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ABSTRACT 

AN APPRAISAL OF THE U.S. NAVY MARINE MAMMALS AND SOUND 

RESEARCH AND MONITORING PROGRAMS 

Robin Fitch, Ph.D. 

George Mason University, 2013 

Dissertation Director: Dr. Susan Crate 

 

The U.S. Navy uses active and passive sonar in its at-sea operations for detecting 

submarine ships. Active sonar has been implicated as a cause of unusual mass stranding 

events.  Over the last two decades, the U.S. Navy has been the subject of substantial 

litigation for non-compliance with regulations established to protect marine mammals.  

Between 2004 and 2011, the Navy invested $212 million on 358 marine mammal projects 

in order to understand the link between anthropogenic noise and stranding events, to 

achieve compliance with regulations, and to develop mitigation measures to reduce or 

eliminate the harmful effects of sound in the water.  The objective of this dissertation was 

to review the project outcomes, determine the extent of positive results and identify 

predictor indicators for projects that were further evaluated as “groundbreaking” or 

“vital” as compared to “constructive”, “positive”, “outcome unknown”, or “failed”.  To 

these ends I used basic statistics and binary logistic regression modeling.  Results 



xiv 

 

revealed that 94.6% of the projects had positive outcomes and predictor indicators 

included project length, number of co-PIs, funding source, geographic location, and 

technology development.  To further tease out these findings and identify their qualitative 

aspects, I conducted forty-four semi-structured interviews with past and present federal 

employees who have worked marine mammal programs for the Navy, the National 

Marine Fisheries Service, and the Marine Mammal Commission. The results showed that 

opinions on the research and monitoring programs are largely positive but there are also 

clear needs including the following: 1) a more efficient and directed environmental 

compliance framework; 2) an overall Department of Navy strategic research plan for 

marine mammal research and monitoring; 3) improved internal coordination and external 

communications; and 4) protected and sustained programmatic funding in the current 

fiscal environment.  The Navy is dealing with continuing litigation and negative public 

press (low societal agreement on values) combined with a high degree of scientific 

disagreement, criteria qualifying it as an environmental wicked problem.  While the Navy 

needs to continue its focus on marine mammal scientific research, it also needs to expand 

its stakeholder engagement towards more effective dialogue among the scientific 

community, stakeholders, and Navy decision makers. 
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CHAPTER ONE INTRODUCTION 

Marine Mammals and Anthropogenic Sound 
Occasionally, cetacean mass stranding events (Figure 1) are linked with military 

active sonar use (National Research Council, 1994, 2003, 2005, Cox et al., 2006).  To 

date, the United States (U.S.) Navy acknowledges the existence of this link in five 

documented mass strandings: Greece 1996, Bahamas 2000, Madeira 2000, Canary 

Islands 2002, and Spain 2006 (DON 2008a/ 2008b/2008c, GAO 2008). 

 

 
Figure 1 Bahamas 15 March 2000 mass stranding.  Two minke and fourteen beaked whales stranded along the 

North Providence Channel, coincidentally with a U.S. Navy sonar exercise.  Photo retrieved 8 August 2011 from 

http://t3.gstatic.com 

 

Whales and military sonar use have been a matter of controversy for several 

decades, for the public, between Non-Governmental Organizations (NGO) and the 

government, and in the courts (Hastings, 2008a, Parsons et al., 2008, Burton, 2010, 

Dolman and Parsons, 2011). Perhaps one of the fastest ways to understand the 
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controversy surrounding the issue is to consider the Advisory Committee on Acoustic 

Impacts on Marine Mammals convened by the Marine Mammal Commission between 

2003 and 2006.  This Federal Advisory Committee Act (FACA) process was intended to 

provide a way for stakeholder groups to find consensus on areas of general scientific 

understanding, and in identifying areas of uncertainty, research needs and priorities, and 

recommended management action.  The FACA failed to produce consensus 

recommendations.  Instead, the Advisory Committee produced a series of conflicting 

statements from one individual, a federal caucus, an environmental caucus, an energy 

caucus, a commercial shipping caucus, a scientific research caucus, and the California 

Coastal Commission (FACA, 2006).  What should have been a cohesive and positive 

effort yielded instead a series of polarized, entrenched viewpoints. 

