted dolphins (Stenella attenuata) in the eastern tropical Pacific
(Holt ez a/. 1987). The goal was to detect a 10% annual decline over five years
(six surveys) with 90% assurance, assuming a coefficient of variation (CV) of
12% for each annual abundance estimate. In reality, the estimated CV averaged
30% over the five surveys actually performed (Wade and Gerrodette 1992).
Given that level of precision, it would take nine years (10 surveys) to detect
a 10% annual decline, assuming a survey was done every year (Gerrodette
1987). Thus, the time required to estimate the trend implies that a manage-
ment scheme based on detecting a significant decline in abundance would not
initiate any management action until a previously unexploited population be-
came depleted; a population declining at 10% per year would be at only 39%
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Figure 1. Illustration of density-dependent response specified by generalized logis-
tic model (Equation 2), showing relationship between quantities discussed in text. Two
panels on the left show linear model (8 = 1.0). Top panel shows linear decline of net
recruitment rate (per capita population growth rate) with population size (expressed as
fraction of carrying capacity [K]). Bottom panel shows net productivity curve, which
is product of net recruitment rate and population size. For linear model, net produc-
tivity curve is symmetric, with maximum (MNPL) at 0.5K. Net recruitment rate at
MNPL (Rpnpr) is ¥ the maximum rate (Ryx). Two straight lines in bottom panel
represent expected PBR (Equation 1) calculated as product of 20th percentile of abun-
dance estimate, ¥2 Ryax, and value of 1.0 for recovery factor (Fy), assuming CV of
abundance estimate of 0.2 (PBR-2) or 0.8 (PBR-8). Top panel on right shows two
types of possible non-linear density-dependent responses of net recruitment rate. High-
er curve represents example of convex density dependence (8 = 5.04), where net re-
cruitment rate declines slowly at low population size but declines more rapidly at
higher population size. Bottom panel on right shows net productivity curve associated
with this value of 6, which is not symmetric and has maximum at 0.7K If 8 > 1.0,
then MNPL > 0.5K, and R, np; > % Ryax- Lower curve in top panel represents
example of concave density-dependent response (6 = 0.53), where net recruitment rate
declines more rapidly at lower population sizes than at higher population sizes. As-
sociated net productivity curve not shown in lower panel, but MNPL is 0.45K for this
value of 6. If 8 < 1.0, then MNPL < 0.5K, and Rynp;, < % Ryax-
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of its initial population size after nine years. This problem becomes even more
acute for small populations because the precision of abundance estimates de-
creases as abundance decreases (Taylor and Gerrodette 1993), and thus con-
ceivably a small declining population could become extinct before it could be
found to be significantly declining.

Thus, management which is dependent on detecting a trend in abundance
is unlikely to maintain above MNPL all populations which have high levels
of human-caused mortality. Gathering trend data for management would also
require frequent surveys, which would be costly for the 153 defined stocks of
marine mammals in U.S. waters, most of which have been subject to some
form of human-caused mortality (Barlow er @/, 19954). If a decline in abun-
dance is detected, this should, of course, initiate management response, but it
may often be appropriate to take action well before it is possible to prove that
a decline in abundance is occurring.

A better management scheme would use data that can be dependably gath-
ered to initiate management actions before populations become depleted. For-
tuitously, it is easier to detect the circumstances that will lead to a decline in
abundance than it is to detect the actual decline itself. We can often estimate
the level of human-caused mortality of marine mammals when the source of
the mortality is known. Therefore, a management scheme can be based on
calculating a mortality limit. Mortality above the limit would trigger man-
agement actions beyond basic monitoring.

It is obvious that such a limit has to be unique and scaled to each population
and therefore must be based on mortality relative to population size, not on an
absolute level of mortality. For example, it is unlikely that che kill of a single
common dolphin (Delphinus delphis) off the coast of California would have any
significance to a population recently estimated at 225,821 (Barlow 1995). How-
ever, the kill of a single individual may be of importance to a very small popu-
lation such as that of the western North Atlantic right whale (Evbalaena glacialis),
currently estimated to number only about 295 animals (Knowlton ez 2/. 1994).

If we had perfect knowledge of a population’s human-caused mortality, abun-
dance (N) and dynamics, including its growth rate at the maximum net produc-
tivity level (Rynpr) (Fig. 1), we could exactly determine a mortality limit that
would prevent depletion to below the MNPL, as the product of N and Rnp;.
Instead, we usually have only estimates of abundance and mortality and a plau-
sible range of growth rates based on life-history information (e.g., Reilly and
Barlow 1986). We also have empirical estimates of rate of increase for a few
populations, such as recovering populations of pinnipeds (e.g., Cooper and Stewart
1983) or baleen whales (e.g., Best 1993). To ensure a robust management strategy,
a mortality limit that is calculated from such information should explicitly ac-
count for the precision and bias of the available estimates of abundance and
mortality, as well as for the uncertainty of the population growth rate.

Several years ago, NMFS scientists with experience in the management of
marine mammals recognized the deficiencies of previous management schemes,
as discussed above, and proposed a management strategy based on calculating a
mortality limit (Proposed regime to govern interactions between marine mammals
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and commercial fishing operations, National Marine Fisheries Service Legislative
Proposal, November 1992, available from the Office of Protected Resources, Na-
tional Marine Fisheries Service, Silver Spring, MD). This proposal was the initial
basis for what became the 1994 amendments to the MMPA, which introduced
the concept of a mortality limit, termed the “potential biological removal level”
or PBR. The proposal and the subsequent amendments attempted to implement
several principles that have been developed to promote better conservation of
wild, living resources, particularly that assessment should precede the use of
resources and that managers should recognize the possible consequences of un-
certainty and act accordingly (Mangel &z @/. 1996). Therefore, the PBR manage-
ment scheme implemented by the 1994 amendments, and the methods 1 present
here for calculating PBRs, may have value beyond the narrow focus of manage-
ment of marine mammals in U.S. waters. For convenience, however, I use the
(admittedly idiosyncratic) terminology of the MMPA.

The relevant specific tules, as modified by the 1994 amendments, are stated
as follows in the Definitions (Section 3) of the MMPA:

“(19) The term ‘strategic stock’ means a marine mammal stock—(A) for
which the level of direct human-caused mortality exceeds the potential bi-
ological removal level; ... .”
“(20) The term ‘potential biological removal level’ means the maximum
number of animals, not including natural mortalities, that may be removed
from a marine mammal stock while allowing that stock to reach or maintain
its optimum sustainable population. The potential biological removal level
is the product of the following factors:

(A) The minimum population estimate of the stock.

(B) One-half the maximum theoretical or estimated net productivity rate

of the stock at a small population size {see Fig. 1].

(C) A recovery factor of between 0.1 and 1.0.”
“(26) The term ‘'net productivity rate’ means the annual per capita rate of
increase in a stock resulting from additions due to reproduction, less losses
due to mortality.”
“(27) The term 'minimum population estimate’ means an estimate of the
number of animals in a stock that—(A) is based on the best available sci-
entific information on abundance, incorporating the precision and variability
associated with such information; and (B) provides reasonable assurance that
the stock size is equal to or greater than the estimate.”

Therefore, from the definitions it follows that the PBR is calculated as:
1
PBR = NM,NERMAXFR (1)

where:

Nuiw = the minimum population estimate of the stock,
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ARyax = one-half the maximum theoretical or estimated net productiv-
ity rate of the stock at a small population size,

Fy = a recovery factor between 0.1 and 1.

Note that the goal of the PBR is to allow each stock to reach or maintain its
“optimum sustainable population” (OSP):

“(9) The term ‘optimum sustainable population’ means, with respect to any
population stock, the number of animals which will result in the maximum
productivity of the population or the species, keeping in mind the carrying
capacity of the habitat and the health of the ecosystem of which they form
a constituent element.”

To make that definition more specific, NMFS has defined OSP as a population
level between carrying capacity and the population size at maximum net pro-
ductivity (Federal Register, 21 December 1976, 41 FR 55536). Therefore, the
specific goal of the PBR is to allow each stock to reach or maintain a popu-
lation level above the maximum net productivity level (MNPL). This has long
been the goal of the MMPA; the key difference instituted by the 1994 amend-
ments is that management actions related to direct human-caused mortality
no longer rely on detecting depletion, but on simply detecting a mortality
level that will lead to depletion.

Although the MMPA specifies the three components of the PBR, it does
not define them in quantitative terms. The purpose of this paper is to propose
specific quantitative definitions for Nyy, Ryax, and Fp that can be used to
calculate a mortality limit which can be used to evaluate the impact of known
levels of human-caused mortality of marine mammals.

With petfect knowledge, a mortality limit of the product of N and Rynp,.
would exactly maintain populations at MNPL. Thus, conceptually the PBR
specifies the use of Ny to account for imprecision in the abundance estimate.
Additionally, Y2Rysx is a conservative surrogate for Rynp;, because %Rpyax
will always be less than or equal to R,np, if MNPL is greater than or equal
to 50% of K (carrying capacity) (Fig. 1). Finally, Fr can be seen as both an
additional factor to hasten the recovery of depleted populations and as a “safe-
ty” factor to account for additional uncertainties other than the precision of
the abundance estimate. In statistical terms, using N,y addresses uncertainty
due to imprecision which can be estimated. Fg, on the other hand, can be
used to address potential biases caused by our ignorance of some important
factors, such as stock boundaries.

Taylor (1993) used population simulations to compare the results of using
two alternative definitions of Ny . She estimated PBR using mean abundance
for Ny and using a lower, 2-tailed 95% confidence limit for Nyy. Using
the mean estimate of abundance for Ny (along with Fp = 1.0) resulted in
many of the simulated populations being depleted (below MNPL) after 100
yr. In contrast, using the 95% lower confidence limit resulted in all popula-
tions being far above MNPL under the same conditions. Taylor (1993) also
followed the structure used by the International Whaling Commission to test
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its Revised Management Plan (Donovan 1989) by performing “robustness”
trials. In these trials, the performance of calculating the PBR in various ways
was evaluated under simulations involving plausible flaws in the data or as-
sumptions, such as substantial biases in the abundance or mortality estimates.
In these robustness trials, a PBR calculated using the 95% lower confidence
limit for Ny and an Fp of 0.5 also resulted in all simulated populations
being far above MNPL after 100 yr.

It is worth considering whether other ways of estimating Ny ate sufficient
to maintain populations above MNPL, and whether other values of F, are
sufficient to account for potential bias or other problems with the data. The
lower 95% confidence limit represents the 2.5th percentile of the sampling
distribution of the abundance estimate, whereas the point estimate represents
the 50th percentile. If the 2.5th percentile more than achieves the desired
goal, but the 50th percentile does not, clearly some intermediate percentile
could be found that would be just sufficient to result in a high probability
that populations would be above MNPL. Similarly, various values of Fy could
be tested to solve for a value that was just sufficient to account for “worst-
case” scenarios of problems with the data or other information.

The intent of the proposed management scheme is to provide an appropri-
ately conservative level for the PBR that will allow populations to recover to
or remain above MNPL in spite of uncertainty, whether in the form of im-
precise or biased information. Ry .y is unknown for most marine mammals,
and only a moderate number of populations have available observed rates of
increase. Gaining knowledge about the true value of Ry,x for any population
of marine mammal is probably harder than estimating its abundance or hu-
man-caused mortality. I present a strategy that is based on assuming plausible
defaule values for Ry,x for pinnipeds and for cetaceans (I will not consider
what are appropriate values of Rysx for other marine mammals). If population
or species-specific information indicates that a value different from the default
is appropriate, this specific value can and should be substituted for the default
value. Thus, I proceed assuming a reasonable estimate for Ry,x is available
(although significant bias in Ry,x will be addressed in the bias trials) and
propose a scheme for estimating a mortality limit by ensuring that the product
of Ny and Fj is less than the point estimate of abundance by a sufficient
amount to achieve the management goal. The selection of an appropriate de-
fault Ry.x for cetaceans and for pinnipeds is discussed in the Appendix.

It is also worth considering how to set mortality limits for management
objectives other than the specific U.S. MMPA goal of maintaining populations
above MNPL. For example, one might be interested in a management goal of
maintaining populations close to their pre-exploitation population level (i.e.,
K). Another type of management goal might be to allow populations to grow
at a rate close to what their population growth rate would be in the complete
absence of human-caused mortality. This type of criterion might be useful for
calculating a mortality limit that would promote the recovery of a population
that is known to have declined to a very low fraction of its pre-exploitation
size, such as 5%-20% of K. Therefore, I will briefly illustrate a method for
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calculating mortality limits to achieve these other management goals, again
using Equation 1. However, for clarity, the product of such calculations will
be referred to as a mortality limit (ML) rather than as a PBR, because the
term PBR refers to a specific mortality limit intended to meet the objectives
of the U.S. MMPA.

METHODS
Conservation Goals and Performance Criteria

Here I describe three specific conservation goals along with criteria designed
to evaluate (by simulation) whether a mortality limit will achieve the desired
goal. The first goal is that of the U.S. MMPA. I propose the second and third
as other possible conservation goals.

MNPL goal—maintain populations above their maximum net productivity
level (MNPL). This is the primary management goal of the U.S. MMPA. PBR
is calculated using values of the two parameters Ny and Fy set according
to these criteria:

(1) Base case criteria—find a value for Ny (as a percentile of a point
estimate of abundance) such that (a) any population in the base case of
an absence of significant biases in the data will be above MNPL with
95% probability after 100 yr (to measure long-term petformance), un-
der mortality equal to a PBR calculated with an Fy equal to 1.0, and
(b) 2 population starting at MNPL will still be at or above MNPL in
20 yr (to measure short-term performance) with 95% probability.

(2) Bias criteria—find a value for Fy such that the above criteria (1(a) and
1(b)) are also met during bias trials in which the data are assumed to
have plausible unknown problems, such as significant bias.

Carrying-capacity goal—allow a population to recover to a level close to its
carrying capacity, or pre-exploitation population level.

Carvying-capacity criterion—find the value of Fp such that a population
which then experiences that level of human-caused mortality will equilibrate
above a specified fraction of its carrying capacity, with 95% probability. To
distinguish this from a PBR calculated to meet the MNPL goal of the U.S.
MMPA, a mortality limit calculated with this value of F, will be called MLy
(mortality limit to achieve a population level close to K, the carrying-capacity).

Recovery-rate goal—allow a population known to be at a low level relative
to its pre-exploitation level recover at a rate close to its maximum possible.

Recovery-rate criterion—find the value of Fy such that a population starting
at just 5% of its pre-exploitation level will not be delayed by more than a
specified petcent in the time it takes to recover to its maximum net produc-
tivity level when it experiences that level of human-caused mortality (relative
to the recovery-rate of a population with no human-caused mortality), with
95% probability. A mortality limit calculated with this value of F; will be
called ML, (mortality limit to promote recovery).
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Stmulation Methods

Methods nearly identical to those of Taylor (1993) were used for the sim-
ulations. The underlying population dynamics model was a discrete form of

the generalized logistic equation,
A
K

Ryax = the maximum net recruitment rate,

N,.i = N, + N, Ryax )

where:
N, = population size at time 2,

K = the pre-exploitation population size or carrying capacity,

8 = the shape parameter, which controls the amount of non-linear-
ity in the density-dependent response of the net recruitment
rate and thus sets the MNPL (see Fig. 1).

The procedure and sequence of each simulation were:

(1) The population was projected from year 7 to year ¢+ + 1 using Equation
2, with Ryax equal to either 0.04 (typical of cetaceans) or 0.12 (typical
of pinnipeds). In each simulation, K = 10,000, and 6 = 1.0, for a
MNPL of 0.5K, or 5,000.

(2) Every ith year (starting in year 1), an estimate of abundance was “sut-
veyed” by randomly drawing from a log-normal distribution with a
specified coefficient of variation CV(N).

(3) A PBR (or mortality limit) was then calculated from Equation 1, using
the most recent survey.

(4) Incidental fisheries mortality was simulated by subtracting from the
current population a Gaussian random deviate from a distribution with
a mean equal to the PBR (or ML) and a coefficient of vatiation, CV(M),
of 0.30.

(5) This sequence was repeated until the population was projected from
year O to year 20, 100, or 200, depending upon the simulation. Each
trajectory was initiated in year 0 at a population size equal to a specified
fraction of K. The first survey occurred in year 1.

(6) For each trial, 2,000 trajectories were simulated, and the distribution
of ending population sizes was stored. The mean and the 5th and 95th
percentiles of this distribution were calculated. Thus, for example, if
the lower percentile (representing the lower bound of a two-tailed 90%
confidence limit) value was above MNPL, it could be concluded that
more than 95% of the trajectories were above MNPL.

The sampling error of the survey was assumed to follow a log-normal dis-
tribution with a mean equal to the true population size, with a specified CV
of either 0.2 or 0.8. Each abundance estimate, or “survey,” was therefore gen-
erated by
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Table 1. Specifications for the maximum population growth rate (Ry,x) and the
coefficient of variation for each survey-based abundance estimate (CV(N)) for the four
base case trials in the simulations.

Base cases Ryax CV(N)
A. Cetacean, low CV 0.04 0.2
B. Cetacean, high CV 0.04 0.8
C. Pinniped, low CV 0.12 0.2
D. Pinniped, high CV 0.12 0.8

N, = exp 3)

) + xVlIn(l + CV?)

N,
In| ————=
V(1 + CV?)
where
x = a Gaussian random deviate with a mean of zero and a variance of 1.
Nyn was calculated as the lower percentile of a log-normal distribution as

A

N

Ny~ = (4)
MY expzVIn(l + CV(N)?))
where
z = a standard normal variate and thus equals 1.96 for the 2.5th
percentile, 1.645 for the 5th, 1.282 for the 10th, 0.842 for the
20th, and so on.
MNPL Goal

Base case trials—A total of four “base cases” were considered (Table 1). To
represent cetacean life history, two cases used an Ry, of 0.04 for the PBR
calculation (Eq. 1). One case used a CV(N) of 0.2 and the second used a value
of 0.8. To represent pinniped life history, another two base cases used an Ry«
of 0.12 for the PBR calculation with the same combinations of CV(N). In all
four base cases the “true” Ry, in the population model (Eq. 2) was the same
as the Ry,x used to calculate PBR.

Bias trials—A total of eight “bias trials” and the base case (trial 0) were
considered (Table 2). Trials 1, 2, and 3 represented bias in the estimates of
mortality, abundance, and Ry,x, respectively. Trials 4 and 5 represented sit-
uations where the variance of an estimate is severely underestimated. Trial 6
explored the result of surveying every eight years rather than every four years.
Trial 7 had the true MNPL set to 0.45K rather than the assumed 0.5K. Trial
8 repeated trial 1 (bias in the estimate of mortality) but also had the true
MNPL set to 0.7K rather than the assumed 0.5K. The magnitude of the
assumed biases are given in Table 2. They were generally set to a level that
was considered a plausible “worst-case scenario.” However, deciding what level
of unknown bias is plausible is an uncertain task. Some guidance can be gained
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Table 2. Specifications for the bias trials for the simulation.

Trial Description

0 Base case.

1 Estimated mortality equal to one-half the actual mortality.

2 Estimated N twice actual N.

3 Estimated Ry .y twice actual Ry,x. If estimated to be 0.04, actual
Ryax 1s set to 0.02. For estimated Ryax of 0.12, actual Ry,x is
set to 0.06.

4 Estimated abundance CV < actual CV (estimated CV of 0.2 actually
0.8, estimated CV of 0.8 actually 1.6).

5 Estimated mortality CV = one-quarter actual CV. CV(M) is set to
1.20 rather than 0.30.

6 Abundance estimated every 8 yr rather than every 4 yr.

7 True MNPL equal to 0.45K (6 = 0.53) rather than assumed 0.50K
6 = 1.0).

8 Mortality bias as in trial 1 with true MNPL equal to 0.70K (8 =

5.04) rather than assumed 0.50K (8 = 1.0).

from populations that have been studied more thoroughly than others. Justi-
fication for the plausibility of the specified magnitudes of bias is considered
in the Appendix.

Carrying-Capacity Goal

The same four “base cases” were considered as above. The final population
level after 200 yr (to allow time to equilibrate) was stored for simulated
populations which started at 0.05K and experienced human-caused mortality
at a level equal to MLy, calculated with Ny,y equal to the 20th percentile
for a range of values for Fy. It should be noted that the equilibrium level will
be independent of the starting population level as long as the populations are
projected for enough years, which was the case here.

Recovery-Rate Goal

The same four “base cases” were considered as above. First, a population
was projected with no human-caused mortality from an initial population size
of 0.05K to calculate how many years it took the population to reach 0.5K.
Then simulations which experienced human-caused mortality equal to MLg,,
calculated with Nyy equal to the 20th percentile and for a range of values
for Fy, were performed, and again the year in which the population reached
0.5K was stored. For each simulation, the percent increase in time to recover
to 0.5K was calculated.

Resurts
MNPL Goal

Base case trials—Using the best estimate of abundance (the 50ch percentile)
for Ny resulted in the majority of the trajectories ending up below 50% of
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CETACEAN SIMULATIONS
N,= BEST EST. N, = 20th PERC.

FRACTION OF K

0.9 -

0.7 4

0.5

FRACTION OF K

0.3 4

g
YEAR YEAR

0.14=

Figure 2. Simulated cetacean population trajectories (Ryax = 0.04) with mean
human-caused mortality equal to estimated PBR, showing 30 sample trajectories out
of total of 2,000. Horizontal line represents maximum net productivity level (0.5K).
Medium curved line represents a population trajectory with no human-caused mortal-
ity. The four panels differ in whether best estimate of abundance or 20th percentile of
the abundance estimate was used for Ny and in whether abundance estimate has
coefficient of variation (CV) of 0.2 or 0.8. (A) Using best estimate for Ny when CV
= (.8. (B) Using best estimate for Ny when CV = 0.2. (C) Using 20th percentile
for Nyn when CV = 0.8. (D) Using 20th percentile for Ny when CV = 0.2.

K, the MNPL (Fig. 2A, B; Fig. 3A, B). This replicated the results of Taylor
(1993). In fact, in the pinniped simulations with poor precision of the abun-
dance estimates (CV = 0.8), more than 5% of the trajectories went extinct
(Fig. 3A; Fig. 4D). Using the 2.5th percentile (equivalent to the lower bound
of a 2-tailed 95% confidence limit) for Ny resulted in all trajectories ending
above MNPL for each case (Fig. 4), again replicating the results of Taylor
(1993).

The percentile chat just achieved the 100-yr performance criterion (95% of
the trajectories above MNPL after starting at 0.3 of K) was close to the 20th
percentile in all four base cases (Fig. 2C, D; Fig 3C, D; Fig. 4). A slightly
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PINNIPED SIMULATIONS
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Figure 3. Simulated pinniped population trajectories (Ryax = 0.12) with mean
human-caused mortality equal to the estimated PBR, showing 30 sample trajectories
out of a total of 2,000. Horizontal line represents maximum net productivity level
(0.5K). Medium curved line represents population trajectory with no human-caused
mortality. The four panels differ in whether best estimate of abundance or 20th per-
centile of abundance estimate was used for Ny, and in whether abundance estimate
has coefficient of variation (CV) of 0.2 or 0.8. (A) Using best estimate for Ny when
CV = 0.8. (B) Using best estimate for Ny, when CV = 0.2. (C) Using 20th percentile
for Ny when CV = 0.8. (D) Using 20th percentile for Ny when CV = 0.2,

higher value, the 25th percentile, was sufficient only for cetaceans with a high
CV. Similar results were found for the 20-yr performance criterion (95% of
the trajectories above MNPL 20 yr after starting at MNPL); the 20th percen-
tile was sufficient or nearly sufficient in each case (Fig. 5). Therefore, using
the 20th percentile for Ny achieved or nearly achieved both the 100- and
20-yr performance criteria.

Bias trials—After setting Ny equal to the 20th percentile of the abun-
dance estimate, bias trial 1 (true mortality twice the estimated mortality) was
run for a range of values of Fg. This type and magnitude of bias was considered
a reasonable worst-case scenario, given the available information (Appendix).
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100—YEAR PERFORMANCE CRITERION
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Figure 4. MNPL goal (100-yr petformance criterion): population size after 100 yr
versus percentile of abundance estimate used to calculate Ny, with Fp = 1.0 and
initial population size equal to 0.3K. Boxes represent median value of simulations.
Confidence limits capture 90% of simulations. Dotted line represents MNPL (0.5K).
If lower confidence limit is above MNPL, simulation meets 100-yr performance cri-
terion of 95% of trajectories ending above MNPL. (A) Cetacean (Rysx = 0.04) with
low CV (0.2). (B) Cetacean (Rysx = 0.04) with high CV (0.8). (C) Pinniped (Ryx
= 0.12) with low CV (0.2). (D) Pinniped (Ryax = 0.04) with high CV (0.8).

A value of 0.50 for F; was sufficient or nearly sufficient for both pinnipeds
and cetaceans to meet the 100-yr criterion, with 95% of the simulated tra-
jectories above MNPL (Fig. 6). This is a consequence of the change in PBR
being equivalent to the change in the mortality estimate due to the bias.
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20-YEAR PERFORMANCE CRITERION
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Figure 5. MNPL goal (20-yr performance criterion): population size after 20 yr
versus percentile of abundance estimate used to calculate Ny, with Fx = 1.0 and
initial population size equal to 0.5K. Boxes represent median value of simulations.
confidence limits capture 90% of simulations. Dotted line represents MNPL (0.5K).
If lower confidence limit above MNPL, simulation meets 20-yr performance criterion
of 95% of trajectories ending above MNPL. (A) Cetacean (Ryax = 0.04) with low CV
(0.2). (B) Cetacean (Rysx = 0.04) with high CV (0.8). (C) Pinniped (Ryax = 0.12)
with low CV (0.2). (D) Pinniped (Ry,x = 0.04) with high CV (0.8).

Setting F equal to 0.5 compensated for accidentally halving the mortality
estimate and yielded the correct comparison between PBR and mortality.
The full bias trials confirmed that the combination of the 20th percentile
for Nygn and an Fp of 0.50 would meet or nearly meet the 100-yr criterion
in all cases and trials (Fig. 7). Not surprisingly, bias trials 2 and 3 (overesti-
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100-YEAR PERFORMANCE CRITERION
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Figure 6.  MNPL goal: bias trial 1 (true mortality twice estimated mortality), show-
ing population size after 100 yr versus recovery factor (Fg) used to calculate PBR, with
initial population size = 0.3K. Boxes represent median value of simulations. Confidence
limits capture 90% of simulations. Dotted line represents MNPL (0.5K). If lower
confidence limit is above MNPL, simulation meets 100-yr performance criterion of
95% of the trajectories ending above MNPL. (A) Cetacean (Rysx = 0.04) with low
CV (0.2). (B) Cetacean (Ry4x = 0.04) with high CV (0.8). (C) Pinniped (Rysx =
0.12) with low CV (0.2). (D) Pinniped (Ryax = 0.04) with high CV (0.8).

mating population size or Ry, by a factor of 2) had similar results. Trials 2
and 3 both involved direct elements of the PBR equation and thus doubled
the size of the PBR, whereas trial 1 effectively halved the mortality estimate.
Bias trials 1, 2, and 3 had the greatest effect in terms of reducing the final
population level after 100 yr relative to bias trial 0 (no bias).
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100~YEAR PERFORMANCE CRITERION
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Figure 7. MNPL goal: population size after 100 yr for all bias trials, using 20th
percentile for Ny and 0.5 for Fy, with initial population size = 0.3K. Boxes represent
median value of simulations. Confidence limits capture 90% of simulations. Dotted
line represents MNPL. If lower confidence limit is above MNPL, simulation meets
100-yr performance criterion of 95% of trajectories ending above MNPL. Triangles are
lower confidence limits from simulations using F; = 1.0 and thus represent effect of
not accounting for unknown bias. (A) Cetacean (Ryax = 0.04) with low CV (0.2). (B)
Cetacean (Ryax = 0.04) with high CV (0.8). (C) Pinniped (Ryax = 0.12) with low
CV (0.2). (D) Pinniped (Ryyax = 0.04) with high CV (0.8). Bias trials are (0) base
case (no bias), (1) mortality, (2) abundance, (3) Ry, (4) abundance CV, (5) mortality
CV, (6) survey frequency, (7) true MNPL = 0.45K, (8) mortality bias with true MNPL

= 0.70K.
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Severely underestimating the CV of the abundance estimate (trial 4) did
not have as much effect in reducing the final population size except for the
pinniped high-CV case. A value of 0.5 for F; was sufficient to prevent de-
pletion in that case and was more than sufficient in all the other cases. When
the variance of the mortality estimates was severely underestimated (trial 5),
there was less of an effect on the final population size, and an Fy of 0.5 was
more than sufficient to prevent depletion. Doing abundance surveys every
eight years instead of every four years (trial 6) had a strong effect only on
the final population size of the pinniped, high-CV case, and again the value
of 0.5 was sufficient to prevent depletion.

The effect on the final population size of an MNPL lower than the assumed
0.5K (trial 7) was moderately strong and was enough to cause depletion in
each case (note that depletion here is defined as being below the different
MNPL of 0.45K). A value of 0.5 for F; was more than sufficient to prevent
depletion in most cases, but only by a small margin in the cetacean low-CV
case. As expected, when the true MNPL was 0.7K (trial 8) in combination
with biased mortality estimates, the population did relatively better than
when the true MNPL was 0.5K (trial 1), although the effect of the bias in
mortality was still enough to cause the populations to be depleted. Using
Fp equal to 0.5 was then more than sufficient to prevent depletion.

In all cases the results from the bias trials for the 20-yr performance
criterion were very similar to the results for the 100-yr criterion and thus
are not shown. A recovery factor of 0.5 was just sufficient to meet the 20-yr
petformance criterion for trials 1-3 and more than sufficient for the other
trials.

Carrying-Capacity Goal

The resulting distributions of population levels after 200 yr are shown for
various values of F, (Fig. 8). To achieve a goal of allowing a population to
recover to at least a specific fraction of K, the lower confidence limit has to
be above that level. For example, a limit of MLy calculated with a value for
Fy of 0.15 would be required for 95% of the simulations to be above 0.9K
in all four cases. Alternatively a limit of MLy calculated with a value for Fy
of about 0.1 would be required for 95% of the simulations to be above 0.95K
in all four cases.

Recovery-Rate Goal

The resulting distributions of percent increases in recovery time to MNPL
are also shown for various values of Fy (Fig. 9). To achieve a goal of not
delaying the time to recovery with 95% probability, the upper confidence
limit has to be less than or equal to the specified percent increase in recovery
time. For example, to not delay the time to recovery by more than 10%, the
upper confidence limit has to be below the line shown in Fig. 9. Therefore,
a limit of ML, calculated with a value for F; of 0.15 should accomplish
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Figare 8. Carrying-capacity goal: population size after 200 yr versus value of re-
covery factor (Fp) used to calculate mortality limit ML, using 20th percentile for
Ny Initial population size = 0.05K but does not influence results as 200 yr is
sufficient time for population trajectories to reach equilibrium. Boxes represent median
value of simulations. Confidence limits capture 90% of the simulations. Dotted line
represents example of possible conservation goal of maintaining populations at greater
than specified fraction of K. If lower confidence limit is above line, 95% of trajectories
would be at level greater than 0.9K. (A) Cetacean (Ryxx = 0.04) with low CV (0.2).
(B) Cetacean (Ryax = 0.04) with high CV (0.8). (C) Pinniped (Rysx = 0.12) with
low CV (0.2). (D) Pinniped (Ryax = 0.04) with high CV (0.8).

this goal in all cases. Alternatively, a limit of MLy, calculated with a value
for Fr of 0.25 would accomplish a goal of not delaying recovery by more
than 20% for a cetacean population with a low CV (Fig. 9A), whereas a
higher value of F; would be sufficient in the other cases (Fig. 9B, C, D).
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% INCREASE IN RECOVERY TIME RELATIVE TO NO MORTALITY
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Figure 9. Recovery-rate goal: percent increase in time to recovery relative to pop-
ulation with no human-caused mortality, versus various values for recovery factor (Fp)
used to calculate the mortality limit MLy, . Recovery is defined as achieving MNPL,
although recovery to any specified population level will be delayed by approximately
same percentage. Boxes represent median value of simulations. Confidence limits cap-
ture 90% of simulations. Dotted line represents 10% increase in recovery time. If
upper confidence limit below 10% line, simulation meets example recovery-rate goal
of 95% of trajectories not being delayed in their time to recovery by more than 10%.
(A) Cetacean (Ryax= 0.04) with low CV (0.2). (B} Cetacean (Ry4x = 0.04) with high
CV (0.8). (C) Pinniped (Ryax = 0.12) with low CV (0.2). (D) Pinniped (Ryax =
0.04) with high CV (0.8).

BETTRIDGE

20 of 37

NMEFS Ex. 2-2



WADE: ALLOWABLE HUMAN-CAUSED MORTALITY 21

Discussion
MNPL Goal

Base-case trials—A sample of 30 of the simulation trajectories gives a visual
representation of the performance of the chosen value of the 20th percentile
for Ny (Fig. 2, 3; panels C and D). The desired properties of the manage-
ment scheme are evident; depleted populations steadily recovered to a popu-
lation level above MNPL and stayed there, in spite of uncertainty in the
estimates of abundance and mortality. Additionally, motivation exists to im-
prove the precision of the estimates of abundance, because for a given popu-
lation level the PBR will be higher when the CV of the abundance estimate
is lower (e.g., in Fig. 1, lower panels, the expected PBR with a CV = 0.2
would be higher than the expected PBR with CV = 0.8). The PBR success-
fully allowed depleted populations to recover to above MNPL over 100 yr
(the 100-yr criterion, Fig. 4) and also successfully maintained populations
above MNPL over 20 yr (the 20-yr criterion, Fig. 5).

Although model simulations were used here to select specific values, one
good characteristic of the PBR-based management approach is that all three
components of the PBR have intuitive meaning by themselves and in how
they are put together to calculate PBR. In other words, they have meaning
apart from the specific population dynamics model used in the simulations.
The PBR can be thought of as an appropriately conservative estimate of what
the current net production of the population would be if it were currently at
a true MNPL of 0.5K.

One half of Ry,x should be a conservative estimate of the current net
production rate of a depleted population (i.e., a depleted population should
achieve more than %2R,y if there are no Allee effects), thus reserving part of
the net production of the population for recovery. It will not be a conservative
estimate if the population is not depleted. The 20th petcentile of the abun-
dance estimate represents a population level that should be smaller than the
true population size and is based on the familiar concept of a lower confidence
limit of the abundance estimate. Thus, current production is calculated from
appropriately conservative values of the current production rate and the current
population size. Using a recovery factor of less than 1.0, such as 0.5, provides
a safety factor to account for levels of unknown bias or estimation problems
that have been observed in some populations of marine mammals and would
also account for less severe biases co-occurring, such as overestimating Ry,x
while underestimating mortality.

It would be possible to perform simulations tailored to the specific infor-
mation available for a particular stock. In other words, a PBR for each stock
could be calculated from a unique simulation determined by the stock’s specific
estimates of abundance, mortality, and their associated CVs. However, a panel
of scientists convened to review this issue recommended a simpler approach
(Barlow et al. 19954). That is, there is utility in having the PBR calculated
from familiar quantities (such as a predetermined confidence limit) so that the
process of calculating a mortality limit can be more transparent and intuitive
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to the casual observer rather than being a quantity that just emerges from a
complex computer simulation.

Setting Ny equal to the 20th percentile of an abundance estimate main-
tained about 95% of the simulated populations above MNPL for all four base
cases. It would be possible to calculate for each specific base case an exact
petcentile (that would be close to but different from the 20th percentile) that
would meet the 100-yr performance criterion exactly for that particular base
. case. However, it is likely that a different percentile would result from meeting
the 20-yr performance criterion exactly, and then it would be uncertain which
percentile should be used. Additionally, as reasonable as the base-case simu-
lations are, no one can be confident that they exactly represent the true dy-
namics of any real marine mammal population. Therefore, there is no strong
reason to calculate an exact percentile for each case. Thus, the 20th percentile
serves as a generic standard that can be expected to work reasonably well in
a variety of real world situations.

Some examples illustrate the use of the PBR. Harbor porpoises (Phocoena
Phocoena) are killed incidentally in gillnet fisheries throughout their range. The
Gulf of Maine population of harbor porpoises is impacted by the sink gillnet
fishery. Abundance surveys in 1991 and 1992 led to a combined estimate of
47,200 (CV = 0.19) (Palka 1995). The 20th percentile of the abundance
estimate is 40,297. Using the default Ry,x of 0.04 and a value of 0.5 for Fy
means that the PBR is equal to 0.01Nyyy, and is thus 403. Total fisheries
mortality in 1993 was estimated to be 1,876, which is more than four times
the PBR (Blaylock ez 2/. 1995). In this case, the PBR calculation identified 2
population for which the mortality may not be sustainable.

Similarly, harbor porpoises in central California have been killed in the set
gillnet fishery for Pacific halibut for many years, which may have caused the
population to decline (Forney 1995). The most recent abundance estimate for
this stock is 4,120 (CV = 0.31) from surveys from 1988 to 1993 (Barlow
and Forney 1994), which results in an Nygy of 3,431 and a PBR of 34.
Fisheries mortality was greater than 100 per year for every year from 1979 to
1987, with a peak of 303 in 1984 (Barlow and Forney 1994). Fisheries mor-
tality has decreased since the peak but was still equal to or greater than the
PBR in every recent year through 1992. A substantial drop in fishing effort
led to an estimated mortality in 1993 of only 11 animals. Thus, for this stock,
human-caused mortality was greater than the PBR and may have caused a
decline in the population, but the 1993 level of mortality was probably sus-
tainable.

As a final example, hatbor seals (Phoca vitulina richardsiy in Oregon and
Washington coastal waters have been incidentally killed in several gillnet fish-
eries. In 1991-1992, the estimated mortality in the Washington and Oregon
lower Columbia River drift gillnet fishety for salmon was an average of 213
harbor seals a year, with total mortality (including two other fisheries) esti-
mated at 233 per year. The abundance of this population in 1992 was esti-
mated to be 29,939 (CV = 0.062), which results in an Ny of 28,322
(Barlow et 2. 19954). A PBR calculated as the product of Ny, 0.06 (% of
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the Ryax of 0.12), and 0.5 (Fg) would be 849. The estimated human-caused
mortality is well below this hypothetical conservative PBR!, and therefore it
can be concluded that this level of mortality is sustainable. Corroborating this
conclusion is the evidence that this population is currently increasing in size
(Barlow ¢t 2/. 19954).

Bias trials—The bias trials involve levels of bias that should be relevant to
a variety of marine mammal populations, as most of the specified magnirudes
of bias have been noted at least one time in real situations (Appendix). Past
experiences with potential biases in estimates of mortality, abundance, and
Ryax (trials 1-3), as well as the definition of stock structure, lend justification
to the concept of using a safety factor to guard against unknown biases when
potential problems cannot be ruled out. Trials 4 and 5 indicate that biases in
the estimated variances of mortality and abundance are less worrisome. In
situations where it is known there is no bias in the parameters, and where the
stock structure is accurately identified, a PBR calculated with an Fj of 1.0
should be a sufficient limit for human-caused mortality. However, the question
remains as to when one will be sufficiently confident that no bias exists and
that the stock structure is correctly identified. Only the most well-studied
marine mammal populations will meet such high standards. Therefore, the
default case should be to use a value of Fy less than 1.0, such as the value of
0.5 that was shown here to pass the specified bias trials. This will ensure a
robust management procedure that will work for populations of unknown
status, even under conditions of fairly severe bias in the collection of data.
Populations meeting specified criteria regarding available information could
have Fj increased from the default value. This potential would encourage the
collection of better information when the effect of a certain level of human-
caused mortality on a population is in question. One possible criterion for
increasing Fj could be if a population increases while experiencing a known
level of incidental mortality, which provides confirmation that such a level of
mortality is sustainable. However, before such action is taken to raise the Fy
value from the default value, reasonable assurance in the form of scientific |
justification should be provided to ensure that the estimates of abundance,
mortality, and Ry,x are not severely biased and that the coefficients of vari-
ation of the abundance and mortality estimates are within the range used in
these simulations (< 0.8 for the abundance estimate, < 0.30 for the mortality
estimates).

The simulations were run assuming MNPL was 0.5K. If MNPL is actually
higher than 0.5K, populations will achieve higher population levels than they
would have with MNPL equal to 0.5K. For example, in bias trial 8, which is
identical to trial 1 except for having an MNPL of 0.7K rather than 0.5K, the
simulated trajectories reach both a greater population level and a greater level
relative to MNPL (Fig. 7). This occurs because the PBR is calculated assuming
a growth rate of 2Ry,x at 0.5K, but populations with an MNPL greater than

1 Note that the actual PBR for this stock was 1,699; F = 1.0 was used because the population
is significantly increasing (Barlow et 2/ 19954).
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0.5K will actually be growing at a rate higher than %R,x when they are at
0.5K (Fig. 1). The inability to precisely estimate MNPL for any marine mam-
mal population, even some of the best studied (Ragen 1995), is part of the
motivation for moving to a management scheme that does not require know-
ing what the MNPL actually is. The proposed management scheme is robust
to higher values of MNPL. In such cases a population with human-caused
mortality as great as the PBR would exceed the performance criteria specified
here (i.e, the PBR would be conservative relative to the goal of having 95%
of the trials meet the short-term and 100-yr performance goals).

Bias trial 8 indicated by how much the population might exceed the pet-
formance criterion. Under the condition of true mortality twice the estimated
mortality, with Fy equal to 1.0, it can be seen that populations with MNPL
equal to 0.7K would still become depleted. The additional benefit to the
population of the higher MNPL level was not enough to compensate for the
biased mortality estimates. When Fj is set to 0.5, all of the simulated pop-
ulations recover (as expected) to higher population levels than those of trial
1, where MNPL was equal to 0.5K (Fig. 7). Such populations exceed the
performance criterion by a moderate to large amount, whereas when the true
MNPL was 0.5K, the populations just met the performance criterion (trial 1).
This amount of potential extra conservatism seems a reasonable trade-off, versus
the possibility of depletion given the complete lack of information regarding
specific MNPL levels.

Note that in each bias trial only one parameter was assumed biased (except
trial 8). In real situations, consideration needs to be given to the possibility
of multiple biases.

The Carrying-Capacity and Recovery-Rate Goals

The goals of the U.S. MMPA are reasonable but, of course, are not the only
goals which could be considered for managing the human-caused mortality of
marine mammals. For example, one possible conservation goal could be to
maintain populations at or near their pre-exploitation level (7.e., their popu-
lation level in the absence of human-caused mortality). Under the U.S. MMPA,
a population previously unexploited would be allowed to decline to a level
just above MNPL, which could be a level as low as 50% of K. However, such
a decline would be unacceptable if one had the goal of maintaining populations
close to their pre-exploitation levels. Conservation goals are rarely stated in
specific quantitative terms. However, if a specific goal can be stated, such as
maintaining populations at a level above 90% of K, then a limit of MLy can
be set by choosing the appropriate value for Fy from Figure 8.

