29 May 2002

Memorandum
To:
Administrative record for Consultation No. F/FPR/2000/00180

From:
Craig Johnson, F/PR3, Silver Spring, Maryland
Subject:
Evidence and reasoning to support the conclusions of the 30 May 2002 biological opinion on U.S. Navy’s proposed employment of Surveillance Towed Array Sensor System Low Frequency Active (SURTASS LFA) sonar and NMFS’ proposed regulations to authorize the Navy to take marine mammals associated with the employment of SURTASS LFA [Consultation No. F/FPR/2000/00180
I drafted a biological opinion on the U.S. Navy’s proposed employment of Surveillance Towed Array Sensor System Low Frequency Active (SURTASS LFA) sonar and the National Marine Fisheries Service’s (NMFS) proposed regulations to authorize the Navy to take marine mammals associated with the employment of SURTASS LFA [Consultation No. F/FPR/2000/00180].  The biological opinion concludes that the proposed actions were not likely to jeopardize the continued existence of threatened and endangered species in the action area.  This memorandum summarizes the evidence I considered and evaluated before reaching that conclusion and the reasoning I applied to reach the conclusion.  The standards of review I used as the basis for my analyses are summarized in Appendix 1 (at the end of this document).

Literature Searches
The primary sources of information I used for this consultation were reviews conducted by the National Research Council (NRC 1994, 1996, 2000) and Richardson et al. (1995) on marine mammals and noise, the Navy’s Low Frequency Sound Scientific Research Program (which was developed to address questions associated with SURTASS LFA sonar), Marine Mammal Research Program (which was developed to address questions associated with the Advanced Research Projects Agency’s Acoustic Thermometry of Ocean Climate project, which also uses low frequency sound), several models the Navy developed for its Environmental Impact Statement on SURTASS LFA sonar, and numerous scientific papers (Croll et al. 1999 and 2001; Frankel and Clark 1998; Richardson et al. 1995; Tyack 2000; Whitlow et al. 1997). I extracted many of the abstracts from the 14th Biennial Conference on the Biology of Marine Mammals that was held in Vancouver, British Columbia from 28 November to 3 December 2001 and the 142nd Meeting of the Acoustical Society of America that was held in Fort Lauderdale, Florida, from 3 to 7 December 2001.

To supplement this information, I conducted numerous literature searches using the Library of Congress’ First Search and Cambridge Abstract’s Aquatic Sciences and Fisheries Abstracts database services. First Search databases provide access to general biological literature back to 1980; ASFA provides access to journal articles, magazine articles, and conference proceedings back to 1964. My searches specifically focused on the ArticleFirst and BasicBiosis databases, which index the major journals dealing with issues of ecological risk (for example, the journals Human and Ecological Risk Assessment, Environmental Toxicology and Chemistry), marine mammals (Marine Mammal Science), ecology (Journal of Ecology, Ecology, Ecological Applications), and bioacoustics (Journal of the Acoustical Society of America). ArticleFirst indexes about 12,000 printed sources published since 1990; BasicBiosis indexes 350 sources specific to the physical and biological sciences.

I conducted monthly literature searches throughout the consultation using the key word pairs identified below
	Keywords
	Paired With Keywords
	Modified Using

	sonar, low frequency sonar, acoustics, marine acoustics, sound, noise
	dolphin, fish, marine fish, marine mammal, pinniped, porpoise, salmon, sea turtle, sea lion, seal, sturgeon, whale
	effects, impacts, responses, stranding

	ecological risk assessment, ecological risk analysis, risk
	noise, sonar, sound
	


I ended the searches on 15 May 2002 to make it possible to complete the opinion according to schedule. I imported the results of these keyword searches in EndNote bibliographic software, examined the search results for potential relevance to the consultation, and examined all of the relevant results at the libraries of the University of Maryland campus at College Park; the National Medical Library in Bethesda, Maryland; the National Agricultural Library in Beltsville, Maryland; or the Library of Congress. Roger Gentry also let me access to his CD-ROM copy of the entire Journal of the Acoustical Society of America. If I could not examine sources at one of these libraries, I retrieved copies of original documents through interlibrary loan.