Public perception on the issue is muddy as well. Zirbel et al. (2011) completed a 

study characterizing public awareness and attitudes towards the Navy’s mitigation and 

monitoring programs for whales.  The results from this survey indicated that just over 

half- 51%- of the public believes that ‘military sonar impacts marine mammals’ while the 

other 49% have no opinion on the issue.  Judging from the FACA results, the litigation 

record
1
, and the results of the Zirbel survey, the marine noise issue is a great concern to 

some people and communities, and of no concern to others.  Regardless, the marine 

mammals and anthropogenic noise controversy remains a contentious and costly issue for 

the U.S. Navy.  This is in despite of a policy posture that states that part of the Navy’s 

mission is to “safeguard the natural systems upon which our quality of life depends” 

                                                 
1 The litigation record is addressed in Chapter 2, Literature Review. 
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(Penn, 2008).  In a 2008 policy, the Assistant Secretary of the Navy for Installations and 

Environment declared that environmental stewardship is a Department of Navy mission 

which cannot be separated from its warfighting mission.  The Department of Navy 

(DON) strategic vision states that all of the DON components- operations, acquisitions, 

and installation management- are to fully engage as environmental stewards, and that the 

sailors, marines, and civilian employees are to be empowered and educated to enable a 

Department that is recognized as an environmental leader.
2
 

This Departmental policy has been implemented over the past decade with 

sustained investments in the Navy’s environmental compliance and research programs.  

The research and monitoring programs conducted over the past decade represent a multi-

million dollar effort supporting environmental analysis for Navy at-sea training and 

testing compliance under the National Environmental Protection Act (NEPA), 

Endangered Species Act (ESA), Marine Mammal Protection Act (MMPA), and the 

Coastal Zone Management Act (CZMA), to develop mitigation measures to reduce or 

eliminate the potential harmful effects of sound in the water, and to identify and 

understand the actual link between active sonar and mass stranding events.  In support of 

this compliance program, the Navy invested over $212M in research and monitoring 

projects for the years between 2004 and 2011.  That investment was continued in fiscal 

                                                 
2 Beginning in 2009, following years of analysis and preparations, the Department began signing a series of National 

Environmental Policy Act (NEPA) Administrator’s Record of Decisions (RODs) which effectively brought the Navy 

and the Marine Corps into environmental compliance regarding training and testing activities on the military at-sea 

ranges. Prior to 2009, the Navy’s position was that Environmental Assessments were adequate to meet NEPA 

requirements.  The Navy’s Tactical Training Theater Assessment and Planning Program (TAP) Phase I NEPA analysis 

and permitting essentially covered the operational ranges on the east and west coasts of the continental U.S., plus the 

Marianas and Hawaiian Islands.  Phase II analysis, which cover training and testing activities for 2014- 2018, expands 

the NEPA coverage to include all Phase I areas plus the some additional areas. 
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years 2012 and 2013, and the current Navy investment for research and monitoring 

activities now exceeds $283 million for the past decade3. 

Generally, and in varying degrees of formality, the organizations within the 

Department of the Navy conduct internal program reviews. However, a comprehensive 

programmatic review of all of the programs considered together has never been 

conducted.  For example, were the projects complementary, duplicative, meaningful, and 

successful?  Are the programs appropriately planned and coordinated and do they reflect 

DON policy?  These questions need to be asked at the Departmental level, and the 

answers need to be considered by the Navy’s leadership.  This research is the first such 

analysis seeking to ascertain if the Navy’s investment has been worthwhile or not. 