The second type of alternative goal considers the population growth rate
rather than the final population level; this might be most appropriate for
managing the human-caused mortality of populations that are at a small frac-
tion of their pre-exploitation level. Ensuring that the time to recovery is not
substantially delayed is a way of ensuring that the population growth rate is
not substantially reduced, thus promoting recovery. Like the use of the PBR,
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setting a mortality limit in this way allows a management scheme to work
without requiring one to be able to estimate precisely the exact level of the
population relative to its pre-exploitation size, as the limit MLy, is based on
an abundance estimate and is calculated in the same way regardless of the
current population level. In other words, this scheme can be applied to pop-
ulations which are thought to be at a low level even if it is impossible to
know precisely where they are relative to K.

The mortality limit MLy, may be useful for species given special protection
status because they are at a low level. For example, in the U.S., most large
whales were listed as “Endangered” under the U.S. Endangered Species Act
because they were thought to have been reduced to low population levels by
commercial whaling. Therefore, the U.S. in calculating PBRs chose to use a
value of 0.1 for Fy for these species, based partly on the rationale that this
would not cause more than a 10% increase in the time to recovery (Barlow ez
al. 19956). Such a mortality limit should allow a large fraction of the net
production of the population to go to population increase and eventual recov-
ery and should thus have a relatively insignificant negative impact upon the
population.

However, managing the human-caused mortality of endangered species in-
volves some special considerations. A mortality level that is not thought to
have much of an impact on the population growth rate would appear to be
insignificant. However, for populations of extremely low abundance, any hu-
man-caused mortality may be significant. For such populations, the effect of
human-caused mortality needs to be evaluated in the context of how much it
might increase the risk of extinction for the population, which is beyond the
scope of this paper. In other words, the goal of not delaying recovery time
does not substitute for a proper population viability analysis (Gilpin and Soule
1986) that considers other factors, such as environmental and demographic
stochasticity, that is most appropriate for evaluating the human-caused mor-
tality of a small population that is at risk of extinction.

Additionally, situations where a population is declining for unknown rea-
sons makes the evaluation of known human-caused mortality difficult. A mor-
tality limit may still be useful in evaluating the role of various known sources
of human-caused mortality. For example, if a declining population has an
incidental fisheries mortality that is less than the PBR, one can then fairly
reliably conclude that the fisheries mortality is not solely responsible for the
decline. This allows managers to set research priorities; in this case they would
need to investigate other possible causes of the decline besides the fisheries
mortality.

Model Assumptions

The generalized logistic model used in these simulations is admittedly one
that oversimplifies nature. However, it should accurately represent the main
features of marine mammal population dynamics that are important to setting
limits for human-caused mortality, with certain caveats discussed below.
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The base trials assumed that MNPL was at least 0.5K. Eberhardt (1977)
suggested that MNPL might be well above 0.5K for marine mammals, which
corresponds to a convex non-linear response of the net recruitment rate to
population size (e.g., Fig. 1 with MNPL = 0.7K). Fowler (1981) used a model
based on an evolutionary argument to infer that cetaceans would have an
MNPL level well above 0.5K. Empirical evidence that is available for large,
long-lived mammals has shown convex non-linear density dependence in life
history parameters such as age-specific birth and mortality rates (Fowler ez /.
1980; Fowler 1987, 1994), which would again indicate MNPL > 0.5K. Sim-
ilarly, the data sets available for marine mammals, though fewer in number
(Fowler 1984), are generally consistent with those found for large terrestrial
mammals. Goodman (1980) showed that a linear density-dependent change
in only the birth rate (which implies MNPL = 0.5K) would actually cause
the population growth curve to be convex (MNPL > 0.5K). Taylor and
DeMaster (1993) reviewed the available empirical data and concluded that (1)
marine mammals show density-dependent responses, (2) these responses are
not abrupt changes close to K (i.e., knife-edge), and (3) these responses have
not been shown to be concave, though the statistical power to detect concavity
is low. Their analyses showed that combinations of even highly convex density-
dependence in more than one life history parameter translates into a population
level response where the inflection point of the growth curve (i.e., MNPL)
occurred at a population level that was less than 0.8K. Further, a concave
population response could be produced only by the combination of linear
responses in several life-history parameters. This, in combination with the lack
of evidence for concave responses in life history parameters, led them to con-
clude that MNPL > 0.5K (Taylor and DeMaster 1993).

As shown and discussed above, the PBR scheme is robust to population
dynamics which have a value for MNPL greater than 0.5K. Bias trial 7 showed
that a value for F of 0.5 would be sufficient to make the scheme robust to
values of MNPL as low as 0.45K. At some lower value for MNPL the scheme
would no longer be robust, but there is little evidence to suggest such dy-
namics in large mammals. Such a low MNPL implies that individual animals
feel the effects of the addition of another animal to the population much more
strongly at very low densities than at high densities. In Figure 1 it can be
seen that a value of less than 0.45K for MNPL would imply that a population
can achieve a per capita growth rate of more than half its maximum possible
value only when it is reduced to less than about 25% of its carrying capacity.
Although such strongly concave dynamics in a single life-history parameter of
a large mammal are not known to occur, it should be recognized that MacCall
and Tatsukawa (1994) provided a theoretical mechanism for producing such
dynamics from strong density-dependent habitat selection combined with cer-
tain types of habitat gradients (see the Appendix for further discussion of this
point).

The generalized logistic model does not have what is referred to as the Allee
effect, where at some point the net production rate declines as population size
gets lower, rather than continuing to increase. Fowler and Baker (1991) con-
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cluded that the Allee effect was likely to be a common phenomenon in animal
population dynamics, especially populations at a level less than 0.1K. There-
fore, the Allee effect is an important consideration for assessing the risk of
extinction (Fowler and Baker 1991) but would likely not be of significance to
the MNPL goal simulations performed here, as those simulations all start at
0.3K or higher. However, the Allee effect could influence the recovery time
of populations reduced to lower levels and thus warrant further attention for
calculations of MLy,

The generalized logistic model also does not explicitly take into account
the age and sex structures of the population. This should not make a difference
in estimates of Ny ot Fy as long as the human-caused mortality is relatively
random with respect to age and sex. However, if the human-caused mortality
is highly selective, it could be a cause for concern. Higher mortality of females
relative to males would likely cause a population to decline to a lower level
than if the mortality were random. Similarly, selective mortality of animals
close to the age of sexual maturity would also have a greater impact, as these
are the animals with the greatest reproductive value to the population. Where
possible, data on the age and sex distributions of the animals killed should
be collected. If such data indicate that the mortality is highly selective, a case-
specific simulation could be used to calculate a PBR in a way similar to the
approach used here, but using an age- and sex-structured model to account
for selective mortality.

The model used is deterministic rather than stochastic, meaning that there
is no variability in the population growth rate at a particular population size
due to environmental variance. Simulations using a stochastic model would
be possible, but specifying the amount of environmental variance to simulate
for cetaceans may be difficult because such data are difficult to obtain. For
pinnipeds, it is often possible to see environmental effects upon populations,
such as large changes in the number of pups produced from one year to the
next. The simulation results presented here may be relatively robust to envi-
ronmental variance, as the PBR will be self-cotrecting in one sense; a sudden
decline in a population due to unfavorable environmental conditions will be
reflected in a lower subsequent abundance estimate and thus result in a lower
PBR. However, it would still be useful to investigate the effects of stochastic
dynamics through simulations which incorporated plausible levels of environ-
mental variance.

Alternatives

There are other ways that Ny and Fj, could be adjusted to meet the same
performance criteria specified here. For example, F; could be set to 1.0 and
then the Ny percentile could be found that would have passed the bias
trials. Alternatively, a point estimate of abundance could be used for Ny,
and the value of Fy could be found that would have passed the bias trials.
However, the two-part procedure suggested here has some desirable qualities.
First, using a lower confidence limit for Ny is an intuitively reasonable

BETTRIDGE 27 of 37 NMEFS Ex. 2-2



28 MARINE MAMMAL SCIENCE, VOL. 14, NO. 1, 1998

method of accounting for the uncertainty of an abundance estimate. For man-
agement in the U.S., it also meets the intent of the 1994 amendments to the
MMPA, which state that Ny “(A) is based on the best available scientific
information on abundance, incorporating the precision and variability associ-
ated with such information; and (B) provides reasonable assurance that the
stock size is equal to or greater than the estimate.” Second, using a lower
confidence limit encourages improving the precision of abundance estimates,
as lower CVs result in higher PBRs. Third, separating the factors that account
for precision (Nyy) and other uncertainties such as bias (Fy) allows for flex-
ibility in management. Finally, as discussed before, a PBR calculated this way
has some biological meaning, as the product of Ny and Ry,x represents a
conservative estimate of what the current net production would be if the
population were at MNPL, and the recovery factor accounts for possible un-
known biases and problems.

Another area that could be explored would be how to combine abundance
estimates to improve precision. The simulations used here ignored previous
abundance estimates once a new “survey” was performed. Use of previous
estimates would involve a trade-off between improving precision by using
mote data and increasing potential bias from using abundance estimates made
when the population was possibly at a different size. The performance of
various methods of combining abundance estimates over a specified time pe-
riod could easily be investigated, using the same simulation framework pre-
sented in this paper.

CONCLUSIONS

Adjusting the values of Ny and F; to meet specific criteria should allow
for a robust management procedure that will prevent the depletion of marine
mammal populations by known human-caused mortality. This can be accom-
plished without being unnecessarily conservative or restrictive on the sources
of human-caused mortality, such as commercial fisheries. If an estimate of
human-caused mortality exceeds the calculated PBR for a population, it should
serve as a warning that the mortality could lead to the depletion of the pop-
ulation.

It is important to note the distinction between estimating mortality to be
greater than the PBR versus detecting a significant decline in abundance.
Where mortality exceeds the PBR, it may be sufficient to cause a decline in
abundance and subsequent depletion. This situation can be identified with
only a single abundance estimate. This is not the same as directly detecting
a significant decline in abundance, which generally takes many years of data
(Gerrodette 1987). Initially, some populations with sustainable levels of hu-
man-caused mortality may, by chance alone, have estimated mortality greater
than PBR. However, if the level of mortality is truly sustainable, subsequent
estimates will show mortality to be less than or equal to the calculated PBR.
The simulations performed here must be interpreted to mean that if mortality
is consistently estimated to be greater than the PBR over many years, then
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the population will become depleted with a probability estimated to be > 0.05.
Estimating incidental mortality in one year to be greater than the PBR cal-
culated from a single abundance survey does not prove the mortality will lead
to depletion; it identifies a population worthy of careful future monitoring
and possibly indicates that mortality-mitigation efforts should be initiated.
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APPENDIX
Plausibility of the Specified Bias Trials

The specified types and magnitudes of bias were chosen because they were thought
to represent real possibilities. Justification for the selected levels of bias is presented
here. Because the bias trials represent simulations under conditions of unknown bias,
there is no definitive way to objectively determine what the magnitude of an unknown
bias might be. However, it is possible to examine known biases to gain some insight
into what plausible unknown biases might be.

Trial 1: Mortality Estimates

There are several ways in which estimates of incidental fisheries mortality can be
biased. Usually, only a small fraction of all fishing trips are observed in a fishery, and
mortality rates from those observed fishing trips are extrapolated to the total effort of
the fishery. This standard method will give an unbiased estimate of marine mammal
mortality only if the observed trips are representative of all trips. One way in which
this assumption can be violated is if there are “observer effects” in which the behavior
of the fishermen is different when they carry an observer aboard than when they do
not. For example, a statistical analysis concluded that significant observer effects oc-
curred in the eastern tropical Pacific tuna purse-seine fishery (Wahlen and Smith 1985).
However, this fishery probably represents a special case in that the rate of marine
mammal mortality is very much dependent upon the expertise of the crew and the
amounts of time and energy expended to release dolphins from the net.

A more general source of potential bias from observer effects can occur if marine
mammal mortality rates vary predictably depending upon when and where the fish-
ermen fish. For example, hatbor porpoise mortality rates in the Gulf of Maine sink
gillnet fishery have been seen to vary by location and time of year, which has led to
the implementation of time-area closures to attempt to reduce the mortality (NMFS
19944). Where such variation in mortality rates exists (without time-area closures
being implemented) the potential exists for fishing vessels with observers to stay away
from areas where they have experienced high incidental takes of marine mammals in
the past. This could lead to overall mortality being underestimated.

Mortality estimates for gillnet or other fisheries can also be biased because animals
fall out of the gear while the gear is being hauled in and thus are not counted by an
observer. Net fallout which could be observed from the vessel was found to be a
potential problem in observing the Gulf of Maine sink gillnet fishery, where it was
determined that many incidentally caught porpoises did not come aboard the vessel,
and thus it was important for the observers to watch the net as it came out of the
water (NMFS 19944). Of course, in any gillnet fishery the possibility also exists that
caught animals may fall out of the net or swim away entangled in a portion of the net
before the net is retrieved and so may never be observed. Quantifying this kind of bias
would be very difficult, as it would involve inspecting the net while it is still in the
water in its fishing position just prior to being hauled in.

There are other potential sources of bias in mortality estimates that are common.
Often, due to logistical or practical difficulties, it is not possible to place observers on
vessels in a completely representative way. For example, it may be possible to place
observers only on vessels in the larger ports, so vessels fishing out of smaller ports (and
their mortality rates) may be under-represented. Also, fishing effort is often estimated
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using surrogate measures, such as the quantity of fish landed, and such conversions
introduce the possibility of other kinds of bias. In conclusion, unless observer coverage
approaches 100%, in many fisheries it will be difficult to exclude the possibility of
bias in mortality estimates. It is plausible that mortality could be underestimated by
one-half. For example, this could occur if mortality rates differed by a factor of 2
spatially, and if observed boats always went to known low-mortality locations.

Trial 2: Abundance Estimates

This trial used a twofold positive bias in abundance. Most estimates of abundance
for cetaceans are from line-transect data. Most potential biases of line-transect data are
negative, and sources of positive bias are limited. One known source for some species
is attraction to vessels, which is often a problem with Dall’s porpoise (Phocoenoides
dalli), for example, and can introduce more than a twofold positive bias. Such a bias
would be more than is accounted for by this bias trial, but it should be recognizable
and not remain unknown (and thus be corrected for).

Another possible positive bias, especially for dolphins, comes from overestimating
mean group size because of the easier detection of large groups. However, such a bias
is unlikely to result in a greater than twofold overestimate of abundance. This type of
bias is also identifiable and correctable.

Abundance might be overestimated by a factor of two very easily from incorrectly
identifying the stock structure of the population in question, such as in a situation
where two stocks with limited movement between them were considered one stock.
Abundance would essentially be overestimated by a factor of 2 in a case where the
stocks were of equal size and all human-caused mortality was in the region of just one
stock. This is a plausible unknown bias because examples exist of just such scenarios.
For example, the two stocks of harbor porpoise in California waters have estimated
abundances of 4,120 for the central stock and 9,250 for the northern stock, but in-
cidental fisheries mortality in the coastal set gillnet fishery occurred only within the
range of the central stock (Barlow and Forney 1994). If the two stocks were treated as
one stock, the lumped abundance would essentially overestimate, by a factor of more
than 3, the estimated abundance of the population experiencing the mortality.

Trial 3: Ryax

The PBR calculations assume that Ry« is 0.04 for cetaceans and 0.12 for pinnipeds.
Where species-specific information is available, it should be used rather than these
defaults. However, it is difficult to estimate Ry ,x because of the difficulty in estimating
all of the life history parameters for marine mammals. In particular, survival rates are
difficult to estimate, as to do so requires following the fate of individual animals within
an increasing population over long periods of time. Alternacively, observed rates of
increase may or may not serve as a good surrogate for Ry,x, depending on whether
ot not the population is at a low level relative to carrying capacity. Observed rates of
increase should at least provide a lower bound for Ry.x. Therefore, a brief review of
what data are available for some species may provide some guidance for setting default
values when no data are available for a species. If the true value of Ry,x is higher
than the default, then the PBR as calculated is too conservative. The issue here for the
bias trial is what the appropriate value to use as a default is when no data are available.
Most important is to choose a reasonable value for Ry ,x for most species, while min-
imizing the possibility that this value is much higher than the true unknown value
of any particular species. Such species could become depleted if their human-caused
mortality were as high as a PBR calculated using the default value.
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There are several estimates of rates of increase greater than 4% for mysticetes, es-
pecially southern hemisphere right whales (Exbalaena australis) (Best 1993). However,
the northwest Atlantic population of right whales, E. glacialis, has been estimated to
be growing at only 2.5% per year (Knowlton e# /. 1994). Because that population is
estimated to number only a few hundred animals, it should be growing at a maximum
rate unless some form of depensation is taking place. The estimated net productivity
(increase plus harvest) of gray whales, Eschrichtius robustus, was about 4% per year from
19681988 (Reilly 1992). An estimate of 3.4% per year was made for bowhead whales,
Balaena mysticetus (Zeh et al. 1991). Although some mysticete populations apparently
have an Ryax greater than 4%, in unknown situations 4% is a reasonable defaulr.
Given the apparent observed rate of the northwest Atlantic right whale, 2% is a
reasonable worst-case scenario.

Modeling of the life history of some odontocetes indicated that Ryax could be as
high as 0.06 if survival rates were very high (Reilly and Barlow 1986). However, such
a high rate of increase has never actually been observed in an odontocete, although few
observations of any kind exist. The rate of increase for a population of resident killer
whales (Orcinus orca) has been estimated at 2.9% (Olesiuk et al. 19904) and 2.5%
(Brault and Caswell 1993) per year, but the maximum rate for this population could
be higher. The eastern spinner dolphin (Stenella longirostris orientalis) was estimated to
have an R,y of only 2%, although the 95% confidence limit on that estimate did
not exclude 4% as a possible value (Wade 1994). In the same study the northeastern
stock of offshore spotted dolphins (Stenella attenuata) was estimated to have an Ryax
of about 4% (Wade 1994). The lack of evidence of higher rates suggests that 4% is
probably a suitable default value for odontocetes and that 2% represents a reasonable
worst-case scenario. However, some caution is required, as so few data exist on observed
rates of increase of odontocetes. Also, although several odontocete populations have
apparently declined from human-caused mortality, none have been observed to recover.
Although this may be due to the difficulty in monitoring odontocete populations, it
also suggests that maximum rates of increase for some odontocetes could be even lower
than 2%.

Some observed rates of increase ate available for recovering phocid populations. The
highest estimated rate of increase for the total northern elephant seal (Mirounga an-
gustivostris) population is 8.3% per year (Cooper and Stewart 1983). Harbor seals (Phoca
vitulina) in British Columbia increased at 12.5% per year from 1974 to 1988 (Olesiuk
et al. 19906). A preliminary estimate of the rate of increase of harbor seals in California
was 9.7% per year from 1982 to 1992 (Barlow ez 2/. 19954). The Oregon and Wash-
ington coastal-waters stock of harbor seals increased 11% per year from 1977 to 1982
(Barlow ¢t a/. 19954). The pup production of three undisturbed populations of grey
seals (Halichoerus grypus) in the Outer Hebrides (1970-1976), Otkney (1964-1968),
and the Farne Islands (1956-1971) increased at 6%—7% per year (Summers 1978);
these populations were not at extremely low population sizes and they have likely
increased at least since being partly protected in 1914, so the maximum growth rate
for gray seals is possibly higher. The highest observed rate of increase at a breeding
site for the Hawaiian monk seal (Monachus schauinslandi) is only 5%—6% per year
(Gilmartin and Eberhardt 1995).

Several rates of increase are available for recovering otariid populations, especially in
the Southern Hemisphere. Antatctic fur seal (Arctocephalus gazella) pup counts on South
Georgia were estimated to have increased at 16.8% per year from 1958 to 1972 (Payne
1977), but a correction factor for undercounting was applied only to the last data
point. An analysis of the uncorrected counts gives an estimate of 13.1% per year (York
1987). The total population of subantarctic fur seals (Arcrocepbalus tropicalis) increased
12.9% per year from 1951 to 1988 on Marion Island and 9.7% per year from 1982
to 1988 on Prince Edward Island, and the antarctic fur seal (Arctocephalus gazella)
increased 10.9% per year from 1981 to 1988 on Marion Island (Wilkinson and Bester
1990).
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However, for the Northern Hemisphere, York (1987) pointed out the greart difference
observed between Arctocephalus spp. and the northern fur seal (Callorbinus ursinus),
which has been well studied and whose maximum observed rate of increase in pups
was only 8% per year from 1911 to 1924 (Kenyon ez /. 1954). A preliminary estimate
of the net productivity rate of California sea lions (Zalopbus californianus) from 1980
to 1994 was 11.7% per year (Barlow ez al. 1995a).

In conclusion, 12% is a reasonable default value for Ry,x for both phocids and
otariids. The information available regarding the monk seal suggests 6% may be a
plausible worst-case scenario for phocids, although it is debatable how relevant the life
history of monk seals is to other phocids. Six percent is likely a conservative worst-
case scenario for otariids. The relatively low observed rate for the well-studied northern
fur seal (8%) indicates that although many otariids have been observed to increase at
rates of around 12% per year, it is not safe to assume that any otariid will necessarily
increase at a rate that high.

Trial 4: CV of the Abundance Estimate

Although there is often much discussion of potential biases in abundance estimates,
there has not been as much consideration given to potential biases in estimates of the
variance of those abundance estimates. However, long-time series of abundance have
occasionally resulted in more interannual variation in abundance estimates than ex-
pected from the estimated variance. For example, annual estimates of abundance for
the southern stock of common dolphin (Delphinus delphis) in the eastern tropical Pacific
showed a significant decline from 1986 to 1987 and then a significant increase to 1988
(Wade and Gerrodette 1992), changes which could not be due solely to mortality and
reproduction of the population. The explanation was likely a low estimate in 1987
caused by a distributional shift of the population to the south, out of the study area,
creating additional interannual variability not accounted for by the CV of the estimated
abundance. Another example comes from the long series of abundance estimates avail-
able for gray whales, in which adjacent abundance estimates have non-overlapping
confidence limits, indicating some component of the variance has not been accounted
for (Reilly 1992).

Although this kind of bias is cleatly possible, there is not much guidance for defining
a worst-case scenario. The specified bias trials (CV actually 0.8 when estimated to be
0.2, and CV 1.6 when estimated to be 0.8) were not based on experience with actual
situarions. They were somewhat arbitrarily chosen to be magnitudes of bias greater
than what one might imagine was reasonable.

Trial 5: CV of the Mortality Estimate

Bias trial 5 (CV of the mortality estimated to be 0.3 but actually 1.2) was similarly
chosen in an arbitrary fashion, with perhaps less information available, indicating its
potential to be a problem. However, it is possible to imagine situations which would
lead to bias in the estimated variance of the mortality estimates. One example would
be an observer effect that resulted in vessels fishing in areas with lower variability in
their bycatch rates when an observer was on the vessel.

Trial G: Survey Frequency

Although not strictly addressing a bias, it seemed appropriate to explore the con-
sequences of doing surveys less frequently than was assumed during the simulations.
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Violation of this assumption will be known, of course, so the implications of doing
surveys less frequently than every eight years can be investigated, if necessary, at a later
time.

Trial 7: MNPL Less Than 0.5K

As noted in the Discussion, Taylor and DeMaster (1993) reviewed the available
empirical data and concluded that density-dependent responses in marine mammals
have not been shown to be concave, although statistical power to detect this is low.
Taylor and DeMaster (1993) also noted that a linear response in several life-history
parameters simultaneously could generate a population-level response thac was concave
and thus had a maximum net productivity level of less than 0.5K, but there was
likewise no known example of such a population. Concave dynamics have not often
been suggested for marine mammals. Such dynamics imply that adding an individual
to the population at a low population size has a greater effect on the other individuals
in the population than does adding an individual at a high population size. For ex-
ample, in the case used here, if Ryax is 0.04 and MNPL is 0.45K, the per capita
growth rate has already fallen to 0.02 (half the maximum rate assumed to exist at a
very low population size) by the time the population is at only 0.27K (Fig. 1). In other
words, the potential of the population to grow has been substantially reduced at a
small fraction of its carrying capacity. If MNPL is equal to 0.5K, a linear decline in
per capita growth rate results, which implies that adding an individual to the popu-
lation has an effect independent of the population size, and thus the per capita growth
rate declines to 0.02 at 0.5K. A more-than-linear decline is not seen in life-history
parameters (Fowler 1987), and a decline more severe than implied by an MNPL of
0.45K seems unlikely given the available life-history data.

The exception to the above conclusion is the density-dependent habitat selection
hypothesis of MacCall and Tatsukawa (1994). Under this hypothesis, selection can
generate a population response that is concave even if local dynamics are convex. How-
ever, the hypothesis relies on strong habitat selection by the animals and on a constant
gradient in habitat quality within the environment. For example, this assumes that
there exists a small piece of habitat (such as 1% of the total habitat area) that is “best,”
and that any animals outside this best area will have a lower population growth rate
irrespective of animal density. Furthermore, in applying this mechanism it is necessary
to assume that if such best habitat is available, any animal not in such habitat will
find it. MacCall and Tatsukawa (1994) recognized that it is unknown whether the
assumptions of theit model hold true for any whale population but cautioned that such
a possibility would mean that local population dynamics would not provide an accurate
account of overall population behavior.

Trial 8: MNPL More than 0.5K with Biased Mortality Estimates

It is thought that MNPL is somewhere between 0.50 and 0.85 of K for marine
mammals (Eberharde 1977, Fowler 1987). Although Taylor and DeMaster (1993) rec-
ognized that some range is plausible, they suggested that MNPL is probably not
greater than 80%. Their reasoning was based on their analyses which indicated that
non-linear dynamics in a single life-history parameter translate into more linear dy-
namics in the population response, if the other life-history parameters have a linear
tresponse themselves. Thus, for the population-level response to have an MNPL of
0.85K, either (1) all of the life-history parameters would have to have that extreme a
non-linear response simultaneously, or (2) some of the single life-history parameters
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would have to have an even more extreme non-linear response, close to knife-edge, for
which they concluded there was little evidence. The level of 0.7K used in this trial is
therefore towards the high end of the probable range for marine mammals, but there
is admittedly still much uncertainty in this conclusion.
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Abstract: Good management models and good models for understanding biology differ in basic philosopby.
Management models must facilitate management decisions despite large amounts of uncertainty about the
managed populations. Such models must be based on parameters that can be estimated readily, must explic-
itly account for uncertainty, and should be simple to understand and implement. In contrast, biological mod-
els are designed to elucidate the workings of biology and should not be constrained by management con-
cerns. We illustrate the need to incorporate uncertainty in management models by reviewing the inadequacy
of using standard biological models to manage marine mammals in the United States. Past management
was based on a simple model that, although it may bave represented population dynamics adequately, failed
as a management tool because the parameter that triggered management action was extremely difficult to
estimate for the majority of populations. Uncertainty in parameter estimation resulted in few conservation
actions. We describe a recently adopted management scheme that incorporates uncertainty and its resulting
implementation. The approach used in this simple management scheme, which was tested by using simula-
tion models, incorporates uncertainty and mandates monitoring abundance and buman-caused mortality.
Although the entire scheme may be suitable for application to some terrestrial and marine problems, two fea-
tures are broadly applicable: the incorporation of uncertainty through simulations of management and the
use of quantitative management criteria to translate verbal objfectives into levels of acceptable risk.

Incorporacidn de la Incertidumbre en Modelos de Manejo para Mamiferos Marinos

Resumen: Los modelos buenos de manejo y los modelos buenos para el conocimiento de la biologia difieren
en su filosofia bdsica. Los modelos de manejo pueden facilitar las decisiones de manejo a pesar de la gran
cantidad de incertidumbre sobre las poblaciones manejadas. Estos modelos pueden estar basados en
pardmetros que pueden ser fdcilmente estimados, la mayoria considera explicitamente la incertidumbre y
deberian ser simples de entender e implementar. En contraste, los modelos biolégicos son disefiados para elu-
cidar el funcionamiento de la biologia y no son restringidos por asuntos de manejo. En este trabajo ejempli-
ficamos la necesidad de incorporar la incertidumbre en los modelos de manejo mediante la revisién de la in-
competencia en el uso de modelos biolégicos convencionales en el manejo de mamiferos marinos en los
Estados Unidos. En el pasado el manejo se basaba en un modelo simple que a pesar de poder representar las
dindamicas poblacionales adecuadamente, fallaba como una berramienta de manejo debido a que el
pardmetro que desencadenaba las acciones de manejo era extremadamente dificil de estimar para la may-
oria de las poblaciones. La incertidumbre en la estimacion de pardmetros resulté en pocas acciones de con-
servacién. Describimos un esquema de manejo recientemente adoptado que incorpora la incertidumbre y st
implementacion resultante. La metodologia usada en este esquema simple de manejo, el cual ba sido pro-
bado usando modelos de simulacién, incorpora la incertidumbre y determina el monitoreo de la abundan-
cia y la mortalidad causada por bumanos. A pesar de que el esquema completo puede ser adecuado para
aplicarse a problemas tanto terrestres como marinos, pocas caracteristicas son ampliamente aplicables: la in-
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corporacion de la incertidumbre mediante simulaciones de manejo y el uso de criterios cuantitativos de
manejo para traducir obfetivos verbales en niveles aceptables de riesgo.

Introduction

The primary goal of a management model is to use data
to make decisions that result in meeting management
objectives. Management objectives are usually defined
by law, regulation, or some management body such as a
fisheries council or a recovery team. For example, the
primary objective of the U.S. Marine Mammal Protection
Act (1972) is to maintain populations above a certain
level. Yet after more than 20 years of management under
this act, and despite declines in the abundance of some
populations, only a few populations received any con-
servation action. The history of management using a bio-
logical model demonstrates that ignoring uncertainty re-
sults in failure to take needed conservation actions. We
contrast this history with the current management
model, proscribed in the 1994 amendment to the act,
which explicitly incorporates uncertainty to rectify past
inadequacies. The marine mammal example shows how
a rarely implemented law can be turned into a function-
ing and proactive law through appropriate consider-
ation of uncertainty. Another important feature of the
new management scheme is that, prior to being written
into law and regulations, it was tested by simulation of
the management process. Our purpose is not to provide
the details of the actual model and testing procedure,
which have been published elsewhere (Taylor 1993;
Wade 1998), but to provide the history of the develop-
ment of a management model and emphasize that the
new management scheme functions well largely be-
cause of the explicit treatment of uncertainty.

Management has failed in the past not because the
model driving management actions did not adequately
represent population dynamics but rather because the
law was interpreted to require proof that populations
were in a certain state (“depleted”) before actions were
taken. At an international level, at least part of the blame
for the spectacular overexploitation of the great whales
can be placed on scientists being unable to agree on pa-
rameters used in simple models to drive management
decisions: there was no clear way to treat uncertainty,
For brevity, we detail the evolution of management
models for marine mammals within the United States,
but a similar evolution has taken place in models devel-
oped by the International Whaling Commission (Cooke
1994). We then describe the current management
model and how it differs in basic philosophy from mod-
els that scientists typically use to understand biological
processes.
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The 1972-1993 Model for Marine Mammal
Management in the United States

The Marine Mammal Protection Act (MMPA) contains two
primary objectives: to maintain populations (1) above their
optimum sustainable population level (OSP) and (2) as
functioning elements of their ecosystem. The first objective
was defined by the National Marine Fisheries Service
(NMFS; Gehringer 1976) as a population with abundance
exceeding the maximum net productivity level (MNPL).
The MNPL was defined as the population size that would
yield “. . . the greatest net annual increment in population
numbers or biomass resulting from additions to the popula-
tion due to reproduction and/or growth less losses due to
natural mortality.” In theory, management action was es-
sentially binary: no kills of marine mammals were allowed
if population abundances fell below MNPL—formally clas-
sified as “depleted” under the MMPA—and no manage-
ment actions were required for populations above MNPL.
The problem was in estimating both what MINPL was and
where the population was in relation to MNPL.

The concept of MNPL follows from the generally agreed
principle that marine mammal populations experience
density-dependent population growth. For example, a com-
monly used simple model (Pella & Tomlinson 1969; Gilpin
et al. 1976) that represents density-dependent growth is

N, J
Nyyy = Nr+RMAer(1‘(“I€) )» @

where N is abundance, ¢ is time, Ry, i maximum pop-
ulation growth rate, K is carrying capacity, and 0 is the
shape parameter. The MNPL is determined by K and 0. If
6 = 1, then equation 1 is a standard logistic equation
with a linear decrease in growth between N = 0 and N =
K, and MNPL = 0.5 K

Numerous theoretical papers have attempted to quantify
MNPL as a proportion of carrying capacity for longlived
mammals (Goodman 1981; Fowler 1984; Fowler 1988;
Gerrodette & DeMaster 1990; Taylor & DeMaster 1993).
For example, Taylor and DeMaster (1993) examined com-
binations of density-dependent changes in age-specific
birth and death rates and found it likely that MNPL is be-
tween 50% and 85% of carrying capacity.

Results of 1972-1993 Management Model

Of the 153 stocks (62 species) of marine mammals un-
der U.S. management, assessments that in some way at-
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Table 1. Marine mammal stocks for which an attempt was made by the National Marine Fisheries Service to assess status relative to the
maximum net productivity level (MNPL) prior to 1994.

Number

Stocks* of stocks Method" Status® Source
Eastern tropical Pacific dolphins 9 back-calculation D) Smith 1979, 1983; Wade

(spotted, spinner, common, striped) 1993a, 1993b, 1994
Gray whale 1 back-calculation, no Reilly 1981; Gerrodette

dynamic response & DeMaster 1990

Bowhead whale 1 back-calculation E Breiwick et al. 1981
North Pacific small cetaceans

(Pacific white-sided dolphin,

northern right whale dolphin) 2 back-calculation no Hobbs & Jones 1993
Harbor porpoise (California) 1 back-calculation no Barlow & Hanan 1995
California pinnipeds (northern

elephant seal, California sea lion, Boveng 1988a, 1988b, 1988c;

harbor seal) 3 dynamic response no Boveng et al. 1988
Steller sea lion 2 decline >50% ET Merrick et al. 1987
Northern fur seal 1 decline >50% D York 1987
Bottlenose dolphin (Atlantic coast) 1 strandings D Scott et al. 1988
Total 21

9Stocks on this list bad a documented analysis (source) that attempted to determine population status relative to MNPL. Not all assessments bad
conclusive results. Scientific names not previously mentioned in the text: spotted dolpbin (Stenella attenuata), common dolphin (Delphinus del-
phis), striped dolphin (Stenella coeruleoalba), bowhbead whale (Balaena mysticetus), Pacific whitesided dolphin (Lagenorhynchus obliquidens),
Nortbern elephant seal (Mirounga angustirostris), California sea lion (Zalophus californianus), barbor seal (Phoca vitulina), bottlenose dolpbin
(Tursiops truncatus).

bBack-calculation, calculating pre-exploitation size from estimates of recent abundance and annual estimates of busman-caused mortality; dy-
namic response, analysis of observed dynamics (Goodman 1988); decline >50% observed trend indicating a decline in abundance of greater
than 50%; strandings, analysis of an anomalous stranding event.

“Status is D for stocks designated as depleted under the Marine Mammal Protection Act (MMPA); E or T for stocks listed as endangered or
threatened under the ESA (and thus automatically considered depleted under the MMPA); or no for stocks not listed under the MMPA or ESA.

tempted to determine status relative to OSP were com-
pleted for 21 stocks over 21 years (Table 1). In U.S.
waters (i.e., excluding eastern tropical Pacific dolphins),
only 8% (12 of 153) of the stocks were assessed. We
equate the definition of stock with management unit,
which is essentially a unit—usually geographically delin-
eated—defined to meet specified management objectives
(for further discussion, see Moritz 1994; Taylor 1997).
Attempts to directly estimate MNPL were made for only
two species: spinner dolphins (Stenella longirostris; Smith
1984) and northern fur seals (Callorbinus ursinus,
Ragen 1990). Ragen (1990) emphasized that MNPL could
not be estimated reliably even for the largest available
data set (northern fur seals). Reilly (1992) made the same
point for California gray whales (Eschrichtius robustus),
which are the best-known population of baleen whales.
Attempts to estimate population level relative to MNPL
(without actually estimating MNPL itself) were made for
17 stocks (Table 1), but few of these stock assessments
were successful in unambiguously determining whether
the stock was depleted. In addition, indirect methods,
such as observed declines in abundance of over 50% were
used to define three stocks as depleted without need for
further consideration of population level relative to
MNPL (Table 1). Only four stocks are currently desig-
nated depleted without also being listed under the U.S.
Endangered Species Act, and only six other stocks
(excluding eastern tropical Pacific dolphins) were for-
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mally assessed to see whether management actions were
needed. We review two case studies to illustrate the
management lessons learned during this period.

Eastern Tropical Pacific Dolphins

The case of tropical dolphins killed by tuna fishing illus-
trates the amount of data required before populations
could be listed as depleted. In 1969 the first reports of
high mortality of dolphins in the eastern tropical Pacific
tuna purse-seine fishery (Perrin 1969) triggered a pro-
gram to estimate total mortality (Lo & Smith 1986). In-
creased observer coverage in the early 1970s confirmed
that mortality was high, which prompted dolphin abun-
dance estimation surveys beginning in 1977. Several of
the dolphin populations were estimated to be below
MNPL (Smith 1983) based on abundance estimates (Holt
& Powers 1982), mortality estimates for 1959-1979, and
assumptions about likely population growth rates. Dis-
putes, including litigation from the tuna industry, about
the uncertainty of several of the inputs into those analy-
ses led an administrative law judge to reject such deple-
tion designations (Marine Mammal Commission 1982).
Conclusive analyses sufficient to justify the depleted sta-
tus of these populations (Wade 1993a, 1993b) required
a tremendous amount of data: nine abundance surveys
over 12 years, 17 years of relative trend indices from
data collected on the tuna vessels, 25 years of observer
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data on dolphin mortality rates in the fishery, and 34
years of data on fishing effort. The requirement to show
conclusive proof led to a listing delay of 14 years from
the first abundance survey and an estimated 23-year de-
lay from the date of depletion (Wade 1994).

International management and industry actions in the
early 1990s (Joseph 1994) led to a dramatic decline in
the levels of dolphin mortality. These management ac-
tions were not clearly related to designation of the

. stocks as depleted under the MMPA.

Harbor Porpoise in California

In the mid-1980s, increasing numbers of stranded harbor
porpoise (Phocoena phocoena), along with an expand-
ing coastal gillnet fishery in central California, indicated
that the population of harbor porpoise in the region of
the fishery may have been at some risk. A fishery ob-
server scheme was instituted to estimate the number of
animals being killed, and surveys were conducted to es-
timate abundance. In an attempt to determine whether
the population was depleted, the abundance of porpoise
in earlier years was back-calculated using data on fishing
effort and kill rates (Barlow & Hanan 1995). Uncertainty
in many parameters made determination of status rela-
tive to MNPL impossible. Nevertheless, approximately
10% of the population was being killed annually, and
porpoise populations cannot grow fast enough to re-
place such large annual losses (Barlow & Boveng 1991),
so it was unlikely that the fishing mortality could be sus-
tained by the local population. A larger population exists
in northern California, but the extent of mixing between
the local central California population and this northern
California population was and is unknown. The poten-
tial problem of excessive kills was solved for the harbor
porpoise not by MMPA actions but rather by actions un-
der the Endangered Species Act to protect sea otters
(Enbydra lutris) being killed in the same fishery, which
closed so many areas that fishing became largely unprof-
itable. Again, the well-intentioned but unworkable former
MMPA management scheme failed to protect its in-
tended target.

Lessons from the 1972-1993 Experience

Although some management actions were taken during
the MMPA’s first 20 years, few were triggered by the
mathematical model that defined depletion. Actions that
were taken involved highly publicized issues such as the
tuna—dolph‘m problem, in which hundreds of thousands
of animals were taken in a concentrated fishery. Manage-
ment actions resulted primarily from political pressure
associated with problems that could be observed readily.
Most fisheries had no monitoring of marine mammal

BB TR G000

4 0f 10

Taylor et al.

mortality, and there were no abundance estimates for
the vast majority of species. For species other than the
few with a long time series of both kills and abundance
(northern fur seals, eastern tropical Pacific dolphins,
and gray whales), estimation of current status relative to
historical numbers proved an impossible task. We also
learned that using trends in abundance was a risky strat-
egy for most cetacean species for which estimates of
abundance are imprecise. Taylor and Gerrodette (1993)
noted in reference to the vaquita (Pbhocoena sinis), an
endangered porpoise, that the species is likely to go ex-
tinct before a statistically significant trend can be deter-
mined.

We have learned that we can estimate three things
fairly well: abundance, its associated precision, and mor-
tality rates. Because many marine mammal populations
are récovering from overexploitation, we also have nu-
merous estimates of population growth rates that are
probably close to the maximal rates. What was needed,
then, was a management system that (1) was based on a
model that used data we could gather, (2) incorporated
uncertainties in the data, and (3) facilitated management
decisions in a timely manner. In other words, we sought
a management system that could be implemented and
that could survive legal scrutiny. Further, a system was
needed that could be easily explained to constituents in
the environmental and fishery communities as well as to
politicians and administrators who cannot be expected
to be well versed in population dynamics.

The Current Model for Marine
Mammal Management

Recognizing that the previous management regime was
not working, in 1998 the U.S. Congress placed a morato-
rium on most MMPA provisions that dealt with fishery
mortality and asked scientists at the NMFS and U.S. Fish
and Wildlife Service to propose a new management
scheme. The Marine Mammal Commission (Robert Hof-
man, testimony to Senate Committee on Commerce, Sci-
ence and Transportation, 14 July 1993) defined the fol-
lowing objectives for marine mammal management: (1)
maintain the fullest possible range of management op-
tions for future generations, (2) restore depleted species
and populations of marine mammals to optimum sustain-
able level with no significant time delays, (3) reduce takes
(kills) to as near zero as practicable, and (4) as possible,
minimize hardships to commercial fisheries while achiev-
ing the previous objectives. These objectives are based on
the precautionary principle of Holt and Talbot (1978): .
“Management decisions should include a safety factor to
allow for the facts that knowledge is limited and institu-
tions are imperfect,” and “The magnitude of the safety
factor should be proportional to the magnitude of risk.”
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The new management regime grew out of proposals
from the NMFS, the Marine Mammal Commission, fish-
ing groups, and environmental organizations. It sought
to do three things: (1) to explicitly consider uncertainty
in management, (2) to base management on parameters
that could be estimated, and (3) to provide incentives to
gather better data. This regime, now part of the 1994
amendments to the MMPA, requires that total annual hu-
man-caused mortality and serious injury be less than po-
tential biological removal (PBR), as follows:

1
PBR = Ny 3 Ryax Frs @

where, Ny is minimum population estimate, Ry, is max-
imum population growth rate, and Fy is recovery factor.,

Behind the model is a simple idea: humans should not
remove more than the population needs to maintain at
least half of its current carrying capacity (K) (or, if K
has been constant, historical numbers). To get an intui-
tive grasp of the PBR management scheme, consider an
analogy of shooting at a target. Instead of a bullseye, the
target is a square with a horizontal line bisecting the
midpoint. For any given shot at the target, the goal is al-
ways (i.e., with high probability) to place your round
above the line. This symbolizes maintaining populations
above MNPL. Imagine that you want to make certain
when you shoot that you hit above a line 95% of the
time. Now consider two guns: a pilgrim’s musket and a
sniper’s rifle. The rifle shoots with great precision and is
equivalent to an abundance estimate with a very low co-
efficient of variation (CV). Even an expert marksman, how-
ever, would be considerably less precise with the musket:
repeated attempts with the musket result in a more diffuse
pattern than with the rifle. To ensure a high probability of
hitting the target above the line, the marksman would de-
liberately aim the musket higher than the rifle.