I also included documents I retrieved from the Environmental Protection Agency’s website on ecological risk assessment related to noise and sound. To gain general background on bioacoustics as it relates to marine mammals and low frequency sound and the scientific research program that had been associated with the SURTASS LFA sonar system, I traveled to the Bioacoustics Laboratory at Cornell University in Ithaca, New York, where Dr. Kurt Firstrup gave me with a two-day seminar on bioacoustics, the physics of low frequency sound in marine environments, and the scientific research program. In addition, Mr Mac Hawley (Rhino Capital, Inc.; Evergreen, Colorado) provided me with electronic copies of several published and unpublished documents.

During this consultation, I was fully aware of the controversy surrounding the Navy’s proposal. I had attended the public hearing in Silver Spring, Maryland on the proposed MMPA regulations and had listened to all of the arguments raised by project opponents. I had also read the public comments on the proposed MMPA regulations, documents available on the internet websites maintained by these groups, and the arguments contained in the complaint filed by the Hawaii Green Party against the Navy. These documents had one thing in common that prevented me from using this material in the biological opinion: they generally failed to distinguish among the ecological effects of various sonars. Specifically, the documents assumed that the proposed low frequency sonar would have the same environmental effects as the mid-frequency sonars that had been implicated in beaked whale stranding events in the Bahamas and probably were responsible for similar stranding events in the Mediterranean Sea and off the Azores. To determine if these arguments could be supported by more rigorous analyses, I conducted additional literature searches in FirstSearch and Aquatic Sciences and Fisheries Abstracts.

During my review of this information, I distinguished between low-frequency, mid-frequency, and high-frequency sonars because different sonars have been associated with different environmental effects. I also tried to rely on primary sources, secondary sources, and integrative studies (see Appendix 1).

Despite these literature searches, I was confronted with substantial uncertainty. I summarize most of this uncertainty in the biological opinion (pages 105 and 106). In addition, information on the distribution and abundance of threatened and endangered species was limited: information on the ocean distribution of threatened and endangered salmon is fairly coarse and information on the distribution and abundance of marine mammals became increasingly coarse beyond a small number of areas (the offshore biologically important areas, the U.S. coastline, and portions of the Mediterranean Sea).

Species that I Considered in the Opinion

I concluded that the actions considered in the biological opinion (may affect(
 the following species and critical habitat provided protection under the Endangered Species Act of 1973 (16 U.S.C. 1531 et seq.; ESA), because they are present in the proposed action area where SURTASS LFA might be employed. I used the (may affect( determination as the basis for including species because that is the standard for formal consultation when an action has not undergone informal consultation [see 50 CFR 402.14(a)-(b)]. Using this standard, I included the following species in the biological opinion:

Cochito





Phocoena sinus
Endangered

Blue whale




Balaenoptera musculus
Endangered

Fin whale




Balaenoptera physalus
Endangered

Humpback whale



Megaptera novaeangliae

Endangered

Right whale




Eubalaena glacialis
Endangered

Sei whale




Balaenoptera borealis
Endangered

Sperm whale




Physeter macrocephalus
Endangered

Steller sea lion (western population)

Eumetopias jubatus
Endangered

Steller sea lion (eastern population)

Threatened 

Caribbean monk seal



Monachus tropicalis
Endangered

Guadalupe fur seal



Arctocephalus townsendi
Threatened

Hawaiian monk seal



Monachus schausinslandi
Endangered

Mediterranean monk seal


Monachus monachus
Endangered

Green sea turtle




Chelonia mydas
Threatened


Endangered

Hawksbill sea turtle



Eretmochelys imbricata
Endangered

Kemp’s ridley sea turtle



Lepidochelys kempii
Endangered

Leatherback sea turtle



Dermochelys coriacea
Endangered

Loggerhead sea turtle



Caretta caretta
Threatened

Oliver ridley sea turtle



Lepidochelys olivacea
Threatened


Endangered

Chinook salmon (Puget Sound)