The literature review addresses a wide range of topics, due to the fact that this is a 

highly complex problem that frequently utilizes an inter-disciplinary approach. To begin, 

the literature review addresses the state of the science for biology including the status of 

marine mammals, beaked whale distribution/ecology and biogeography, cetacean 

hearing, and temporary and permanent threshold shift for cetacean hearing.  The review 

continues with a focus on the historical stranding record, hypothesized mechanisms 

behind sonar-induced strandings, and anthropogenic sound sources including sonar, 

seismic, underwater explosions, vessel noise, tourism, pile driving, and climate change.  

Recent directions the science has taken are addressed including behavior response 

studies, stress studies, and population consequences studies followed by a section 

covering the state of environmental science (assessment and modeling), monitoring, 

                                                 
3 This figure does not include the costs associated with producing environmental analysis documents, obtaining 

required permits, and litigation. 
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detection/classification/localization, and mitigation.  The literature review concludes with 

a section detailing applicable U.S. environmental law and Executive Branch directives, 

and a review of the ongoing controversy and the litigation record. 

The quantitative analysis section provides an objective description of what the 

Navy programs look like for the years 2004 through 2011 and identifies which 

independent factors are correlated with superstar projects that categorically advanced the 

science and technology development relating to the effects of anthropogenic sound on 

marine mammals. The qualitative analysis then evaluates the programs as they relate to 

policy and management.  Semi-structured interviews (SSI) were conducted with the 

program managers, principal leaders, and regulatory professionals who have or had 

oversight on the marine mammal research programs. 

The U.S. Navy mission, established in Title 10 of the U.S. Code, is to continually 

support the United States national interest with prompt and sustained combat operations 

when directed. In order to achieve this mission, the Navy must engage in at-sea anti-

submarine warfare training using active sonar technologies.  Military sonar use has been 

implicated in multiple marine mammal mass stranding events (National Research Council 

(NRC) 2003, 2005, Southall et al. 2007, 2009).  Lawsuits conducted over the course of 

the past two decades have repeatedly sought to address the issue of legislative 

preeminence: how does a military service such as the Navy balance Title 10 requirements 

with the suite of U.S. environmental laws?  The fact that the lawsuits continue with a 

mixture of outcomes indicates that the answer to this question remains open.  The Navy’s 

marine mammal research and monitoring programs are a necessary component of the 
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effort being made to bring resolution to the marine noise controversy.  Results of this 

project provide the U.S. Navy and other ocean users a quantified assessment of progress 

made to date and potential suggestions for improved outcomes for the future. 

This study is significant for several reasons. The focus of this study started by 

examining how the Navy’s marine mammal research programs are structured and 

identifying what elements were present in projects demonstrating highly successful 

results and concluded by examining the implications of the current programs for 

management and policy determinations.  Due to the scope and range of the included 

projects and the inter-disciplinary nature of the subject, the analysis was conducted at a 

gross rather than fine scale.  The study achieved two ends: first, it demonstrates a 

methodology for examining complex problems and complex programs.  Second, it 

provides a substantial list of recommendations specific to the marine noise issue that 

might be initiated by the Navy. 
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CHAPTER TWO LITERATURE REVIEW 

Today’s whale populations- those left following centuries of intensive whaling 

regimes- are threatened for a variety of reasons including entanglement, bycatch, ship 

strike, habitat degradation and loss, and noise (Tyack, 2009). For noise, the main sound 

sources are sonars, seismic profilers, shipping, and some acoustic harassment devices 

(AHDs) (Nowacek et al., 2007).  While the Navy contributes sound from other activities 

such as underwater explosions, vessel noise, and live fire exercises, most of the 

environmental concern regarding Navy activities has been directed at Low and Mid 

Frequency Active Sonar (LFAS and MFAS) (Hatch and Wright, 2007).  Many 

researchers suggest that it is the MFAS that is the source responsible for mass strandings 

of several members of the beaked whale family Ziphiidae (D’Amico and Verboom, eds. 

1998, Frantzis, 1998, Balcomb and Claridge, 2001, Evans and England, 2001, Frantzis, 

2004, Freitas, 2004, Podesta et al., 2006). 