Using Nypy in the PBR equation effectively raises the
aiming point to adjust for poorer precision in the abun-
dance estimates. The amount above the line the marks-
man needs to aim depends on the number of shots be-
low the line deemed acceptable. In management terms,
how often can we fail to meet the management objec-
tives and still consider the result acceptable? This is
where the balance is struck between contradicting
goals, such as keep populations at safe levels while mini-
mizing hardship to fisheries. The translation between
policy and science is achieved by defining specific quan-
titative objectives called performance criteria, so called
because they are the performance standard for the
model. This not only allows uncertainty to be incorpo-
rated but sets the management scheme in an explicit
framework of acceptable levels of risk. Thus, parties that
assert that the scheme is over- or underprotective must
argue for different levels of acceptable risk rather than
about the details of the science. Uncertainty can no
longer be used as a reason for inaction.
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Three performance criteria were used for this manage-
ment scheme: (1) populations recovering from depletion
(taken to be 30% K) will have a 95% probability of be-
ing above MNPL in 100 years; (2) healthy populations
(=MNPL) will have a 95% probability of remaining above
MNPL after 20 years; and (3) populations at high risk
(taken to be 5% K) will have a 95% probability of not de-
laying the time to reach MNPL by >10% over a zero human-
caused kill scenario. All these criteria, like a population via-

~ bility analysis, frame performance in terms of a certain

probability of an event occurring in a given amount of time.

The performance criteria define for the marksman
(modeler) how often shots must be placed above the line.
This is accomplished in two steps by tuning the model to
achieve the desired performance. The first step treats un-
certainty related to imprecision in the abundance data.
Consider the performance of criterion #1 that requires
populations depleted to 30% of K to reach MNPL in 100
years. Simulations start with the initial population at 30% of
K and “manage” the populations by simulating abundance

Nyyn = Best estimate Ny = 20th percentile

09 a - C
- cV=08 |
0.7} =

Cv=0.8

0.5

Fraction of K

0.3

0.1
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0.7

0.5

Fraction of K

0.3
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T 1 T 71t 1ttt 3T 17171 1T 11
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Figure 1. Thirty sample trajectories of populations recov-
ering from a depleted level of 0.3 K. In each case, the sig-
moidal curve shows the expected trajectory with no bu-
man-caused morialities, and the borizontal line at 0.5 K
shows the mangemént objective of the maximum net
productivity level. All cases use equation 2 with Ry x =
0.04 (cetaceans) and ¥y = 1.0 (no biases). Parts a and b
assume N, ;. s the mean (best) abundance estimate
(assuming the estimates are log-normally distributed).
Parts ¢ and d use the lower twentieth percentile of the

abundance distribution as Ny,
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estimation, fisheries removal, and population growth for a
range of plausible scenarios. For example, dolphin popu-
lations typically have a maximum growth rate of 4% per
year and abundance estimates with coefficients of varia-
tion around 0.2, Sample trajectories for simulations vary
(Fig. 1) because sometimes abundance is over- or under-
estimated, resulting in allowed kills that vary accordingly.
Different percentages of the abundance estimate (Nypy)
are used, and the performance is measured by the propor-
tion of time the population is =MNPL after 100 years. The
percentage used for Ny, is the one that results in the ob-
jective being met 95% of the time, which occurred at the
lower twentieth percentile (Figs. 1c & 1d).

The simulations clearly show that accounting for un-
certainty by using a lower percentile is precautionary,
whereas the typical practice of the best estimate is not
(Fig. 1. Figures 1a and 1b use the “best” abundance esti-
mate for Ny in equation 2, and Figs. 1c and 1d use the
lower twentieth percentile of the abundance estimate dis-
tribution for N,y Using the “best” estimate manages less
wellknown populations (with lower precision abundance
estimates) less conservatively (contrast Figs. 1a & 1b;
see also Taylor 1993). Using a lower percentile of the
abundance, in contrast, manages less well-known popu-
lations more conservatively (Figs. 1¢ & 1d). The reason
that populations in Fig. 1c achieve on average a higher
abundance than those in Fig. 1d is because the allowed
kill is smaller. A fishery wishing to improve this situation
may well request that more precise data are gathered.
Thus, simply incorporating the uncertainty related to
the precision of the abundance estimate met two man-
agement goals: increasing the margin of safety commen-
surate with the level of our ignorance of the population
and providing an incentive to gather more precise data.

The second step in tuning the model is to address un-
certainty caused by bias. Returning to the marksman
analogy, bias would be indicated if shots aimed at a tar-
get consistently missed in one direction. If the sights are
improperly adjusted, the marksman may aim above the
line but consistently hit below it. The correction is to
tune the sights.

We addressed this uncertainty using a second parameter,
the recovery factor (Fp). After tuning the model to ac-
count for imprecision, we ran a second set of simulations
to tune for potential biases in the key parameters: abun-
dance, human-caused mortality, and maximum growth
rate. For example, one scenario considered was overesti-
mating the abundance by a factor of two. Such an over-
estimate could come from the relatively unlikely event
of animals being attracted to the survey vessel or, more
likely, from animals being included in the abundance es-
timate which were really part of another population. As
a simple example, consider an exploited population of
1000 animals living adjacent to an unexploited popula-
tion of equal size, Because we often cannot see popula-
tion boundaries in the marine realm, these populations
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are accidentally treated as a single management unit.
The result is that a kill is allowed that is about twice as
high as it should be. The possibility of such errors led to
the setting of default values for F, such that 95% of the
simulated populations equilibrated within OSP despite
such errors. If the possible factors that cause bias are elim-
inated, this parameter could be raised to a value of one,
but, doing so would dramatically reduce the safety margin
for managing the species (Taylor 1997).

The final parameter in equation 2 is Ry, x. Using data
from recovering populations, conservative default val-
ues were chosen when data were lacking or uncertain:
0.04 for whales and dolphins and 0.12 for seals and sea
Lions. Of course, data from the species or population of
concern are used whenever available. Details of the sim-
ulations and rationale for default values are given by
Wade (1998).

The result of including estimates of precision in calcu-
lating the PBR is that the expected equilibration level in-
creases as the CV of the abundance estimate increases
(the precision decreases) (Fig. 2), which is necessary to
ensure meeting management goals with less precise
data. The point where the PBR lines intersect the net
productivity curve is the level at which the population is
expected to equilibrate.

MNPL
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Figure 2. Net productivity and potential biological re-
moval (PBR) for different levels of abundance/carrying
capacity (N/K) with the same scale. Populations would
be expected to equilibrate at the intersection point be-
tween the lines for PBR and the net productivity curve.
These PBRs do not include the safety factor ( ¥y ), which
would rediice PBRs to balf for threatened or depleted
stocks or stocks with unknown population siructure or
to one-tenth for endangered species. Maximu net pro-
ductivity level (MNPL) is assumed to be at 0.5 K (verti-
cal line). The objective is to keep populations above
MNPL, which would then be called optimum sustain-
able populations (OSP) (horizonial arrow).

NMFS Ex. 2-3




Taylor et al.

We have addressed treatment of scientific uncertain-
ties, but in management the uncertainty in the imple-
mentation of a management scheme cannot be over-
looked. The PBR management scheme flags populations
that may be experiencing unsustainable mortality and
gives a target level of acceptable mortality. The PBRs are
calculated for each stock by federal government scien-
tists and are presented in stock assessment reports.
These reports are reviewed by three regional “scientific
review groups,” bodies of nonfederal scientists repre-
senting perspectives of state agencies, academia, fisher-
ies, and environmental groups, who make recommenda-
tions on research priorities and the adequacy of the data
used. Stocks for which estimated fishery-caused mortal-
ity exceeds PBR are termed strafegic. Regulations are
not automatically imposed on fisheries when kills ex-
ceed the PBR. Instead, data are scrutinized for the poten-
tial that biases can be reduced by improving abundance
estimates or stock definitions. Several species originally
listed as strategic have been removed from the list as
dedicated research was conducted to correct for sus-
pected biases. If, however, the data are sound and fisher-
ies contribute significantly to mortalities in strategic
stocks, a “take reduction team” is formed. The team,
composed of fishers, environmentalists, state and federal
government representatives, and scientists, is charged
with the task of recommending means to reduce the kills
(take) to levels at or below PBR within 14 months subse-
quent to the finalization of the stock assessment reports.

Results of Current Management Model

After the first year of implementation (1994), stock as-
sessment reports were written for 153 stocks in U.S. wa-
ters, and PBRs were published for 89 stocks (Barlow et
al. 19954; Blaylock et al. 1995; Small & DeMaster 1995)
(Table 2). For 22 additional stocks, PBRs were not pub-
lished but either an approximate PBR level or a lack of
evidence for any human-caused mortality allowed the
stock to be classified, resulting in 112 out of 153 stocks
(73%) being assessed. Kills exceeded PBR for 24 stocks
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of marine mammals. Although some of these, such as
harbor porpoise in the Gulf of Maine, were known to be
at risk before the management scheme was instituted,
many were species that had received no attention in the
past. Chief among these were species of whales that
spend long periods of time beneath the surface, includ-
ing sperm whales (Physeter macrocepbalus) and nu-
merous beaked whales (Family Ziphiidae).

The stock assessment reports reveal both stocks that are
at risk and gaps in what we need to know to manage prop-
erly. Comprehensive surveys off the Pacific and Atlantic
coasts were completed in 1996 and 1998, respectively. Be-
cause the law mandates monitoring, surveys are planned
to continue on a rotational schedule. Testing of the scheme
has also made clear the importance of understanding pop-
ulation structure and genetic sampling, which are becom-

" ing an integral part of survey design. Knowing the spatial

distribution of kills allows formulation of stock boundary
hypotheses needed to interpret genetic data (Taylor & Di-
zon 1996; Taylor 1997). Take reduction teams have been
formed, and research is underway to develop techniques
to reduce the number of marine mammals killed in fisher-
ies to as near zero as is practicable.

Comparisons between the Models

The fundamental problem when management involves
potentially limiting human-caused mortality is determining
the acceptable level of kill. The old model attempted to do
this by determining the status of the population relative
to K. The model failed as a management technique and
provided little improvement in our scientific under-
standing of marine mammal biology. Recognizing our in-
ability to estimate MNPL for most species, we turned to
using trends in abundance as an indicator of population
health. Using trends has two important limitations. First,
the burden of proof is nearly always to prove that the
population is declining (Thompson et al., this issue). Low
precision in abundance estimates makes such proof so
difficult that management actions cannot take place be-
fore populations become severely depleted. Although

Table 2. Summary of the number of marine mammal stocks by region that were assessed in 1995 by the National Matine Fisheries Services

under the potential biological removal (PBR) management scheme.

PBR and ~PBR and No PBR but Total
Region Stocks mortality” mortality” no mortality® assessed’ Source
Alaska 35 20 0 27 Small & DeMaster 1995; NMES 1995
Atlantic 62 40 8 53 Blaylock et al. 1995; NMFS 1995
Pacific 56 29 1 32 Barlow et al. 1995a; NMFS 1995
Total 153 89 9 112

“Number of stocks for which PBR and total buman-caused mortality were calculated.
b Number of stocks for which PBR was not calculated but for which an approximate PBR level was available along with a calculation of total

buman-caused mortality.

“Number of stocks for which no PBR was calculated but for which there was no known buman-caused mortality.

9Sum of the previous three categories.
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there is the potential of either shifting the burden of
proof or reducing the level of proof needed to show a
decline (raising the « level), there is still the problem of
interpreting the cause of the decline and whether the de-
cline is acceptable or not. Consider, for example, a dem-
onstrated decline of 40%. Even if a 40% decline was con-
sidered acceptable, as it would be under the PBR
scheme, - biologists would still need to determine
whether the decline was likely to continue and what
part of that decline, if any, was a result of human-caused
mortality.

The PBR .approach is much more direct because it
monitors the factor (human-caused mortality) that may
need management. Rather than waiting until a popula-
tion has been depleted to begin taking action, the PBR
approach starts reducing mortality when it is apparent
that current kill levels will lead to depletion. Yet the ap-
proach does require an estimate of kill, which is not an
easy task. Estimating human-caused mortality is likely to
be difficult for both marine and terrestrial species. Gath-
ering data is likely to be costly if the mortalities are a re-
sult of low impact by many people. In our case, estimates
are especially poor for fisheries with large numbers of
small boats, often operated by one person. Assuring ade-
quate coverage would require a much higher level of
funding than is currently allocated to this problem. In-
sufficient funding is connected to the second general
problem: obtaining funding for scrutiny of private enter-
prise is not politically popular. Although the estimation
procedure is difficult, it is unwise to rely on reports
from the resource users, and it is clear that management
cannot succeed without some estimate of the number of
animals being killed. Some creative thinking about how to
estimate human kills is desperately needed to understand
the magnitude of human impact on wild populations.

The definition of management units has stymied both
past and current management. Understanding population
structure is fundamental to any management scheme but
remains at or beyond our scientific limits. The International
Whaling Commission uses a precautionary approach by
defining “small areas.” These areas are created to be so
small that biologists believe it is not possible to have more
than one population in that area. Although this approach
is precautionary and requires only rudimentary knowledge
of the populations, it is also controversial because no stan-
dard exists to determine when evidence is sufficient to jus-
tify increasing the size of small areas.

The original PBR guidelines (Barlow et al. 1995b;
Wade & Angliss 1997) essentially tried to make initjal
management units equivalent to small areas. Scientists
from different regions, however, did not agree with this
definition and created their own definitions. Some felt it
beyond their prerogative as scientists to draw lines on a
map when data were few to nonexistent. But refusing to
draw boundaries does not leave the management as “un-
defined” with no kills allowed but rather defines the
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management unit as the range of the species and puts
the burden on scientists to prove that population struc-
ture exists before any management actions will be taken.

The success of this management scheme depends in
large part on proper definition of stocks or use of Fj to
account for potential biases. If stocks are defined in
large units, such as the entire Pacific coast, it is likely
that localized fisheries will never exceed PBR; therefore,
any management actions needed to preserve the integ-
rity of the range would not occur. Obtaining measures
of population structure for marine mammals is difficult
because their aquatic nature limits access for research.
Requiring proof of structure means at least lengthy de-
lays until management units are adequately defined. In-
deed, requiring such proof may make the new manage-
ment scheme as ineffective as the old scheme for some
species, because a required parameter is essentially im-
possible to estimate.

Discussion

The history of marine mammal management clearly
demonstrates the need to incorporate uncertainty into
management models. Simple biological models, which
did not incorporate uncertainty, resulted in inaction or
failed management. The model now used to manage ma-
rine mammal populations in the United States is simple
enough for both the regulators and the regulated to un-
derstand, it relies on parameters that can be estimated,
and it rewards the reduction in uncertainty with less
conservative management while allowing management
actions despite uncertainty. By mandating monitoring of
both abundance and human-caused mortality, we have
already greatly increased our general knowledge of ma-
rine mammal populations and identified unsuspected at-
risk species and stocks that otherwise would have been
missed.

One of the most positive aspects of the new manage-
ment scheme is separating science from policy through
the use of performance criteria. Parties on either side of
management decisions may disagree with the criteria.
For example, some may want populations to remain at
higher levels, whereas others may be satisfied with a
higher chance of not meeting management objectives.
Neither party, however, is likely to disagree with the es-
timated level of precision of abundance estimates or use
this uncertainty as a rationale for not taking action until
uncertainty is removed.

One of the most argued parts of the model is the de-
fault used for Fy. This default was set at 0.5 to account
for unknown biases based on the results of simulation
trials. It is difficult to set a value objectively for an un-
known bias. Although quite a large bias (e.g., only one-
half of the kills reported or the abundance estimated as

NMFS Ex. 2-3




Taylor et al.

twice the true abundance) would be needed before any
single factor resulted in failure to meet management ob-
jectives, rather small biases in several factors would lead
to the need for F, = 0.5 to meet management objec-
tives. It is possible to raise F, by presenting evidence
that biases in abundance, stock structure, growth rate,
and kills are unlikely or very small. Setting F, = 1.0 al-
lows no room for bias in any of these factors.

The simplicity of the management model may trouble
ecologists who are used to models of ecosystems. The
number of parameters needing estimation for an ecosys-
tem model make such models unlikely to be useful as di-
rect management tools. Indeed, the first 20 years of man-
agement under the MMPA failed because of the inability
to estimate parameters for a fairly simple model. Although
the marine mammal management model is simple, it
seems to gather the baseline data for all species and affect
management of some fisheries interaction problems.
There are also marine mammal populations experiencing
declines that cannot be explained by incidental fisheries
kills, such as the ongoing decline of Steller sea lions
(Eumatopias jubatus). More complex biological models
will continue to help us understand the causes for these
declines and may eventually result in modifications to the
management model to address such factors as reduced
growth rate caused by competition for fish with humans.
In the meantime, we have a working management
scheme that addresses one major risk factor for marine
mammals: direct human-caused mortality.

Many other terrestrial and marine species are also at
risk from direct human-caused mortality. For such spe-
cies, a simple management model such as the PBR
scheme, may allow adequate management despite many
uncertainties about a particular species. At a minimum,
managers must have estimates of abundance (and its
precision) and of human-caused mortality. It is impos-
tant for managers to realize that successful management
of human-caused mortality must be based on these data
at a minimum. It is remarkable how few long-term pro-
grams are in place to monitor abundance, yet it is diffi-
cult to imagine a more essential piece of information for
good management. It is also important for research to be
dedicated to estimating human-caused mortality because
history has clearly demonstrated the inadequacy of rely-
ing on reports generated by the potentially affected re-
source users. Carefully chosen defaults can be used for
parameters concerning maximum population growth
rate and population structure. The PBR scheme required
setting quantitative management objectives and has
yielded a clear measure of performance: PBR versus the
estimated kill. Reducing human-caused mortality to lev-
els below PBR also gives the concerned parties a clear
goal around which to organize both further research and
conservation actions.

Indirect and direct human-caused mortality pose the
greatest risks to marine species, and we have directed
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our management efforts accordingly. Habitat loss may
pose greater risks for the management of terrestrial spe-
cies. Although the problems may differ, the following
general lessons from our marine experience apply: (1)
models must be based on parameters that are easily esti-
mated; (2) uncertainty should be directly incorporated
not only so management can proceed despite uncer-
tainty but so that management is more conservative the
greater the uncertainty; and (3) management objectives
should be quantitatively defined as performance criteria
to both separate science from policy and allow the man-
agement models to be tuned by means of simulations.
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Preface

Biologically significant is an easy modifier to insert into many
descriptors, from habitat designations to pharmacological reactions. It has
the attributes of a perfectly reasonable modifier. After all, who would object
to putting a limit on the great panoply of varied habitats or potential
responses encountered in nature? However, when one attempts to distin-
guish between biologically significant and biologically not significant, the
first question is, To whom? The initial choice of range—from habitat to
pharmacology—implies the breadth with which this modifier has been
used. Biologically significant changes at the habitat level imply alterations
in the composition of species that use a habitat. Biologically significant
changes at the pharmacological level imply organism changes. Intermediate
between those levels are the population (or stock in marine mammal man-
agement terms) and the species.

The most basic goal of the Marine Mammal Protection Act (MMPA)
(16 U.S.C. 1361) is to maintain marine mammals as a “significant
functioning element in the ecosystem of which they are a part.” The MMPA
translates that ecosystem goal to the population level by aiming to ensure
that marine mammal stocks do not fall below or are restored to their optimal
sustainable population sizes. Although the main goals of the MMPA are
defined at the ecosystem and population levels, its primary focus of regula-
tion is at the level of the individual. When the MMPA was enacted, marine
mammal populations were threatened by hunting and by deaths resulting

ix
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from becoming entangled in nets or otherwise killed in fisheries. The
primary regulatory mechanism in the MMPA was a prohibition of the
taking of marine mammals; where “take” means to harass, hunt, capture, or
kill or attempt to harass, hunt, capture, or kill any marine mammal. The
prohibition of taking has reduced the death and injury of marine mammals
enough that today many important threats involve habitat degradation and
the cumulative effects of harassment. Although harassment is included as a
prohibited taking in the MMPA, this prohibition has proved ill suited for
protecting marine mammal habitat and regulating cumulative effects.

One approach for protecting marine mammals might be to monitor
their populations and initiate protective measures for populations in
decline. However, we cannot estimate trends precisely for most marine
mammal populations, and by the time a decline is detected, it may be too
late. In addition, we also need methods to determine which human activi-
ties or natural phenomena are causing population declines or inhibiting
population recovery. Many effects of human activities on individual marine
mammals occur on a time scale of seconds to years, effects on populations
on a scale of years to generations, and effects on ecosystems on a scale of
generations to centuries. This report focuses on changes at the population
level, but what can be observed are the much faster changes in the behavior
and physiology of individuals. The basic goal of this report is to explore the
scientific challenge of using short-term observations at the level of indi-
viduals to predict effects on populations. Such a predictive model would
serve two functions: identifying when the cumulative sum of human effects
poses a risk to a population and identifying the activities that pose the
greatest risk.

What little we know about behavioral responses of marine mammals
to anthropogenic noise highlights the importance of context, including the
demographic status of the animals receiving the sound; the characteristics,
location, and movement of the sound source; and the location of the
animals. The history of the animals is also important: prior exposure to the
sound could have resulted in habituation or sensitization. Context includes
population status and ecosystem changes; responses that would be insig-
nificant in a population near its carrying capacity can become significant in
populations that are depleted or that are encountering multiple stressors,
such as El Nifio.

Our glimpses into the lives of marine mammals are so short that it is
difficult to determine whether the small part of a behavioral reaction we
usually can observe is biologically significant. In contrast with Supreme
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Court Justice Potter Stewart’s statement with respect to pornography, “I
know it when I see it” (Jacobellis v. Ohio, 378 U.S. 184, 197 [1964]), the
problem in determining the biological significance of marine mammal
responses is that often we do 7ot know them when we see them. Marine
mammals are so hard to observe that we may never see serious problems
without studies that are targeted to understand their normal behavior and
physiology in the wild. A basic tenet of responsible management and con-
servation is the need to balance the risks posed by overregulation and those
posed by underregulation; the latter carry more weight in conditions of
greater uncertainty. The depth of our uncertainty in these issues can make
it difficult to calibrate the proper extent of precaution.

A reader who expects this volume to provide a “Eureka” moment of
insight into the biological significance of marine mammal responses to noise
will be disappointed. That should not come as a surprise. Biological signifi-
cance has not been well defined in many animal groups that are much more
amenable to observation than marine mammals and on which much more
data are available. The last few decades have seen a rapid increase in studies
of the responses of marine mammals to noise, and there is growing evi-
dence that some sounds play a role in lethal strandings of deep-diving
beaked whales, but there is not one case in which data can be integrated
into models to demonstrate that noise is causing adverse affects on a marine
mammal population. In the case of strandings, the primary data gaps are in
our ignorance of the population size and status of beaked whales, and our
uncertainty about the number of animals killed or injured. For most other
noise effects, the primary source of uncertainty stems from our difficulty in
determining the effects of behavioral or physiological changes on an indi-
vidual animal’s ability to survive, grow, and reproduce.

This report contains a conceptual model designed to serve as a roadmap
for developing a predictive model that will relate behavioral responses
caused by anthropogenic sound to biologically significant, population-level
consequences. It identifies the extent of current knowledge and data gaps in
each component of the proposed conceptual model to show where research
is most needed. In addition to pointing toward a decade-long research
agenda for the predictive model, the report suggests management alterna-
tives for the short term and the intermediate term. It also recommends
changes in the regulatory structure to include effects of sound on marine
mammals within the broader management structure now used exclusively
for fisheries. The goal is a common metric for the impact of all human
activities on marine mammals and consistent regulation of that impact.
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xii

Although a model for predicting the biological significance of different
effects cannot be created today, this report offers an approach that can be
implemented now to identify, within specified limits, when the responses
of marine mammals to anthropogenic noise do not rise to the level of bio-
logical significance. The first step in dealing with an apparently intractable
problem is to bound it, and this report describes a method for doing that.
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Executive Summary

The transition from wind-driven to mechanized shipping became the
first step in what was to be a continued increase in the introduction of
sound into the oceans. The oceans are much less transparent to light than
to sound; as a result, many marine species use sound rather than light to
navigate and communicate. Over the last 40 million years, marine
mammals have evolved specializations for using underwater sound. The
initial introduction of the propulsion sound of ships was unintentional,
but engineers and scientists have also learned, with the development of
sonar, how to use sound intentionally for underwater communication,
navigation, and research. At some point as humans introduce more sound
into the oceans, the conflict with evolutionarily-adapted marine mammal
sound-sensing systems seems inevitable. Attention has been drawn to this
issue through a series of marine mammal strandings, lawsuits, legislative
hearings, and National Research Council (NRC) reports (1993, 2000, and
2003b) and, most recently, the draft report of the US Commission on
Ocean Policy (2004).

Two earlier National Research Council reports (1994, 2000), while
addressing biological issues of marine mammals and noise, also made
recommendations that affected federal legislation and its implementation.
The first was issued in 1994 in response to the feasibility test of a proposal
to track global warming by monitoring the speed of an acoustic signal across
an ocean basin (Munk et al., 1994). The feasibility test was to have set the
stage for the full Acoustic Thermometry of the Ocean Climate (ATOC)

1
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experiment, but because of concerns over possible effects on marine
mammals only a limited deployment of ATOC was attempted. The 1994
report recommended that there be legislative distinction between different
types of “taking” and that the regulatory agencies streamline the permitting
process for activities that did not kill or capture marine mammals. Addi-
tional streamlining was recommended for nonlethal activities that have
negligible effects. The 2000 National Research Council report reviewed the
marine mammal research program that was a component of the limited
ATOC deployment. In Marine Mammals and Low-frequency Sound: Progress
Since 1994, the committee noted that the 1994 amendments to the Marine
Mammal Protection Act (MMPA) addressed some of the issues raised in
the 1994 NRC report. The 1994 amendments introduced two levels of
takes by harassment under the MMPA—Ievel A and level B harassment.
Level A harassment was defined in the 1994 amendments as “any act of
pursuit, torment, or annoyance which has the potential to injure a marine
mammal or marine mammal stock in the wild.” Level B harassment was
defined as “any act of pursuit, torment, or annoyance which has the poten-
tial to disturb a marine mammal or marine mammal stock in the wild by
causing disruption of behavioral patterns including, but not limited to,
migration, breathing, nursing, breeding, feeding, or sheltering.” However,
the 2000 National Research Council report emphasized the importance of
a criterion for significance of disruption of behavior (pg. 68):

It does not make sense to regulate minor changes in behavior having no
adverse impact; rather, regulations must focus on significant disruption of
behaviors critical to survival and reproduction.

The report (pg. 69) recommended redefining level B harassment as any act
that

has the potential to disturb a marine mammal or marine mammal stock in
the wild by causing meaningful disruption of biologically significant activities,
including but not limited to, migration, breeding, care of young, predator
avoidance or defense, and feeding.

Since the report was issued, the term biologically significant has been used in
discussions of the 2003-2004 reauthorization of the MMPA (House Report
108-464). The US National Marine Fisheries Service (now National
Oceanic and Atmospheric Administration [NOAA] Fisheries) has also used
the term in decisions to grant incidental harassment authorizations. Scien-
tific investigation and description of what would constitute “biologically
significant” have not been pursued in a comprehensive manner.
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The charge to the present National Research Council committee
(Box ES-1) was to clarify the term biologically significant. In the broadest
sense, it is a straightforward charge. An action or activity becomes biologi-
cally significant to an individual animal when it affects the ability of the
animal to grow, survive, and reproduce. Those are the effects on individuals
that can have population-level consequences and affect the viability of the
species. However, those effects are separated in time and usually in space
from the precipitating event. What can be observed, with difficulty in the
case of marine mammals, are the direct behavioral and in some cases physi-
ological responses of individual animals.

It was recognized that the definition of level B harassment proposed in
the 2000 report introduced two kinds of biological significance: one with
respect to animal activities, stated directly, and the other implied in the
“meaningful disturbance” of those activities. On reflection, it became clear
that wild animals rarely engage in activities that are not biologically signifi-
cant (even play is not frivolous [Bekoff and Byers, 1998]), so the primary

BOX ES-1
Statement of Task

In its 2000 report, Marine Mammals and Low-frequency Sound,
the National Research Council recommended that the Marine
Mammal Protection Act definition of “Level B harassment should be
limited to meaningful disruption of biologically significant activities
that could affect demographically important variables such as
reproduction and longevity.” Recognizing that the term “biologically
significant” is increasingly used in resource management and
conservation plans, this study will further describe the scientific
basis of the term in the context of marine mammal conservation
and management related to ocean noise. Based on input from a
scientific workshop, consideration of the relevant literature, and
other sources, the committee will produce a brief report that reviews
and characterizes the current scientific understanding of when ani-
mal behavior modifications induced by transient and non-transient
ocean acoustic sources, individually or cumulatively, affect indi-
viduals in ways that have negative consequences for populations.
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concern should be with determining when human activity elicits behav-
ioral or physiological responses in marine mammals that rise to the level of
biological significance.

Changes in behavior that lead to alterations in foraging efficiency,
habitat abandonment, declines in reproduction, increases in infant mortality,
and so on are difficult to demonstrate in terrestrial animals, including
humans, and are much more difficult to demonstrate in animals that may
only rarely be observed in their natural environment.

A CONCEPTUAL MODEL TO ADDRESS POPULATION
CONSEQUENCES OF ACOUSTIC DISTURBANCE

A conceptual model is proposed that identifies the different stages
required to move from marine mammal behavior to a determination of
population effects of behavioral change. The model first characterizes an
acoustic signal, the resulting behavioral change, and a determination of the
“life function” or activity affected. It then describes the resulting change in
vital rate, such as life span, and finally suggests population effects—effects
on following generations. “Transfer functions” connect the variables. A
transfer function is essentially a relationship that allows one to estimate, for
example, how a change in migration route leads to a reduction in reproduc-
tive success. It was quickly recognized that the high-priority research iden-
tified in the earlier National Research Council reports (1994, 2000, 2003b)
is essential for building the first stages of the model.

RECOMMENDATION 1: The high-priority research identi-
fied by the National Research Council (1994, 2000, 2003b)
should be completed. That research is essential for the model
proposed in this report.

Through discussions before and during the public workshop held at
the National Academies in March 2004, a consensus was reached that the
proposed conceptual model includes the components needed to develop a
predictive model to determine the biological significance of behavioral
change. However, there was also a consensus that we are a decade or more
away from having the data and understanding of the transfer functions
needed to turn such a conceptual model into a functional, implementable
tool.
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RECOMMENDATION 2: A conceptual model, such as that
described in this report, should be developed more fully to
help to assess impacts of acoustic disturbance on marine
mammal populations. Development of such a model will allow
sensitivity analysis that can be used to focus, stimulate, and
direct research on appropriate transfer functions.

To enhance such a model and progress toward determining population
effects of acoustic disturbance, all available sources of data on marine
mammal behavior and reactions to noise will need to be accessed. In addi-
tion to results of normal scientific studies, a veritable wealth of data on
marine mammals is collected in compliance with federal regulatory require-
ments, but those data are not being accessed or used beyond the original
intent of their collection (such as for permit issuance). A data-coordination
effort could provide substantial benefits and improve our knowledge of
marine mammal distribution, critical habitats, behaviors, population esti-
mates, and other items essential for the modeling effort. Although data
coordination would be difficult to implement, over the long term the value
added by improving the organization and accessibility of data collected for
these purposes would provide an efficient means of extracting invaluable
information, at relatively small additional cost, for improving understand-
ing and management. Such leveraging of diverse data collection efforts
would represent an efficient use of resources and public funding. For
example, the UK Joint Natural Conservation Committee has summarized
sighting data from commercial seismic surveys, which help in evaluating

avoidance responses (Stone, 2001, 2003).

RECOMMENDATION 3: To assist in the development of the
conceptual model, a centralized database of marine mammal
sightings and their responses to anthropogenic sound in the
ocean should be developed and should include

* Published peer-reviewed papers in the scientific literature.

* Government technical reports.

* Data submitted to NOAA Fisheries and the US Fish and
Wildlife Service in permit applications.

* Data submitted by industry to the Minerals Management
Service for regulating off-shore hydrocarbon exploration
and production.
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e All relevant data accumulated by all federal agencies in the
course of their research and operational activities, includ-
ing monitoring.

To facilitate the integration of data from the various sources,
federal agencies need to develop standardized data-reporting
formats. Survey data should include locations where marine
mammals were detected and the track lines when personnel
were monitoring for marine mammals, regardless of whether
any were sighted. All data entered into such an integrated
database must be coded as to quality, and peer-reviewed data
and interpretations should be rated highest.

The biological significance of the behavioral response of an animal to
an acoustic stimulus is modulated by many seasonal and environmental
factors. For example, the lengthening of a foraging trip from a rookery that
would be of no particular significance during a normal year could rise to
the level of biological significance during an El Nifio year. Allostasis, the
maintenance of an animal’s physiological stability in spite of change, is a
useful way to conceptualize the integration of short-term and cumulative
stress and thereby to determine the possible additional effects of anthropo-
genic noise on marine mammals. Although data for marine mammals are
lacking, serum hormone concentrations have been shown to be good
measures of stress in terrestrial animals. For animals in which blood
sampling is impractical, fecal sampling has been used successfully and is
now being applied to some marine mammals. Preliminary studies measur-
ing glucocorticoids in hair samples and enhanced synthesis of RNA coding
for stress-induced proteins in skin samples merit further development.
Measures of stress may provide critical information on marine mammal
physiological status and change in response to disturbance by acoustic and
other stimuli.

Correlational observations of behavioral responses to noise and other
stressors have indicated general trends in such responses and in some cases
have highlighted subjects of concern. To calibrate an animal’s response to a
stimulus as required for a predictive model, correlational observations must
be replaced with controlled-exposure, dose-response experiments. Such an
approach allows researchers to go beyond observational study and deter-
mine statistically the likelihood of a particular reaction to a given acoustic
stimulus. In marine mammals, such experiments are only beginning to be
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conducted. There is a potential for collecting both behavioral and physi-
ological data during controlled-exposure experiments. The resulting data
will be essential for integrating behavior and physiology in models of the
population consequences of acoustic disturbance.

Additional development of data-logging technology is necessary for
support of controlled-exposure experiments. Data-logging packages should
be modified to incorporate blood sampling during controlled-exposure
experiments. Initial studies on Weddell seals (Leptonychotes weddelliz) would
be particularly useful in as much as research on their blood chemistry dur-
ing free dives has already been conducted (Hill, 1986). Eventually the pack-
ages would benefit from new less-invasive methods for collecting blood and
conducting “on-board” blood-chemistry analysis to record responses of ani-
mals in situations less unusual than that of the Weddell seal—a situation in
which the animal can be handled before and after tagging.

RECOMMENDATION 4: The use of glucocorticoid and other
serum hormone concentrations to assess stress should be
developed, validated, and calibrated for various marine mam-
mal species and age-sex classes and conditions. Dose-Response
curves for those indicators as a function of sound characteristics
need to be established. Development of a sampling package
that could take blood samples on a controlled basis and stabi-
lize hormones for later analysis or process samples “on-board”
for corticosteroids at various stages of a CEE would be invalu-
able for determining the stress that the sound is producing.
The use of fecal sampling to measure condition or stress needs
to be investigated further and developed. Research efforts
should seek to determine whether reliable long-term stress
indicators exist and, if so, whether they can be used to differ-
entiate between noise-induced stress and other sources of stress

in representative marine mammal species (this recommenda-
tion was also made in NRC, 2003b).

Although the full predictive model of the path from acoustic stimulus
to population effect is unattainable in the near term, various modeling
techniques can enhance our understanding of the components of the larger
model. One approach involves demographic models in which age- or stage-
specific developmental, behavioral, or physiological characteristics of
individuals are used to explore changes in population dynamics (Caswell,
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2001). Another approach involves individual-based models that can be used
to infer population responses by tracing the life history of individuals. For a
number of nonmarine mammal species, individual-based models include
physiology and behavior; such models have provided insight into how eco-
logical change and human disturbance have altered demographic variables.
Although a thorough, detailed model is not now possible for any marine
mammal species, this approach can be used to provide preliminary under-
standing and to identify the most crucial gaps in available data.

Qualitative or categorical modeling that characterizes the strength of
links between stimulus and response, response and function, and function
and demography on a simple low-medium-high basis can be useful. A
focused effort is needed on a modeling exercise that should include quanti-
tative demographic models, individual-based models, and qualitative
categorical models. Such an effort should start with, and be calibrated
against, expert opinion. The effort should

* DProbe how successtully current knowledge could be applied.

¢ Identify crucial gaps in our knowledge.

* Encourage and provide structure for interdisciplinary synthesis.

* Require that all modeling efforts be explicit about uncertainty and
the consequences of uncertainty.

* Require that all models clearly state their limited purpose and
evaluate both their strengths and their shortcomings.

*  Assess the risk for the species being modeled if the model is to be
used for management decisions.

Exploratory models could help to bridge the gap between changes in
the physiology and behavior of individuals in response to sound and demo-
graphic effects at the population level. Demographic models might be used
in an exploratory way to help to bound the problem and establish thresh-
olds for different species. Individual-based models may provide a method
for exploring the consequences of changes in individual behavior and social
interactions. Those modeling approaches could be used, individually or in
combination, to provide greater understanding of the problem, look for
important thresholds, speculate on the likely outcome of hypothesized
changes, and develop a conceptual framework for formulating manage-
ment guidelines.
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RECOMMENDATION 5: Several marine mammal species for
which there are good long-term demographic and behavioral
data on individuals should be selected as targets of an inten-
sive exploratory modeling effort that would develop a series of
individual-based models and stage- or age-structured demo-
graphic models for the species as appropriate. NOAA Fisheries
should bring together an independent, interdisciplinary panel
of modelers and relevant empirical scientists that would meet
periodically to pursue the modeling effort collaboratively in
an iterative and adaptive manner with the long-term goal of
developing tools to support informed, practical decision-

making.

As noted, the full predictive model is at least a decade away from com-
ing to fruition, and the management requirements involved in addressing
concerns over ocean-noise effects on marine mammals are extremely press-
ing. Efforts are under way to address the long-term goal of producing the
predictive model outlined here, but an interim plan is needed. One strategy
is to implement a management regimen that uses available data, agreed
upon management goals, and a conservative approach to the insufficiencies
of the available data. The regimen should encourage data acquisition to
reduce uncertainty. The NOAA Fisheries Potential Biological Removal
(PBR) model is such an example.

RECOMMENDATION 6: A practical process should be
developed to help in assessing the likelihood that specific
acoustic sources will have adverse effects on a marine mammal
population by disrupting normal behavioral patterns. Such a
process should have characteristics similar to the Potential
Biological Removal model, including

* Accuracy,

* Encouragement of precautionary management—that is
more conservative (smaller removal allowed)—when there
is greater uncertainty in the potential population effects of
induced behavioral changes,

* Being readily understandable and defensible to the public,
legal staff, and Congress,
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* An iterative process that will improve risk estimates as data
improve,

* Ability to evaluate camulative impacts of multiple low-level
effects, and

e Construction from a small number of parameters that are
easy to estimate.

The PBR model has the potential for being applied more widely than
it is now. So far, for most species it has incorporated only direct fishery
mortalities and serious injuries in the determination of biological removal.
Indirect fishery mortalities, nonfishery mortalities, and mortality equiva-
lents for injury and disruption need to be added to the biological removal
in the model to encompass the multitude of effects, including acoustic
effects, of human activities on marine mammal populations.

RECOMMENDATION 7: Improvements to PBR are needed
to reflect total mortality losses and other cumulative impacts
more accurately:

* NOAA Fisheries should devise a revised PBR in which all
sources of mortality and serious injury can be authorized,
monitored, regulated, and reported in much the same
manner as is currently done by commercial fisheries under
Section 118 of the MMPA.

* NOAA Fisheries should expand the PBR model to include
injury and behavioral disturbance with appropriate weight-
ing factors for severity of injury or significance of behav-

ioral response (cf. NRC, 1994, pg. 35).

Current knowledge is insufficient to predict which behavioral responses
to anthropogenic sounds will result in significant population consequences
for marine mammals. The predictive model and even the proposed revisions
to PBR will take years to implement. In the interim, those who introduce
sound into the marine environment and those who have responsibility for
regulating sound sources need a system whereby reasonable criteria can be
set to determine whether a particular sound source will have a non-
significant effect on marine mammal populations. Collectively, there is
sufficient expert knowledge and there are extensive databases to establish
such a system and to set the criteria conservatively enough for there to be
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broad agreement on the nonsignificant effect criterion. An example of a
preliminary application of the approach is the impact-likelihood risk-

evaluation matrices developed for typical acoustic equipment used on
research vessels in the Antarctic (SCAR, 2004).

RECOMMENDATION 8: An intelligent-decision system
should be developed to determine a de minimis standard for
allowing proposed sound-related activities. An expert-opinion
panel should be constituted to populate the proposed system
with as many decision points as current information and
expert opinion allow. The system should be systematically
reviewed and updated regularly.

The goal of this report is to provide a method for clarification of the
concept of biologically significant disturbance. The recommendations made
here are intended to provide both a long-term, well-supported, and valid
solution and a near-term problem-solving strategy to assist resource
managers in coping with this difficult and complex issue.
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Introduction

DEFINING THE PROBLEM

Throughout human history, the oceans have been important for trans-
portation and commerce, for their biological and physical resources, and
for defense. The vast expanse of the oceans precluded significant human
impact until the coming of the industrial revolution when the transition
from wind-driven to mechanized shipping became the first step in what
was to be a continued increase in the unintentional and then—with the
development of sonar—intentional introduction of sound into the oceans.
Because of the low loss characteristic of sound transmission compared with
light transmission, the use of sound had developed evolutionarily as the
predominant long-range sensory modality for marine mammals. As
engineers and scientists learned to appreciate the properties of acoustic
propagation in the sea, they introduced sound sources to communicate and
to detect objects in the oceans or on or below the seafloor. At some point, as
humans use the oceans more and increase anthropogenic sound in the
oceans, the conflict with evolutionarily adapted marine animals’ sound-
sensing systems seems inevitable.

Over 90% of global trade uses the sea for transportation. Shipping is
the dominant source of sound in the world’s oceans in the range from 5 to
a few hundred Hertz. At other frequencies, anthropogenic sound does not
predominate in the ocean sound-energy budget, but it can have important
local effects (NRC, 2003b). Seismic air guns associated with geophysical
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exploration for locating new oil and gas deposits run hundreds of thou-
sands of miles of survey lines in the Gulf of Mexico alone each year.
Commercial sonar systems are on all but the smallest pleasure craft and
permit safer boating and shipping and more productive fishing. Military
sonar systems are important for national defense. Ocean noise from human
and natural sources can also originate in the air, as in sonic booms, light-
ning, and wind (NRC, 2003b).