Oncorhynchus tshawytscha
Threatened

Chinook salmon (Lower Columbia River)


Threatened

Chinook salmon (Upper Columbia River Spring)

Endangered

Chinook salmon (Upper Willamette River)

Threatened

Chinook salmon (Central Valley spring)
Threatened

Chinook salmon (Sacramento River winter)
Endangered

Chinook salmon (Snake River spring/summer)

Threatened

Chinook salmon (Snake River fall)
Threatened

Chum salmon (Columbia River)

             Oncorhynchus keta
Threatened

Chum salmon (Hood Canal summer run)
Threatened

Coho salmon (Central California Coast)

Oncorhynchus kisutch
Threatened

Coho salmon (Oregon Coast)
Threatened

Coho salmon (Southern Oregon Northern Coastal California)
Threatened

Sockeye salmon (Ozette Lake)


Oncorhynchus nerka
Endangered

Sockeye salmon (Snake River)
Endangered

Steelhead (Upper Columbia River)

Onchorynchus mykiss
Endangered

Steelhead (Middle Columbia River)
Threatened

Steelhead (Lower Columbia River)
Threatened

Steelhead (Upper Willamette River)
Threatened

Steelhead (Snake River Basin)
Threatened

Steelhead (Northern California)
Threatened

Steelhead (California Central Valley)
Threatened

Steelhead (Central California Coastal)
Threatened

Steelhead (South Central California)
Threatened

Steelhead (Southern California)
Threatened

Totoaba




Cynoscion macdonaldi
Endangered

White abalone




Haliotis sorenseni 
Proposed

Designated critical habitat
Steller sea lion
portions of the north Pacific Ocean

Right whale
portions of the western Atlantic Ocean

Species and Critical Habitat That Were Not Included in the Opinion
I did not include Johnson’s seagrass (Halophila johnsonii) Chinese River dolphin (Lipotes vexillifer), cochito, Indus River dolphin (Palanista minor), or totaba in the biological opinion. Johnson’s seagrass occurs only in the estuarine waters of the lagoons located on the Atlantic coast of Florida (roughly from Indian River County south to Dade County), so they will not be exposed to sonar transmissions and, consequently, are not likely to be affected by the proposed action. The cochito and totoaba are endemic to the Gulf of California, which is not included in the operating area for LFA sonar; as a result, cochito and totoaba  will not be exposed to sonar transmissions and, consequently, are not likely to be affected by the proposed action. The two river dolphins occur in the action area, but I concluded that it would be impossible to measure or detect potential effects of SURTASS LFA on Chinese River dolphin and Indus River dolphin (which is considered an (insignificant effect( in the section 7 handbook). I reached this conclusion because these animals are limited to specific river systems and river deltas, which would not receive sound levels associated with SURTASS LFA; therefore, I concluded that the proposed actions are not likely to adversely affect these dolphins. Consequently, I did not include these species in the opinion. 

The reasoning supporting all of other determinations for listed species and designated critical habitat are included in the biological opinion.

Approach to the Effects’ Analyses [see full discussion beginning on page 102 of the opinion]

My initial challenge was developing an assessment approach that I could apply to this programmatic consultation and also use for subsequent biological opinion that would tier off of the programmatic opinion. In particular, I wanted to use an assessment model that would allow me to examine the potential total effects of the SURTASS LFA sonar system on listed species (in this programmatic consultation) and consider the individual, synergistic, and collective effects of annual letters of authorization for the sonar system (specifically, I expected future consultations to verify that what was true of the whole was also true of the parts and vice versa).

I initially looked at several assessment models: the traditional, argumentative approaches used in section 7 consultations and NEPA documents; traditional ecological risk assessment; and the more quantitative approaches of decision analysis; structured decision-making; structured equation models (for example, LISREL); Bayesian belief networks (for example, Netica). As I examined the various assessment models, I looked for approaches that would (a) provide the strongest inference possible, given the gravity of the potential effects of the sonar system and the unknowns; (b) could be repeated by someone else; and (c) would not be defeated by large amounts of uncertainty.