The intentional and unintentional introduction of sound in the oceans
associated with activities beneficial to humans has known deleterious effects
on individual marine mammals. Mass strandings of beaked whales, defined
as strandings involving two or more animals other than female-calf pairs
(Geraci and Lounsbury, 1993), in some cases have clearly been associated
with the use of midrange tactical military sonar (D’Amico, 1998; Evans
and England, 2001; Jepson et al., 2003). Beluga whales (Delphinapterus
leucas) have strong and prolonged behavioral responses to icebreakers 50 km
away under some circumstances (LGL and Greeneridge, 1986; Cosens and
Dueck, 1988; Finley et al., 1990). Gray whales (Eschrichtius robustus) and
killer whales (Orcinus orca) have shown multiyear abandonment of critical
habitats in response to anthropogenic noise (Bryant et al., 1984; Morton
and Symonds, 2002). Although there are many documented, clearly dis-
cernible responses of marine mammals to anthropogenic sound, responses
are typically subtle, consisting of shorter surfacings, shorter dives, fewer
blows per surfacing, longer intervals between blows, ceasing or increasing
vocalizations, shortening or lengthening vocalizations, and changing fre-
quency or intensity of vocalizations. Some of those changes become statisti-
cally significant for a given exposure, such as increases in descent rate and
increases or decreases in ascent rate of northern elephant seals (Mirounga
angustriostris) in response to Acoustic Thermometry of the Ocean Climate
(ATOC) signals (Costa et al., 2003). But it remains unknown when and
how these changes translate into biologically significant effects—effects that
have repercussions for the animal beyond the time of disturbance, effects
on the animal’s ability to engage in essential activities, and effects that have
potential consequences at the population level.

The basic goal of marine mammal conservation is to prevent human
activities from harming marine mammal populations. The threat from com-
mercial whaling was obvious, but it is more difficult to estimate the
population consequences of activities that have less immediately dramatic
outcomes, such as those with indirect or small but persistent effects. The
life histories and habitat of marine mammals compound the difficulties.
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Marine mammals are long-lived and slow to mature. The young of many
species are dependent for long periods. They are highly social, have
behavioral plasticity, and have complex processes of behavioral develop-
ment. Many of their behaviors occur underwater, where they are difficult
to document, and that makes it particularly hard to estimate the effects of a
short-term exposure as they ripple through the lifetime of an individual or
as the effects on different individuals ripple through the population. Even
extreme effects, including death, are not necessarily observed.

With the exception of the beaked whale strandings, connections
between anthropogenic sound in the oceans and marine mammal deaths
have not been documented. In the presence of clear evidence of lethal inter-
actions between humans and marine mammals in association with fishing
and vessel collisions (Clapham et al., 1999; Laist et al., 2001), the absence
of such documentation has raised the question of the relative importance of
sound in the spectrum of anthropogenic effects on marine mammal popu-
lations. Anthropogenic ocean noise is thought not to be a factor in any of
the recent major declines in marine mammal populations, such as Steller
sea lions (Eumetopias jubatus; NRC, 2003a), harbor seals (Phoca vitulina
Pitcher, 1990), fur seals (York, 1987), and Aleutian Island sea otters
(Enhydra lutris; Doroff et al., 2003). No scientific studies have conclusively
demonstrated a link between exposure to sound and adverse effects on a
marine mammal population. These considerations have led to alternative
assessments of the effects of sound on marine mammals. On the one hand,
sound may represent only a second-order effect on the conservation of
marine mammal populations; on the other hand, what we have observed so
far may be only the first early warnings or “tip of the iceberg” with respect
to sound and marine mammals.

HISTORY OF NATIONAL RESEARCH COUNCIL REPORTS

The National Research Council has produced three reports on the
effects of noise on marine mammals, in 1994, 2000, and 2003. The pri-
mary goal of the first, Low-Frequency Sound and Marine Mammals: Current
Knowledge and Research Needs, was to address the specific issues raised by
the Heard Island Feasibility Test, which sought to “establish the limits of
usable, long-range acoustic transmissions” (Munk et al., 1994). The feasi-
bility test was preliminary to the ATOC experiment. The ATOC project
proposed to measure the speed of sound across ocean basins as a way to
monitor global climate change, and it required long-range transmissions of
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underwater sound regularly from several sites for decades. The 1994 report
recommended research with respect to low-frequency (1- to 1,000-Hz)
sound and marine mammals that was needed before a full deployment of
ATOC. The report also noted that regulation of marine mammal research
impeded exactly the type of research needed to determine if anthropogenic
noise is detrimental to the animals. The report included an entire chapter
on regulatory issues (NRC, 1994).

The Marine Mammal Protection Act (MMPA, 16 U.S.C. 1361-1401
et seq.) enacted in 1972 is the legal instrument of the US federal govern-
ment for protection of marine mammals. The 1994 National Research
Council report was concerned that the statutory term harassment, included
in the MMPA but undefined in regulation, was “being interpreted through
practice to include any action that results in an observable change in the
behavior of a marine mammal” (Swartz and Hofman, 1991). The report
pointed out (pg. 28) that

As researchers develop more sophisticated methods for measuring the
behavior and physiology of marine mammals in the field (e.g., via telemetry),
it is likely that detectable reactions, however minor and brief, will be docu-
mented at lower and lower received levels of human-made sound. . . . In that
case, subtle and brief reactions are likely to have no effect on the well-being of
marine mammal individuals or populations.

The report recommended that legislative distinctions be made between
different types of taking and that the regulatory agencies streamline the
permitting process for activities that do not kill or capture marine mammals.
Additional streamlining should be considered for nonlethal activities that
have negligible effects. Agencies were encouraged to regulate within the
context of total human impacts on marine mammals—including fisheries,
shipping, the oil and gas industry, and research activities—and to expend
their primary effort on activities with the greatest potential for harm.

The 2000 National Research Council report, Marine Mammals and
Low-frequency Sound: Progress Since 1994, noted that the 1994 amendments
to the MMPA addressed some of the issues raised in the 1994 report. The
1994 amendments introduced two levels of disturbance that are considered
regulated takings—Ilevel A and level B harassment. Level A harassment is
“any act of pursuit, torment, or annoyance which has the potential to in-
jure a marine mammal or marine mammal stock in the wild.” Level B
harassment is “any act of pursuit, torment, or annoyance which has the
potential to disturb a marine mammal or marine mammal stock in the wild
by causing disruption of behavioral patterns including, but not limited to,
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migration, breathing, nursing, breeding, feeding, or sheltering.” However,
the 2000 National Research Council report continued to emphasize the
importance of a criterion for significance of disruption of behavior (pg. 68):

It does not make sense to regulate minor changes in behavior having no
adverse impact; rather regulations must focus on significant disruption of
behaviors critical to survival and reproduction.

The report recommended a redefinition of level B harassment as any act

that (pg. 69)

has the potential to disturb a marine mammal or marine mammal stock in
the wild by causing meaningful disruption of biologically significant activities,
including but not limited to, migration, breeding, care of young, predator
avoidance or defense, and feeding.

Since the report was issued, the term biologically significant has been used in
discussions of the 2003-2004 reauthorization of the MMPA (House Report
108-464). The US National Marine Fisheries Service (now National
Oceanic and Atmospheric Administration [NOAA] Fisheries) has used the
term in decisions to grant incidental harassment authorizations, but scien-
tific investigation and description of what would constitute “biologically
significant” have not been pursued in a comprehensive manner.

The 2003 National Research Council report, Ocean Noise and Marine
Mammals, attempted to quantify the world ocean-noise budget between 1
and 200,000 Hz with particular attention to habitats that are important to
marine mammals (NRC, 2003b). The basic question it addressed was the
overall impact of human-made sound on the marine environment. The
somewhat unsatisfactory answer was that the overall impact is unknown
but there is cause for concern. It was noted that total energy contribution is
not the best currency to use in determining the potential impact of human-
made sound on marine organisms. The report offered a number of recom-
mendations; the overarching one was the need to understand better the
characteristics of ocean noise, particularly from human-made noise, and its
potential effects on marine life, especially effects that may have population
consequences.

Thus, each of the three previous National Research Council reports
has recommended research to resolve critical uncertainties about the ef-
fects of noise on marine mammals. All three highlighted the need for re-
search in behavioral ecology, auditory physiology and anatomy,
nonauditory effects of sound, effects of sound on prey of marine mam-
mals, and development of new techniques for measuring the effects of
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sound on marine mammals. The 2003 report also recommended research
on sources and modeling of ocean noise. Some of the recommendations
have led to research that has greatly reduced the data gap. For example, the
1994 and 2000 reports recommended experiments to determine acoustic
exposures that would lead to temporary shifts in the threshold of hearing
in marine mammals. In the last decade, several laboratories have conducted
such experiments (Kastak et al., 1999; Finneran et al., 2000, 2002;
Schlundt et al., 2000; Nachtigall et al., 2003, 2004), and there is much
less uncertainty in modeling the exposures that start to cause physiological
effects on hearing in the seal and small-toothed whale species that have
been tested. There has been partial progress on other recommendations.
For example, the 1994 report recommended the development of tags to
record physiological characteristics, behavior, location, and sound expo-
sure. In the last decade, tags have been developed to record all the features
recommended (Burgess, 2001; Johnson and Tyack, 2003) except physi-
ological measures. For many of the other research recommendations re-
search is being conducted, but progress has been slow enough to warrant
the establishment of a targeted research program.

The 2000 and 2003 National Research Council reports recommended
better coordination between federal regulatory agencies and science-funding
agencies to develop a multidisciplinary research program that would judge
the quality of proposals with peer review. There has been little progress on
those programmatic recommendations, and the present committee re-
emphasizes that progress in critical research requires that the federal govern-
ment develop and fund a dedicated multidisciplinary research program on
the subjects in question.

CALL FOR A NEW NATIONAL RESEARCH COUNCIL STUDY

The recommendations of the 2000 National Research Council report
have received great attention and been applied by regulators, legislators,
and permit applicants to describe level B harassment under the MMPA.
The vagaries associated with the term biologically significant behaviors and
what constitutes “meaningful” disruption of those behaviors have been
problematic. In light of the litigious and legislative environment of the
issue of the disturbance of marine mammals, several federal agencies
(including the Office of Naval Research, the National Science Foundation,
the Minerals Management Service, and NOAA), working through the
National Oceanographic Partnership Program, requested that the National
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Research Council undertake a study to clarify the meaning of the term used
in the 2000 report. Which possible effects have population consequences?
If we don’t know, how can we determine them? The agencies, recognizing
that effects will be biologically significant at individual and population
levels, requested guidance from the present committee in making those
determinations. At the individual level, the biological significance of an
effect must be judged by changes in the ability of an animal to grow, sur-
vive, and reproduce. The population effect involves the cumulative impact
on all individuals affected. The committee’s charge, developed with those
considerations in mind is shown in Box 1-1.

After discussion of and deliberation on the task statement, the com-
mittee recognized that the definition of level B harassment proposed in the
2000 report introduced two kinds of biological significance: one, with
respect to animal activities, stated directly, and the other implied in the
“meaningful disturbance” of those activities. On reflection, it became clear
that animals in the wild rarely spend substantial amounts of time engaging
in activities that are not biologically significant. Even seemingly frivolous

BOX 1-1
Statement of Task

In its 2000 report, Marine Mammals and Low-frequency Sound,
the National Research Council recommended that the Marine Mam-
mal Protection Act definition of “Level B harassment should be lim-
ited to meaningful disruption of biologically significant activities that
could affect demographically important variables such as reproduc-
tion and longevity.” Recognizing that the term “biologically signifi-
cant” is increasingly used in resource management and conserva-
tion plans, this study will further describe the scientific basis of the
term in the context of marine mammal conservation and manage-
ment related to ocean noise. Based on input from a scientific work-
shop, consideration of the relevant literature, and other sources,
the committee will produce a brief report that reviews and charac-
terizes the current scientific understanding of when animal behav-
ior modifications induced by transient and non-transient ocean
acoustic sources individually or cumulatively affect individuals in
ways that have negative consequences for populations.

BETTRIDGE 36 of 143 NMFS Ex. 24

Copyright © National Academy of Sciences. All rights reserved.

._Determining When Noise Causes Biologically Significant Effects


http://www.nap.edu/catalog/11147.html

._Determining When Noise Causes Biologically Significant Effects

20 MARINE MAMMAL POPULATIONS AND OCEAN NOISE

activities, such as play, can be biologically significant (Bekoff and Byers,
1998). Therefore, the primary concern should be with determining when
human activity elicits behavioral or physiological responses in marine
mammals that rise to the level of biological significance. Population conse-
quences of behavioral change result from the accumulation of responses of
individuals. In some cases, thousands of behavioral effects accumulated over
years may be necessary for any population consequences; in other cases, a
single instance of behavioral response may have the potential for popula-
tion consequences.

FINDING: As opposed to the definition of biologically significant
activities, whose disruption can constitute harassment, the crucial determi-
nation is of when behavioral or physiological responses result in deleterious
effects on the individual animals and the population.

The statement of task incorporates two issues that had been concerns
of earlier National Research Council reports. One is the difference between
statistically significant and biologically significant changes in behavior. As
more subtle behavioral changes become capable of being observed, it is
inevitable that exposure to noise will result in statistically significant changes
in one or more of the observed behaviors, but it is not equally certain that
the changes will have any biological significance either for the individual or
for the population.

The second issue is the linking of short-term behavioral changes to
possible consequences at the population level. How does one determine
whether an acoustic disturbance can, or does, result in a change in popula-
tion structure, distribution, or, ultimately, survival? In the absence of any
comprehensive model for relating acoustic disturbance to population
response with due consideration of all the intermediary steps and processes,
the committee developed a conceptual model that, when supplemented
with data, would facilitate the recognition of population effects of acoustic
disturbance. The model includes an indication of the current state of
knowledge and was designed to allow sensitivity analysis that can focus,
stimulate, and direct research.

To elaborate the model, identify deficiencies, and summarize current
understanding, the committee held a focused public workshop (Appendix C).
Workshop panel members were presented with the conceptual model,
named the Population Consequences of Acoustic Disturbance (PCAD)
model (Appendix D), described in Chapter 2, and asked to apply their
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expertise in such fields as epidemiology and population biology. Workshop
participants discussed the PCAD model—they related it to existing models,
identified weaknesses in it, provided an assessment of data available to
achieve its objectives, and evaluated the probability of achieving a predictive
model in the next decade, given the current understanding of the processes
linking behavior to vital rates and given the missing, but required, data.
Participants agreed that the model provided a good basis for encompassing
the components of the problem, defining needed data, and identifying the
research agenda for the next decade. The consensus of the participants,
both in their presentations and in breakout groups, was that the model
incorporated the necessary components to become a predictive model when
sufficient data became available. Workshop discussions of a number of
topics improved the information and depth of analysis incorporated in this
report, such as the examples of allostasis and the comparison of capital with
income pinniped breeders. The initial model did not include the assess-
ments of current knowledge of either the major categories of responses or
the transfer functions. Those functions were assigned by the committee
after the input of the workshop participants.

This report is the culmination of the workshop presentations, the
public dialogues that ensued, and the committee’s deliberations. The
participants in the workshop made it clear that current empirical data and
theoretical knowledge are insufficient to accomplish all the goals of the
committee. Therefore, this report offers recommendations intended to pro-
vide a roadmap for the development of a predictive model of the effects of
ocean noise on marine mammal populations and presents suggestions for
temporary measures for regulating the effects until a predictive model is
developed and tested.

FINDING: A conceptual model can assist in the understanding of acoustic
disturbance of marine mammals and possible effects on populations of
them. However, the paucity of data prevents such a model from having a
predictive role now.
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2

Current State of Knowledge of
Behavioral and Physiological Effects of

Noise on Marine Mammals

BEHAVIORAL RESPONSES TO ACOUSTIC STIMULI

Various approaches have been used to study behavioral responses of
marine mammals to acoustic exposure. Observational studies have been
used to correlate distributional or behavioral effects on uncontrolled human
activities. That approach is particularly suited to the large spatial or
temporal scales over which there may be consistent variation in human
activities. For example, Bryant et al. (1984) collated sighting data from
surveys of gray whales in one of their breeding lagoons. They reported
fewer gray whales sighted after a saltworks started dredging and shipping in
the lagoon. Gray whales apparently abandoned the lagoon during this
activity, and took several years to start using the lagoon again after the
saltworks ceased operating. Although long-term abandonment of critical
gray whale breeding habitat clearly reaches the threshold of biological sig-
nificance, it has not been demonstrated that it impeded the recovery of the
population. Morton and Symonds (2002) report a significant decline in
sightings of killer whales during a 5-year period when acoustic-harassment
devices were operated in an area of water about 10 km x 10 km in an
archipelago. The acoustic-harassment devices have a source level of about
194 dB re 1 uPa at Im and are designed to be loud enough to deter
pinnipeds from breaking into fish farms to feed, but they have unintended
consequences for inshore cetaceans. The exposures that caused an avoid-
ance reaction in the killer whales are not known—a common problem in
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correlational studies when precise relationships between acoustic stimuli
and behavioral responses are obscure.

Researchers have addressed concerns that marine mammals might
avoid intense sounds. Some census studies have towed hydrophones
through areas with commercial seismic surveys. Rankin (1999) and Norris,
et al. (2000) found no association between the signal-to-noise ratio of
seismic impulses from airgun arrays and sighting rates of cetaceans, but
they caution that their analysis was so crude that it was unable to detect
changes in distribution of less than 100 km. Their study exemplifies the
critical point that a reported lack of an effect must carefully specify the
statistical power of a study to detect specific effects. Other studies sighting
marine mammals closer to sound sources have found avoidance at several
hundred to thousands of meters (e.g., Goold, 1996). And some studies
have shown no displacements. Ringed seals (Phoca hispida) near an artificial-
island drilling site were monitored before and during development of the
site. Although in-air and underwater sound was audible to the seals for up
to 5 km, there was no change in their density in that area between breeding
seasons before and breeding seasons after development began (Moulton et
al., 2003).

The last few decades have seen the development of experiments
designed to study the causal relationship between exposure to sound and
behavior. As Tyack et al. (2004) discuss, these controlled-exposure experi-
ments (CEEs) are similar to playback experiments that are commonly used
to study animal communication. The primary difference is that CEEs care-
fully titrate the acoustic exposure required to elicit a specific behavioral
reaction. In few studies have responses of marine mammals been related to
levels of anthropogenic sounds. Playback of sounds associated with oil-
industry activities indicated a clear relationship between the received-sound
pressure level and the probability that migrating gray whales will deviate
from their migration path. For continuous sounds, about 50% of the whales
avoided exposure to about 120 dB rms re 1 uPa; for short impulses from
airguns (about 0.01 sec every 10 sec), 50% avoidance occurred at about
170 dB re 1 uPa (Malme et al., 1983, 1984; Tyack, 1998; airgun levels are
average pulse pressures). Tyack and Clark (1998) replicated the earlier
experiments of Malme and colleagues by using Surveillance Towed Array
Sensor System-Low Frequency Active (SURTASS-LFA) sonar sounds trans-
mitted for 42 sec every 6 min and found that course deflection occurred
when the received levels were about 140 dB rms re 1 uPa. Not only was
there a steady increase in avoidance with increasing received level of each
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stimulus type, but there also was a clear pattern in which higher levels were
required to achieve the same avoidance when signals were of shorter
duration and lower duty cycle. Similar relationships between temporary
threshold shift (T'TS) and duration of the sound have been shown in labo-
ratory studies (see below in the discussion of physiological effects).

Other CEEs have found a relationship between received level of sound
and probability of some responses and less relationship for others. In a
playback experiment involving the SURTASS-LFA sound and singing
humpback whales (Megaprera novaeangliae), Fristrup et al. (2003) analyzed
378 songs recorded before, during, and after playback. They found that the
songs of the humpback whales were longer when the playback was louder
(they could not determine received level at the whale). Miller et al. (2000)
followed 16 singers during 18 of the same playbacks. During 18 playbacks,
nine of the whales stopped singing. Of the nine, four stopped when they
joined with another whale (a normal baseline behavior), so, there were five
cessations of song potentially in response to the sonar (although whales
stop singing without joining even under baseline conditions). The received
levels measured next to the whales were 120-150 dB rms re 1 uPa, and
there was no relationship between received level and the probability of
cessation of singing. For six whales in which at least one complete song was
recorded during the playback, the songs were an average of 29% longer.
Miller et al. (2000) did not find a significant increase in song length with
received playback level, probably because their study was less powerful than
that of a larger sample analyzed in Fristrup et al. (2003). A similar CEE
with responses of right whales to three 2-min stimuli, 60% duty cycles, and
energy of 500-4,500 Hz showed no relation between probability or strength
of response and received level, which was 133-148 dB rms (Nowacek et al.,
2003), but this result is also limited by the small sample.

Both observational studies and CEEs demonstrate that behavioral con-
text can have a substantial effect on relationships of acoustic dosage to
behavioral response. For example, Tyack and Clark (1998) report that the
avoidance reaction found when the SURTASS-LFA sound source was
placed in the middle of the migration path apparently disappeared when
the sound source was placed just offshore of the main migration path, even
if the whales passed close to the source. On a larger scale, beluga whales in
the Canadian high arctic show intense and prolonged reactions to the pro-
pulsion sounds of icebreakers (Cosens and Dueck, 1988; Finley et al.,
1990), whereas beluga whales in Bristol Bay, Alaska, continued to feed
when surrounded by fishing vessels and resisted dispersal even when pur-
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posely harassed by motorboats (Fish and Vania, 1971). This context speci-
ficity of behavioral reactions to sound raises questions about the ecological
validity of extrapolating data from captive animals to the wild.

The behavioral responses of marine mammals to acoustic stimuli vary
widely, depending on the species, the context, the properties of the stimuli,
and prior exposure of the animals (Wartzok et al., 2004). Species variation
in auditory processing is so important that a distinction should certainly be
made between taxonomic groups that have widely different hearing and
sensitivity frequencies. For example, pinnipeds have lower maximal fre-
quency of hearing and maximal sensitivity of hearing than odontocetes
(toothed whales). They typically have a high-frequency cutoff in their
underwater hearing between 30 and 60 kHz, and maximal sensitivity of
about 60 dB re 1 uPa, and odontocetes have best frequency of hearing
between 80 and 150 kHz and maximum sensitivity between 40-50 dB.
Therefore, odontocetes can hear over a wider frequency range and have
keener hearing than pinnipeds, so they could potentially be affected by a
wider variety of sounds. Little is known about the frequency range of
hearing and sensitivity of some marine mammal taxa, such as baleen whales,
but several attempts have been made to divide marine mammals into func-
tional categories on the basis of hearing (e.g., Ketten, 1994).

As mentioned above, some of the variation in responses between species
or individuals may stem from differences in audition. Not only do different
species have different hearing capabilities but there is considerable variation
in hearing among conspecifics. One of the most predictable patterns in
mammals involves age-related hearing loss, which particularly affects high
frequencies and is more common in males than females (Willott et al., 2001).

Auditory processing is less likely than behavior to differ between cap-
tive and wild animals, and captive data on behavioral reactions closely
linked to audition may be relevant to other settings. For example, Schlundt
et al. (2000) noted disturbance reactions of captive bottlenose dolphins
(Tursiops truncatus) and beluga whales during TTS experiments. The
behavioral reactions involved avoidance of the source, refusal of participa-
tion in the test, aggressive threats, or attacks on the equipment. Finneran
and Schlundt (2004) showed that the probability of those reactions in-
creased with increasing received level from 160 to 200 dB rms re 1 uPa at
Im except for low-frequency (400-Hz) stimuli near the low-frequency
boundary of auditory sensitivity. The kinds of reactions observed and how
they scale with intense exposures near the level that provoked TTS suggest
that the signals were perceived as annoyingly loud.
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Some of the variation in responses to sound may stem from experi-
ence. There are several well-known mechanisms by which an animal
modifies its responses to a sound stimulus, depending upon reinforcement
correlated with exposure. The response of animals to an innocuous stimulus
often wanes after repeated exposure—a process called habituation. The
National Research Council (NRC, 1993) recommended studies on habitu-
ation of marine mammals to repeated human-made sounds. In one of few
experimental studies of habituation in marine mammals, Cox et al. (2001)
showed that porpoises tended to avoid at a distance of 208 m upon initial
exposure to a 10-kHz pinger with a source level of 132 dB peak to peak re
1 uPa at 1m. This avoidance distance dropped by 50% within 4 days, and
sightings within 125 m equaled control values within 10-11 days. The
pingers are used on nets to prevent porpoises from becoming entangled in
them, so evaluations of their effectiveness must take habituation into
account.

Kastelein et al. (1997) report that a captive harbor porpoise (Phocoena
phocoena) avoided exposure to high-frequency pingers with source levels of
103-117 dB rms re 1 uPa at 1m and received levels of 78-90 dB rms re
1 uPa. When exposed to a source with a level of 158 dB rms re 1 uPa at 1m,
the porpoise swam as far away as possible in the enclosure and made shallow
rapid dives. Those results combine with the results of Cox et al. (2001) to
suggest that porpoises react to sound at much lower levels than the captive
delphinids studied by Finneran and Schlundt (2004). However, the context
of the captive studies was quite different: the dolphins and belugas studied
by Finneran and Schlundt were being rewarded for submitting to exposure
to intense sounds, whereas the porpoise was not being rewarded for
remaining in the sound field.

If an animal in captivity or the wild is conditioned to associate a sound
with a food reward, it may become more tolerant of the sound and may
become sensitized and use the sound as a cue for foraging. Several large-
scale studies have shown that the distribution of feeding baleen whales
correlates with prey but not with loud sonar or industrial activities (Croll et
al., 2001); but the studies were unable to test for potentially more subtle
effects on feeding, such as reduced prey capture per unit effort and reduced
time engaged in feeding.

Some of the strongest reactions of marine mammals to human-
generated noise may occur when the sound happens to match their general
template for predator sounds. The risk-benefit relationship is very different
for predator defense and foraging. An animal may lose a meal if it fails to
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recognize a foraging opportunity, but it may die if it fails to detect predators.
Animals do not have the luxury of learning to detect predators through
experience with them. Deecke et al. (2002) showed that harbor seals re-
sponded strongly to playbacks of the calls of mammal-eating killer whales
and unfamiliar fish-eating killer whales but not to familiar calls of local
fish-eating killer whales. That suggests that, like birds studied with visual
models of predators (Schleidt, 1961a; 1961b), these animals inherit diffuse
templates for predators. They initially respond to any stimulus similar to
the predator template but learn through habituation to cease responding to
harmless variants of the general predator image.

It would make sense for animals to show strong reactions to novel
sounds that fit within the predator template, whatever the received level.
Indeed, the behavioral reactions of belugas to ice breaker noise match the
local Inuit description of their responses to killer whales, a dangerous preda-
tor. Some of those strong reactions to novel sounds, such as the responses of
diving right whales to an artificial alarm stimulus as reported by Nowacek
et al. (2003), might be expected to habituate if the stimuli are distinguish-
able from real predators and are not associated with aversive effects. In fact,
the only right whale subject not to respond was the last of six whales tested,
and it may have heard the stimulus up to five times before. Beluga whales
that fled icebreaker noise at received levels of 94-105 dB rms re 1 uPa
returned in 1-2 days to the area where received icebreaker noise was 120 dB
rms re 1 uPa (Finley et al., 1990). In contrast, Kastak and Schusterman
(1996) reported that a captive elephant seal not only did not habituate but
was sensitized to a broadband pulsed stimulus somewhat similar to killer
whale echolocation clicks even though nothing dangerous or aversive was
associated with the noise.

The low sound levels that stimulate intense responses of Arctic beluga
whales (Frost et al., 1984; LGL and Greeneridge, 1986; Cosens and Dueck,
1988) contrast sharply with the high levels required to evoke responses in
captive beluga whales (Finneran and Schlundt, 2004). This difference high-
lights that there are likely to be several kinds of response, depending on
whether the animal is captive and whether the noise resembles that of a
known predator. Annoyance responses may require levels of sound well
above levels that may stimulate strong antipredator responses. If animals in
the wild hear a sound that matches their auditory template for a predator,
they may avoid exposures to sound levels much lower than those required
to elicit the disturbance responses observed by Finneran and Schlundt
(2004). If learning can modify the predator template, as suggested by
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Deecke etal. (2002), it is essential to conduct studies of behavioral responses
of animals to human-made stimuli in habitats resembling those encoun-
tered by wild populations.

An important property of most anthropogenic sound is that high-
intensity levels are typically confined to the immediate location of the sound
source (an exception is high-intensity, low-frequency sound), so any effects
caused by exposure to high levels are reduced as animals move away from
the source. However, high-intensity low-frequency sound travels well
enough underwater that animals can detect signals at ranges of tens to
hundreds of kilometers from the source. If; as in the case of Arctic belugas
hearing icebreaker noise, exposure to low received levels can still trigger an
intense response, a few sources may affect a large fraction of a population.

Even in the absence of a strong response, low received levels of sound
can affect a large fraction of a population if the sound results in a masking
of normal stimuli. Marine mammals show exquisite adaptations to over-
come masking, but they may not be effective in the presence of pervasive
anthropogenic sounds (reviewed in NRC, 2003b; Wartzok et al., 2004).

PHYSIOLOGICAL RESPONSES TO ACOUSTIC STIMULI

Auditory Damage

Most discussions of physiological effects of noise have centered on the
auditory system. Audition has evolved for sensitivity to sound, so it is likely
to be the physiological system most sensitive to acoustic stimuli that are
within the frequency range of hearing. When the mammalian auditory
system is exposed to a high level of sounds for a specific duration, the hair
cells in the cochlea begin to fatigue and do not immediately return to their
normal shape. When the hair cells fatigue in that way, the animal’s hearing
becomes less sensitive. If the exposure is below some critical energy flux
density limit, the hair cells will eventually return to their normal shape; the
hearing loss will be temporary, and the effect is termed a temporary threshold
shift in hearing sensitivity, or TTS. If the sound exposure exceeds a higher
limit, the hair cells in the cochlea become permanently damaged and will
eventually die; the hearing loss will be permanent, and the effect is termed a
permanent threshold shift in sensitivity, or PTS. TTS and PTS limits vary
among individuals in a population, so they need to be characterized statisti-
cally. A relationship between the TTS limit and the PTS limit has been
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determined for laboratory animals; the appropriateness of extrapolating of
such a relationship to marine mammals is untested.

A major recommendation of the National Research Council 1994
report supported the development of TTS studies in marine mammals.
Since then, TTS experiments have been conducted in two species of
odontocetes (Tursiops truncatus and Delphinapterus leucas) with both be-
havioral and electrophysiological techniques (Finneran et al., 2000;
Schlundt et al., 2000; Nachtigall et al., 2003, 2004) and three species of
pinnipeds (Phoca vitulina, Zalophus californianus, and Mirounga
augustirostris) with behavioral techniques (Kastak et al., 1999; Finneran et
al., 2002). Those experiments were conducted at three centers for research
on marine mammals that have facilities to hold their own animals: the
Hawaii Institute of Marine Biology of the University of Hawaii, Long Ma-
rine Laboratory of the University of California, Santa Cruz, and the Space
and Naval Warfare Systems Center (SPAWAR) of the US Navy in San Di-
ego. The scientists at the Hawaii Institute of Marine Biology used continu-
ous random noise with a bandwidth slightly greater than 1 octave as the
fatiguing stimulus and both behavioral and electrophysiological techniques
to measure TTS in the bottlenose dolphin. The fatiguing stimulus had a
broadband received level of 179 dB rms re 1 uPa, which was about 99 dB
above the animal’s pure-tone threshold of 80 dB at the test-tone frequency
of 7.5 kHz (Nachtigall et al., 2003). Exposure to 50 min of the fatiguing
stimulus resulted in a TTS of 2-18 dB. Recovery from the TTS occurred
within 20 minutes after the cessation of the fatiguing stimulus. More re-
cent studies (Nachtigall et al., 2004) that used an auditory brainstem re-
sponse showed a TTS of 5-8 dB in response to 30 minutes of a 160-dB rms
re 1 uPa fatiguing stimulus. Although the intensity of the fatiguing stimu-
lus fell rapidly above 11 kHz, the greatest TTS was shown at 16 kHz. This
pattern of T'TS being more prominent at a frequency above the frequency
of the fatiguing stimulus matches results for humans (Ward, 1963). The
recovery occurred at 1.5 dB per doubling time with complete recovery
within 45 min. The 1.5 dB recovery per doubling time was also found for
recovery from the more intense 179 dB fatiguing stimulus used in the ear-
lier study (Nachtigall et al., 2003). Researchers at Long Marine Laboratory
used continuous random noise of 1-octave bandwidth as the fatiguing
stimulus and a behavioral technique to measure TTS in the harbor seal
(Phoca vitulina), California sea lion (Zalophus californianus), and elephant
seal (Mirounga augustirostris). They exposed the subjects to 20-22 min of
the fatiguing stimulus and found that it only had to be 60-75 dB above the
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hearing threshold to induce a TTS of 4-5 dB for test signals at frequencies
between 100 Hz and 2 kHz. Threshold measurements conducted 24 hours
after the cessation of the fatiguing stimulus indicated complete recovery
from the TTS (Kastak et al., 1999). Researchers at SPAWAR used impulse
sounds from a seismic watergun as the fatiguing stimulus and a behavioral
technique to measure the TTS (Finneran et al., 2002). The fatiguing stimu-
lus had a variable duration of about 1 ms, peak pressure of 160 kPa, a
sound pressure of 226 dB peak-to-peak re 1 uPaat 1m, and an energy flux
density of 186 dB re 1 uPa?, which produced a TTS of 7 and 6 dB at 0.4
and 30 kHz respectively in beluga whales but not at the other tested fre-
quency of 4 kHz. In dolphins, no TTS could be demonstrated at 0.4, 4 or
30 kHz in spite of raising the fatiguing stimulus to its maximum intensity
of 228 dB (Finneran et al., 2002). Each of these experiments used different
durations of fatiguing stimuli. When the sound pressure required to pro-
duce a TTS is plotted against the duration of the stimulus for all these
experiments, the result is a line with a slope of -3 dB per doubling of stimu-
lus duration, that is, a line showing that the TTS occurred at about an
equal energy in all cases tested to date.

Changes in hearing threshold, even TTSs, have the potential to affect
population vital rates through increased predation or decreased foraging
sources of individual animals that experience a T'TS as they use sound for
these tasks. A TTS also has the potential to decrease the range over which
socially significant communication takes place, for example, between
competing males, between males and females during mating season, and
between mothers and offspring. Unless a critical opportunity is available
only during a narrow time window, the potential effects on vital rates are
important only if exposures and any resulting TTS are prolonged. In spite
of the importance of sound for marine mammals, there is considerable
variability in hearing sensitivity within a species, and there is evidence of
age-related hearing loss.

Nonauditory Effects of Sound

Resonance Effects

A marine mammal has many airspaces and gas-filled tissues that could
theoretically be driven into resonance by impinging acoustic energy. The
lungs, air-filled sinuses that include those of the middle ears, and in the
intestines, where there can be small gas bubbles, are among the areas that
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may be susceptible to resonance induced by acoustic sources. However,
there were no published measurements of resonance in a marine mammal
until the work of Finneran (2003), who measured the resonance of the
lungs of a bottlenose dolphin and a beluga whale. Before Finneran’s work,
most studies of acoustic damage in marine mammals concentrated on the
effects of shock waves, including blast-related phenomena.

Finneran (2003) used a backscatter technique to measure the reso-
nance of the lungs of a 280-kg bottlenose dolphin and a 540-kg beluga
whale. He obtained resonance frequencies of 30 Hz for the larger white
whale and 36 Hz for the bottlenose dolphin. However, the resonance was
highly damped and far less intense than predicted by a free-standing bubble
model. The lungs experience a symmetric expansion and contraction when
ensonified. How intensely a structure resonates at its resonant frequency
can be quantified, and is represented by Q. The higher the Q, the more
resonant the structure. The Qvalues measured in marine mammals are low.
The Q of the lungs of the beluga whale was found to be 2.5, and of the
bottlenose dolphin 3.1. Those Q values suggest a broad resonance property
that is highly damped. Apparently, the tissue and other mass surrounding
the lungs dampen the susceptibility of the lungs and probably other struc-
tures to resonate intensely.

Although other gas-filled structures will resonate at different frequen-
cies, the probable low Q values, as in Finneran’s study, suggest that
resonance of air spaces is not likely to lead to detrimental physiological
effects on marine mammals. That was also the conclusion of a panel of
experts convened by National Oceanic and Atmospheric Administration
(NOAA) Fisheries (NOAA, 2002).

Rectified Diffusion

Rectified diffusion is a physical phenomenon that leads to the growth
of microscopic bubble nuclei in the presence of high-intensity sound. It has
been demonstrated only in laboratory preparations, but it is theoretically
possible that exposure to high-intensity sound could enhance bubble
growth in humans and marine mammals (Crum and Mao, 1996). Recti-
fied diffusion might be a possible mechanism of nonauditory acoustic
trauma in human divers and marine mammals, in that bubbles in tissue or
blood can lead to injury or death. Calculations by Crum and Mao (1996)
suggest that, given a modest degree of nitrogen (N,) supersaturation of
biological tissues (for example, between 100% and 200%), the growth of
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normally stabilized nuclei would be unlikely to occur at sound pressures
below 190 dB rms re 1 uPa. However, at sound pressures above 210 dB,
significant bubble growth could occur. As nitrogen supersaturation
increases, the exposure threshold of activation should decrease, and the
growth rate of bubbles should increase.

Houser et al. (2001) modeled the accumulation of N, in the muscle of
diving cetaceans on the basis of dive profiles of deep-diving odontocetes
and data on N, accumulation previously measured in the muscle of diving
bottlenose dolphins (Ridgway and Howard, 1979). The model necessarily
assumed that N, kinetics were the same between species and that lung
collapse occurred at 70 m—a prediction made by Ridgway and Howard for
bottlenose dolphins. The conclusions of the model were that slow deep-
diving cetaceans (diving beyond the depth of lung collapse), which had few
extended surface intervals, would accumulate the greatest amount of N, in
their tissues while diving. The slower the dive in water shallower than lung
collapse, the longer the time the animal experiences pressure that drives the
accumulation of gas in the tissues; short surface intervals between deep dives
would limit the time the animal has to clear accumulated N, from its body.

The magnitude of tissue N, supersaturation—and thus the possibility
of rectified diffusion—depends on dive behavior as described above.
Records of dive behavior of beaked whales—Cuvier’s beaked whale (Ziphius
cavirostris) and Blainville’s beaked whale (Mesoplodon densirostris)—pre-
sented at a recent workshop (Marine Mammal Commission, 2004) indicate
that these animals have long deep dives followed by a short surfacing and
than a series of shallow dives primarily within the region in which gas
exchange occurs in the lung. The short surfacings and the repeated “bounce”
dives near the surface could lead to high tissue N, pressure and the
possibility of bubble formation. Those are the predominant species of
beaked whales that have stranded in association with naval sonar activity,
although other beaked whale species have also been involved.

Evidence of deleterious bubble formation in diving cetaceans and the
putative causative mechanisms (acoustically and behaviorally mediated)
remain open to debate. Jepson et al. (2003) conducted necropsies of
stranded cetaceans and reported on signs of bubble-related injury, but their
interpretation has been challenged (Piantadosi and Thalmann, 2004). No
experimental evidence has been collected on the feasibility of the putative
mechanisms of bubble formation in breath-hold divers. More research is
needed to understand the role of rectified diffusion in marine mammals, but
our current understanding suggests that it would be relevant only for animals
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exposed to sound substantially above 180 dB re 1 uPa, which is already
considered by regulators to be a threshold for risk of other forms of injury.

PROGRESS ON EARLIER
NATIONAL RESEARCH COUNCIL RECOMMENDATIONS

Three previous National Research Council reports recommended
research to resolve critical uncertainties about the effects of noise on marine
mammals (1994, 2000, 2003b). All three highlight the need for research in
behavioral ecology, auditory physiology and anatomy, nonauditory effects
of sound, effects of sound on prey of marine mammals, and development
of new techniques. The 2003 report also recommended research on sources
and modeling of ocean noise. Some of the recommendations have led to
research that has greatly reduced the data gap. For example, the 1994 and
2000 reports recommended experiments to determine acoustic exposures
that would lead to temporary shifts in the threshold of hearing of marine
mammals. In the last decade, several laboratories have succeeded in con-
ducting the experiments; as a result, the uncertainty involved in modeling
the noise exposures that start to cause physiological effects on hearing has
been reduced.

Progress has also been made on the recommendation with respect to
development of new technology. For example, the 1994 report recom-
mended the development of tags to record physiology, behavior, location,
and sound exposure. In the last decade, tags have been developed to record
all but physiological characteristics (Johnson and Tyack, 2003).

For many of the other research recommendations, research is being
conducted, but progress has been slow enough over the last decade to argue
for the establishment of a targeted research program. The 2000 and 2003
reports recommended better coordination between federal regulatory
agencies and science-funding agencies to develop a multidisciplinary
research program. It was recommended that the research program operate
like that of the National Science Foundation and the Office of Naval
Research, issuing targeted requests for proposals and judging the quality of
proposals with peer review. Although some progress has been made, it is
worth reiterating that progress on critical research requires that the federal
government develop and fund a dedicated research program.
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How to Get from Acoustic Disturbance to
Population Effects

The committee developed a conceptual model, named the Population
Consequences of Acoustic Disturbance (PCAD) model as a framework to
break the overwhelmingly difficult task of tracing acoustic stimuli to popu-
lation effects into several manageable stages (Figure 3-1). The PCAD model
was created as a first attempt to trace acoustic disturbance through the life
history of a marine mammal and then to determine the consequences for
the population. The model also serves as a framework for identifying exist-
ing data and data gaps. The model was distributed to workshop partici-
pants (Appendix D) before the workshop, discussed during the workshop,
and, with the input of workshop participants, refined afterwards. The
model involves five levels of variables that are related by four transfer
functions. The first transfer function relates acoustic stimuli to behavioral
responses. The second expresses behavioral disruption in terms of effects on
critical life functions, such as feeding and breeding. The third integrates
these functional outcomes of responses over daily and seasonal cycles, to
link them to vital rates (see Figure 3-1) in life history. The fourth transfer
function relates changes in the vital rates of individuals to population
effects. Current data are insufficient to allow the PCAD model to serve as
more than a conceptual model, so the listing of data at the first three
levels—involving sound characteristics, behaviors, and life functions—is
exemplary rather than all-inclusive. The relationship between vital rates
and population effects is well defined, but the specification of relevant
population effects involves policy decisions as well as scientific judgments.
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The bottom entry in each data level presents an indicator of how readily
available or easily obtainable the critical data are.

Although it would be unrealistic to expect to acquire the data necessary
to run such a model for all species of marine mammals, it will be important
to model a representative sample of pinnipeds, baleen whales, and
odontocetes with different hearing ranges and hearing anatomies (Ketten,
1994). The recently discovered particular sensitivity of beaked whales to
mid-frequency tactical sonar (D’Amico, 1998; Evans and England, 2001;
Jepson et al., 2003) demonstrates the necessity for both care and compre-
hensiveness in the selection of representative species. The 2000 National
Research Council report provided a reasonable selection of species, sound
types, and behavioral responses that could be used in the PCAD model
(Box 3-1).

FINDING: Prior National Research Council reports (NRC, 1994, 2000,
2003b) identified high-priority subjects of research. The model proposed
here requires the data and understanding that will become available on the
fulfillment of the earlier National Research Council high-priority research
recommendations.

RECOMMENDATION 1: The high-priority research identi-
fied by the National Research Council (1994, 2000, 2003b)
should be completed. That research is essential for the model
proposed in this report.