I considered the assessment approach the Navy used in its environmental impact statement for SURTASS LFA, but concluded that other approaches provided stronger inference. I rejected the more traditional, argument-based approaches to section 7 consultations for the same reasons. I also had to abandon the more quantitative approaches of structured equation models and Bayesian belief networks because the models became so complex that I wasn’t certain I could document the assumptions I made in each step and the unknowns became a problem.

I decided that EPA’s ecological risk assessment framework met all three of my criteria and provided the best foundation for this assessment. To make this model work, I had to treat LFA sonar transmissions as a potential pollutant with concentration being equal to received levels as measured in decibels. Then I could treat exposure separately from responses and combine the two to characterize risk. Although I had initial concerns about one of the assumptions behind dose-response relationships (that low doses elicit small, biologically-insignificant responses), but concluded that I did not have to relax this assumption to apply the general risk assessment model to this biological opinion: the relationship between received levels and a species’ response should adhere to traditional dose-response relationships.

I worked with the Navy and their contractor, Marine Acoustics, Inc., to generate information on the potential risks of exposure at different received levels. The data necessary for these analyses were generated by the Navy’s Acoustic Integration Model (see Chapter 4 and Technical Report No. 2 of the Navy’s EIS for a complete description of the model and model inputs). The Navy’s analyses estimated the risk posed by SURTASS LFA sonar by treating the risk of biologically significant behavior to received levels (single ping equivalents in decibels) using probability distribution functions.  The results of these model simulations appear as continuous functions that are analogous to stressor-response curves: at one end of these curves, low received levels would not be expected to elicit a response in the species; at the other end of these curves, high received levels would be expected to elicit a much more serious responses (see Technical Report No. 2 of the Navy’s EIS for a sampling of these curves).

I relied on the Navy’s models for my exposure analyses and for part of the response analyses. I relied on the published and unpublished literature for the majority of the response analyses. Specifically, I examined the literature for evidence of the probable responses of various species to low frequency sonar. 

For the effects’ analysis, I focused on four aspects of the SURTASS LFA sonar system that posed potential hazards to listed species or critical habitat: (1) the ship associated with the SURTASS LFA system; (2) the surface-towed array sonar system (SURTASS); (3) the low-frequency active (LFA) sonar; and (4) the high-frequency marine mammal monitoring (HF/M3) system. The ship (Element 1) represented a potential hazard to listed species and their critical habitat because of potential ship strikes and the generation of engine and propeller noise. The SURTASS array (Element 2) did not represent a potential hazard (that is, it was not likely to affect listed species or their designated critical habitat) because it is a passive system and is not likely to strike or entangle a whale or sea turtle because it is a plastic tube that is towed behind vessels); therefore, I did not consider the SURTASS array extensively. The LFA sonar and HF/M3 sonar (Elements 3 and 4) posed the greatest potential risk to listed species and their critical habitat and were the main focus of my inquiry.

The effects’ analyses associated with this consultation were complicated because the ESA does not define harassment and NMFS hasn’t defined this term through regulations.  As a result, my first task was determining whether disturbance and harassment (as defined by the MMPA) was equivalent to harassment for the purposes of the ESA.  For the biological opinion, I chose to define harassment as injury to an individual animal or population of animals resulting from a human action that disrupts one or more behavioral patterns that are essential to an individual animal’s life history or to the animals contribution to a population, or both.  I was particularly concerned about injuries that may manifest themselves as animals that fail to feed successfully, breed successfully (which can result from feeding failure), or complete their life history because of changes in their behavioral patterns.
Reviewers
Ken Hollingshead (Marine Mammal Conservation Division, NMFS) and Joe Johnson (U.S. Navy) reviewed the description of the proposed action for correctness. Greg Silber (Large Whale Coordinator, NMFS) and Aleria Jensen (Marine Mammal Conservation Division, NMFS) reviewed the information on large whales. As I conducted the effects’ analyses, I worked with Roger Gentry (Acoustics Team, NMFS), Clay Spikes (Marine Acoustics, Inc.), and John Mayer (Marine Acoustics, Inc.) to make certain I was properly applying and interpreting acoustics information. All three of these individuals independently reviewed my draft effects’ analyses.