FIGURE 3-1 The conceptual Population Consequences of Acoustic Disturbance
model describes several stages required to relate acoustic disturbance to effects on a
marine mammal population. Five groups of variables are of interest, and transfer func-
tions specify the relationships between the variables listed, for example, how sounds of a
given frequency affect the vocalization rate of a given species of marine mammal under
specified conditions. Each box lists variables with observable features (sound, behavior
change, life function affected, vital rates, and population effect). In most cases, the
causal mechanisms of responses are not known. For example, survival is included as one
of the life functions that could be affected to account for such situations as the beaked
whale strandings, in which it is generally agreed that exposure to sound leads to death.
The causal steps between reception of sound and death are by no means known or
agreed on, but the result is clear. The “+” signs at the bottoms of the boxes indicate how
well the variables can be measured. The indicators between boxes show how well the
“black box” nature of the transfer functions is understood; these indicators scale from
“+++” (well known and easily observed) to “0” (unknown).
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BOX 3-1
High-Priority Research for Whales and Seals
Recommended by National Research Council in 2000

To move beyond the requirement for extensive study of each
sound source and each area in which it may be operated (NRC
[2000] recommended that), a coordinated plan should be devel-
oped to explore how sound characteristics affect the responses of a
representative set of marine mammal species in several biological
contexts (e.g., feeding, migrating, and breeding). Research should
be focused on studies of representative species using standard
signal types, measuring a standard set of biological parameters,
based on hearing type (Ketten, 1994), taxonomic group, and
behavioral ecology (at least one species per group). This could
allow the development of mathematical models that predict the
levels and types of noise that pose a risk of injury or behavioral
disturbance to marine mammals. Such models could be used to
predict in multidimensional space where temporary threshold shift
(TTS) is likely (a “TTS potential region”) and TTS can be used as a
threshold of potential risk of injury to the auditory systems. This
coordinated plan can be used to set priorities for research required
to determine measures of behavioral disruption for different species
groups. Observations should include both trained (where possible)
and wild animals (with attention to ecological validity). The results
of such research could provide the necessary background for future
environmental impact statements, regulations, and permitting
processes.

Groupings of Species Estimated to Have Similar Sensitivity to
Sound. Research and observations should be conducted on at
least one species in each of the following seven groups:

1. Sperm whales (Physeter macrocephalus; not to include
other physterids)

2. Baleen whales

Beaked whales

Pygmy (Kogia breviceps) and dwarf sperm whales (Kogia

sima) and porpoises (high-frequency [greater than 100 kHz]

narrowband sonar signals)

How
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5. Delphinids (dolphins, white whales [Delphinapterus leucas],
narwhals [Monodon monoceros], killer whales)

6. Phocids (true seals) and walruses

7. Otariids (eared seals and sea lions)

Signal Type. Standardized analytic signals should be developed
for testing with individuals of the preceding seven species groups.
These signals should emulate the signals used for human activities
in the ocean, including impulse and continuous sources.

1. Impulse—airguns, explosions, sparkers, some types of sonar

2. Transient—frequency-modulated (low-frequency [LFA],
other sonars, animal sounds), amplitude-modulated (animal
sounds, ship passage), broadband (sonar)

3. Continuous—frequency-modulated, amplitude-modulated
(drilling rigs), broadband (ship noise)

Biological Parameters to Measure. When testing representative
species, several different biological parameters should be measured
as a basis for future regulations and individual permitting decisions.
These parameters include the following:

e Mortality

e TTS at signal frequency and other frequencies

e Injury—permanent threshold shifts

* Level B harassment

* Avoidance

* Masking (temporal and spectral)

e Absolute sensitivity

e Temporal integration function

* Nonauditory biological effects

e Biologically significant behaviors with the potential to
change demographic parameters such as mortality and
reproduction.

Modified from NRC (2000).
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All the transfer functions in the PCAD model may vary depending on
the season and the species, location, age, and sex of the animal. Other
external factors may also modulate the responses and effects. For example,
behavioral responses that would be insignificant in a normal year may be-
come biologically significant during an El Nifio year. Behavioral responses,
on individual and population scales, may differ between a stable popula-
tion near environmental carrying capacity and a severely depleted popula-
tion. Those types of modulations are considered in the model in two pri-
mary, but not exclusive, categories: time and energy budgets and
homeostasis and allostasis.

The first stages in the PCAD model are relatively clear. In general, the
characteristics of the sounds can be measured accurately. In some cases, the
behavioral responses of the animals can be measured as well. Although
mechanistic models that relate sounds to behavior are unavailable, such an
understanding is not essential for management use of this model if the
behavioral changes can be measured and predicted.

Dose-response studies are a good way to quantify the first transfer func-
tion, relationship of sounds to behavioral responses. For marine mammals,
data are available on only a few sounds and a few behaviors in a few species.
Observational and correlational studies can provide trend data, and expert-
opinion modeling can provide at least a “lookup” table to serve as a surro-
gate for this transfer function (Andelman et al., 2001). NOAA Fisheries has
convened a panel of acoustic experts to survey the literature on mammalian
hearing and the effects of noise and to draft noise-exposure criteria for five
functional hearing groups of marine mammals (low-, middle-, and high-
frequency cetaceans, pinnipeds in water, and pinnipeds in air) exposed to
four sound types (single and multiple pulses and nonpulses). The criteria
are based on individual sound-exposure events in which either the sound
pressure (rms or peak) or the energy flux density exceeds one of two impact
levels. The impact levels are tissue injury and behavioral disruption. Thus,
the full matrix has 80 threshold criteria—the product of five animal groups,
four sound types, two exposure metrics and two impact levels. The NOAA
Fisheries panel has presented some portions of the criteria but has yet to
complete a final draft. Some key elements of the criteria remain undeter-
mined, particularly with regard to behavioral disturbance.

The second stage of the PCAD model attempts to evaluate how
changes in behavior may affect life functions that are widely recognized as
critical to population dynamics. With the exception of direct impact on
life, the exact relationship of these functions to life-history characteristics is
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largely unknown. Furthermore, the impacts of sound on these functions
through behavior will be difficult to measure.

Time-scale integration is important in identifying impacts and deter-
mining relationships between changes in behavior patterns and resulting
changes in life functions. Because most marine mammals have a diurnal
cycle of activities, integration of short-term functional consequences over a
duration of at least 24 hours may be appropriate and could be studied by
using behavioral observations or electronic tagging methods. In addition,
however, most marine mammals also have strong seasonal variations in
behavior and physiology. As more data are accumulated, daily functional
consequences might be summed over each season in relation to the expected
duration of exposure to the specific sound of interest to evaluate daily and
seasonal effects in a particular species.

The final stages of the model relate changes in life functions in
individuals to impacts at the population level. There are at least two com-
ponents to these final stages. The first is the most difficult—relating changes
in life functions to changes in vital rates of individuals. If the link from life
functions to age-specific vital rates is known, changes in population
dynamics can be explored by using demographic analyses. Current demo-
graphic theory provides the capability to deal with vital rates not only on
the basis of age but also in terms of biologically defined stages that reflect
developmental, behavioral, or physiological properties of individuals.

A critical question is what population consequences should be identi-
fied as significant. The measure of population performance must integrate
survival and reproduction across the lifespan. It should have implications
for recovery, persistence, and extinction of populations. The most
thoroughly investigated index is the population growth rate (modified by
such adjectives as potential, intrinsic, and asymptotic). Demographic theory
provides tools that explicitly link changes in the life cycle to changes in
population growth rate. That makes demographic models a powerful tool
for placing bounds on likely effects, for exploring the quantitative implica-
tions of hypothesized interactions, and for synthesizing what is currently
known. Establishing acceptable population effects is a management ques-
tion that has already received a good deal of attention. One example used
for protecting marine mammals involves setting the potential number of
marine mammals that can be removed from the population without endan-
gering the population. The management criteria of this Potential Biological
Removal (PBR) model (Taylor et al., 2000; also see Chapter 4) are:
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* Healthy populations will remain above the optimal sustainable
population (OSP) numbers, as defined in the Marine Mammal Pro-
tection Act (MMPA), over the next 20 years.

* Recovering populations will reach OSP numbers after 100 years.

* The recovery of populations at high risk will not be delayed in reach-
ing OSP numbers by more than 10% beyond the predicted time if
there is no human-induced mortality.

The amount of information needed to map from sound to its popula-
tion consequences is truly enormous. The PCAD diagram should be
thought of not as the blueprint for an eventual universal model, but as a
framework that clarifies where different kinds of information fit in and
identifies processes that need study. Years of work will be required to
accumulate data and develop models for the transfer functions between
behavior and life functions, and between life functions and the vital rates.
This report is essentially a status report and a roadmap for this critical long-
term project of turning a conceptual model into a predictive model useful
for science-based management of marine mammals and their exposure to
sound. In the interim, techniques must be developed to use current infor-
mation more effectively in making science-based management decisions.
After discussion of the PCAD model, we propose (in Chapter 4) a means to
achieve better management over a shorter timeline.

FINDING: A conceptual model, such as the PCAD model, is useful for
clarifying the complex problem of acoustic-disturbance effects on marine
mammal populations. Such a model can be used as a framework for identi-
fying the cause-effect relationships necessary for determining consequences
of disturbances. Data to complete this exercise are lacking and must be
pursued from every available source.

RECOMMENDATION 2: A conceptual model, such as that
described in this report, should be developed more fully to
help to assess impacts of acoustic disturbance on marine
mammal populations. Development of such a model will allow
sensitivity analysis that can be used to focus, stimulate, and
direct research on appropriate transfer functions.

In addition to research studies designed to evaluate reactions of marine
mammals to noise, limited information is available from monitoring pro-

BETTRIDGE 59 of 143 NMFS Ex. 24

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11147.html

HOW TO GET FROM ACOUSTIC DISTURBANCE TO POPULATION EFFECTS 43

grams that are required of some activities that might “take” small numbers
of marine mammals as defined in the MMPA. The incidental-harassment
authorizations issued by the US government often contain the requirement
for the operator to implement a program to monitor effects on marine
mammals. For activities that produce intense noise, such as seismic surveys,
the monitoring requirement often involves sighting animals from the vessel
that is introducing the noise. Sighting surveys are also required by the
United Kingdom and have been summarized in reports that identify avoid-
ance reactions to seismic surveys (Stone, 2001, 2003). Few of those studies
measured the acoustic stimulus from the activity as heard by the animal,
and they typically scored easy-to-observe changes in behavior, such as respi-
ration rate, time on the surface, duration of dive, change in swimming
speed or direction, avoidance behavior, and aerial display. However, if those
short-term measures are selected purely for ease of observation, it will often
be difficult to link the responses to the functional categories described in
the PCAD model, a link that is essential for extrapolating short-term
measures to long-term effects that would alter some life function of an
individual animal. Federal regulators for the last several decades have
required monitoring programs instead of targeted research on the assump-
tion that monitoring would detect developing problems. Monitoring
programs, as implemented, have seldom provided the relevant data,
suggesting that regulators and the regulated community should consider
altering the balance of resources that they provide for monitoring versus
research.

The impact of a behavioral reaction to sound depends on the number
of animals affected in a population and on the duration and intensity of the
reaction. The impact of avoidance reactions depends in the short term on
the percentage of habitat reduction and on the ease with which animals can
move to and use alternative habitat. Determining overall impact on the
population requires estimation of

e The range of the impact of individual sources in time and space.

* The number of animals and the fraction of the population affected.
* The total impact of all sources deployed.

* The intensity of reaction of each animal.

e The duration of the impact on each animal.

The presence of anthropogenic sound sources could have minimal
effects on a healthy population that can relocate with minimal effort or
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could be devastating to a small population that is living on the edge of its
capabilities to survive where the sources affect its entire habitat (Box 3-2).
One of the few subjects of research that provide predictive models with
connections from behavioral ecology through physiology to demography is
how animals obtain and use energy. Behavioral ecologists have developed
models to predict how animals maximize energy intake per unit of time as
they forage (Stevens and Krebs, 1987). Physiologists and physiological
ecologists have developed models to predict the baseline metabolic rates of
animals and the metabolic costs of various activities. If a foraging animal
takes in more energy than it uses for metabolism, it builds up an energy
surplus that can be used for growth or reproduction. All large mammals
have an initial period of sexual immaturity in which most surplus energy

BOX 3-2
Special Considerations for Endangered Populations

The effects of seismic surveys on western gray whales
(Eschrichtius robustus) off Sakhalin Island, Russia, illustrate the
potential for anthropogenic sound to have a severe impact on a
marine mammal population. The western gray whale is critically
endangered, numbering about 100, and depends on the north-
eastern Sakhalin Island feeding ground for most of its food intake.
Weller et al. (2002) and Johnson (2002) report displacement of
some whales during seismic surveys in 2001, and Johnson (2002)
reports observations of gray whale behavior suggesting that they
may have spent more time traveling and less time feeding during
exposure to seismic signals, but aerial observations of feeding
plumes were unable to detect any changes in feeding activity re-
lated to seismic activity. Disruption of feeding in preferred areas,
especially in a small population in which many females (with and
without calves) are already in poor condition and have long inter-
vals between calf production (Brownell and Weller, 2002), could
have major impacts on individual whales, their reproductive suc-
cess, and even the survival of this critically endangered population
(Weller et al., 2002). Observed changes in the distribution of indi-
viduals of this highly endangered population could be critical; deci-
phering their impact will require more detailed studies of prey distri-
bution, foraging ecology, and energetics of these whales.
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reserves go to growth. The timing of the transition to sexual maturity is
affected by the need to have grown to a particular point and the need to
have amassed sufficient energy reserves to support the energy cost of the
transition. Once a female is mature, the timing between her ovulations, the
probability of successfully carrying a fetus to term, and the interval between
offspring are all affected adversely by lack of energy resources. Those char-
acteristics are all used directly in demographic models to estimate the
reproductive rate of the population. During periods of starvation, the prob-
ability of survival may be affected if the animal’s metabolism exceeds energy
intake for long periods. When foraging is not adequate, animals may
abandon their young to conserve energy for their own survival. Limited
energy resources may also make animals more vulnerable to other stressors
(as discussed below in the section on allostasis). The various models that
link foraging behavior, energy reserves, reproduction, and survival offer
great promise for our proposed PCAD model, but more effort will be
required to link the different submodels. The strength of research on energy
budgets suggests that studies of effects of noise on foraging animals should
focus on effects of disruption of time-energy budgets.

As noted earlier, repeated reports of unusual mass strandings of
Blainville’s and Cuvier’s beaked whales show a correlation with naval
maneuvers. The locations of whales with respect to the ships operating the
sonars are unknown and cannot be reconstructed. However, the timing and
spatial extent of the strandings suggest a possible risk of stranding for whales
exposed to noise as low as 160 dB re 1 uPa. Current data on physiological
or behavioral effects of well-studied marine mammals would not have sug-
gested such a risk to poorly known beaked whales. The recent cases of the
association of beaked whale strandings with naval sonar stimulated a review
of prior records of beaked whale mass stranding events (Brownell et al.,
2004; Taylor et al., 2004). This historical review indicated that mass
strandings of beaked whales have occurred primarily subsequent to the
introduction of mid-frequency tactical sonar in the early 1960s. However,
caution must be exercised in these post hoc correlational studies. For
example, when the radius of potential correlation extends to 500 km, as
was the case with the strandings of Z. cavirostris and seismic in the
Galapagos (Taylor et al., 2004), the potential for false positives increases
proportionally. Therefore, there is a critical need for carefully designed and
executed epidemiological studies to find potential problems as well as
toxicological studies to evaluate precise dose-response relationships.
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CURRENT DATA COLLECTION EFFORTS

In addition to basic research conducted primarily through universities
and published in a host of peer-reviewed scientific journals, many data on
marine mammals are gathered to fulfill regulatory requirements. For
example, every permit application under the MMPA or the Endangered
Species Act requires the applicant to provide a summary of the best avail-
able information on the status of the affected species or stock and on factors
that affect the status. Permits for scientific research also contain many rel-
evant data with respect to the habitat, behavior, physiology, or demography
of the animals. A condition of many permits is the requirement to monitor
the animals sighted, the time, location and oceanographic conditions of the
observations, and the responses of the animals to the permitted activities.
Federal agencies with responsibility for managing marine mammal popula-
tions conduct intramural research that often ends up as unpublished reports
that contain valuable information. For example, NOAA Fisheries conducts
surveys for assessing the status of marine mammal stocks. The agency
publishes regular stock-assessment reports, but the sighting data would be
extremely valuable for other purposes, such as predicting the species and
number of animals that might be exposed to sound in a particular place
and at a particular time.

Information from all these sources, with appropriate indicators of the
sources, should be integrated into a common database. Peer-reviewed data
and interpretation should be given the highest quality indicator. Other data
sources should have appropriate quality indicators assigned. To facilitate
the integration of data from many sources, federal agencies should establish
standard data-reporting formats to be used in permit applications, permit
reports, and research sponsored by other entities in fulfillment of permit
requirements. Some federal support has been provided to begin the devel-
opment of such integrated databases. Examples of such support are the
Office of Naval Research Effects of Sound on the Marine Environment
project and the Marine Resource Assessments by the Commander in Chiefs,
U.S. Atlantic and Pacific Fleets.

FINDING: A wealth of data on marine mammals is collected in compli-
ance with federal regulatory requirements. Such data are not collected in a
manner that allows easy access or use beyond the original intent of their
collection (such as permit issuance). A data-coordination effort could
improve our knowledge of marine mammal distribution, behavior, and
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population size; improve and standardize data used for regulatory processes;
and greatly reduce the effort required of applicants for permits or
authorization.

RECOMMENDATION 3: To assist in the development of the
conceptual model, a centralized database of marine mammal
sightings and their responses to anthropogenic sound in the
ocean should be developed and should include

* Published peer-reviewed papers in the scientific literature.

* Government technical reports.

* Data submitted to NOAA Fisheries and the US Fish and
Wildlife Service in permit applications.

* Data submitted by industry to the Minerals Management
Service for regulating off-shore hydrocarbon exploration
and production.

* All relevant data accumulated by all federal agencies in the
course of their research and operational activities, includ-
ing monitoring.

To facilitate the integration of data from the various sources,
federal agencies need to develop standardized data-reporting
formats. Survey data should include locations where marine
mammals were detected and the track lines when personnel
were monitoring for marine mammals, regardless of whether
any were sighted. All data entered into such an integrated data-
base must be coded as to quality, and peer-reviewed data and
interpretations should be rated highest.

DATA NEEDED TO DETERMINE PHYSIOLOGICAL
RESPONSES TO ACOUSTIC STIMULI

Immediate behavioral responses are the easiest to observe, but the
population consequences of sound will be modulated through physiological
responses. The ear is the body structure most sensitive to acoustic input
and is the site at which acoustic energy in the frequency range of hearing is
most likely to have direct physiological effects. This report reiterates the
recommendations of the 1994 and 2000 National Research Council reports
to acquire more data on assessments of hearing characteristics such as
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absolute sensitivity, masking, temporary threshold shifts, and temporal
integration, and on the evaluation of behavior during exposure. However,
the long-term effects of noise exposure on individuals can be best deter-
mined through the physiological integration that occurs and can be
observed as indicators of cumulative stress.

Physiological Stress Effects

Anthropogenic sound is a potential source of stress in marine mam-
mals, and it has been shown to increase blood pressure and catecholamine
and cortisol concentrations in humans (Evans et al., 1995; Evans et al.,
2001; Ising and Kruppa, 2004). Biomedical research on stress has provided
a theoretical framework that can help scientists to conceptualize and ulti-
mately measure the cumulative impact of multiple stressors on individual
animals (McEwen and Stellar, 1993; Seeman et al., 2001). Application of
the concepts, theories, and techniques to marine mammals could accelerate
our understanding of the physiological effects of noise and other stressors
on them.

Historically, the term stress has been used to refer to several concepts,
including noxious stimuli, the physiological and behavioral coping
responses of organisms to noxious stimuli, and the pathological states that
result when the coping responses can no longer restore the body to a normal
condition. Several attempts have been made to provide a less ambiguous
terminology. For example, Romero (2004) refers to the three concepts listed
above as szressors, the stress response, and chronic stress, respectively, and this
terminology is used productively in the physiological and behavioral litera-
ture. An alternative terminology, which we will consider in some detail
because of its conceptual integration with energy budgets and life-history
events, has been offered by McEwen and Wingfield (2003). It focuses on
the concept of allostatic load, which was adapted from the cardiovascular
field and was introduced for more broad application and developed by
McEwen and colleagues (McEwen and Stellar, 1993).

McEwen and Wingfield (2003) propose four terms—allostasis, allostatic
state, allostatic load, and allostatic overload, that can be considered in relation
to the life cycle and energy budget of any species (Figure 3-2). Although
energy is a convenient currency to consider for illustrative purposes, it could
be replaced in Figure 3-2 by any other resource vital to survival, such as a
particular vitamin or mineral. Allostasis refers to the physiological and
behavioral mechanisms used by an organism to support homeostasis (the

BETTRIDGE 65 of 143 NMFS Ex. 24

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11147.html

P
e E S T " ‘\.‘
EG E - .!‘ \
-
El El 4—.... -
LIJ |-._‘____‘_‘_—I - '____,.4—"“—'-.-
'{5 EE---------------- EE"-—h-..“_____--""
©
(e}
-
Q Type 1
= Type 1 :
© : Allostatic
5 Allostatic Cc overload - d
ko) overload ’ - Ty
< EGf—rmmcmmm—- t — f. n
Allostatic EG 4 Fy ™
load " Allostatic
= . El ..., ... load =]
EEf===== === === == EE""'“‘-.._:._"__.——"-
Time Winter Spring Summer Autumn

FIGURE 3-2 A framework for modeling energy requirements (E) of organisms during
their life cycle. This energy requirement, E, includes all potential nutritional require-
ments, including energy itself. These separate and distinct requirements are represented
more generally here for convenience, although essential components of nutrition could
also be modeled separately. EE represents the energy required for basic homeostasis. EI
represents the extra energy required for the organism to find, process, and assimilate
food in ideal conditions. EG represents the amount of energy (in food) available in the
environment (from Wingfield et al., 1998; Wingfield and Ramenofsky, 1999). (a) The
three are represented as straight lines when environmental and physiological states do
not vary over time. (b) The changes in the quantities have been adjusted to represent
probable seasonal changes. EG would be expected to rise dramatically in spring and
summer, when primary productivity is high, and then decline through autumn and
winter, when primary productivity is low. In this scenario, EE would be lowest in
summer, when ambient temperatures are highest. EI should be fairly constant (under
ideal conditions) and should vary in parallel with EE. (c) EO represents additional costs
incurred after a perturbation (such as a storm or anthropogenic disturbance) that
increases costs above EE + EL It represents the energy required to find food, process i,
and assimilate nutrients in nonideal conditions. Allostatic load (see text) increases as
EO persists. If EO exceeds EG, type 1 allostatic overload begins, resulting in an increase
in plasma glucocorticosteroids. That usually triggers an emergency condition that results
in altered physiology and behavior that reduces allostatic overload. (d) In more natu-
rally fluctuating conditions, type 1 allostatic overload may occur first or more rapidly if
a perturbation occurs during a season when the conditions are worse. If insults are
permanent—such as those caused by even mild or moderate but persistent disturbances

caption continues
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stability of the physiological systems that maintain life) in the face of normal
and relatively predictable life-history events, such as migration, mating,
rearing young, and seasonal changes in resource availability; unpredictable
events, such as decreases in oceanic productivity and increases in human
disturbance; and more permanent handicaps, such as injuries, parasites,
and contaminant loads. Examples of allostatic responses are the physiologi-
cal changes that occur in lactating female mammals (Bauman, 2000) and
the changes in metabolism, muscle morphology, and behavior that occur in
migrating birds (Kuenzel et al., 1999).

An “allostatic state” is a sustained imbalance in the physiological
mediators, such as various hormones, that integrate behavioral and physi-
ological responses to changing environmental conditions. An allostatic state
can be maintained for some time if environmental resources are sufficient.
However, the cumulative result of an organism’s allostatic state is its
“allostatic load.” The usual allostatic load results from the organism’s need
to obtain enough food to survive plus any extra energy required for normal
seasonal activities, such as migrating, molting, mating, and lactating.
Animals can adapt to the extra demands within limits. However, if resources
in the environment are insufficient (Figure 3-2d) or if other challenges—
such as disease, human disturbance, or stressful social interactions—increase
the allostatic load, the animal can no longer cope and will develop serious
pathological conditions or die.

The concept of allostasis makes it clear that the effect of any given
stressor will be contingent on multiple factors, including species, sex, nutri-
tional and reproductive condition, and any other stressors currently
affecting an animal. The closer an animal is to the condition of allostatic
overload when subjected to an additional stressor, the more likely it is that

FIGURE 3-2 caption continued

(e.g., Creel et al., 2002 for effects of snowmobile activity on wolves and elk), abnor-
mally high densities of animals, increased pollutants (Porter et al., 1999), disadvanta-
geous social status in some terrestrial species (Goymann and Wingfield, 2004; Sands
and Creel, 2004), or individual differences in emotional or other vulnerable states
(Sapolsky, 1994 for baboons; Cavigelli and McClintock, 2003 for rats)—overload will
occur in most seasons and will be triggered readily even in seasons or conditions that are
otherwise benign.

SOURCE: Adapted from McEwen and Wingfield, 2003.
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the additional stressor will have a deleterious impact. That is, the effect of a
stressor often depends heavily on the context in which it occurs. The
importance of context has also been shown by laboratory experiments that
demonstrate that uncontrollable and unpredictable stimuli cause a greater
stress response than controllable and predictable stimuli. For example, when
two rats are given similar electrical shocks but only one can press a lever
that terminates the shock for both, the rat that can terminate the shock has
a dramatically lower hormonal response to the shock than the one that has
no control over the length of the shock (Weiss, 1968).

Consideration of energy needs can also provide clues to the conditions
in which marine mammals may be most likely to suffer allostatic overload.
The following account of marine mammal energetics follows the recent
review by Boyd (2002), who built on earlier reviews for pinnipeds (Lavigne
et al., 1982; Costa, 1991, 1993) and cetaceans (Lockyer, 1981). Different
species have different energy requirements and appear to balance their
energy budgets by developing body sizes and life histories that match the
distribution and abundance of their food. As body size increases, the period
over which an animal must balance its energy budget lengthens. For
example, the great baleen whales probably balance their energy budget on a
1-year cycle. They typically migrate to high latitudes during the summer to
feed on krill or other seasonally abundant resources and store enough energy
in the form of blubber for them to be able to fast for the rest of the year and
reproduce in warmer but less productive tropical waters. Smaller species,
such as most of the odontocetes (dolphins and porpoises), must balance
their energy budgets on much shorter periods—months to days. Thus,
energy considerations suggest that sound disturbance could severely affect
the energy budget of baleen whales if it displaced them from their feeding
grounds for a substantial fraction of the feeding season but would be less
likely to have a serious effect on energy needs if it occurred in other circum-
stances, such as during migration, and merely displaced them temporarily
from their normal migratory path.

The diverse lactation strategies of female pinnipeds provide a particu-
larly good illustration of the relationships between body size, energetics,
and behavior. Lactating pinnipeds nourish their pups from a food supply
that may be near or very distant from the rookeries where they give birth. If
sufficient food is available near the birth site for mothers to balance their
own energy budget and provide for the pups, mothers make foraging trips
during lactation. That strategy is followed by most of the otariids (fur seals
and sea lions), which are relatively small for marine mammals (Costa,
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1993). Larger species, such as most phocids (true seals), can forage over
larger areas and use more dispersed prey resources. They can feed on lower-
quality prey and need greater rates of prey consumption, but they can use a
patchier prey distribution. For example, elephant seals feed thousands of
kilometers from the sites where they give birth and, like the baleen whales,
store enough energy in the form of fat to be able to fast while lactating
(Costa et al., 1986; Boness and Bowen, 1996). Phocids appear to switch
during lactation from foraging to fasting at a body mass of about 100 kg;
harbor seals (80-100 kg) forage during lactation whereas gray seals
(Halichoerus grypus, 130-180 kg) fast (Costa, 1991; Boyd, 2002).

The reproductive success of small pinnipeds that make repeated short-
distance foraging trips during lactation is severely affected if they are unable
to acquire normal amounts of prey. Evidence of that is provided by El Nifio
events, which occur at irregular intervals that tend to range between 2 and
7 years and result in greatly decreased productivity in the eastern tropical
Pacific and greatly reduce the survival of pinniped pups (Trillmich and
Ono, 1991). For example, during the 1982 El Nifio, pup production was
normal, but none of the pups survived the first 5 months after birth. In
1983, pup production was only 11% of normal, but survival of the pups
returned to normal rates (Trillmich and Dellinger, 1991). Thus, energy
considerations suggest that small otariid species could be affected rather
quickly by anthropogenic noise close to their rookeries if it interrupted
normal foraging whereas larger species that were not foraging during lacta-
tion would be more likely to meet their and their pups’ energy needs in the
presence of a similar disturbance.

The physiological stress response is highly conserved and similar across
vertebrate taxa (Wingfield and Romero, 2001). As an integrator of stresses,
neuroendrocrinological responses include both direct and indirect effects
of noise exposure. Physiological responses to stressors are initiated by
activation of the hypothalamic-pituitary-adrenal axis, which results in the
release of catecholamines and stress hormones, such as glucocorticoids, from
the adrenal glands (McEwen, 2000). Because the extent of the stress
response often correlates with the general health of an animal, measuring
the response can serve as a general indicator of the current condition of an
animal, reflecting its health, its energy allocation, and the effect of human
disturbances on it. The promise of applying this approach in the field is
illustrated by recent research on marine iguanas (Amblyrbynchus cristatus)
in the Galapagos Islands (Romero and Wikelski, 2001, 2002). During El

Nifio years, iguanas had higher baseline corticosteroid concentrations dur-
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ing famines. Handling of the iguanas also resulted in higher stress-induced
corticosteroid concentrations than in normal years. Stress-induced cortico-
steroid concentrations in animals were good predictors of whether they
would survive an El Nifio event (Romero and Wikelski, 2001). Measure-
ment of corticosteroid stress responses also showed that apparently low
levels of oil contamination caused a strong hormonal stress response in
iguanas. That response accurately predicted higher mortality over the next
year among iguanas on oil-contaminated islands than on uncontaminated
islands (Romero and Wikelski, 2002). A growing body of literature on
terrestrial mammals has demonstrated sensitivity of glucocorticoids to
sudden natural social stressors (e.g., Alberts et al., 1992 for wild baboons),
to persistent natural stressors (e.g., Sapolsky, 1994), and to anthropogenic
stressors (e.g., Creel et al., 2002 for wolves and elk).

Glucocorticoids may be part of the mechanisms by which behavioral
effects are translated into altered rates of reproduction and mortality, and
in other instances they will at least be indicators if not major players in the
cascade of effects leading from behavior to survival and reproduction. As
indicated above, it will be feasible in some cases to obtain fairly convincing
evidence of the behavior-demography relationships with or without the
physiological links between the two; but in most others, our greatest power
will come from documenting behavior-glucocorticoid relationships in some
studies and glucocorticoid-survival or glucocorticoid-reproduction relation-
ships in others, as suggested by a number of studies already cited. Examples
of an emerging picture of behavior-demography or behavior-glucocorticoid
relationships from one of the best-studied wild large mammal species have
been found in baboons (Box 3-3).

Physiological indicators of body condition and of pregnancy can be
obtained from serum. Serum sampling of glucorticoid concentrations can
also be used to obtain a physiological stress measure if the sample can be
obtained before the stress of capture and sampling changes hormone con-
centrations in the blood. The maximal allowable time from capture to blood
sampling is 2-3 min for small birds or rodents and 10-15 min for large
monkeys. Determining the time for various marine mammals will identify
the extent to which this technique can be applied usefully, at least in situa-
tions where capture for blood sampling is feasible.

In most cases, capture of marine mammals for blood sampling will be
impossible. Instead, techniques will need to be developed to allow
unrestrained blood sampling. Hill (1986) developed a package that could
be attached to a freely diving Weddell seal and could take blood samples on
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BOX 3-3
Behavior, Physiology, and Demography in Baboons

In baboons, a number of behavioral differences have been
associated with altered demographics. Reduced travel time to
foraging sites leads to a net positive increase in energy balance
(Muruthi et al., 1991) and presumably thereby to the observed
decreased age of maturation (Altmann et al., 1993), doubling of
reproduction (halving of interbirth interval), and increasing offspring
survival (J. Altmann, Department of Ecology and Evolutionary
Biology, Princeton University, Princeton, NJ, unpublished data,
2004; S.C. Alberts, Department of Biology, Duke University,
Durham, NC, unpublished data, 2004) despite increased rates of
aggression (Altmann and Muruthi, 1988). Daughters and sons of
low-status females mature later (Altmann et al., 1988; Alberts and
Altmann, 1995). Larger baboon social groups are associated with
decreased reproductive rates of lower-status females (Altmann and
Alberts, 2003). Infants of females that are more social have higher
survival (Silk et al., 2003). Effects of chronic or sudden behavioral
differences on stress hormones have also been demonstrated in
baboon studies. Among baboon males, either social status or
degree of sociality affects glucocorticoid concentrations (Sapolsky
et al.,, 1997), as does social style or recent winning or losing of
fights (Sapolsky, 1994). Sudden social disruption by immigration of
an aggressive male leads to high glucocorticoids in both sexes and
in the aggressive immigrant itself (Alberts et al., 1992). Despite that
body of data, however, studies linking small chronic differences in
glucocorticoids to vital rates in such a large mammal are only now
possible and are being conducted thanks to the recent techniques
in fecal steroid analysis.

a programmed schedule. More recently, sophisticated data logger tags have
been attached to marine mammals to study their responses to anthropo-
genic sounds (Burgess, 2001; Johnson and Tyack, 2003). Data logging
packages could be modified to incorporate blood sampling during
controlled-exposure experiments (CEEs). Initial studies would likely need
to be conducted on Weddell seals constrained to returning to an isolated
hole to breathe. Eventually, the packages would benefit from the ability to
take blood samples on a controlled basis and stabilize hormones for later

BETTRIDGE 71 of 143 NMFS Ex. 24

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11147.html

._Determining When Noise Causes Biologically Significant Effects

HOW TO GET FROM ACOUSTIC DISTURBANCE TO POPULATION EFFECTS 55

analysis or to conduct “on-board” blood-chemistry analysis to record
responses of animals in situations less unusual than that of the Weddell seal.

Totally noninvasive, hands-off techniques of sampling glucocorticoids
and other steroid hormone metabolites (such as estrogens, testosterone
metabolites, and progestins) through collection of feces or urine are
increasingly used for terrestrial mammals in situations or with species that
make capture or any disruption to behavior intolerable (e.g., Wasser et al.,
2000). The feasibility of feces collection from some marine mammals in
the ocean has been demonstrated (Rolland et al., 2004); validation and
calibration of the assays should have high priority (Buchanan and
Goldsmith, 2004; Hunt et al., 2004). Preliminary studies measuring gluco-
corticoids in hair samples and up-regulation of stress-induced proteins in
skin samples merit further development. Concentrations of fecal progestins
are increasingly used in research and conservation for assessing pregnancy
in terrestrial mammals. Application to marine mammals to evaluate preg-
nancy rates and fetal or early infant loss may be relatively straightforward
(Larson et al., 2003) when the requisite samples can be obtained.

FINDING: Measurements of glucocorticoids and other steroid hormone
metabolites in terrestrial vertebrates have proved to be good indicators of
pregnancy, allostatic overload, and mortality risk posed by current and new
SLressors.

FINDING: Continued development of more-sophisticated data logger tags
is necessary to advance the study of marine mammal responses to anthro-
pogenic sounds. Data logging packages should be modified to incorporate
blood sampling during controlled-exposure experiments (CEEs).

RECOMMENDATION 4: The use of glucocorticoid and other
serum hormone concentrations to assess stress should be
developed, validated, and calibrated for various marine mammal
species and age-sex classes and conditions. Dose-Response
curves for those indicators as a function of sound characteristics
need to be established. Development of a sampling package
that could take blood samples on a controlled basis and stabi-
lize hormones for later analysis or process samples “on-board”
for corticosteroids at various stages of a CEE would be invalu-
able for determining the stress that the sound is producing.
The use of fecal sampling to measure condition or stress needs
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to be investigated further and developed. Research efforts
should seek to determine whether reliable long-term stress
indicators exist and, if so, whether they can be used to differ-
entiate between noise-induced stress and other sources of stress
in representative marine mammal species (this recommenda-
tion was also made in NRC, 2003b).

Toxicology

The concept of allostasis provides a framework for understanding how
anthropogenic noises that at first appear insignificant could, with repeated
exposure or in combination with other stressors, compromise an animal’s
survival and reproduction. Recent research in toxicology has provided
cautionary examples of how the combined actions of apparently safe indi-
vidual factors can have serious unforeseen consequences. For example, a
mixture of several agrochemicals at concentrations commonly found in
groundwater across the United States affected immune, endocrine, and
nervous system function in wild deer mice (Peromyscus maniculatus) and
outbred white mice when consumed for 14-103 days (Porter et al., 1999).
In this 5-year study with a full factorial design, numerous deleterious
changes occurred in response to mixtures of aldicarb (an insecticide),
atrazine (a herbicide), and nitrate (a fertilizer) at low concentrations, but
the changes were rarely seen when the compounds were tested individually
at the same concentrations. In another study, a commercial herbicide con-
taining a mixture of 2,4-dichlorophenoxyacetic acid (2,4-D), mecoprop,
dicamba, and several inert ingredients led to a U-shaped dose-response
curve for litter size in mice; the lowest dosages of the mixture caused the
greatest decrease in the number of live pups born (Cavieres et al., 2002).
Such studies demonstrate that multiple stressors can interact in complex
and unforeseen ways to produce adverse effects on living organisms.

DATA NEEDED TO DESCRIBE
MARINE MAMMAL POPULATIONS

To understand the behavioral effect that a sound may have in a given
place and at a given time, it is necessary to be able to answer the following
questions:
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e What species are present?

e What is their distribution?

e What are their grouping patterns?

e What activities are they engaged in?

* How is each activity disrupted by sound?

NOAA Fisheries has collected and analyzed data on sightings of marine
mammals to assess the status of different populations, and extensive sight-
ing data are available from other sources, but the data are not available in a
form that allows the prediction of the number of animals likely to be
exposed to a sound in a given place and at a given time. Grouping patterns
are important because if animals live in groups an average density will not
yield a correct probability of the number of animals exposed.

Even fewer data are available on how marine mammals use different
areas. That data gap could be addressed by completing basic behavioral
ecological studies of marine mammals in the wild. To understand the bio-
logical significance of behavioral disruption, a greatly accelerated program
is needed for studying the behavior and ecology of marine mammals in the
wild, with a focus on how variation in behavior may affect probabilities of
survival, growth, and reproduction in different ecological settings. The first
recommendations for research in the 1994 and 2000 National Research
Council reports were to study the behavior of marine mammals in the wild.
Ten years after the 1994 report, a major increase in support of research to

fill ¢his critical data gap is still needed. The urgency of a research program
in this field is highlighted by the PCAD model.

INDIVIDUALS TO POPULATIONS:
USING MODELS TO IMPROVE UNDERSTANDING

In the PCAD model, there are at least some data that link sounds to
behavioral responses of individuals. The connection between individuals
and the population is much more speculative. There are good reasons for
this lack of data. Most effects on life functions are separated in time and
space from the immediate behavioral responses to sounds. Thus, if later
observations identified life-function activities outside the normal range, it
would be difficult to relate them to prior exposure to sound. Furthermore,
our current understanding of the behaviors associated with most life func-
tions is incomplete. For example, we do not yet fully understand normal
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ranges of the behaviors, so effects may not be detected even if they are
observable. As noted previously, there is almost no understanding of how
changes in any of the life functions lead to changes in vital rates.

The only way to build a bridge from the individual to a population is
modeling of some kind. No single model will serve the purpose, but a
number of modeling exercises could help to integrate what is known tacti-
cally (in the short term) and to structure strategic research in the longer
term. We consider here the types of modeling that might prove helpful and
the expectations for each.

Uses of Models: Prediction and Exploration

The use of models for prediction is most successful when a well-
established understanding of the processes and a good database for
parameterizing the model exist. With respect to linking individual to popu-
lation effects in marine mammals, both understanding and data are lacking
(Figure 3-3, Area 4). Predictive modeling to determine the population
effects of noise on marine mammals is therefore not now an option.

The determination of an appropriate modeling technique depends on
the information and understanding available (Starfield and Bleloch, 1991).
A schematic representation can be used to describe possible approaches
(Figure 3-3). Area 1 is the region of good data but little understanding;
statistical tools are applicable and can be used to perform an exploratory
data analysis (sensu Tukey, 1977) to search for patterns and relationships.
Area 3 is the region of good data and good understanding where predictive
modeling has the best chance of success; well-established paradigms and
modeling approaches can be used with confidence and are backed by expe-
rience and theory.

If either data quantity or quality is poor, a modeler is restricted to
Areas 2 and 4, referred to as “data-limited.” In Area 2, there is good under-
standing of the processes and structure of the problem; in Area 4, that
understanding is weak. Marine mammal data are still sparse, so this report
is concerned mainly with Areas 2 and 4. Issues in these two areas present
the modeler with two daunting challenges:

* Despite the lack of data and understanding, a management or policy

decision must be made. How can modelers help to make the best
scientific decisions under these circumstances?
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Data
Quality/Quantity
S [

Understanding of Processes

FIGURE 3-3 Classification of modeling problems.
SOURCE: Holling, 1978.

* How can models be used to exploit available data to improve under-
standing and, in turn, identify data that are critically needed? In
other words, how do we progress from Area 4 toward Area 3?

Scientists and modelers are often uncomfortable dealing with these
issues. Some believe that modeling should be confined to Area 3; others
push ahead and try to use predictive models in an area where prediction is,
to say the least, risky. Starfield and Bleloch (1991) suggest that Areas 2 and
4 require a different paradigm in which models are used tentatively to
explore alternative hypotheses, speculate on possible outcomes given what-
ever data are available, and then cautiously reach some conclusions—even
if they are only conclusions about future research needs. The way that they
propose using models in Areas 2 and 4 is philosophically akin to Tukey’s
exploratory data analysis; that is why the term exploratory modeling is used.
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Exploratory models can be used as tools for synthesizing what is
known, explaining what may be happening, or perhaps guiding research or
management. In all cases, if modeling is to serve a useful function, it is
essential that the purpose or objective of each modeling exercise is clearly
defined, the model is focused ruthlessly on the objectives, and all involved
with the modeling exercises have a pragmatic appreciation of the power (or
lack thereof) of whatever modeling paradigm is developed. These are some
of the objectives for a suite of modeling exercises:

*  Objective 1: 10 bound the problem or look for significant thresholds. In
the introduction, it was stated that it is not clear whether noise has a
second-order effect on populations or whether what has so far been
observed is only the tip of the iceberg. Models could help to categorize
the likely effect of specified noise doses on different populations.
That type of modeling exercise would be useful even if it produced
the limited result that “Dose X is unlikely to have a measurable
effect on a population with these characteristics, but it could have a
measurable effect on a population with those characteristics.”

o Objective 2: To speculate on the likely outcome of hypothesized inter-
actions. The objective is to take a word model (such as “disruptions
of courtship in species X will have a significant impact on the
recovery of the species”) and tease out the implications quantita-
tively. The modeling would perforce be speculative, but there is
value to exploring explicitly which assumptions and which sets of
parameter values support the hypothesis. To quote Samuel Johnson,
“That, sir, is the good of counting. It brings everything to a cer-
tainty which before floated in the mind indefinitely.”