Appendix 1:
Ranking of (Peer Reviewed Literature(
(in their general order of preference)
A.
Primary Source: The information source from which evidence‑based knowledge is derived. It has as a major component evidence derived directly from fully described (or referenced) formal observation, procedures or experiments performed with valid, scientifically accepted methods. In its strongest form, this material is usually (but not only) a paper in a refereed scientific publication.

1.
Scientific Refereed Journal: A journal that has a mission of publicizing and storing primary scientific evidence. By convention evidence published in such a journal is subjected to anonymous review by several experts (referees) in the field prior to publication and is published only once. The methods used to acquire the evidence must be described (or a primary reference cited) with sufficient detail to allow knowledgeable person to critically appraise the study design, replicate the study, or both. Although the review processes these journals use is designed to ensure the integrity of the procedures, data, and analyses presented in a paper, a significant percentage of published papers still contain serious flaws, some which render the study invalid. The presence of these flaws is one of the primary reasons why consulting biologists must assess published literature to determine if a paper is (the best scientific information available.(
Repetition of a study by other researchers, either in whole or in part, helps support or refute the conclusions of a previous study and is essential to the long-term development and acceptance of scientific theory. A paper whose results and conclusions have been verified by independent study or studies is generally a more reliable source that a paper whose results have not been verified in this way.

2.
Scientific Proceedings: A collection of current research reports, usually presented as brief abstracts, from a scientific meeting. These are a much weaker form of a primary source than is a full scientific journal article because the selection of the abstracts, which are of varying quality, is based on a much more cursory review, the reports are usually incomplete, and much of the work is in‑progress. As such, these represent a form of "pre‑primary" source.

C.
Integrative Source (Studies): A source reporting the results of meta‑analysis, which is a statistical procedure to mathematically combine the results from a number of valid studies to arrive at a stronger conclusion. An exhaustive search for all of the studies relevant to the question at hand and a critical analysis of these studies to exclude those with serious design or procedural flaws is required. Integrative studies are based on objective quantitative analysis rather than the more subjective analysis of the conventional critical review.

D.
Secondary Source: An information source that does not have as a major component the description of formal observations or experiments but rather is synthesized from some combination of primary sources, experience, or authoritative belief (dogma). The primary literature used may have been selected in a biased or incomplete fashion and may have been used without comprehensive critical appraisal to establish the relative strength of evidence in each source. Examples of secondary sources are review articles in publications like Annual Reviews in Ecology and Systematics.
E.
Tertiary Source: A compilation of information for application across a broad spectrum, typically represented by class notes and textbooks intended for use in core courses. The strength of the underlying evidence is not indicated and any current controversy between researchers in the area is not addressed. The bibliography is usually predominately secondary literature and is usually intended to provide the interested reader with entry points to the underlying primary literature. Much of the evidence‑based information contained in textbooks is filtered sufficiently that it is accepted by most all of the experts in the field, much of it is unlikely to change in the future, and most of the changes will be minor. However, depending on the field, textbooks contain a varying amount of dogma and interpretations of facts that will change with the progress of research in the area, sometimes significantly.

F.
Derivative Service: A service that presents collections of abstracts, usually from a wide selection of primary literature, selected to meet the interests of a particular group of clinicians. Some derivative services, like Biosis, include copies of the abstract that was written by the authors of the journal article. Abstracts vary in quality and abstracters may interpret the evidence of the paper differently than intended by the original authors.