*  Objective 3: 1o synthesize and organize what is currently known. For
example, we know that responses can be situation-specific. It has
already been noted that the responses of migrating gray whales
depend on whether a low-frequency active source is in the migratory
path or a few kilometers seaward of the migratory path even though
the received levels were similar (Tyack and Clark, 2000) and that
the responses of beluga whales in the high arctic to the initial
seasonal exposure to an icebreaker are stronger and more prolonged
(Cosens and Dueck, 1988; Finley et al., 1990) than the responses of
beluga in the same region to the icebreaker a few days later (Finley
et al., 1990) and the responses of Bristol Bay, Alaska, beluga to
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direct harassment attempts (Fish and Vania, 1971). It is likely that
more is known than appears to be known—synthesis will produce
more than the sum of the parts. There are three related objectives:

(1) To focus the attention of disciplinary scientists on how their
knowledge and data can be combined or otherwise used to
address the problem.

(2) To identify gaps in data and knowledge and explore what one
minimally needs to do to fill the gaps.

(3) To provide guidelines for data collection and monitoring.

*  Objective 4: 1o develop a conceptual framework for management guide-
lines. Models can be used to organize and improve management
guidelines, such as described for the Potential Biological Removal
management regime described in Chapter 4.

A number of alternative modeling paradigms and constructs could fit
with some of those objectives. For example, the age-structured demographic
models (Caswell, 1989) usually used for predictive modeling could be used
in an exploratory way to help to bound the problem and establish thresholds
for different species. It is difficult to be specific about suitable paradigms or
the design of a model until the precise objectives of an exploratory modeling
exercise are spelled out, but two additional potential approaches are offered:
individual-based models (IBMs) and categorical or qualitative models. In
the next sections of this report we describe three modeling approaches and
two additional tools that might prove helpful.

Demographic Models

The most well-developed and widely used approach to population
modeling is that of age-structured demographic analysis. A demographic
model is one that categorizes individuals into groups based on biological
characteristics relevant to their survival and reproduction. In classical
demography those groups were based on age (and implicitly on sex), but it
is now known that other criteria, such as maturity, reproductive status,
physiological condition, and spatial location may be more important (e.g.,
Caswell, 2001). Stage-structured models are most commonly expressed as
population projection matrices, which may include environmental
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stochasticity, demographic stochasticity, density-dependence, and spatial
structure (Caswell, 2001).

Demographic models can be analyzed to obtain measures of popula-
tion growth and structure, probabilities of extinction or quasi-extinction,
and other measures of population performance. They employ a well-
developed perturbation theory that permits calculation of the effect of
changes in the vital rates on those measures of performance; this makes
them particularly suitable for the exploration of thresholds and the effects
of interactions. Matrix population models have a well-developed connec-
tion with statistical methods for parameter estimation, especially from
observations of known individuals (e.g., Nichols et al., 1992; Fujiwara and
Caswell, 2001, 2002a,b; Caswell and Fujiwara, 2004). These methods can
incorporate measurements of individual animal condition into estimates of
the vital rates. Recent research has explored Bayesian methods for parameter
estimation in these models (Gross et al., 2002); such methods are particu-
larly suitable for analysis of uncertainty.

Matrix models have been used for demographic analysis of killer whales
(Brault and Caswell, 1993), humpback whales (Barlow and Clapham,
1997), right whales (Fujiwara and Caswell, 2001; Fujiwara, 2002), and
harbor porpoises (Caswell et al., 1998) as well as various species of seals
(e.g., Heide-Jorgensen et al., 1992; York, 1994; Kokko et al., 1997; Lalas
and Bradshaw, 2003).

Although demographic models could be used to make predictions,
their most common use is to explore the consequences of various biological
processes in the face of unknown data. In two cases, the California condor
(Mertz, 1971) and the Everglades kite (Nichols et al., 1980), only the most
fragmentary data were available—both studies used demographic models
to place bounds on population growth, to speculate on the outcome of
hypothesized interactions, and to synthesize sparse data. More recent exam-
ples of exploratory use of demographic models include the exploration of
management strategies for sea turtles (Crouse et al., 1987), the exploration
of bycatch effects in harbor porpoise (Caswell et al., 1998), and exploration
of research priorities for the sooty shearwater (Hunter et al., 2000).

Individual-Based Models

In an Individual-Based Model (IBM), the computer program is
designed to simulate virtual individuals in a population, often from birth
to death. Each individual carries a set of attributes or markers that describe
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the state of the individual. They can include demographic factors, such as
age and sex; energy factors, such as weight, stomach fullness, and diet
composition; location descriptors, such as latitude and longitude; and
behavioral descriptors, such as reproductive status, dive intensity, and domi-
nance role. Such programs as Tagging of Pacific Pelagics (Block et al., 2003)
provide data on movement patterns in relation to oceanographic features
and seasonal patterns of movement essential for constructing a valid IBM
for these species. IBMs have been constructed for species in a variety of
habitats (Grimm, 1999).

For example, an IBM has been designed to compare the effects of alter-
native trophy-hunting strategies (Whitman et al., 2004). It describes each
male lion (at any time step) in terms of his age, social status (cub, nomad,
or pride lion), associates (like-aged cubs, fellow nomads in a nomadic group,
and fellow males in a pride coalition), and spatial position (which pride a
cub is born into, which territories a pride coalition controls and patrols,
and which territories a nomadic group is temporarily visiting). Those
attributes enable one to simulate such processes as competition between
neighboring pride males, territorial battles between resident pride males
and visiting nomads, and infanticide when pride coalitions are replaced—
all essential to an understanding of how trophy hunting might affect the
size and structure of a lion population. Some other examples are the model-
ing of deer and Florida panther (Puma concolor coryi) populations in the
Florida Everglades (Abbott et al., 1997) and of walleye pollock (7heragra
chalcogramma) in the western Gulf of Alaska (Hermann et al., 2001).

IBMs can be used for purposes similar to those of structured demo-
graphic models and can also directly address questions about the inter-
action between, for example, behavior of animals in relation to a source and
the resulting acoustic exposure, behavior and reproduction, or behavior
and growth. They offer a direct venue for considering the effects of noise
on marine mammal individuals and populations. They can accommodate
the kinds of data that are now becoming available on the relationships
between behavior and acoustic exposure in a direct and comprehensible
fashion. For example, the Acoustic Integration Model (AIM; Frankel et al.,
2002) models the location and dive behavior of simulated marine mam-
mals swimming near a modeled acoustic source. An acoustic-propagation
model is used to predict the exposure of the simulated animals and can
program different response strategies of the animals for the simulated
source. It has been used to predict the exposure of animals with different
response patterns to sources with different modes of operation, monitor-
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ing, and mitigation; and it can help in selecting alternatives that minimize
effects on marine mammals while maximizing operational effectiveness of
the source.

Categorical or Qualitative Models

The links or transfer functions between changes in the behavior of
individuals, effects on life functions, and effects on vital rates (survival and
reproduction) of a population in the conceptual model (Figure 3-1) have
been identified as ones on which there is little information. However, some
progress might be made by combining whatever is known with an under-
standing of the behaviors and pressure points in different species to derive a
qualitative ranking of the strength of a link. An example of behaviors and
pressure points would be a marine mammal with an “income” breeding
strategy (Costa, 1993) of intensively nursing newborn pups in bouts
separated by extensive time at sea to replenish reserves. It can be argued
that a reduction in the feeding success of mothers during that period will
have a more severe effect on pup survival than an equivalent reduction in
feeding success in a capital breeder (an animal that relies on stored energy
to survive the breeding season).

A categorical or qualitative model would characterize effects in such
terms as low, moderate, and severe. Such a model may separate the conse-
quences of an effect from the probability that it will occur. It could be
developed with a combination of available information on marine mam-
mals, information on comparable nonmarine mammals selected on the basis
of life-history scaling or body-size scaling, first principles, and expert
opinion (Morgan and Henrion, 1990; Goodwin and Wright, 1991; Meyer
and Booker, 1991; Anderson, 1998; Andelman et al., 2001).

The Scientific Committee on Antarctic Research (SCAR, 2004) created
a series of risk-assessment matrices for different acoustic sources in Antarctic
waters. The cells of a likelihood-consequences matrix indicated whether
there was a potential risk to an individual or the population. One con-
clusion of this analysis was that the risks associated with the use of most
scientific acoustic equipment in the Antarctic were less than or comparable
with the risk associated simply with the passage of the research ship through
Antarctic waters.

Categorical or qualitative models might serve two purposes: to create a
structure for encouraging biologists to make the best determinations they
can and to explore the feasibility of developing tactical management
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strategies akin to the PBR model (see Chapter 4). Essential components of
such a model would be estimates of the reliability of every categorization in
the model and explanations of how each categorization was reached. The
models would provide a structure for further refinement and, like the pro-
posed IBM and demographic modeling exercises, help to identify gaps in
knowledge. The key point to make is that modeling exercises like this can
lead to robust management approaches, as the PBR model demonstrates,
even when knowledge is incomplete.

Expert Opinion

Data on many links in the chain from acoustic stimuli to population
effects on marine mammal populations are sparse or lacking. Therefore,
regulators such as NOAA Fisheries and the US Fish and Wildlife Service
(FWS) may often find it necessary to rely on expert opinion regarding the
probable effects of specific activities until more data accumulate. Although
the use of expert opinion does not necessarily produce an accurate result
(experts can be wrong, especially when data are lacking), it does provide a
structured, well-documented basis for decision-making that often with-
stands legal scrutiny. Precedents for the use of expert opinion to evaluate
risk in a conservation context are provided by the US Department of Agri-
culture Forest Service’s extensive reliance on expert opinion for population-
viability assessments under the National Forest Management Act
(Andelman et al., 2001) and FWS’s increasing use of expert opinion for
making listing decisions under the Endangered Species Act (ESA;
J. Cochrane, US Fish and Wildlife Service, personal communication,
2004). Because eliciting and using expert opinion are complex tasks beset
with pitfalls for the inexperienced, any use of expert opinion should follow
established procedures detailed in the substantial scientific literature on the
subject (Morgan and Henrion, 1990; Goodwin and Wright, 1991; Meyer
and Booker, 1991; Anderson, 1998; Andelman et al., 2001) to avoid bias
and increase credibility.

Risk Assessment

Evaluating the effects of noise on marine mammal populations is a
problem in risk assessment. Previous National Research Council reports
have considered the general process of risk assessment by the federal govern-
ment (NRC, 1983) and risk assessment in relation to contaminants and
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human health (NRC, 1993). Uncertainty is always a prominent feature of
risk assessment, and uncertainty regarding the probable effects of human
activities on marine mammals is not limited to the effects of noise but
rather is a pervasive problem, which can be addressed using population
models (Caswell et al., 1998; Ralls and Taylor, 2000).

Risk assessment can be combined with decision analysis to make man-
agement decisions in the face of uncertainty (Harwood, 2000, 2002). The
general approach is discussed in detail with respect to making decisions
under the ESA in an earlier Research Council report (NRC, 1995). There
are two main categories of errors in judging the effects of human activities
on natural resources: we may conclude that a risk is great when it is not,
which leads to overprotection and unnecessary economic loss, or we may
conclude that a risk is small when it is not, which leads to underprotection
and avoidable loss of a valued resource. It is impossible to minimize simul-
taneously the probability of making those two types of errors, and common
statistical practices of hypothesis-testing may lead to a systematic bias
against the welfare of species or populations that are in need of protective
action (NRC, 1995, Chapter 8). Analyzing risks with the framework of
decision analysis increases the probability that all types of errors and their
consequences are adequately considered.

Advances in technology have enabled the use of computer-intensive
methods in risk assessment (e.g., Slooten et al., 2000; Taylor et al., 2000).
If relevant data on marine mammals are lacking, this kind of simulation
approach can benefit from the use of data on other species selected on the
basis of life history, ecology, or body size (e.g., Caswell et al., 1998).
Bayesian decision theory, which allows choices among more than two
decisions, offers many advantages and is increasingly recommended for use
in risk assessment related to natural-resources management (Ludwig, 1996;
Taylor et al., 1996; Wade, 2000).

FINDING: Focused effort is needed on a modeling exercise that should
include demographic models, IBMs, and categorical modeling. Such an
effort should start with, and calibrate against, expert opinion and should
incorporate such characteristics as

* An aim to pull together what is known—in different ways, from

different disciplines—and to assess both the importance and the
degrees of uncertainty associated with the information.
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* The use of tactical models, with the objective of probing how
successfully current knowledge could be applied.

* The use of structured models to test hypotheses.

* The use of models to identify crucial gaps in knowledge. (A gap in
knowledge is not just something we do not know; it is something
we do not know and need to know if we are to meet our objectives.)

* Anaim to encourage interdisciplinary synthesis and provide a struc-
ture for it.

* The requirement that all modeling efforts be explicit about uncer-
tainty and its consequences.

e A similar requirement that all models clearly state their limited
purpose and that both their strengths and their shortcomings be
evaluated.

*  Arisk assessment for the species being modeled if the model is to be
used for management decisions.

RECOMMENDATION 5: Several marine mammal species for
which there are good long-term demographic and behavioral
data on individuals should be selected as targets of an inten-
sive exploratory modeling effort that would develop a series of
individual-based models and stage- or age-structured demo-
graphic models for the species as appropriate. NOAA Fisheries
should bring together an independent, interdisciplinary panel
of modelers and relevant empirical scientists that would meet
periodically to pursue the modeling effort collaboratively in
an iterative and adaptive manner with the long-term goal of
developing tools to support informed, practical decision-

making.

Species should be chosen on the basis of how extensively they have
been studied, and the models should concentrate on populations (or sub-
populations) in which individual animals are known and have been tracked
for some time. The different species should be chosen to span an array of
life-history patterns (such as feeding and breeding strategies). The objec-
tives of the modeling exercises should be to speculate on how harassment or
acoustic injury of individuals might affect populations and to identify gaps
in data and understanding. The exercises should also explore links between
IBMs and demographic analyses for the same population; each should be
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able to inform the other in important ways (see Caswell and John, 1992).
Some candidate populations for such a study are the Puget Sound killer
whales (Krahn et al., 2002), the North Adantic right whales (Eubalaena
glacialis; Waring et al., 2003), bottlenose dolphins in Sarasota Bay (Wells,
2003), the gray seals of Sable Island (Austin et al., 2004), and the northern
elephant seals of Afio Nuevo Island (LeBoeuf et al., 2000). All those have
been studied extensively, and individual animals have been identified and
resighted over multiple years. For most of the populations, the demograph-
ics are well defined; in some, the effects of major environmental stressors,
such as an El Nifo or the North Atlantic Oscillation, have been observed
(Fujiwara and Caswell, 2001; Greene and Pershing, 2004). Such complex
interdisciplinary modeling has been undertaken by the National Center for
Ecological Analysis and Synthesis at the University of California, Santa
Barbara.
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4

Rational Management with
Incomplete Data

The committee’s task statement requires placing this scientific review
within the context of management.

Recognizing that the term “biologically significant” is increasingly used in
resource management and conservation plans, this study will further describe
the scientific basis of the term in the context of marine mammal conservation
and management related to ocean noise.

As noted in this report, the full predictive model is at least a decade
away from coming to fruition, and the management requirements involved
in addressing concerns over ocean-noise effects on marine mammals are
extremely pressing. Efforts are under way to address the long-term goal of
producing the predictive model outlined here, but an interim plan is
needed. One strategy is to implement a management regimen that uses
available data, agreed upon management goals, and a conservative approach
to the insufficiencies of the available data. The regimen should encourage
data acquisition to reduce uncertainty. At the workshop the NOAA
Fisheries Potential Biological Removal (PBR) model was discussed as such
an example.

The three acts of Congress most relevant to regulating exposure of
marine mammals to noise are the National Environmental Policy Act of
1969 (NEPA), the Marine Mammal Protection Act of 1972 (MMPA), and
the Endangered Species Act of 1973 (ESA). The NEPA focuses on environ-

mental analysis of “the relationship between local short-term uses of man’s
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environment and the maintenance and enhancement of long-term produc-
tivity.” The goal of the MMPA is to “replenish any species or population
stock which has diminished below its optimum sustainable level,” but its
basic regulatory tool involves a prohibition on “taking” marine mammals,
where zake is defined as “to harass, hunt, capture or kill, or attempt to
harass, hunt, capture or kill.” Similarly, the ESA aims to “conserve endan-
gered species and threatened species and the ecosystems upon which they
depend,” but it also relies on a prohibition of taking individual animals.
The prohibition on taking marine mammals made sense when the
dominant conservation problems involved directed hunting and animals
incidentally killed by commercial fishing. It is much more difficult to relate
harassment takes to population effects.

A number of the workshop panelists agreed that the concept of
Potential Biological Removal (PBR) (Taylor et al., 2000) as developed by
scientists at NOAA Fisheries, and the concept of the revised management
procedure (Cooke, 1994) as developed by scientists associated with the
International Whaling Commission, represented the best current approaches
to management of human effects on marine mammals under conditions of
inadequate data. This chapter reviews the PBR concept and suggests how
harassment and other takes could be incorporated into it. The PBR con-
cept is attractive because it is based on a small number of clearly defined
and easily understood variables. The limits of acceptable population impact
determine the allowable removals. Extensive modeling and sensitivity analysis
confirmed that the selected parameter values ensured, with high probability,
that the population impacts would be within the prescribed bounds. Any-
one who feels that the allowed removals are set either too low or too high
can present new data and interpretation in peer-reviewed publications that
NOAA Fisheries uses in stock assessments and establishment of PBR.

FINDING: Development of a model, such as the PCAD model, to inform
regulatory decisions is critical for a full understanding of the biological
significance of anthropogenic noise on marine mammal populations, but a
more immediate solution is necessary.

RECOMMENDATION 6: A practical process should be
developed to help in assessing the likelihood that specific
acoustic sources will have adverse effects on a marine mammal
population by disrupting normal behavioral patterns. Such a
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process should have characteristics similar to the Potential
Biological Removal model, including

* Accuracy,

* Encouragement of precautionary management—that is
more conservative (smaller removal allowed)—when there is
greater uncertainty in the potential population effects of
induced behavioral changes,

* Being readily understandable and defensible to the public,
legal staff, and Congtess,

* An iterative process that will improve risk estimates as data
improve,

* An ability to evaluate cumulative impacts of multiple low-
level effects, and

* Being constructed from a small number of parameters that
are easy to estimate.

POTENTIAL BIOLOGICAL REMOVAL

The 1994 reauthorization of the MMPA introduced a new regime to
determine when the number of animals killed or seriously injured by
commercial fisheries poses a risk to marine mammal stocks. It involves
estimating the number of animals that could be “removed” from a marine
mammal stock without stopping the stock from reaching or maintaining
its optimal sustainable population (16 U.S.C. 1362(3)20). The number is
called the PBR. Under this regime, every fishing vessel is required to register
with NOAA Fisheries. As long as the operators of the vessel register, accept
an observer on board, report every marine mammal that they find killed or
seriously injured, and comply with the requirements of regulations adopted
under a take-reduction plan, all the requirements under the MMPA have
been met. In effect, they are exempt from the prohibition on harassment.

For each marine mammal stock, the number of animals killed or seri-
ously injured is compared with the PBR. If NOAA Fisheries learns of
sources of mortality, such as a ship strike, the animals are added to the total,
but there is no systematic effort to monitor nonfishing kills.! If the number

'From the Marine Mammal Commission’s 2002 report to Congress: “The Commission
also questioned the Service’s decision to include data on fishery- and other human-related
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of animals taken is above the PBR, the regimem calls for a take-reduction
team to be formed and to determine ways to reduce the take. The take-
reduction team is required to recommend management actions that will
reduce the take to below the PBR within 6 months and to the zero-mortality
goal within 5 years. A rule establishing 10% of the PBR as zero mortality
was published in the July, 20 2004, Federal Register.

The calculation of the PBR provides an example of a model designed
for management and decision-making. The criteria used for this model are
these (Taylor et al., 2000):

* Input parameters are based on available data.

* Uncertainty is incorporated into the model. Managers must make
decisions despite uncertainty, but decisions grow more conservative
with greater uncertainty.

e There is a mechanism for demonstrating that decisions based on
the model meet the MMPA management goals.

Before 1994, the MMPA prohibited any kills of marine mammals in
stocks that were below an optimal sustainable population (OSP). The
MMPA defines OSP on the basis of the theory of density-dependent popu-
lation growth. The OSP is defined as the maximal net productivity level
(MNPL), which is the population size that theoretically yields the greatest
growth rate. The MMPA characterized populations that fell below the
MNPL as depleted. During the first 20 years of the MMPA, however, it
proved difficult to estimate the parameters required to determine when a
population reached the critical point of depletion. Given that uncertainty
and the draconian consequences of a “depleted” designation, few popula-
tions were designated as depleted, and depletion designations did not fare
well in court.

The PBR model was developed in response to the difficulty in
parameter estimation. The PBR model selected inputs on the basis of the

mortalities and serious injuries only when incidents could be confirmed. In the Commission’s
view, requiring confirmation runs counter to the precautionary principle built into the Marine
Mammal Protection Act and would tend to result in underestimates. Similarly, the
Commission took issue with conclusions in some assessment reports, particularly those for
the Alaska region, that certain effects were not occurring because they had not been observed.
The Commission cautioned that such conclusions of no-effect should be based, in part, on
monitoring effort being made to detect such effects.”
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experience that the three parameters most easily estimated for most marine
mammals were abundance, the uncertainty of abundance, and maximal
growth rate. The PBR is calculated as follows:

PBR=0.5N,_, R_F,
where N_. is the minimum population estimate, R ___is the maximal popu-
lation growth rate, and F| is a recovery factor ranging from 0.1 to 1.0.
Qualitatively, it should be clear that the larger the population and the faster
it is capable of growing, the more animals can be removed from the popula-
tion without impeding its recovery. The equation for PBR was not derived
from population modeling, however, but through modeling to evaluate its

ability to meet, with a 95% probability, the following management goals
based on the MMPA (Taylor et al., 2000):

* Healthy populations will remain above OSP numbers for the next
20 years.

* Recovering populations will reach OSP numbers after 100 years.

e DPopulations at high risk will not be delayed in reaching OSP
numbers by more than 10% beyond the predicted time that is based
on an absence of human-induced mortality.

Biologists at NOAA Fisheries tested various values for the input parameters
to decide on the values most likely to meet management goals.

The PBR model incorporates two features that are desirable in a model
to be used for management decisions (Taylor et al., 2000). It uses
parameters that are readily available, and it is conservative when there is
uncertainty. For example, the use of the minimal population estimate takes
an immediately conservative approach while research to refine the
population estimate is stimulated. That is particularly true when the take is
near the PBR and the minimal population estimate leads to a PBR well
below that calculated by using the mean population estimate. The validity
of the PBR is based on how well the result meets explicit management
objectives.

EXTENSION OF PBR

PBR should be extended in two ways. First, it needs to incorporate
mortality outside the regulated fishing industries. Second, it needs to con-
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sider effects on populations that result from the summation of multiple
sublethal impacts on individuals. Although the PBR regime was initially
developed to regulate commercial fisheries, it cannot achieve the goals of
the MMPA if activities other than fisheries contribute to mortality and
these takes are not counted accurately and tallied with the fishery takes. For
example, NOAA Fisheries has instituted a costly scheme of using profes-
sional monitors on vessels to count animals that are entangled in fishing
gear, and fisheries are required to report deaths and serious injuries. In
many fisheries, however, animals may be killed or injured in lost gear, and
this is unlikely to be detected by monitoring on the fishing vessels (Laist,
1996). Similarly, animals immobilized in fishing gear may be taken by
predators or may become disentangled after injury or death and not be
counted. The regulations requiring reporting of lethal takes and serious
injuries are limited to fisheries, so the accounting of takes in nonfishery
activities is not as accurate.

The NOAA Fisheries stock assessments are improving their reporting
of takes in such activities as vessel strikes, but without a reliable mechanism
for monitoring and reporting it is nearly impossible to estimate the number
of takes in a given activity. There may be additional uncounted lethal takes
from a variety of sources, including exposure to intense noise.

The potential for such takes of Cuvier’s beaked whales in association
with naval sonar was reflected in the NOAA Fisheries 2002 stock assessment
for Cuvier’s beaked whales in the western North Atlantic. The assessment
lists 46 fisheries-related beaked whale deaths from 1989 to 1998, 53 beaked
whales stranded from 1992 to 2000, and 14 beaked whales stranded in the
Bahamas in association with a naval sonar exercise. The assessment points
out other associations between mass strandings of beaked whales and the
presence of naval vessels (NMES, 2002, pg. 50)

Although a species-specific PBR cannot be determined, the permanent closure
of the pelagic drift gillnet fishery has eliminated the principal known source
of incidental fishery mortality. The total fishery mortality and serious injury
for this group is less than 10% of the calculated PBR and, therefore can be
considered to be insignificant and approaching zero mortality and serious
injury rate. This is a strategic stock because of uncertainty regarding stock
size and evidence of human induced mortality and serious injury associated
with acoustic activities.

The stock assessment states that the stock is strategic because of acoustic
activities, now that the fishery rate is low. This is a clear example of where
the PBR mechanism cannot protect marine mammals unless NOAA
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Fisheries develops a mechanism for accurate reporting of all sources of
human-induced mortality.

FINDING: During the last decade, the PBR mechanism has proved to be a
successful model to account for the cumulative effects of lethal takes and
serious injuries in commercial fisheries. However, as currently implemented,
the PBR mechanism cannot adequately protect marine mammals from all
sources of human-induced mortality until all such mortality is included in
a revised and expanded PBR regime.

RECOMMENDATION 7: Improvements to PBR are needed
to reflect total mortality losses and other cumulative impacts
more accurately:

* NOAA Fisheries should devise a revised PBR regime in
which all sources of mortality and serious injury can be
authorized, monitored, regulated, and reported in much the
same manner as is currently done by commercial fisheries
under Section 118 of the MMPA.

* NOAA Fisheries should expand the PBR model to include
injury and behavioral disturbance with appropriate weight-
ing factors for severity of injury or significance of behav-

ioral response (cf. NRC, 1994, p. 35).

The PBR is intended as a mechanism to trigger regulatory action when
the cumulative effects of taking reach some threshold. It uses the number
of individuals removed from the population as the unit for assessing cumu-
lative effect. Individuals are taken when they are killed, but taking also
includes serious injury, minor injury, and behavioral disturbance. Rather
than the current practice of counting serious injury as equal to death and
injury as equivalent to no effect, it would be appropriate to develop a
severity score for each kind of take defined by the MMPA. A severity score
estimates the proportional effect of a given take activity compared with that
of a lethal take. A precise estimate of the proportion would require integra-
tion of behavioral effects into demographic models—one of the most
challenging aspects of the PCAD model. However, it may be possible to set
several categories of severity for injury and behavioral harassment. Two
categories per order of magnitude would probably provide appropriate
precision (for example, 1, 0.3, 0.1, 0.03, 0.01, 0.003).

BETTRIDGE 92 of 143 NMFS Ex. 24

Copyright © National Academy of Sciences. All rights reserved.

._Determining When Noise Causes Biologically Significant Effects


http://www.nap.edu/catalog/11147.html

._Determining When Noise Causes Biologically Significant Effects

76 MARINE MAMMAL POPULATIONS AND OCEAN NOISE

The visible signs of injury listed by NOAA Fisheries? include injuries
of obviously varied severity. They include

* Loss of or damage to an appendage, jaw, or eye; these injuries affect
the long-term ability of an animal to swim, feed, or see.

* Entanglement in fishing gear; it may take days or weeks for an
animal to free itself from a serious entanglement, which may also
leave long-term injuries.

* Bleeding, laceration, swelling or hemorrhage; some of these may
reflect a serious injury, but they often resolve in a few days with
little long-term consequence.

To address Recommendation 7, NOAA Fisheries could convene an
expert panel of veterinarians to assign injury severity scores for those and
other symptoms. For example, it seems likely that the first category might
score 0.3, the second category 0.1, and the third category 0.01. Although
some of the animals with the symptoms may have more or less severe effects,
as long as the severity score is at least as great as the effect on the average
animal compared with being killed, the scoring should be conservative for
use in the PBR. The research necessary to validate that would involve
following the outcomes of injured animals for their ability to survive, grow,
breed, and provide parental care.

Just as the cumulative effects of nonserious injuries cannot be ignored,
so an analysis of cumulative effects must add the adverse effects of behav-
ioral harassment. Behavioral harassment is likely to be both less severe and
more common than injury. That makes it all the more important to evalu-
ate the cumulative effects on a stock of all harassment takes in addition to
injury and lethal takes. For example, the dominant model of effects of noise
posits different zones of influence at different distances from the source
(Figure 4-1).

Assigning a severity score to harassment would involve a process similar
to that used for injury but would require experts in behavioral ecology
instead of veterinary care. Assuming that harassment is not involved
indirectly in causing injury or death (as may occur with effects of military
sonar on beaked whales), the primary effects of harassment involve the loss
of opportunities, time, and energy. If the proposed activity occurs at a criti-

*http://www.nmfs.noaa.gov/prot_res/PR2/Fisheries_Interactions/ MMAP.htm
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® |njury — Acoustic Trauma

® Hearing Loss — Permanent
Threshold Shift

® Temporary Threshold Shift
® Avoidance, Masking

m Behavioral disturbance
declining to limits of
audibility

FIGURE 4-1. Close to an intense source, sound may be loud enough to cause death or
serious injury. Somewhat farther away, an animal might have less serious injury, such as
hearing loss. Temporary threshold shifts occur at greater distances. Animals may avoid
exposures at even greater distances or they may not move from the area but still be
affected through masking of important auditory cues from the environment. They may
show just observable behavioral disturbance at distances comparable with the limit of
audibility. The different distances for the different effects define different areas for
cach zone.

SOURCE: Modified from Richardson and Malme, 1993.

cal time or in a critical place when a specific activity must occur (for
example, it disrupts a critical feeding trip of a phocid seal or disturbs a
breeding site during a short season), the severity score will be higher. Thus,
for a species for which the cost of a lost breeding season reflects the post-
ponement to the next season and for an individual expected to have well in
excess of 10 breeding seasons, the severity of loss of a breeding season might
be set at 0.1; if the expectation is well in excess of 30 breeding seasons, the
severity of loss of a breeding season might be set at 0.03. For activities that
are expected to expose animals for shorter times during less critical periods,
the time and energy lost may dominate interpretation of severity. One of
the most pronounced behavioral responses of a marine mammal to noise
involves the response of beluga whales to icebreakers in the Arctic. Beluga
whales may respond to an icebreaker at many tens of kilometers (LGL and
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Greeneridge, 1986; Cosens and Dueck, 1988; Finley et al., 1990). Their
normal behavior is disrupted for several days, and they may have an
increased metabolic rate as they swim away from an oncoming vessel. Other
animals in other settings may show disruption of behavior for minutes to
hours. In those cases, the severity score may be based on time lost and
excess energy expended. Many species have seasonal changes in their
behavioral ecology, with seasons lasting around 100 days, so a first approxi-
mation might divide the expected duration of disruption, in days, by 100.
The result could be rounded to the next higher severity score. Thus, if an
activity would be expected to disrupt an animal for less than 0.1 day
(2.4 hr), the severity would be 0.1/100 = 0.001. If the disruption would be
expected to last minutes, the severity might be set a .003/100 = 0.00003.
As with the severity score for injury, an expert panel could be convened to
establish severity scores for different kinds of behavioral disruption.

Severity scores can be used in the calculation of PBR by multiplying
the number of animals affected by each severity (N) times the severity score
(S) itself, and then tallying all of the N*S values. Table 4-1 illustrates the
expectation that the higher the severity score, the fewer animals expected to
be impacted, but in addition it illustrates how leaving out the cumulative
effects of injury and harassment may underestimate cumulative impacts. In
this hypothetical example, with an unrealistic assumed density of 1 animal/
3.14 m?, there is 1 lethal take, the equivalent of 1 lethal take in 10 injuries,
and the equivalent of 1 lethal take in 100 cases of behavioral harassment. If
PBR is to correctly tally cumulative impacts, it cannot completely ignore
effects with severity of <1.

TABLE 4-1 Arbitrary Ranges and Severity Levels to Illustrate the
Relation Between Severity of Effect and Numbers of Animals Affected
(for most species, a two-dimensional approximation is appropriate)

Relative ~ Number

Range Severity — Area of Animals
Effect (m) ) (rur?) (N) MN)*(S)
Death or serious injury 1 1 3 1 1
Injury (such as hearing loss) 10 0.01 314 100 1
Behavioral Disturbance 100 0.0001 31,416 10,000 1
TOTAL 3
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DETERMINATION OF NONSIGNIFICANT IMPACT

The proposed modifications of the PBR model cannot be accomplished
easily or quickly. The original PBR model was the result of many years of
development and analysis. Prior sections of this report have emphasized the
long time-line for acquiring the data and understanding necessary for a full
implementation of the PCAD model. Compliance with the current regula-
tory interpretations of the NEPA, the MMPA, and the ESA is fraught with
uncertainty regarding the use of sound sources in the marine environment
and as the 2000 National Research Council report noted, regulations are
more effective when they target critical disturbances.

The statement of task for this study was initially framed as identify
biologically significant effects, but from a regulatory perspective it is more
important right now to suggest a process for identifying activities that do
not reach a de minimis standard for biological significance. Such activities
would be exempt from the normal permitting process.

To assist regulatory agencies in meeting the requirements of the
MMPA, a formalized, intelligent-decision system for risk assessment that
uses current research expertise could offer the following advantages:

* It could provide a rapid and more simple authorization procedure,
reducing the burden on applicants and regulators.

* It could provide a tally of each effect in a format that could account
for cumulative effects.

* It could stimulate the generation of data required to make determi-
nations in a format that makes the data readily available for the next
applicant.

* It could improve decisions by improving available data.

* It could encourage others to report problems (such as, strandings)
and to identify unexpected potential problems.

* It could set conditions for permits on the basis of location, time,
and ecological conditions.

* It could maintain permanent records of every application.

* It could require applicants who apply and fail to meet a de minimis
standard to obtain permits as under the current system.

* It could institute an adaptive system to improve data incrementally,
and to reflect updates from annual reviews.

An Internet-based system, described in Figure 4-2 could assist
producers of sound in the sea to determine whether proposed activities
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Event
Characteristics

Location
Time
Source

Stocks

Extent of acoustic
exposure

A 4

Exposure

Exposure greater
than
predetermined
acoustic criteria
or lack of enough
knowledge about
stocks
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No

y

Animal Behaviors

Behavioral
ecological state
Baseline behavior

Exposure

Exposure less
than
predetermined

Permit
Required

Predicted N acoustic criteria,
deviation from requires testing
baseline for behavioral

effects
A 4
Behavioral
Deviation Yes Allow

Deviation within Activity

quartile of

baseline

No
A 4
Permit
Required

FIGURE 4-2. Diagram of a possible system for determination of whether behavioral
changes cross a de minimis threshold.

require a permit or may be considered exempt from permitting. Essentially,
such a process would allow regulators to establish de minimis standards
that identify activities that have a low probability of causing changes in
marine mammal behavior that would lead to significant population effects.
This system would be populated initially with rules that, given our current
state of knowledge, can best be attained through expert opinion. Although
the model presented is based on animal exposure to sound, it is equally
applicable to other types of activities affecting marine mammals.
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In the initial stage of the process for applying for the de minimis
exemption, for any kind of effect on marine mammals, the applicant would
state the location and time of the proposed activity. The spatial scope of
most effects is relatively easy to define. Sound travels so well in water that
determining the scope of acoustic effects requires more information. For
acoustic effects, the applicant would also state the acoustic characteristics of
the proposed source: for example, source level, rise time, spectrum, direc-
tionality, and time course of operation.

Because most marine mammal populations are below their OSP, the
system should be conservative in the face of uncertainty, that is, it should
avoid the type of error that would lead to the loss of a valued resource
(NRC, 1995). Such conservativeness might be reflected in a requirement
for a specified level of knowledge about the distribution of animal popula-
tions, known as stocks for management purposes, within hearing range of
the source. If enough is known about the stocks and their distribution, the
system would move to the next stage; if not, it would reject the application
for “no significant effect” determination unless the applicant could obtain
and enter the required information.

The initial format of this part of the system would be based on a geo-
graphical information system (GIS). It could build on several continuing
efforts to develop GIS systems that store information about the distribution
and abundance of stocks (such as the Ocean Biogeographical Information
System Spatial Ecological Analysis of Megavertebrate Populations, http://
seamap.env.duke.edu) with geographical data on sound propagation. The
common database described in Recommendation 3 could be used to popu-
late this part of the system. The raw sighting data used by NOAA Fisheries
for stock assessments would be a major component of the marine mammal
element of the GIS for US waters. The acoustic information could be used
to define how the sound would spread from the proposed site.

The initial stage in evaluating whether potential effects of a sound
source cross the de minimis threshold would use the NOAA Fisheries
acoustic criteria described in Chapter 3. For each species in the area, the
exposure to sound from the planned sources is evaluated in terms of the
criterion threshold for sound pressure level or energy level for the func-
tional hearing group to which the species belongs. If the probability that
individuals are exposed above the threshold level for acoustic effects is less
than, for example, 0.001, the species would pass the proposed de minimis
standard for direct acoustic exposure.

Animals experiencing exposures below the direct acoustic-effects
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threshold may still have behavioral reactions that could lead to population
consequences. The next step is to determine the level of effect on life func-
tions (Box 4-1).

BOX 4-1
Considerations for Evaluating Marine Mammal
Disturbances by Specific Activities

Determining biologically significant disturbance would neces-
sarily evaluate a number of behaviors and their ecological contexts
in regard to the proposed activities. Below are some behaviors that
theoretically can be disrupted by noise, and some considerations in
the determination of significance of the disruptions. The examples
are illustrative only and should not be construed as a complete
catalog of potentially biologically significant behavioral disruptions.

Migration. For migration, the standard might state that neither the
path length nor the duration of migration could be increased into
the upper quartile of the normal time or distance of migration. Fully
one-fourth of the population exceed this value normally, so this is
likely to be a conservative criterion. With enough data on time and
length of migration, the applicant could then use response models
or estimates of the scope of the effect to evaluate whether they
meet the criterion. For example, if the effect of the activity extends
for only a small duration of migration or a small part of the migratory
path, such data alone might be sufficient. For migrating gray whales,
in which case avoidance can be quantitatively related to a received
level of sound, more-detailed analyses might be applied to a
measure to account for the reduced uncertainty.

Feeding. For feeding behavior, the standard might be related to
whether the disturbance will decrease energy reserves into the
lower quartile of normal variation, as measured during a period
appropriate for the proposed activity and season and the species
affected. For example, female marine mammals can be divided into
capital breeders, which postpone reproduction until they have
stored enough energy to carry infants through to weaning, and
income breeders, which continue to make foraging trips during
lactation (Costa, 1993). Different periods would be integrated for
the different classes and different energy measures, such as energy
stores or reserves vs. daily energy balance.
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The behavior of marine mammals varies by species, age-sex class, loca-

tion, season, and time. The effect on life functions of a given change in
behavior will also depend on those variables. The effect can be modulated

Breeding. Different standards for disruption of breeding behavior
should be considered for females and males. The ability of a female
to select a mate, breed, gestate, and give birth to a viable offspring
is so essential to populations that there should be very low toler-
ance of disturbances that might affect these activities. The disrup-
tion of male reproductive behavior is probably less likely to have
population effects than would disruption of female reproductive
behavior, although disruption of male behavior should not reduce
the pool of potential mates from which females can choose by more
than 25%. This might be estimated from known changes in male
call characteristics in response to noise, if the typical distribution of
males and disturbance-caused movements of females are suffi-
ciently known, the scope of disturbance could be estimated.

Nurturing and Parental Care. Very low thresholds should be con-
sidered for any disturbance that might separate a dependent infant
from its caregivers. Examples include analyzing whether noise or
disturbance responses might cause the infant and caregivers to
separate too far to resume their activities. On longer time scales,
the program could analyze whether the disturbance might reduce
the nutrition from lactation to less than the lower quartile of normal.
Both the duration of nursing bouts and the distribution of intervals
between bouts may be important. It is possible that males in some
species, such as Baird’s beaked whales (Berardius bairdii; Kasuya
et al., 1997), may be important for parental care and infant survival.
Undisturbed social structure may be particularly important for infant
survival. For example, bottlenose dolphin calves raised in large,
more stable groups have higher survival than those raised in
smaller, less stable groups (Wells, 1993).

Predator Avoidance. For behavioral changes that alter the
response to predators, very low thresholds are recommended if
there is the chance that the disruption will increase the vulnerability
of an animal to predation. Many marine mammals depend on social
defenses from predation (Mann et al., 2000).
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by interannual ecological changes, such as El Nifio or the North Atlantic
Oscillation. Because the science is not mature enough for predictive model-
ing from behavior of individuals to population effects, a simple interim
criterion based on normal variation of undisturbed behavior could be used.
The baseline behavior against which behavioral changes are measured
should be mapped onto the time and location of the proposed activity as
closely as possible. Where other contexts, such as the phase of the
interannual cycle, are known to affect behavior, they should be taken into
account.

The de minimis criterion should be robust and conservative in the face
of small samples and ignorance of shape of the distribution of baseline
behavior. It should also be set at a level that meets management goals. A
reasonable starting point would be a quartile level (upper or lower, as
appropriate), but the value selected for this criterion should be tested with
the same kinds of models used to evaluate the performance of the calcula-
tion of PBR (Taylor et al., 2000).

In all cases in which the proposed system yields a “no-significant-
impact” determination and the applicant does not have to prepare a permit
application, NOAA Fisheries should require the applicant to register the
activity, monitor for effects, and report observed effects to the system to
improve the knowledge base for future determinations. Approved strand-
ing networks should enter all stranding data. The Internet-based system
could be queried for any planned activities, and anyone could look for
correlations between activities and strandings. After accumulating data for
a few years, the database would allow epidemiological research that should
be able to identify such problems as the effects of mid-range tactical sonar
on beaked whales in less than the 35 years that it took to make this
particular connection.

Experts and managers should meet annually, at least initially, to
evaluate the performance of the system and to revise decision criteria on the
basis of new information. Such a system, if applied to all activities, would
provide rich opportunities for epidemiological analyses of the data to iden-
tify hot spots and linkages between human activities and marine mammal
mortality or morbidity.

Any cases of lethal take or serious injury should be reported immedi-
ately and should be added to the take that is compared with the PBR. Any
such take should disqualify the activity for the “no significant impact”
determination and for regulation under the de minimis standard. Any
applicant who provides false information to the system in an attempt to
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avoid permitting requirements should be disqualified from using the system
and be subject to prosecution.

FINDING: Current knowledge is insufficient to predict which behavioral
changes in response to anthropogenic sounds will result in significant popu-
lation consequences for marine mammals. The PCAD model and proposed
revisions to the PBR will take years to implement. In the interim, those
who introduce sound into the marine environment and those who have
responsibility for regulating takes resulting from such activities need a
system whereby reasonable criteria can be set to determine which sounds
will have a nonsignificant impact on marine mammal populations. Collec-
tively, there are sufficient expert knowledge and extensive databases to
establish such a system and to set the non-significant-impact criterion
conservatively enough that there can be broad agreement on it.

RECOMMENDATION 8: An intelligent-decision system
should be developed to determine a de minimis standard for
allowing proposed sound-related activities. An expert-opinion
panel should be constituted to populate the proposed system
with as many decision points as current information and
expert opinion allow. The system should be systematically
reviewed and updated regularly.
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Center for Environmental Science, Horn Point Laboratory. She directed
the National Research Council studies that led to the reports on Marine
Biotechnology in the Twenty-first Century: Problems, Promise, and Products
(2002), Ocean Noise and Marine Mammals (2003), and Exploration of the
Seas: Voyage into the Unknown (2003). In addition, she assisted with the
report Oil in the Sea III (2003) and the Committee to Review Activities
Authorized Under the Methane Hydrate Research and Development Act of
2000, and she serves as the OSB staff contact for the International Council
of Scientific Union’s Scientific Committee on Oceanic Research.

Sarah Capote is a senior program assistant with the Ocean Studies Board.
She earned her BA in history from the University of Wisconsin-Madison in
2001. During her tenure with the board, Ms. Capote has worked on the
following reports: Exploration of the Seas: Voyage into the Unknown (2003),
Nonnative Oysters in the Chesapeake Bay (2004), Future Needs in Deep Sub-
mergence Science: Occupied and Unoccupied Vehicles in Basic Ocean Research
(2004), the interim report Elements of a Science Plan for the North Pacific
Research Board (2004), and A Vision for the International Polar Year 2007-
2008 (2004).
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Acronyms
AIM Acoustic Integration Model
ATOC Acoustic Thermometry of the Ocean Climate
CEE Controlled Exposure Experiment
ESA Endangered Species Act
ESME Effects of Sound on the Marine Environment
FWS US Fish and Wildlife Service
GIS Geographic Information System
IBM Individual-Based Model
LFA Low-Frequency Active
MMPA Marine Mammal Protection Act of 1972
MNPL Maximum Net Productivity Level

NCEAS National Center for Ecological Analysis and Synthesis

NEPA National Environmental Policy Act of 1969
NMES National Marine Fisheries Service
NOAA National Oceanic and Atmospheric Administration
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NRC National Research Council

ONR Office of Naval Research

osp Optimum Sustainable Population

PBR Potential Biological Removal

PCAD Population Consequences of Acoustic Disturbance

PTS Permanent Threshold Shift

SPAWAR Space and Naval Warfare Systems Center

SURTASS  Surveillance Towed Array Sensor System

TTS Temporary Threshold Shift
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Workshop Agenda and Participants List

Predicting Population Consequences of the Disturbance by Noise on
Marine Mammals
National Academy of Sciences
Lecture Hall
2101 Constitution Avenue NW
Washington, DC
March 5-6, 2004

Friday, March 5, 2004

Open Session

Opening remarks, committee introductions, review of workshop format
Douglas Wartzok—Florida International University, Chair
Joanne Bintz—Study Director, Ocean Studies Board

Introduction to Task Statement and Model

PANEL I—INDIVIDUALS TO POPULATIONS

Session Introduction—Katherine Ralls

Shripad Tuljapurkar, Dean and Virginia Morrison Professor of Popula-
tion Studies, Stanford University

Bill Morris, Associate Professor, Department of Biology, Duke University
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Bruce Kendall, Assistant Professor, Donald Bren School of Environmental
Science & Management, University of California, Santa Barbara

PANEL II—FUNCTIONAL MODULATION OF EFFECTS

Session Introduction—Jeanne Altmann

L. Michael Romero, Associate Professor, Department of Biology, Tufts
University

Daniel P. Costa, Professor, Department of Ecology and Evolutionary
Biology, University of California, Santa Cruz

S.A.L.M. Kooijman, Professor, Department of Theoretical Biology, Vrije
Universiteit, Amsterdam

PANEL III—TRANSFER FUNCTION MODELING

Session Introduction—Anthony Starfield

Wayne Getz, Department of Environmental Science, Policy and Manage-
ment, University of California, Berkeley

Gordon Swartzman, Research Professor, Applied Physics Laboratory, Uni-
versity of Washington

Daniel Goodman, Director, Environmental Statistics Group, Montana
State University

Saturday, March 6, 2004

Open Session

Opening remarks—Douglas Wartzok, Committee Chair

PANEL IV—RESPONSES & MODELS FROM THE MANAGEMENT

WORLD

Session Introduction—Peter Tyack

Bob Kull, Program Manager, Parsons

Jay Barlow, Program Leader, Southwest Fisheries Science Center, and
Adjunct Professor, Scripps Institution of Oceanography

Jean Cochrane, Wildlife Biologist, US Fish and Wildlife Service, Endangered
Species Program, Arlington, VA
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Jeanne Altmann, Princeton University

Whitlow Au, University of Hawaii

Katherine Ralls, Smithsonian Institution, National Zoological Park
Anthony Starfield, University of Minnesora

Peter Tyack, Woods Hole Oceanographic Institution
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Jay Barlow, Scripps Institution of Oceanography

Jean Cochrane, US Fish and Wildlife Service

Daniel . Costa, University of California, Santa Cruz
Wayne Getz, University of California, Berkeley
Daniel Goodman, Montana State University

Bruce Kendall, University of California, Santa Barbara
S.A.L.M. Kooijman, Viije Universiteit, Amsterdam
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Bill Morris, Duke University

L. Michael Romero, 7ufis University

Gordon Swartzman, Applied Physics Laboratory
Shripad Tuljapurkar, Stanford University
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Dan Allen, Chevronlexaco Exploration Production Company
Laurie Allen, National Oceanic and Atmospheric Administration
Charles Bedell, Murphy Oil Corporation

Sue Belford, jacques Whitford Environment Limited

Lee Benner, Minerals Management Service

Daryl Boness, Smithsonian Institution, National Zoological Park
Mel Briscoe, Office of Naval Research

Jack Caldwell, WesternGeco

Ben Chicoski, National Oceanic and Atmospheric Administration
Tara Cox, Marine Mammal Commission

Cythia Decker, Oceanographer of the Navy

BETTRIDGE 126 of 143 NMFS Ex. 24

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11147.html

._Determining When Noise Causes Biologically Significant Effects

110 MARINE MAMMAL POPULATIONS AND OCEAN NOISE

Bridget Ferriss

Phil Fontana, Veritas Marine Acquisition

Kellie Foster, National Oceanic and Atmospheric Administration

Amy Fraenkel, Senate Committee on Commerce, Science, and Transporta-
tion; Subcommittee on Oceans, Fisheries, and Coast Guard

Ann Garrett, National Oceanic and Atmospheric Administration

Roger Gentry, National Oceanic and Atmospheric Administration

Bob Gisiner, Office of Naval Research

Mardi Hastings, Office of Naval Research

Frank Herr, Office of Naval Research

Bob Houtman, Office of Naval Research

Mi Ae Kim, National Marine Fisheries Service

Karen Kohanowich, Assistant Secretary of the Navy for Environment

Anurag Kumar, Geo-Marine Inc.

Stan Labak, Marine Acoustics, Inc.

David Laist, Marine Mammal Commission

Todd McConchie, George Mason University

Roger Melton, ExxonMobil Upstream Research Company

Harriet Nash, National Oceanic and Atmospheric Administration

Patrick O’Brien, ChevronTexaco Energy Technology Company

Tim Ragen, Marine Mammal Commission

Wallie Rasmunssen, ExxonMobil Corporation

Michael Rawson, Lamont-Doberty Earth Observatory

Nan Reck, National Oceanic and Atmospheric Administration

Naomi Rose, Humane Society of the United States

Bill Schmidt, National Park Service

Randy Showstack, Reporter, EOS

Brandon Southall, National Oceanic and Atmospheric Administration

Frank Stone, Chief of Naval Operations

Maya Tolstoy, Lamont-Doherty Earth Observatory

Kathleen Vigness Raposa, Marine Acoustics, Inc.

Erin Vos, Marine Mammal Commission

Brian Weitz, Senate Committee on Commerce, Science, and Transportation;
Subcommittee on Oceans, Fisheries, and Coast Guard

Andrew Wigton, ExxonMobil Upstream Research Company

Sheyna Wisdom, URS Corporation

Nina Young, Ocean Conservancy
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Staff:

Susan Roberts, Acting Board Director
Joanne Bintz, Study Director
Jennifer Merrill, Study Director
Sarah Capote, Program Assistant
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Draft Conceptual Plan for
Workshop Discussion

DEFINITION OF THE PROBLEM

Throughout human history oceans have been important for transpor-
tation and commerce, biological and physical resource extraction, and
defense. However, the vast expanse of the oceans precluded significant
human impact until the coming of the industrial revolution. The transition
from wind driven to mechanized shipping, was the first step in a continued
increase in the initially unintentional and subsequently, with the develop-
ment of sonar, intentional introduction of sound into the ocean. Because of
the low loss characteristics of sound transmission, compared to light trans-
mission, the use of sound had developed evolutionarily as the predominant
long-range sensory modality for marine species. Thus as human use of the
oceans increased with a concomitant increase in anthropogenic sound in
the ocean, the conflict with evolutionarily adapted marine animals sound
sensing systems was inevitable.

Over 90 percent of the global trade is transported by sea. Shipping is
the dominant sound in the world’s oceans at between 5 and 500 Hz. At
other frequencies, anthropogenic noise does not predominate in the ocean
sound energy budget, but can have important local impacts. For instance,
seismic air guns associated with geophysical exploration for locating new
oil and gas deposits run hundreds of thousands of miles of survey lines in
just the Gulf of Mexico each year. In addition, commercial sonar systems
are on all but the smallest pleasure craft. These sonars allow for safer boat-
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ing and shipping, and more productive fishing. Military sonar systems are
important for national defense.

This intentional and unintentional introduction of sound in the ocean
associated with activities beneficial to humans must be balanced against
known deleterious effects on marine mammals. Strandings of beaked whales
in certain environments are clearly associated with the use of mid-range
tactical military sonar. There are documented behavioral responses of beluga
whales to icebreakers 50 km away. Gray whales and killer whales have shown
multi-year abandonment of critical habitats in response to anthropogenic
noise. Although there are many documented, clearly discernable responses
of marine mammals to anthropogenic sound, reactions are typically subtle,
consisting of shorter surfacings, shorter dives, fewer blows per surfacing,
longer intervals between blows, ceasing or increasing vocalizations, short-
ening or lengthening duration of vocalizations, and changing frequency or
intensity of vocalizations. Although some of these changes become statisti-
cally significant in given exposures, it remains unknown when and how
these changes translate into biologically significant effects at either the indi-
vidual or the population level.

The basic goal of marine mammal conservation is to prevent human
activities from threatening marine mammal populations. The threat from
commercial whaling was obvious, but it is harder to estimate the popula-
tion consequences of activities that have less immediately dramatic out-
comes, such as those with indirect or small but persistent effects. The life
histories and habitat of marine mammals compounds these problems.
Marine mammals are long lived and slow to mature. Many species have
long periods of dependency. They are highly social and show behavioral
plasticity, with complex development of behavior. Furthermore, many of
these behaviors occur underwater where they are difficult to document.
This makes it particularly difficult to estimate the effects that a short term
exposure may have as it ripples through the lifetime of an individual, or as
effects on different individuals ripple through the population. Even extreme
effects, including death, are not necessarily observed.

The status of any population is the consequence of the accumulation
of many effects; resulting in marginal changes in survival and reproduction
over time. In addition, the end result is often so far removed in time from
the proximate causal events that they cannot simply be traced post hoc.
The existence of several comparable populations with different status and
different exposure can be used to reduce the number of candidate primary
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causes of the decline. However, often such comparative populations are
lacking.

One way around this conundrum, well tested for issues of human
health, is to study how individuals respond to exposure in the short term.
Behavior and physiology are rapid response systems evolved to compensate
for environmental variation within established limits. A standard method
to evaluate risks of exposure to chemicals involves analyzing the short-term
physiological responses to specific doses of a compound. Similar studies
have been conducted to investigate how marine mammals respond to
known exposures to sound. The goal of the NRC Committee on Charac-
terizing Biologically Significant Marine Mammal Behavior is to develop a
framework to relate short term acoustic dose:behavioral response relation-
ships to potential population consequences.

HISTORY OF NRC REPORTS

The NRC has produced three reports on the effects of noise on marine
mammals, in 1994, 2000 and 2003. The primary goal of the 1994 report
was to recommend research on this topic, but the report noted that regula-
tion of marine mammal research impeded critical research, and the report
had an entire chapter on regulatory burdens. This chapter of the 1994
report focused especially on harassment of marine mammals. It pointed
out that:

Logically, the term harassment would refer to a human action that causes an
adverse effect on the well-being of an individual animal or (potentially) a
population of animals. However, “the term ‘harass’ has been interpreted
through practice to include any action that results in an observable change in
the behavior of a marine mammal. . . .” (Swartz and Hofman, 1991, p. 27)

As researchers develop more sophisticated methods for measuring the
behavior and physiology of marine mammals in the field (i.e. via telemetry),
it is likely that detectable reactions, however minor and brief, will be docu-
mented at lower and lower received levels of human-made sound. . . . In that
case, subtle and brief reactions are likely to have no effect on the well being of
marine mammal individuals or populations. (Swartz and Hofman, 1991,
p-28)

The 2000 NRC report also has a chapter on regulatory issues focusing
on acoustic harassment. This chapter continued to emphasize the impor-
tance of a criterion for significance of disruption of behavior: “It does not
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make sense to regulate minor changes in behavior having no adverse impact;
rather regulations must focus on significant disruption of behaviors critical
to survival and reproduction ...” (Swartz and Hofman, 1991, p 68). It
went on to suggest a redefinition of Level B harassment as follows:

Level B—has the potential to disturb a marine mammal or marine mammal
stock in the wild by causing meaningful disruption of biologically significant
activities, including, but not limited to, migration, breeding, care of young,
predator avoidance or defense, and feeding. (Swartz and Hofman, 1991,

p. 69)

The third report of the NRC, Ocean Noise and Marine Mammals
(2003), attempted to look at the world ocean noise budget between 1 and
200,000 Hz with particular attention to habitats that were important to
marine mammals. The basic question the report tried to address was: What
is the overall impact of human-made sound on the marine environment?
The somewhat unsatisfactory answer was that the overall impact is
unknown, but there is cause for concern. Other than shipping, the overall
energy contribution of anthropogenic sound to the ocean noise budget is
insignificant. However, total energy contribution is not the best currency
to use in determining potential impact of human-made sound on marine
organisms. The report made a number of recommendations with the
overarching one being the need to better understand the characteristics of
ocean noise, particularly from man-made sources and its potential impacts
on marine life, especially those that may have population level consequences.

STATEMENT OF TASK

The statement of task for the present NRC Committee, the Committee
on Characterizing Biologically Significant Marine Mammal Behavior, picks
up on two issues noted above: the difference between statistically signifi-
cant and biologically significant changes in behavior; and linking those
short-term behavioral changes to possible population level consequences.
The term “biologically significant” enjoys wide use in conservation and
management literature, and increasingly in regulatory agency guidelines,
but has not been well defined. The committee has been tasked to define
“biologically significant” within the context of marine mammal behavioral
responses to ocean acoustic sources with particular reference to those
responses affecting marine mammal populations. The committee will
produce a brief report that reviews and characterizes the current scientific
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understanding of when animal behavior modifications induced by transient
and non-transient ocean acoustic sources, individually or cumulatively,
could threaten marine mammal stocks. Recommendations will be based on
input from a scientific workshop, consideration of the relevant literature,
and other sources.

GOAL, PROPERTIES AND OUTPUT

Develop a conceptual framework and produce a practical process to
help regulators assess the risk that specific acoustic sources will have negative
impacts on a marine mammal population by disrupting normal behavioral
patterns.

Desirable properties of such a process include one that is: accurate;
precautionary and becomes more precautionary with greater uncertainty in
the potential population level effects of the induced behavioral changes; is
simple and transparent to the public, legal staff, and congress; leads to an
iterative process which will improve risk estimates as data improve; is able
to evaluate cumulative impacts of multiple low level disturbances; and ends
up with a small number of parameters that are easy to estimate.

COMMITTEE CONCEPTUAL APPROACH

We propose a process to link acoustic stimuli to behavioral responses
to functional outcomes of responses integrated over daily and seasonal cycles
in a way that links to life history models. This sequence of stages is essential
to link population models, which for seasonal breeders are typically struc-
tured on an annual basis, with studies that relate acoustic exposure to
behavioral response, that typically work on time scales of hours.

Table D-1 diagrams our approach. On the left we characterize the
acoustic features of the sound stimulus of interest. The first stage of our
framework involves a transfer function to predict behavioral responses to
this sound. Ideally this function derives from controlled exposure experi-
ments, supplemented by observational or correlational studies. This trans-
fer function may vary depending upon the species, season, location, and
age-sex of the subject. In the absence of data for the precise situation of
interest, marine mammals should be grouped in this stage of the frame-
work by their hearing capabilities, and only data from the same ear type

should be used.
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The output of the first transfer function predicts changes in observable
behaviors or physiological measures as a function of sound exposure. The
second stage of our framework must evaluate how much these changes in
behavior compromise processes that are widely recognized as critical to life
history. Where possible, we propose to break down these functional conse-
quences into two time scales—diurnal and seasonal. Most marine mammals
respond to diurnal changes with a cycle of activities that suggests the validity
of integrating short term functional consequences over a minimum dura-
tion typical of the activity in undisturbed animals up to durations of 24 h
when possible. These time scales can be studied with behavioral observa-
tions or tagging methods. Most marine mammals also show strong seasonal
variations in behavior and physiology. As a first cut, our framework will
then sum expected daily consequences over each season, depending upon
expected exposure schedule to the sound of interest.

The output of the second transfer function defines over a season, the
extent to which exposure to a sound may have interfered with the subject’s
ability to perform behavioral functions that may be critical to survival,
growth, and reproduction. The third stage of our framework must estimate
what impact this interference may have at the population level. We propose
that this stage involves matrix population models structured to stratify each
season by the amount of interference. Ideally this would involve models
where there is some basis for estimating exposure and thus amount of inter-
ference for each individual or age-sex class, depending upon how the model
is structured. The function relating interference to population effect ideally
would derive from several years of observation of survival and reproduction
in a population where effects of exposure can be predicted. For the purposes
of this report, we will need to develop a preliminary method to estimate the
likelihood of population effect.

SOUND

Ocean acoustic sounds can have a wide range of effects on marine
mammals varying from minor annoyances to potentially deleterious effects
on a population level. The sources of acoustic noise have been well described
in the 2003 National Research Council’s (NRC) Ocean Studies Board
report, which also described a variety of effects of noise on marine
mammals. The discussion of the effects of noise on marine mammals in the
2003 NRC report concentrated on individual marine mammals with the
implication that if enough individuals are affected in the same manner,
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then the population will be affected. In this discussion, the focus will be on
the effects of ocean acoustics that will have negative consequence on marine
mammals on the population level.

We will attempt to understand how different acoustic sources could
modify behavior and hinder marine mammals from performing critical func-
tions that could eventually have an impact on the population level. There are
many questions concerning how acoustic signals can modify behavior on a
time scale that would affect a population of marine mammals. Among various
parameters of acoustic signals that should be considered include bandwidth,
frequency range, intensity, modulation type, modulation rate, duration and
duty cycles need to be considered. However, at our current level of under-
standing there is little understanding how any of these parameters, whether
individually or corporately can affect or modify marine mammal behavior.
Even in a simple case, we would expect that a narrow-band acoustic source will
have licte effectiveness in disturbing a dolphin’s ability to echolocate. Then the
question is how broad in bandwidth does the acoustic interference need to be
to disrupt or interfere with a dolphin’s ability to echolocate? There are many
similar questions to which there are no obvious answers.

BEHAVIOR

Behavioral changes typically occur over time ranges of minutes to
hours. The responses often increase monotonically with increasing signal
intensity, but such changes are rarely linear. They are also strongly influ-
enced by other signal characteristics such as frequency, rise time, duty cycle,
novelty, and total energy content. The variability in behavioral responses is
as likely due to changes in the state, condition, demographic status, or
location of the animal as to characteristics of the sound source. Repeated
presentations of the signal typically result in habituation in which the
response is not as pronounced to subsequent signal presentations, but the
converse can also occur in which the response becomes greater on subse-
quent presentations of the same signal, a condition known as sensitizitation.
Individual variability of animals significantly reduces the capability of
predicting behavioral change in response to acoustic stimuli.

FUNCTION

All organisms must perform a set of behavioral and physiological
functions in order to survive, grow, and reproduce. Marine mammals must
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have effective ways to avoid predation, feed, breed, and take care of their
young. Many species migrate over long distances, and all must orient on
smaller scales. Many pelagic species dive between the surface where they
must breathe and great depths where they find and consume prey.

Each of these behavioral activities may be affected by acoustic interfer-
ence in different ways with different functional consequences. The main
costs of interference are risks of injury, opportunity costs due to not detect-
ing a signal, and costs of lost time and extra energy expenditure. If a diving
animal responds to sound in a way that pushes the limits of diving physiology,
the behavioral response itself could cause injury. If noise stimulates seals to
stampede on a beach, or stimulates a cetacean to strand, this could cause
death or injury. Similarly if an animal fails to detect an oncoming predator
because of interfering noise, it could be killed or injured.

Interpreting the indirect effects where behavioral responses to sound
may injure or kill a marine mammal is straightforward. The other costs of
lost opportunities, time, or energy require more interpretation to infer the
consequences. If an animal incorrectly responds to a noise as if it were a
predator, this response entails the costs of lost time and energy. A migrating
animal could be affected in two different ways. If it uses acoustic cues to
orient for migration, exposure to noise sufficient to mask these cues might
interfere with orientation. Some migrating animals avoid exposure to noise;
this deflection costs time and energy. If exposure to noise interferes with
feeding, the primary costs are time lost if prey items are missed, and energy
costs of lost prey intake and potentially increased costs of locomotion. The
likely costs of noise to breeding and parental care both involve the costs of
not detecting signals and the energy and time costs of any mechanisms they
may have for compensating for noise to improve the probability of signal
detection in noise. However, the consequences differ. In species that use
acoustic communication in the mating system, a female might in the worst
case fail to find a mate while she was receptive. This problem is likely to be
worst for depleted populations that do not aggregate in mating centers.
Noise may also interfere with the process by which males compete during
the breeding season, by which females select a mate. All marine mammal
young are dependent upon parental care. Many species use acoustic com-
munication both to maintain contact between mother and young, and also
for mother-offspring recognition. If increased noise prevented or delayed
mother and young from reuniting after a separation, this could have
negative consequences for the young. Many marine mammals learn their
vocalizations. We are only just beginning to understand the intricacies of
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vocal development in marine mammals, but increased noise might inter-
fere with development of a fully functional system of vocal communication.

OPERATIONAL PLANS

The Committee held its first meeting 6-8 October 2003 at the
National Academy of Sciences in Washington, D.C. and prepared this
document conceptualizing and oudlining a proposed approach to address-
ing the statement of task. The committee also identified those areas in
which it needed assistance in completing the model leading from stimulus
through a determination of biologically significant behavioral change to a
population level effect. Four primary areas where additional expertise was
needed were identified. For each of those areas, experts will be identified
and invited to the next meeting of the committee on 5-8 March 2004,
again at the National Academy of Sciences in Washington, D.C. That meet-
ing will begin with a two day workshop. On the first day each of the invited
experts will make a 15 minute presentation on how the gaps in the model
can be bridged and how the deficiencies in the model can be rectified. On
the morning of the second day, the experts within each area will meet
together with one member of the committee to put together a synthesis
and improvement of the individual presentations of the day before. In the
afternoon, each of the four working groups will make a presentation to the
full committee. The committee will spend the final two days in closed
session writing the report.

TRANSFER FUNCTION WORKING GROUP

The overall purpose of the proposed model is three-fold. The first two
purposes derive directly from the statement of task, identifying biologically
significant behavioral changes and linking those changes to population level
effects. The third purpose is to assist regulators in determining the likeli-
hood that a given stimulus will lead to a specific behavioral change affect-
ing a defined biological function which results in a given change in an
identified population parameter. Between each of these operational units
there are transfer functions which can be weighted by a variety of external
factors such as season, location, and demographic characteristics of the
exposed animals. Given the current state of knowledge, the committee rec-
ognizes that likelihood factors cannot be categorized on a finer scale than
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high, moderate or low. The Transfer Function Modeling expert group will
help the committee turn this heuristic model into an operational one.

SOLICITATION OF PARTICIPATION

We are all too aware of the questions and uncertainty surrounding our
task. On the other hand, decisions affecting the fate of these populations
must be made. We face the task given to us not with confidence that we can
solve all the problems, but rather in the hope that the framework we de-
velop can help to provide a scientific basis for ranking research and manage-
ment priorities.

We are soliciting your participation not only in helping to fill in
significant areas in which the committee lacks sufficient experience or
knowledge, but also your perspective, often from a very different back-
ground and experience, as to the overall approach of the committee to the
statement of task. This model is being presented very much as a work in
progress and we hope you will take this opportunity to help the committee
to shape this model, or to convince the committee to abandon this model.

Thank you.
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Scientific and Common Names

Order Carnivora

Family Felidae

Puma concolor coryi
Family Mustelidae
Enhydra lutris

Family Odobenidae
Odobenus rosmarus
Family Otariidae
Zalophus californianus
Eumetopias jubatus
Family Phocidae
Mirounga augustirostris
Halichoerus grypus
Phoca vitulina

Phoca bispida
Leptonychotes weddellii

Order Cetacea

Florida Panther

Sea otter

Walrus

California sea lion

Steller sea lion

Elephant seal
Gray seal
Harbor seal
Ringed seal
Weddell seal

Family Balaenidae
Eubalaena glacialis North Adantic right whale
Family Balaenopteridae
Megaptera novaeangliae Humpback whale
125
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Family Delphididae
Tursiops truncatus
DPseudorca crassidens
Orcinus orca

Family Eschrichtiidae
Eschrichtius robustus
Family Kogiidae
Kogia sima

Kogia breviceps

Family Monodontidae
Delphinapterus leucas
Monodon monoceros
Family Phocoenidae
Phocoena phocoena
Family Physeteridae
Physeter macrocephalus
Family Ziphiidae
Berardius bairdii
Mesoplodon densirostris
Ziphius cavirostris

Order Gadiformes
Family Gadidae
Theragra chalcogramma

Order Rodentia
Family Muridae
Peromyscus maniculatus

Order Squamata

Family Iguanidae
Amblyrhynchus cristatus

BETTRIDGE

143 of 143

Bottlenose dolphin
False killer whale
Killer whale
Western gray whale

Dwarf sperm whale
Pygmy sperm whale

Beluga whale (=white whale)
Narwhal

Harbor porpoise

Sperm whale

Baird’s beaked whale
Blainville’s beaked whale
Cuvier’s beaked whale

Walleye pollock

Wild Deer mouse

Marine iguana
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Revised 12/18/2012
GRAY WHALE (Eschrichtius robustus): Eastern North Pacific Stock

STOCK DEFINITION AND GEOGRAPHIC RANGE

Once common throughout the
Northern Hemisphere, the gray whale became v TR AT
extinct in the Atlantic by the early 1700s 450" A
(Fraser 1970; Mead and Mitchell 1984),
though one anomalous sighting occurred in the
Mediterranean Sea in 2010 (Scheinin et al.
2011). Gray whales are now found in the
North Pacific where two extant populations are
currently recognized (Reilly et al. 2008).
Recent genetic comparisons suggest that these
two stocks, called the “Eastern North Pacific”
(ENP) and “Western North Pacific” (WNP)
populations, are distinct, with differentiation in
both mtDNA haplotype and microsatellite
allele frequencies (LeDuc et al. 2002; Lang et
al.2011a).

During summer and fall most whales
in the ENP population feed in the Chukchi,
Beaufort and northwestern Bering Seas (Fig.
1). An exception to this generality is the
relatively small number (100s) of whales that
summer and feed along the Pacific coast between Kodiak Island, Alaska and northern California (Darling 1984;
Calambokidis et al. 2002, 2010; Gosho et al. 2011). By late November, the southbound migration is underway as
whales begin to travel from summer feeding areas to winter calving areas off the west coast of Baja California,
Mexico, and the southeastern Gulf of California (Rugh et al. 2001; Swartz et al. 2006). The southbound migration is
segregated by age, sex and reproductive condition (Rice and Wolman 1971). The northbound migration begins about
mid-February and is also segregated by age, sex and reproductive condition.

Gray whale breeding and calving are seasonal and closely synchronized with migratory timing. Sexual
maturity is attained between 6 and 12 years of age (Rice 1990; Rice and Wolman 1971). Gestation is estimated to
be 13 months, with calving beginning in late December and continuing to early February (Rice and Wolman 1971).
Some calves are born during the southbound migration while others are born near or on the wintering grounds
(Sheldon et al. 2004). Females produce a single calf, on average, every 2 years (Jones 1990). Calves are weaned
and become independent by six to eight months of age while on the summer feeding ground (Rice and Wolman
1971). Three primary calving lagoons in the ENP are utilized during winter, and some females are known to make
repeated returns to specific lagoons (Jones 1990). Genetic studies suggest that some substructuring may occur on
the wintering grounds, with significant differences in mtDNA haplotype frequencies found between females
(mothers with calves) utilizing two of the primary calving lagoons and females sampled in other areas (Goerlitz et
al. 2003). Other research utilizing both mtDNA and microsatellites identified significant departure from panmixia
between two of the lagoons using nuclear data, although no significant differences were identified using mtDNA
(Alter et al. 2009).

The distribution and migration patterns of gray whales in theWNP are less clear. The main feeding ground
is in the Okhotsk Sea off the northeastern coast of Sakhalin Island, Russia, but some animals occur off eastern
Kamchatka and in other coastal waters of the northern Okhotsk Sea (Weller et al. 2002; Vertyankin et al. 2004;
Tyurneva et al. 2010). Some WNP whales migrate south in autumn, but the migration route(s) and winter breeding
ground(s) are poorly known. Information collected over the past century indicates that whales migrate along the
coasts of Japan and South Korea (Andrews 1914; Mizue 1951; Omura 1984) to wintering areas somewhere in the
South China Sea, possibly near Hainan Island (Wang 1984). No sightings off South Korea have been reported in
over a decade, however. Results from photo-identification (Weller et al. 2011), genetic (Lang 2010; Lang et al.
2011a) and telemetry studies (Mate et al. 2011) have documented mixing between the WNP and ENP, including
observations of six whales photographically matched from Sakhalin Island to southern Vancouver Island, and two
whales genetically matched from Sakhalin to Santa Barbara, California. Combined results from photo-ID and

United
States

Mexico

Figure 1.Approximate distribution of the Eastern North
Pacific stock of gray whales (shaded area).
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genetics studies reveal that a total of 8 gray whales have been observed in both the WNP and ENP (Weller et al.
2011; International Whaling Commission (IWC) 2011a). Despite this level of mixing, significant mtDNA and
nuclear genetic differences are found between whales in the WNP and those summering in the ENP.

Population structure within the ENP is less clear. Recent studies provide new information on gray whale
stock structure within the ENP, with emphasis on whales that feed during summer off the Pacific coast between
northern California and southeastern Alaska, occasionally as far north as Kodiak Island, Alaska (Gosho et al. 2011).
These whales, collectively known as the “Pacific Coast Feeding Group” (PCFQG), are a trans-boundary population
with the U.S. and Canada and are defined by the IWC as follows: gray whales observed between 1 June to 30
November within the region between northern California and northern Vancouver Island (from 41°N to 52°N) and
photo-identified within this area during two or more years (IWC 2011a; IWC 2011b; IWC 2011c¢). In 2005, the
Makah Indian Tribe requested authorization from NOAA/NMFS, under the MMPA and the Whaling Convention
Act, to resume limited hunting of gray whales for ceremonial and subsistence purposes in the coastal portion of their
usual and accustomed (U&A) fishing grounds off the coast of Washington State (NMFS 2008). The spatial overlap
of the Makah U&A and the summer distribution of PCFG whales has management implications. The proposal by
the Makah Tribe includes time/area restrictions designed to reduce the probability of killing a PCFG whale and to
focus the hunt on whales migrating to/from feeding areas to the north. Similarly, observations of gray whales
moving between the western and eastern North Pacific highlights the need to estimate the probability of a WNP gray
whale being taken during a hunt by the Makah Tribe (IWC 2011a; IWC 2011b). NMFS has published a notice of
intent to prepare an environmental impact statement (EIS) on the proposed hunt (NMFS 2012) and the IWC is
evaluating the potential impacts of a hunt on the PCFG (IWC 2011a; IWC 2011¢; IWC 2011b).

Photo-identification studies from 1998 to 2008 between northern California and northern British Columbia
provide data on the abundance and population structure of PCFG whales (Calambokidis et al. 2010). Gray whales
using the Pacific Northwest during summer and autumn include two components: 1) whales that frequently return to
the area, display a high degree of intra-seasonal “residency” and account for a majority of the sightings between 1
June and 30 November. Despite movement and interchange among sub-regions of the study area, some whales are
more likely to return to the same sub-region where they were observed in previous years. 2)“visitors”from the
northbound migration that are sighted only in one year, tend to be seen for shorter time periods in that year, and are
encountered in more limited areas.

Satellite tagging studies between 3 September and 4 December 2009 off Oregon and California provide
movement data for whales considered to be part of the PCFG (Mate et al. 2010). Duration of tag attachment differed
between individuals, with some whales remaining in relatively small areas within the larger PCFG seasonal range
and others traveling more widely. All six individuals whose tags continued to transmit through the southbound
migration utilized the wintering area within and adjacent to Laguna Ojo de Liebre (Scammon’s lagoon). Three
whales were tracked north from Ojo de Liebre: one traveled at least as far as Icy Bay, Alaska, while the other two
were tracked to coastal waters off Washington (Olympic Peninsula) and California (Cape Mendocino). In addition to
satellite tag data, photographic evidence has shown that some presumed PCFG whales move at least as far north as
Kodiak Island, Alaska (Calambokidis et al.2010; Gosho et al. 2011). The satellite tag and photo-ID data suggest that
the range of the PCFG may, at least for some individuals, exceed the pre-defined 41°N to 52°N boundaries that have
been used in PCFG-related analyses (e.g. abundance estimation).

Previous genetic studies of PCFG whales focused on evaluating recruitment patterns, with simulations
indicating detectable mtDNA genetic differentiation would result if the PCFG originated from a single colonization
event in the past 40 to 100 years, without subsequent external recruitment (Ramakrishnan and Taylor, 2001).
Subsequent empirical analysis, however, failed to detect differences when 16 samples collected from known PCFG
whales utilizing Clayoquot Sound, British Columbia, were compared with samples (n=41) collected from
individuals presumably feeding farther north (Steeves et al. 2001). Additional genetic analysis with an extended set
of samples (n=45) collected from whales within the PCFG range indicated that genetic diversity and the number of
mtDNA haplotypes were greater than expected (based on simulations) if recruitment into the PCFG were
exclusively internal (Ramakrishnan et al. 2001). However, both simulation-based studies focused on evaluating only
the hypothesis of founding by a single and recent colonization event and did not evaluate alternative scenarios, such
as recruitment of whales from other areas into the PCFG (Ramakrishnan and Taylor 2001; Ramakrishnan et al.
2001). More recently, Frasier et al. (2011) compared mtDNA sequence data from 40 individuals within the seasonal
range of the PCFG with published sequences generated from 105 samples collected from ENP gray whales, most of
which stranded along the migratory route (LeDuc et al., 2002). The mtDNA haplotype diversity found among
samples of the PCFG was high and similar to the larger ENP samples, but significant differences in mtDNA
haplotype distribution and in estimates of long-term effective population size were found. Based on these results,
Frasier et al. (2011) concluded that the PCFG qualifies as a separate management unit under the criteria of Moritz
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(1994) and Palsbell et al. (2007). The authors noted that the PCFG likely mates with the rest of the ENP population
and that their findings were the result of maternally-directed site fidelity of whales to different feeding grounds.

A subsequent study by Lang et al. (2011b) assessed stock structure of whales utilizing feeding grounds in
the ENP using both mtDNA and eight microsatellite markers. Significant mtDNA differentiation was found when
samples from individuals (n=71) sighted over two or more years within the seasonal range of the PCFG were
compared to samples from whales feeding north of the Aleutians (n=103) as well as when the PCFG samples were
compared to the subset of samples collected off Chukotka, Russia (n=71). No significant differences were found
when these same comparisons were made using microsatellite data. The authors concluded that (1) the significant
differences in mtDNA haplotype frequencies between the PCFG and whales sampled in the northern areas indicates
that the utilization of some feeding areas is being influenced by internal recruitment (e.g., matrilineal fidelity), and
(2) the lack of significance in nuclear comparisons suggests that individuals from different feeding grounds may
interbreed. The level of mtDNA differentiation identified, while statistically significant, was low and the mtDNA
haplotype diversity found within the PCFG was similar to that found in the northern strata. Lang et al. (2011b)
suggested that these findings could be indicative of relatively recent colonization of the PCFG but could also be
consistent with a scenario in which external recruitment into the PCFG is occurring.

After reviewing results from photo-identification, telemetry, and genetic studies available in 2010 (i.e.
Calambokidis et al. 2010; Mate et al. 2010; Frasier et al. 2011), the IWC agreed that the hypothesis of the PCFG
being a demographically distinct feeding group was plausible and warranted further investigation (IWC 201 1a).
Recent research by Lang et al. (2011b) provided further support for recognition of the PCFG as a distinct feeding
aggregation. Because the PCFG appears to be a distinct feeding aggregation and may warrant consideration as a
distinct stock in the future, separate PBRs are calculated for the PCFG within this report. Calculation of a PBR for
this feeding aggregation allows NMFS to assess whether levels of human-caused mortality are likely to cause local
depletion within this population.

POPULATION SIZE

Systematic counts of gray whales migrating south along the central California coast have been conducted
by shore-based observers at Granite
Canyon most years since 1967 (Fig. 2).
The most recent southbound counts
were made during the 2007/2008,
2009/2010, and 2010/2011 surveys,
from which abundance estimates are not
yet available.

The most recent estimate of
abundance is from the 2006/2007
southbound  survey, or 19,126
(CV=7.1%) whales (Laake et al. 2009).
Because of observed interannual
differences in correction factors used to
correct for bias in estimating pod size
(Rugh et al. 2008), the time series of
abundance estimates dating back to
1967 was reanalyzed. Laake et al.
(2009) developed a more consistent
approach to abundance estimation that

used a better model for pod size bias and  Fjgure 2. Estimated abundance of Eastern North Pacific gray
applied their estimation approach to re-  \hales from NMFS counts of migrating whales past Granite
estimate abundance for all 23 Surveys. Canyon, California. Error bars indicated 90% probability

The new abundance estimates  jptervals. The solid line represents the estimated trend of the

between 1967 and 1987 were generally  population with 90% intervals as dashed lines (after Punt and
larger than previous abundance estimates;  Wwade 2010).

differences by year between the new
abundance estimate and the old estimate
range from -2.5% to 21%. However, the opposite was the case for survey years 1992 to 2006, with estimates
smaller (-4.9% to -29%) than previous estimates. This is largely explained by differences in the correction for pod
size bias, because the pod sizes in the calibration data were positively-biased. Re-evaluation of the correction for
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pod size bias and the other changes made to the estimation procedure yielded a somewhat different trajectory for
population growth. The estimates still show the population increased steadily from the 1960s until the 1980s.
Previously, the peak abundance estimate was in 1998 followed by a large drop in numbers (Rugh et al. 2008). Now
the peak estimate is a decade earlier in 1987/88. The revised estimates for the most recent years are 16,369
(CV=6.1%) in 2000/01, 16,033 (CV=6.9%) in 2001/02, and 19,126 (CV=7.1%) in 2006/07. Revised estimates from
the three years prior are 20,103 (CV=5.6%) in 1993-94, 20,944 (CV=6.1%) in 1995-96, and 21,135 (CV=6.8%) in
1997-98 (Laake et al. 2009).

Gray whale counting methods were updated with a new counting technique during the 2006/2007 migration
where two observers and a computer are used to log and track individual pods (Durban et al. 2010). This replaces a
long-used method of a single observer recording sightings on paper forms. The two-observer method allows for a
higher frequency of observations of each whale pod, because one observer is dedicated solely to observing pods,
while a second observer’s primary role is data recording and software tracking of pods. Evaluations of both
counting techniques during simultaneous (2006/2007 and 2007/2008) and independent (2006/2007, 2007/2008,
2009/2010, and 2010/2011) trials have been completed (Durban et al. 2010, 2011) and correction factors for the new
approach are presently being estimated (Durban et al. 2011).

Photographic mark-recapture abundance estimates for PCFG gray whales between 1998 and 2008,
including estimates for a number of smaller geographic areas within the more broadly defined PCFG region, are
reported in Calambokidis et al. (2010). These estimates were further refined during an inter-sessional workshop of
the IWC (IWC 2011b). The 2008 abundance estimate for the defined range of the PCFG between 41°N to 52°N is
194 (SE = 17.0) whales.

Eastern North Pacific gray whales experienced

an unusual mortality event in 1999 and 2000, when large | 400

numbers stranded along the west coast of North America

(Moore et al., 2001; Gulland et al., 2005). Over 60% of | 350

the dead whales were adults, and more adults and

subadults stranded in 1999 and 2000 relative to years | 300

prior to the mortality event (1996-98), when -calf

strandings were more common. Many stranded whales | 250

were emaciated and aerial photogrammetry documented 200

that gray whales were thinner in 1999 relative to previous

years (Perryman and Lynn, 2002). Several factors | 1g5q

suggest that the high mortality rate was a short-term,

acute event and not a chronic situation or trend: 1) in | 100 -

2001 and 2002, strandings of gray whales along the coast

decreased to levels that were below their pre-1999 level 50 A

(Gulland et al., 2005); 2) average calf production in

2002-2004 returned to levels seen before 1999; and 3) in 0 -

2001, living whales no longer appeared to be emaciated. S o F o & & & & &
A Working Group on Marine Mammal Unusual AR R I O O

Mortality Events (Gulland et al., 2005) concluded that

the emaciated condition of many stranded whales
supported the idea that starvation could have been a
significant contributing factor to the higher number of

Figure 3. Number of stranded gray whales recorded along
the west coast of North America between 1990 and 2006
(data from Brownell et al. 2007).

strandings in 1999 and 2000. Unusual oceanographic

conditions in 1997 may also have decreased productivity in the Bering Sea (Minobe 2002). Regardless of the
mechanism, visibly emaciated whales (LeBoeuf et al. 2000; Moore et al. 2001) suggest a decline in available food
resources, and it is clear that ENP gray whales were substantially affected in those years; whales were skinnier, they
had a lower survival rate (particularly of adults), and calf production was dramatically lower. A modeling analysis
estimates that 15.3% of the non-calf population died in each of the years of the mortality event, compared to about
2% in a normal year (Punt and Wade 2010). The most recent abundance estimate from 2006/07 suggests the
population has nearly increased back to levels seen in the 1990s before the mortality event in 1999 and 2000 (Figure
2).