G.
(Gray( Literature: This category consists of publications that are not (published( or contained in indices (like First Search or Biosis) that make it easier for other researchers to acquire and examine the results. Gray literature general includes documents issued by government agencies (federal, state, or local), private consultancies, non-governmental agencies, and private organizations. The quality of the information contained in these documents can compare to that of published, refereed scientific journals (some (gray( literature undergoes extensive peer-review before publication) or it can compare to little more than anecdotal evidence. 

Appendix 2:

Standards of Review
The standards used to prepare the biological opinion discussed in this memorandum are established by the Administrative Procedures Act [APA; 5 U.S.C. 701 et seq.], sections 7 and 10 of the Endangered Species Act of 1973, as amended [ESA; 16 U.S.C. 1536 and 16 U.S.C. 1539, respectively], and regulations promulgated to implement section 7 of the ESA [50 CFR 402].

1.
Section 706 of the APA, among other things, cautions against Federal agencies from taking actions that are arbitrary, capricious, or not otherwise in accordance with law. When reviewing biological opinions for compliance with this standard, courts have concluded that biological opinions must demonstrate that NMFS conducted a reasoned evaluation of the best scientific and commercial data available and other relevant information and articulated a rational connection between the facts that were found and the conclusions we reached in our biological opinion.
 

2.
Section 7(a)(2) of the ESA requires Federal agencies to insure that their actions are not likely to jeopardize the continued existence of listed species or result in the destruction or adverse modification of designated critical habitat. Regulations that implement section 7 of the ESA[50 CFR 402] define (jeopardize the continued existence of( as to engage in an action that reasonably would be expected to appreciably reduce the likelihood of both the survival and recovery of a listed species in the wild by reducing the reproduction, numbers, or distribution of that species.

3.
Section 7(a)(2) of the ESA requires Federal agencies to utilize the best scientific and commercial data available when insuring that their actions are not likely to jeopardize the continued existence of listed species in the wild or destroy or adversely modify designated critical habitat.

4.
Section 10(a)(1)(A) of the ESA authorizes NMFS and the U.S. Fish and Wildlife Service to permit any act otherwise prohibited by section 9 of the ESA for scientific purposes or to enhance the propagation or survival of the affected species.

5.
Section 10(d) of the ESA allows the Secretary to grant exceptions under subsection 10(a)(1)(A) and (b) only if he finds and publishes his finding in the Federal Register that (1) such exceptions were applied for in good faith, (2) if granted and exercised will not operate to the disadvantage of such endangered species, and (3) will be consistent with the purposes and policy set forth in section 2 of the ESA
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�	The (likely to adversely affect( is the customary threshold for formal consultation; see pages 3-3 and 3-12 of the Interagency Consultation Handbook (USFWS and NMFS 1998)


�	See Idaho Department of Fish and Game v. National Marine Fisheries Service et al. [850 F. Supp. 886(D.Or 1994)] in which the court concluded that (judicial review is limited to an assessment of whether the agency (conducted a reasoned evaluation of the relevant information and reached a decision that, although perhaps disputable, was not arbitrary or capricious.(( Mt. Graham Red Squirrel v. Espy 986 F.2d 1568 (9th Cir. 1993). (A biological opinion is arbitrary and capricious and will be set aside when it has failed to articulate a satisfactory explanation for its conclusions or when it has entirely failed to consider an important aspect of the problem. While courts must defer to an agency(s reasonable interpretation of equivocal evidence, such deference is not unlimited. The presumption of agency expertise may be rebutted if its decisions, even though based on scientific expertise, are not reasons.( Greenpeace et al. v NMFS 55 F.Supp. 2d 1248


�	Section 2 of the Endangered Species Act of 1973, as amended establishes the purpose of the Act as to provide a means whereby the ecosystems upon which endangered species and threatened species depend may be conserved, to provide a program for the conservation of such species, and to take such steps as may be appropriate to achieve the purposes of the treaties and conventions set forth in section 2(a) of the Act. Section 2 of the Act also sets the policy of the Congress that all Federal departments and agencies shall seek to conserve endangered species and threatened species and shall utilize their authorities in furtherance of the purposes of the Act.
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