Gray whale calves were counted from Piedras Blancas, a shore site in central California, in 1980-81 (Poole
1984a) and each year since 1994 (Perryman et al. 2002, 2004, 2011). In 1980 and 1981, calves passing this site
comprised 4.7% to 5.2% of the population (Poole 1984b). Estimates for the total number of northbound calves in
2001 to 2010 were 256, 842, 774, 1528, 945, 1020, 404, 553, 312 and 254, respectively (Perryman et al. 2011).
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These calf estimates were highly variable between years. Calf production indices, as calculated by dividing the
estimates of northbound calves by estimates of abundance for the population (Laake et al. 2009), ranged between
1.3 - 8.8% with a mean of 4.1% during the 17-year time series (1994-2010). Annual indices of calf production
include impacts of early postnatal mortality but may overestimate recruitment because they exclude possibly
significant levels of killer whale predation on gray whale calves north of the survey site. The relatively low
reproductive output is consistent with reports of little or no population growth over the same time period (Laake et
al. 2009; Punt and Wade 2010). Comparisons of sea ice cover in the Bering Sea with estimates of northbound calves
revealed that average ice cover in the Bering Sea explains roughly 70% of the inter-annual variability in estimates of
northbound calves the following spring (Perryman et al. 2011). In other words, a late retreat of seasonal ice may
impact access to prey for pregnant females and reduce the probability that existing pregnancies will be carried to
term.

Gray whale calves have also been counted from shore stations along the California coast during the
southbound migration (Shelden et al. 2004). Those results have indicated significant increases in average annual
calf counts near San Diego in the mid- to late-1970s compared to the 1950s and 1960s, and near Carmel in the mid-
1980s through 2002 compared to late-1960s through 1980 (Shelden et al. 2004). This increase may be related to a
trend toward later migrations over the observation period (Rugh et al. 2001, Buckland and Breiwick 2002), or it
may be due to an increase in spatial and temporal distribution of calving as the population increased (Shelden et al.
2004).

Minimum Population Estimate

The minimum population estimate (Nyn) for the ENP stock is calculated from Equation 1 from the PBR
Guidelines (Wade and Angliss 1997): Nyn = N/exp(0.842x[In(1 HCVIN) ). Using the 2006/07 abundance
estimate of 19,126 and its associated CV of 0.071, Ny~ for this stock is 18,017.

The minimum population estimate for PCFG gray whales is calculated as the lower 20" percentile of the
log-normal distribution of the 2008 mark-recapture estimate given above, or 180 animals.

Current Population Trend

The population size of the ENP gray whale stock has been increasing over the past several decades despite
an unusual mortality event in 1999 and 2000. The estimated annual rate of increase, based on the unrevised
abundance estimates between 1967 and 1988, is 3.3% with a standard error of 0.44% (Buckland et al. 1993). Using
the revised abundance time series from Laake et al. (2009) leads to an annual rate of increase for that same period of
3.2% with a standard error of 0.5% (Punt and Wade 2010).

Abundance estimates of PCFG gray whales reported by Calambokidis et al. (2010) from 1999 to 2008
indicate a stable population size over multiple spatial scales. No statistical analysis of trends in abundance is
currently available for this population.

CURRENT AND MAXIMUM NET PRODUCTIVITY RATES

The abundance time-series has been revised (Laake et al. 2009), so estimates of productivity rates must be
based on the revised time-series. Using abundance data through 2006/07, an analysis of the ENP gray whale
population led to an estimate of R ,,,x of 0.062, with a 90% probability the value was between 0.032 and 0.088 (Punt
and Wade 2010). This estimate came from the best fitting age- and sex-structured model, which was a density-
dependent Leslie model including an additional variance term, with females and males modeled separately, that
accounted for the mortality event in 1999-2000. During review of a draft of this stock assessment report, the Pacific
Scientific Review Group recommended using the R,,,x value of 0.062 reported by Punt and Wade (2010), instead of
the lower 10" percentile of this estimate. This value of Ry is also applied to PCFG gray whales, as it is currently
the best estimate of R, available for gray whales in the Eastern North Pacific.

POTENTIAL BIOLOGICAL REMOVAL

The potential biological removal (PBR) level for the ENP stock of gray whales is calculated as the
minimum population size (18,017), times one-half of the maximum theoretical net population growth rate (2 x 6.2%
=3.1%), times a recovery factor of 1.0 for a stock above MNPL (Punt and Wade 2010), or 558 animals.

The potential biological removal (PBR) level for PCFG gray whales is calculated as the minimum
population size (180 animals), times one half the maximum theoretical net population growth rate (%2 x 6.2% =
3.1%), times a recovery factor of 0.5 (for a population of unknown status), resulting in a PBR of 2.8 animals.

BETTRIDGE 6 of 14 NMFS Ex. 176



ANNUAL HUMAN-CAUSED MORTALITY AND SERIOUS INJURY
Fisheries Information

NMEFS observers monitored the California/Oregon thresher shark/swordfish drift gillnet fishery from 2006
to 2010 and the California set gillnet halibut fishery in 2006, 2007, and 2010: no gray whales were observed
entangled (Carretta and Enriquez 2007, 2009a, 2009b, 2010, 2012).  Observers have not been assigned to most
Alaska gillnet fisheries, including those in Bristol Bay known to interact with gray whales. Due to a lack of observer
programs, mortality data from Canadian commercial fisheries is not available. Most data on human-caused mortality
and serious injury of gray whales is from strandings (including at-sea reports of entangled animals alive or dead).
Strandings represent only a fraction of actual gray whale deaths (natural or human-caused), as reported by Punt and
Wade (2010), who estimated that only 3.9% to 13.0% of gray whales that die in a given year end up stranding and
being reported.

A summary of human-caused mortality and serious injury resulting from unknown fishery sources
(predominantly pot/trap or net fisheries) is given in Table 1 for the most recent 5-year period of 2006 to 2010. Total
observed human-caused fishery mortality for ENP gray whales for the period 2006 to 2010 is 15 animals or 3.0
whales per year (Table 1). Total observed human-caused fishery mortality and serious injury for PCFG gray whales
for the period 2006 to 2010 is one animal, or 0.2 whales per year (Table 1).

Table 1. Human-caused deaths and serious injuries (SI) of gray whales from fishery-related sources for the period
2006 to 2010 as recorded by NMFS stranding networks.

PCFG range
Date of . N41-N52 L. .
observation Location AND Description Determination

season?

Free-swimming animal entangled in gillnet; animal first observed
Orange County iqside Dana Point Harbor on 5/11/10; animaI. successfully
11-May-10 CA No disentangled on 5/12/10 & swam out of harbor; animal observed Dead
alive in surf zone for several hours on 5/14/10 off Doheny State
Beach before washing up dead on beach

Cape
Foulweather OR

Entangled in 3 crab pots, whale not relocated

7-May-10 SI

16-Apr-10 Seaside OR No 27-ft long gray whale stranded dead, entangled in crab pot gear Dead

San Francisco Rope wrapped around caudal peduncle; identified as gray whale
8-Apr-10 CA No from photo. Free-swimming, diving. No rescue effort, no SI
resightings, final status unknown

Free-swimming entangled whale reported by member of the public;
5-Mar-10 San Diego No no rescue effort initiated; no resightings reported; final status SI
unknown

Free-swimming animal with green gillnet, rope & small black floats
Trinidad Head wrapped around caudal peduncle; report received via HSU

21-Jul-09 Yes . . . .
CA researcher on scene during research cruise; animal resighted on 3

Aug; no rescue effort initiated; final status unknown

SI

Free-swimming animal with pink gillnet wrapped around head,
trailing 4 feet of visible netting; report received via naturalist on
local whale watch vessel; no rescue effort initiated; final status
unknown

25-Mar-09 Seal Beach CA No SI

Free-swimming animal towing unidentified pot/trap gear; report
31-Jan-09 San Diego CA No received via USCG on scene; USCG reported gear as 4 lobster pots; SI
final status unknown

Observed 12 miles west of Eel River by Humboldt State University
personnel. It was unknown sexwith an estimated length of 20 ft and
in emaciated condition. The animal was described as towing 40-50
feet of line & 3 crab pot buoys from the caudal peduncle and
moving very slowly. Vessel retrieved the buoys, pulled them and
~20 ft of line onto the deck and cut it loose from the whale. The
whale swam away slowly with 20-30 feet of line still entangling the
peduncle, outcome unknown. Identification numbers on buoy traced
to crab pot fishery gear that was last fished in Bering Sea in
December 2007.

16-Apr-08 Eel River CA No SI

Some gear was removed from the animal, swam away with gear still

1
26-Jul-07 Scattle WA No attached, tribal fishing nets, animal was not sighted again to remove

SI

"For purposes of calculating annual human-caused mortality, this whale is counted as an ENP whale and not part of the PCFG. This
determination is based on observations that PCFG whales are not known to enter Puget Sound and current estimates of PCFG population size
exclude whales seen in this area (J. Calambokidis, Cascadia Research, personal communication).

BETTRIDGE 7 of 14 NMFS Ex. 173




more gear.
Entangled in crab gear. skipper of nearby vessel removed 8 pots
before he had to return to port due to darkness whale still had 8
20-Apr-07 Newport OR No buoys and several wraps of line around mid-section, left pectoral St
flipper, and through mouth
13-Jul-06 Ekuk, AK No ﬁirtanded animal at Etolin Pt. Observed in commercial salmon set Dead
3-Jul-06 Bristol Bay, AK No A.mmal. tralllpg gear, able to swim but not dlve: Ropes, buoys, and SI
single line with buoys reported around mid-section.
Grav's Harbor Entangled in crab pot. Rope wrapped around fluke, tailstock, mid-
29-May-06 yW A No body and through baleen. Rope scarring on head and left side (right Dead
side unseen).
. Live entangled gray whale calf with crab pot and gear wrapped
14-May-06 Lakeside OR No around tail stock and mouth, died on 5/15 Dead
Cape Lookout Entangled whale close to shore, was behind two other larger whales;
23-Apr-06 P u No whale had netting over snout and long line (8-10 times its body SI
OR .
length) and 2 bright orange floats

Subsistence/Native Harvest Information

Subsistence hunters in Russia and the United States have traditionally harvested whales from the ENP stock
in the Bering Sea, although only the Russian hunt has persisted in recent years (Reeves 2002). The Makah Tribe of
Washington State traditionally hunted gray whales for at least several hundred years until the early 20™ century
(Huelsbeck 1988) and has requested authorization from NOAA/NMFS, under the MMPA and the Whaling
Convention Act, to resume limited hunting of gray whales(see details in Stock Definition and Geographic Range
section of this report). In2007, the IWC approved a 5-year quota (2008-2012) of 620 gray whales, with an annual
cap of 140, for Russian and U.S. (Makah Indian Tribe) aboriginals based on the aboriginal needs statements from
each country. The U.S. and Russia have agreed that the quota will be shared with an average annual harvest of 120
whales by the Russian Chukotka people and 4 whales by the Makah Indian Tribe. Total takes by the Russian hunt
were 129 in 2006 (IWC 2008),126 in 2007 (IWC 2009), 127 in 2008 (IWC 2010), 115 in 2009 (IWC 2011c) and
118 in 2010 (IWC 2011a). Based on this information, the annual subsistence take averaged 123 whales during the
S-year period from 2006 t02010.

Other Mortality

Ship strikes are a source of mortality for gray whales (Table 2). For the most recent five-year period, 2006-
2010, the total serious injury and mortality of ENP gray whales attributed to ship strikes is 11 animals, or 2.2 whales
per year (Table 2). The total serious injury and mortality of PCFG gray whales during this same period is one
animal, or 0.2 whales per year (Table 2). Additional mortality from ship strikes probably goes unreported because
the whales either do not strand or do not have obvious signs of trauma.

In February 2010, a gray whale stranded dead near Humboldt, CA with parts of two harpoons embedded in
the body. Since this whale was likely harpooned during the aboriginal hunt in Russian waters, it would have been
counted as “struck and lost” in the harvest data.

One PCFG gray whale was illegally killed by hunters in Neah Bay in September 2007(Calambokidis et al.
2009).

Table 2. Summary of gray whale serious injuries (SI) and deaths attributed to vessel strikes for the five-year period
2006-2010.

Date of PCFG range
observation Location N4l -N52 Description Determination
! AND season?
Santa 21 meter sailboat underway at 13 kts collided with free-swimming animal;
whale breached shortly after collision; no blood observed in water; minor
12-Mar-10 Barbara No . \ . . . SI
CA damage to lower portion of boat's keel; final status unknown; dna analysis of
skin sample confirmed species as gray whale
San Diego
16-Feb-10 CA No Free-swimming animal with propeller-like wounds to dorsum St
. USCG vessel reported to be traveling at 10 knots when they hit the gra
Quileute P g Y gray
9-Sep-09 River WA Yes whale at noon on 9/9/2009. The animal was hit with the prop and was SI
reported alive after being hit, blood observed in water.
Los Catalina island transport vessel collided with free-swimming calf
1-Mav-09 An (Z:les No accompanied by adult animal; calf was submerged at time of collision; s
Y Cg A pieces of flesh & blood observed in water; calf never surfaced; presumed
mortality
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Whidbe Large amount of blood in body cavity, bruising in some areas of blubber
27-Apr-09 Y No layer and in some internal organs. Findings suggestive of blunt force trauma Dead
Is. WA . .. . -
likely caused by collision with a large ship.
5-Apr-09 Sunset No Dea.d strand.lng.; 3 deep propeller-like cuts on right side, just anterior of Dead
Beach CA genital opening; carcass towed out to sea
4-Apr-09 Twaco WA No Necropsied, broken bones in skull; extensive hemorrhage head and thorax; Dead
sub-adult male
Carcass brought into port on bow of cruise ship; collision occurred betweeen
1-Mar-08 Mexico No ports of San Diego and Cabo San Lucas between 5:00 p.m. On 2/28 & 7:20 Dead
a.m. On 3/1
Orange Carcass; propeller-like wounds to left dorsum from mid-body to caudal
7-Feb-08 g No peduncle; deep external bruising on right side of head; field necropsy Dead
County CA . .
revealed multiple cranial fractures
1-Jun-07 Marin, CA No Carcass; 4 propeller-like wounds to body Dead
San
20-Apr-06 Francisco No Dead
CA Floating carcass; propeller wounds; killer whale rake mark scars
San Diego Free-swimming animal struck by 18 foot pleasure craft; blood observed in
24-Mar-06 CA o water; final status of animal unknown SI
HABITAT CONCERNS

Evidence indicates that the Arctic climate is changing significantly, resulting in a reduction in the extent of
sea ice cover in some regions (Johannessen et al. 2004). These changes are likely to affect gray whales due to the
impacts on the species’ benthic food supply. With the increase in numbers of gray whales (Rugh et al. 2005), in
combination with changes in prey distribution (Grebmeier et al. 2006; Moore et al. 2007), some gray whales have
moved into new feeding areas, spreading their summer range (Rugh et al. 2001). Moore and Huntington (2008)
observed that gray whales are opportunistic foragers, with documented feeding year-round off Kodiak, Alaska.
Bluhm and Gradinger (2008) examined the availability of pelagic and benthic prey in the Arctic and concluded that
pelagic prey is likely to increase while benthic prey is likely to decrease in response to climate change. They noted
that marine mammal species that exhibit trophic plasticity (such as gray whales which feed on both benthic and
pelagic prey) will adapt better than trophic specialists.

Global climate change is also likely to increase human activity in the Arctic as sea ice decreases, including
oil and gas exploration and shipping (Hovelsrud et al. 2008). Such activity will increase the chance of oil spills and
ship strikes in this region. Gray whales have demonstrated avoidance behavior to anthropogenic sounds associated
with oil and gas exploration (Malme et al. 1983, 1984) and low-frequency active sonar during acoustic playback
experiments (Buck and Tyack 2000, Tyack 2009).

Ocean acidification could reduce the abundance of shell-forming organisms (Fabry et al. 2008, Hall-
Spencer et al. 2008), many of which are important in the gray whales’ diet (Nerini 1984, Moore and Huntington
2008).

STATUS OF STOCK

In 1994, the ENP stock of gray whales was removed from the List of Endangered and Threatened Wildlife
(the List), as it was no longer considered endangered or threatened under the Endangered Species Act (ESA) (NMFS
1994). Punt and Wade (2010) estimated the ENP population was at 91% of carrying capacity (K) and at 129% of
the maximum net productivity level (MNPL), with a probability of 0.884 that the population is above MNPL and
therefore within the range of its optimum sustainable population (OSP).

Even though the stock is within OSP, abundance will fluctuate as the population adjusts to natural and
human-caused factors affecting carrying capacity of the environment (Rugh et al. 2005). It is expected that a
population close to or at carrying capacity will be more susceptible to environmental fluctuations (Moore et al.
2001). The correlation between gray whale calf production and environmental conditions in the Bering Sea
(Perryman et al. 2002) may reflect this. Overall, the population nearly doubled in size over the first 20 years of
monitoring, and has fluctuated for the last 30 years around its average carrying capacity. This is consistent with a
population approaching K.

Alter et al. (2007) used estimates of genetic diversity to infer that North Pacific gray whales may have
numbered ~96,000 animals in both the western and eastern populations 1,100-1,600 years ago. The authors
recommend that because the current estimate of the eastern stock of gray whales is at most 28-56% of this historic
abundance, the stock should be designated as “depleted” under the MMPA. NMFS does not accept the
recommendation made by Alter et al. (2007) for the following reasons. First, their analysis examines the historic
population of the entire Pacific population of gray whales, while MMPA management occurs at the level of a stock,
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which in this case is the ENP stock. It is speculative to try to determine what proportion of the estimated abundance
may have been in the eastern or western populations. It is also uncertain if Alter et al.’s estimates include the
Atlantic population (Palsbell et al. 2007). Second, NMFS relies on current carrying capacity in making MMPA
determinations. Ecosystems change over time and with those changes, the carrying capacity of the ecosystem also
changes. NMFS interprets carrying capacity to mean “current” carrying capacity in part because it is not reasonable
to expect ecosystems to remain static over thousands of years. Thus, an estimate of stock abundance 1,100-1,600
years ago is not relevant to MMPA decision-making, even if such an estimate were available.

Based on 2006-2010 data, the estimated annual level of human-caused mortality and serious injury for ENP
gray whales includes Russian harvest (123), mortality from commercial fisheries (3.0), and ship strikes (2.2), totals
128 whales per year, which does not exceed the PBR (558). Therefore, the ENP stock of gray whales is not
classified as a strategic stock.

PCFG gray whales do not currently have a formal status under the MMPA, though the population size
appears stable, based on photo-ID studies (IWC 2011a; IWC 2011b). Total annual human-caused mortality of PCFG
gray whales during the period 2006 to 2010 includes deaths due to commercial fisheries (0.2/yr), ship strikes
(0.2/yr), and illegal hunts (0.2/yr), or 0.6 whales annually. This does not exceed the PBR level of 2.8 whales for this
population. Levels of human-caused mortality and serious injury resulting from commercial fisheries and ship
strikes for both ENP and PCFG whales represent minimum estimates as recorded by stranding networks or at-sea
sightings.
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PREFACE

Under the 1994 amendments to the Marine Mammal Protection Act (MMPA), the National Marine
Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS) are required to publish Stock
Assessment Reports for all stocks of marine mammals within U.S. waters, to review new information every year for
strategic stocks and every three years for non-strategic stocks, and to update the stock assessment reports when
significant new information becomes available.

Pacific region stock assessments include those studied by the Southwest Fisheries Science Center (SWFSC,
La Jolla, CA), the Pacific Islands Fisheries Science Center (PIFSC, Honolulu, HI), the National Marine Mammal
Laboratory (NMML, Seattle, WA), and the Northwest Fisheries Science Center (NWFSC, Seattle, WA).

The 2014 Pacific marine mammal stock assessments include revised reports for 11 Pacific marine mammal
stocks under NMFS jurisdiction, including six “strategic” stocks: Hawaiian monk seal, Southern Resident killer
whale, Main Hawaiian Islands Insular false killer whale, Hawaii Pelagic false killer whale,
California/Oregon/Washington sperm whale, and Western North Pacific gray whale. New abundance estimates are
available for three stocks in the Pacific Islands region and five U.S. west coast stocks. New estimates of abundance
for the California/Oregon/Washington stock of sperm whales are based on a Bayesian trend analysis that utilizes
previously collected line-transect data (Moore and Barlow, 2014), resulting in a more stable time series of
abundance estimates. Mortality and serious injury estimates of California/Oregon/Washington sperm whales in
California drift gillnets are updated, based on pooling additional years of data (>5 years) to reduce bias and improve
precision in mean annual bycatch estimates (Carretta and Moore 2014). The combination of new abundance
estimates and pooling of bycatch estimates over a longer time period for this stock of sperm whales results in mean
annual bycatch estimates that no longer exceed PBR. In addition, a new stock assessment report for Western North
Pacific gray whales is presented for the first time, prompted by new data showing that gray whales previously
photographed in the western North Pacific utilize U.S. and Mexican waters. Stock Assessments for Alaska region
marine mammals are published by the National Marine Mammal Laboratory (NMML) in a separate report.

This is a working document and individual stock assessment reports will be updated as new information on
marine mammal stocks and fisheries becomes available. Background information and guidelines for preparing stock
assessment reports are reviewed in Wade and Angliss (1997). The authors solicit any new information or comments
which would improve future stock assessment reports.

Draft versions of the 2014 stock assessment reports were reviewed by the Pacific Scientific Review Group
at the April 2014 meeting.

These Stock Assessment Reports summarize information from a wide range of original data
sources and an extensive bibliography of all sources is given in each report. We recommend users of this
document refer to and cite original literature sources referenced within the stock assessment reports rather
than citing this report or previous Stock Assessment Reports.

Suggested citation for this report:

Carretta, J.V., E.M. Oleson, D.W. Weller, A.R. Lang, K.A. Forney, J. Baker, M.M. Muto, B. Hanson, A.J. Orr, H.
Huber, M.S. Lowry, J. Barlow, J.E. Moore, D. Lynch, L. Carswell, and R.L. Brownell Jr. 2015. U.S. Pacific Marine
Mammal Stock Assessments: 2014. U.S. Department of Commerce, NOAA Technical Memorandum, NOAA-TM-
NMFS-SWFSC-549. 414 p.

References:

Carretta, J.V. and J.E. Moore. 2014. Recommendations for pooling annual bycatch estimates when events are rare.
NOAA Technical Memorandum, NOAA-TM-NMFS-SWFSC-528. 11 p.

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-504. 378 p.

Moore J.E., and Barlow J.P. 2014. Improved abundance and trend estimates for sperm whales in the eastern North
Pacific from Bayesian hierarchical modeling. Endang. Species Res 25:141-150.
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Revised 7/31/2015
GRAY WHALE (Eschrichtius robustus): Eastern North Pacific Stock

STOCK DEFINITION AND GEOGRAPHIC RANGE

Once common throughout the
Northern Hemisphere, the gray whale was - ~r T AT T X
extinct in the Atlantic by the early 1700s ; U 20 2K o N~
(Fraser 1970; Mead and Mitchell 1984), cpRUOARs 3 g
though one anomalous sighting occurred in the S LA
Mediterranean Sea in 2010 (Scheinin et al.
2011) and another off Namibia in 2013 (Elwen
and Gridley 2013). Gray whales are now only
commonly found in the North Pacific. Genetic
comparisons indicate there are distinct
“Eastern North Pacific” (ENP) and “Western
North Pacific” (WNP) population stocks, with
differentiation in both mtDNA haplotype and
microsatellite allele frequencies (LeDuc et al.
2002; Lang et al. 2011a; Weller et al. 2013).

During summer and fall, most whales
in the ENP population feed in the Chukchi,
Beaufort and northwestern Bering Seas (Fig.
1). An exception to this is the relatively small
number of whales (approximately 200) that
summer and feed along the Pacific coast
between Kodiak Island, Alaska and northern California (Darling 1984, Gosho et al. 2011, Calambokidis et al. 2012),
referred to as the “Pacific Coast Feeding Group” (PCFG). Three primary wintering lagoons in Baja California,
Mexico are utilized, and some females are known to make repeated returns to specific lagoons (Jones 1990). Genetic
substructure on the wintering grounds is indicated by significant differences in mtDNA haplotype frequencies
between females (mothers with calves) using two of the primary calving lagoons and females sampled in other areas
(Goerlitz et al. 2003). Other research identified a small, but significant departure from panmixia between two of the
lagoons using nuclear data, although no significant differences were identified using mtDNA (Alter et al. 2009).

Tagging, photo-identification and genetic studies show that some whales identified in the WNP off Russia
have been observed in the ENP, including coastal waters of Canada, the U.S. and Mexico (Lang 2010; Mate et al.
2011; Weller et al. 2012; Urban et al. 2013, Mate et al. 2015). In combination, these studies have recorded a total of
27 gray whales observed in both the WNP and ENP. Despite this overlap, significant mtDNA and nDNA differences
are found between whales in the WNP and those summering in the ENP (Lang et al. 2011a).

In 2010, the IWC Standing Working Group on Aboriginal Whaling Management Procedure noted that
different names had been used to refer to gray whales feeding along the Pacific coast, and agreed to designate
animals that spend the summer and autumn feeding in coastal waters of the Pacific coast of North America from
California to southeast Alaska as the “Pacific Coast Feeding Group” or PCFG (IWC 2012). This definition was
further refined for purposes of abundance estimation, limiting the geographic range to the area from northern
California to northern British Columbia (from 41°N to 52°N), limiting the temporal range to the period from June 1
to November 30, and counting only those whales seen in more than one year within this geographic and temporal
range (IWC 2012). The IWC adopted this definition in 2011, but noted that “not all whales seen within the PCFG
area at this time will be PCFG whales and some PCFG whales will be found outside of the PCFG area at various
times during the year.” (IWC 2012).

Photo-identification studies between northern California and northern British Columbia provide data on the
abundance and population structure of PCFG whales (Calambokidis et al. 2012). Gray whales using the study area
in summer and autumn include two components: 1) whales that frequently return to the area, display a high degree
of intra-seasonal “ fidelity” and account for a majority of the sightings between 1 June and 30 November. Despite
movement and interchange among sub-regions of the study area, some whales are more likely to return to the same
sub-region where they were observed in previous years; 2)“visitors” from the northbound migration that are sighted
only in one year, tend to be seen for shorter time periods in that year, and are encountered in more limited areas.
Photo-identification (Gosho et al. 2011; Calambokidis et al. 2012) and satellite tagging (Mate et al. 2010; Ford et al.

Canada

United
States

Figure 1. Approximate distribution of the Eastern North
Pacific stock of gray whales (shaded area).
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2012) studies have documented some PCFG whales off Kodiak Island, the Gulf of Alaska and Barrow, Alaska, well
to the north of the pre-defined 41°N to 52°N boundaries used in some PCFG-related analyses (e.g. abundance
estimation).

Frasier et al. (2011) found significant differences in mtDNA haplotype distributions between PCFG and
ENP gray whale sequences, in addition to differences in long-term effective population size, and concluded that the
PCFG qualifies as a separate management unit under the criteria of Moritz (1994) and Palsbell et al. (2007). The
authors noted that PCFG whales probably mate with the rest of the ENP population and that their findings were the
result of maternally-directed site fidelity of whales to different feeding grounds.

Lang et al. (2011b) assessed stock structure of ENP whales from different feeding grounds using both
mtDNA and eight microsatellite markers. Significant mtDNA differentiation was found when samples from
individuals (n=71) sighted over two or more years within the seasonal range of the PCFG were compared to samples
from whales feeding north of the Aleutians (n=103), and when PCFG samples were compared to samples collected
off Chukotka, Russia (n=71). No significant differences were found when these same comparisons were made using
microsatellite data. The authors concluded that (1) the significant differences in mtDNA haplotype frequencies
between the PCFG and whales sampled in northern areas indicates that use of some feeding areas is being
influenced by internal recruitment (e.g., matrilineal fidelity), and (2) the lack of significance in nuclear comparisons
suggests that individuals from different feeding grounds may interbreed. The level of mtDNA differentiation
identified, while statistically significant, was low and the mtDNA haplotype diversity found within the PCFG was
similar to that found in the northern strata. Lang et al. (2011b) suggested this could indicate recent colonization of
the PCFG but could also be consistent with external recruitment into the PCFG. An additional comparison of whales
sampled off Vancouver Island, British Columbia (representing the PCFG) and whales sampled at the calving lagoon
at San Ignacio also found no significant differences in microsatellite allele frequencies, providing further support for
interbreeding between the PCFG and the rest of the ENP stock (D’Intino et al. 2012). Lang and Martien (2012)
investigated potential immigration levels into the PCFG using simulations and produced results consistent with the
empirical (mtDNA) analyses of Lang et al. (2011b). Simulations indicated that immigration of >1 and <10 animals
per year into the PCFG was plausible, and that annual immigration of 4 animals/year produced results most
consistent with the empirical study.

While the PCFG is recognized as a distinct feeding aggregation (Calambokidis et al. 2012; Mate et al.
2010; Frasier et al. 2011; Lang et al. 2011b; IWC 2012), the status of the PCFG as a population stock remains
unresolved (Weller et al. 2013). A NMFS gray whale stock identification workshop held in 2012 included a review
of available photo-identification, genetic, and satellite tag data. The report of the workshop states “there remains a
substantial level of uncertainty in the strength of the lines of evidence supporting demographic independence of the
PCFG.” (Weller et al. 2013). The NMFS task force, charged with evaluating stock status of the PCFG, noted that
“both the photo-identification and genetics data indicate that the levels of internal versus external recruitment are
comparable, but these are not quantified well enough to determine if the population dynamics of the PCFG are more
a consequence of births and deaths within the group (internal dynamics) rather than related to immigration and/or
emigration (external dynamics).” Further, given the lack of significant differences found in nuclear DNA markers
between PCFG whales and other ENP whales, the task force found no evidence to suggest that PCFG whales breed
exclusively or primarily with each other, but interbreed with ENP whales, including potentially other PCFG whales.
Additional research is needed to better identify recruitment levels into the PCFG and further assess the stock status
of PCFG whales (Weller et al. 2013). In contrast, the task force noted that WNP gray whales should be recognized
as a population stock under the MMPA, and NMFS prepared a separate report for WNP gray whales in 2014.
Because the PCFG appears to be a distinct feeding aggregation and may warrant consideration as a distinct stock in
the future, separate PBRs are calculated for the PCFG to assess whether levels of human-caused mortality are likely
to cause local depletion.

POPULATION SIZE

Systematic counts of gray whales migrating south along the central California coast have been conducted
by shore-based observers at Granite Canyon most years since 1967 (Fig. 2). The most recent estimate of abundance
for the ENP population is from the 2010/2011 southbound survey and is 20,990 (CV=0.05) whales (Durban et al.
2013) (Fig. 2).

Photographic mark-recapture abundance estimates for PCFG gray whales between 1998 and 2012,
including estimates for a number of smaller geographic areas within the IWC-defined PCFG region (41°N to 52°N),
are reported in Calambokidis et al. (2014). The 2012 abundance estimate for the defined range of the PCFG
between 41°N to 52°N is 209 (SE=15.4; CV=10.07).
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(Gulland et al., 2005); 2) average calf

production returned to levels seen
before 1999; and 3) in 2001, living Figure 2. Estimated abundance of Eastern North Pacific gray whales

whales no longer appeared emaciated.  from NMFS counts of migrating whales past Granite Canyon,
Oceanographic factors that limited food ~ California. Open circles represent abundance estimates and 95%
availability for gray whales were confidence intervals reported by Laake et al. (2012). Closed circles
identified as likely causes of the UME  represent estimates and 95% posterior highest density intervals
(LeBouef et al. 2000; Moore et al. 2001;  reported by Durban et al. (2013) for the 2006/7, 2007/8, 2009/10, and
Minobe 2002; Gulland et al. 2005), with ~ 2010/11 migration seasons.
resulting declines in survival rates of
adults during this period (Punt and Wade 2012). The population has recovered to levels seen prior to the UME of
1999-2000 (Fig. 2).

Gray whale calves have been counted from Piedras Blancas, a shore site in central California, in 1980-81
(Poole 1984a) and each year from 1994 to 2012 (Perryman et al. 2002; Perryman and Weller 2012). In 1980 and
1981, calves comprised 4.7% to 5.2% of the population (Poole 1984b). Calf production indices, as calculated by
dividing northbound calf estimates by estimates of population abundance (Laake et al. 2012), ranged between 1.3 -
8.8% (mean=4.2%) during 1994-2012. Annual indices of calf production include impacts of early postnatal
mortality but may overestimate recruitment because they exclude possibly significant levels of killer whale
predation on gray whale calves north of the survey site (Barrett-Lennard et al. 2011). The relatively low
reproductive output reported is consistent with little or no population growth over the time period (Laake et al. 2012;
Punt and Wade 2012).

Year

Minimum Population Estimate

The minimum population estimate (Nyn) for the ENP stock is calculated from Equation 1 from the PBR
Guidelines (Wade and Angliss 1997): Ny = N/exp(0.842x[In(1 +H{CV(N)]*)]”?). Using the 2010/11 abundance
estimate of 20,990 and its associated CV of 0.05 (Durban et al. 2013), Ny for this stock is 20,125.

The minimum population estimate for PCFG gray whales is calculated as the lower 20" percentile of the
log-normal distribution of the 2012 mark-recapture estimate of 209 (CV=0.07), or 197 animals.

Current Population Trend
The population size of the ENP gray whale stock has increased over several decades despite an UME in
1999 and 2000 and has been relatively stable since the mid-1990s (see Fig. 2).
Abundance estimates of PCFG gray whales reported by Calambokidis et al. (2014) show a high rate of
increase in the late 1990s and early 2000s, but have been relatively stable since 2003.

CURRENT AND MAXIMUM NET PRODUCTIVITY RATES

Using abundance data through 2006/07, an analysis of the ENP gray whale population led to an estimate
of R.x 0f 0.062, with a 90% probability the value was between 0.032 and 0.088 (Punt and Wade 2012). This value
of R 18 also applied to PCFG gray whales, as it is currently the best estimate of R,,,, available for gray whales in
the ENP.
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POTENTIAL BIOLOGICAL REMOVAL

The potential biological removal (PBR) level for the ENP stock of gray whales is calculated as the
minimum population size (20,125), times one-half of the maximum theoretical net population growth rate (2 x 6.2%
= 3.1%), times a recovery factor of 1.0 for a stock above MNPL (Punt and Wade 2012), or 624 animals per year.

The potential biological removal (PBR) level for PCFG gray whales is calculated as the minimum
population size (197 animals), times one half the maximum theoretical net population growth rate (2 x 6.2% =
3.1%), times a recovery factor of 0.5 (for a population of unknown status), resulting in a PBR of 3.1 animals per
year. Use of the recovery factor of 0.5 for PCFG gray whales, rather than 1.0 used for ENP gray whales, is based on
uncertainty regarding stock structure (Weller et al. 2013) and guidelines for preparing marine mammal stock
assessments which state that “Recovery factors of 1.0 for stocks of unknown status should be reserved for cases
where there is assurance that N, Rpnax, and the kill are unbiased and where the stock structure is unequivocal”
(NMFS 2005). Given uncertainties in the levels of external versus internal recruitment of PCFG whales described
above, the equivocal nature of the stock structure, and the small estimated population size of the PCFG, NMFS will
continue to use the default recovery factor of 0.5 for PCFG gray whales.

HUMAN-CAUSED MORTALITY AND SERIOUS INJURY

Serious Injury Guidelines

NMEFS uses guidance from previous serious injury workshops, expert opinion, and analysis of historic
injury cases todistinguishserious from non-serious injury (Angliss and DeMaster 1998, Andersen et al. 2008, NOAA
2012). NMFS defines serious injury as an “injury that is more likely than not to result in mortality”.

Fisheries Information

No gray whales were observed entangled in California gillnet fisheries between 2008 and 2012 (Carretta
and Enriquez 2009, 2010, 2012a, 2012b, Carretta et al., 2014a.), but previous mortality in the swordfish drift gillnet
fishery has been observed (Carretta et al. 2004) and there have been recent sightings of free-swimming gray whales
entangled in gillnets (Table 1). Alaska gillnet fisheries largely lack observer programs, including those in Bristol
Bay known to interact with gray whales. Most data on human-caused mortality and serious injury of gray whales
are from strandings, including at-sea reports of entangled animals alive or dead (Carretta et al. 2013, 2014b).
Strandings represent only a fraction of actual gray whale deaths (natural or human-caused), as reported by Punt and
Wade (2012), who estimated that only 3.9% to 13.0% of gray whales that die in a given year end up stranding and
being reported.

A summary of human-caused mortality and serious injury resulting from unknown fishery and marine
debris sources (mainly pot/trap or net fisheries) is given in Table 1 for the most recent 5-year period of 2008 to
2012. Total observed human-caused fishery mortality and serious injury for ENP gray whales is 22.25 animals (8
serious injuries, 8.25 prorated serious injuries, and 6 deaths), or 4.45 whales per year (Table 1). Total observed
human-caused fishery mortality and serious injury for gray whales observed in the PCFG range and season for the
period 2008 to 2012 is 0.75 animals (0.75 prorated serious injuries), or 0.15 whales per year (Table 1). Three gray
whales from Table 1 (one death and two serious injuries) were detected in California waters during the known
PCFG season, but were south of the area recognized by the IWC as the PCFG management area. It is possible that
some of these whales could be PCFG whales, but no photographic identifications were available to establish their
identity. They are included in ENP gray whale serious injury and death totals.

Table 1. Human-caused deaths and serious injuries (SI) of gray whales from fishery-related and marine debris
sources for the period 2008 to 2012 as recorded by NMFS stranding networks and observer programs.

PCFG range
Date of Location N 41-N 52 Descrintion Determination
observation AND P (ST Prorate value)

season?

Entangled animal report; animal reported with rope around the

Fort Bragg, peduncle which wasn't seen in photographs but photos did show

13-Oct-2012 CA No green gillnet with cuts to the head; animal disappeared and final St
status is unknown.
Animal first detected near San Diego. Subadult gray whale reported
Los Angeles entangled with small gauge, dark-colored line deeply embedded
31-Aug-2012 ’ No around its tail stock. Little gear trails. Entanglement was once more Dead

cA involved as indicated by scars on the animal's body. Animal in very

poor condition - emaciated, scarred and a heavy load of cyamid
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amphipods. Black line around peduncle, 20 ft trailing; observed off
san San Diego on 8/31, completely disentangled off L.A. 9/6,
stranded dead 9/14/12.

22-Aug-2012

Prince
William
Sound, AK

Whale sighted by tour boat. Few details, other than part of a fishing
net was observed being trailed from a gray whale's fin. Photos
apparently available, but have not been located. Prince william
William Sound. Extent and severity of entanglement unknown.

S1(0.75)

16-Jun-2012

Prince
William
Sound, AK

No

30' gray whale in prince william Prince William Sound entangled in
gear. Thrashing at surface and moving at 4-5 knots. No wounds or
chafing was observed. Gillnet, corkline (at least 12 floats), and
leadline observed over animal's rostrum, body, and tailstock. Both
pectoral flippers appeared pinned to body. Animal later appeared
tired and was swimming at 2 knots. It was not relocated. Assigned
serious injury because gear appears to be constricting movement of
whale's flippers.

SI

13-May-2012

Monterey, CA

Animal entangled through mouth in at least two sets of suspected
pot gear that that hang below. Animal anchored with a short scope
in 28 feet of water to suspected pots. Bundle of gear, including 4
buoys lie under animal. Animal having some difficulty getting to
surface. Animal eventually disentangled, but results of
entanglement may still be life-threatening.

SI

8-May-2012

Eureka, CA

Entangled animal report; deep cuts from rope around peduncle and
lacerations at fluke notch and lateral edge of fluke; successfully
disentangled but long-term survival noted as questionable. Gear
was collected and identified as Dungeness crab pot gear. Animal
entirely freed of gear. Animal in fair condition and slightly
emaciated. Deep cuts (~ 2 inches) from the rope around the
peduncle remained. Gear was recovered. Results of entanglement
may still be life threatening.

SI

5-May-2012

Monterey, CA

No

Whale watch vessel noticed from images taken of a 20 - 25 foot
gray whale they had been observing earlier in the day, that animal
was actually entangled. A small gauge line, likely from right side of
mouth goes over the animal's back, and over blowholes, to left side
of mouth. No buoys or trailing line were observed. Animal in fair
condition.  Animal sighted next day by whale watch vessel.
Confirmed mouth entanglement, appears to be strapping material.

S1(0.75)

28-Apr-2012

Fort Bragg,
CA

Small gray whale off fort bragg Fort Bragg, CA, in company of two
other animals, trailing two buoys.

S1(0.75)

21-Apr-2012

San Simeon,
CA

Rope like marks on caudal peduncle. Rope impression on pectoral
fin. Photos taken.

Dead

17-Apr-2012

Laguna
Beach, CA

40-foot gray whale reported entangled with approximately 150 feet
of line trailing. Four spongex bullet buoys lie along the left side of
the animal. Entanglement involves the mouth, a wrap over the head,
and the left pectoral flipper. Entanglement appears recent. Partially
disentangled on 5/3/12 by fishermen.

S1(0.75)

24-Mar-2012

San Diego,
CA

Entangled animal report; gillnet gear around peduncle; response
effort resulted in successful disentanglement with >100 ft of pink
gillnet removed from animal, but animal subsequently observed
dead on 03/27 (floating, skin sample taken, no necropsy). Net
removed on 03/24 found to contain one dead ca sea lion and three
dead sharks.

Dead

28-Jan-2012

San Diego,
CA

No

Entangled animal report; towing two orange buoys and at least 150
feet of line; unknown fishery, reported as possible gillnet; no
response effort.

S1(0.75)

17-Jan-2012

Unimak Pass,
AK

A 40' whale was caught in cod pot gear near Unimak Pass. Lines
were cut by boat crew and buoys were recovered, however, the pot
and some line remained in the water. Any line possibly remaining
on animal thought to be minimal. Gray whale species determination
made following extensive questioning by local biologist.
Determination: prorated serious injury because gear possibly
remains on animal.

S1(0.75)

25-Aug-2011

San Mateo,
CA

One white "crab pot" buoy next to body by left pectoral fin; float
stayed next to body and did not change position; animal remained in
same position - possibly anchored; only observed for ~2 min; not
resighted, no rescue, outcome unknown.

SI

12-Sep-2010

Central Bering
Sea

Bering Sea / Aleutian Islands flatfish trawl fishery: 12 m animal
caught in gear. Photos taken.

Dead

11-May-2010

Orange
County CA

Free-swimming animal entangled in gillnet; animal first observed
inside Dana Point Harbor on 5/11/10; animal successfully

Dead
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disentangled on 5/12/10 & swam out of harbor; animal observed
alive in surf zone for several hours on 5/14/10 off Doheny State
Beach before washing up dead on beach

7-May-2010

Cape
Foulweather
OR

Entangled in 3 crab pots, whale not relocated.

S1(0.75)

16-Apr-2010

Seaside OR

27-ft long gray whale stranded dead, entangled in crab pot gear

Dead

San Francisco

Rope wrapped around caudal peduncle; identified as gray whale

8-Apr-2010 No

CA from photo. Free-swimming, diving. No rescue effort, no SI

resightings, final status unknown

Free-swimming entangled whale reported by member of the public;
no rescue effort initiated; no resightings reported; final status
unknown.

5-Mar-2010 San Diego No SI(0.75)

Free-swimming animal with green gillnet, rope & small black floats
wrapped around caudal peduncle; report received via HSU
researcher on scene during research cruise; animal resighted on 3
Aug; no rescue effort initiated.  Photos show rope cutting into NSI
caudal peduncle. This whale was re-sighted in 2010 and 2011, still
trailing gear. Whale was resighted in 2013 and had shed gear, and
was apparently in good health (Jeff Jacobsen, pers. comm.).

Trinidad Head
21-Jul-2009 CA Yes

Whale found entangled in tribal set gillnet in morning. Net had
been set 8 pm previous day. Whale able to breath, but not swim
freely and was stationary i