This literature review covers a wide range of topics; all related to the central issue 

of the effects of sonar and other anthropogenic noise sources on beaked whales and other 

sensitive living marine resources.  The review addresses the historical stranding record, 

anthropogenic sound sources, the state of science regarding the noise-stranding 

phenomenon, applicable U.S. environmental law and Executive Branch directives, and a 

review of the ongoing controversy and the litigation record. 
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State of the Science- Biology 
Marine mammal species richness is currently highest in temperate waters with 

biodiversity hotspots off Baja California, Japan, New Zealand, the Galapagos Islands, the 

Southeast Pacific, and the Southern Ocean (Kaschner et al., 2011). Schipper et al. (2008) 

produced a definitive work documenting the status of the world’s marine mammals based 

on diversity, threat and knowledge values.  Generally marine mammals concentrate in 

tropical and temperate waters of the coastal plain and in some offshore areas.  Similar to 

terrestrial animals, marine mammal species richness is associated with primary 

productivity.  The world-wide prognosis for marine mammals is serious.  Threat levels 

are higher for marine mammals than they are for terrestrial mammals.  The drivers behind 

the marine mammal threat levels are different from that of terrestrial mammals: rather 

than being based on habitat loss, marine mammals are mostly threatened by accidental 

death and pollution (Schipper et al., 2008). 

Compared to terrestrial animals, marine mammals are poorly known (Schipper et 

al., 2008). Large spatial and temporal gaps exist in survey coverage for some taxa and for 

much of the world’s oceans (Kaschner et al. 2012).  Of the known marine mammal 

species, 36% are threatened with extinction, and 38% are data deficient, making the 

likelihood of a species decline going unnoticed far greater than that of a land animal.  The 

dominant threat to marine mammals is accidental death, effecting 78% of marine 

mammal species primarily through bycatch and ship strike (Schipper et al., 2008).  Van 

Der Hoop et al. (2012) investigated known mortalities and likely fatal injuries in the 

Northwest Atlantic between the years 1970 and 2009.  Of the observed deaths/serious 

injuries, 43% had a determined cause: 323 were due to interactions with fishing gear, 171 
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were due to ship strike, and 248 were due to natural causes.  Pollution is the second 

biggest threat, effecting 60% of marine species.  “Pollution” includes noise, debris, 

contaminants, and climate change (Schipper et al., 2008). 

A recent review investigating forty years of management under the Marine 

Mammal Protection Act (MMPA) indicates that “many” marine mammal populations are 

better off than they were in 1972 and the populations within U.S. waters are doing better 

than populations outside U.S. waters.  MMPA take reduction plans are cited as the 

primary reason for the improvement.   However, management under the MMPA has not 

effectively helped for some impacts such as disease, prey depletion, and noise (Roman et 

al., 2013). 

Beaked Whale Distribution and Densities/Ecology and Biogeography 
Of all of the cetaceans, beaked whales (Ziphiids) are considered to be 

taxonomically uncertain (Reeves et al. 2002), the least known (Carwardine, 2002, 

Nowak, 2003) and data deficient (Schipper et al., 2008).  Ziphiids prefer ice-free oceanic 

waters (Barlow and Gisiner, 2006) between depths of 400 and 1000 meters (Kiszka et al., 

2010, Smith, 2010) and presence is strongly correlated with prey density and ocean 

vertical structure (Hazen et al., 2011).  According to Ferguson et al. (2006), beaked 

whales can be found in both well-mixed and stratified water, ranging from the continental 

shelf to the abyssal plain.  Of all the beaked whale species, two have world-wide 

distributions: Cuvier’s (Ziphius cavirostris) and Blainville’s (Mesoplodon densirostris) 

(Dalebout et al., 2006).  Cuvier’s and Blainville’s are the two most common species 

found in sonar-related mass strandings (Figure 2) (D’Amico et al., 2009).  While 
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information on Ziphiid distribution is limited, there is some evidence that some 

populations have a high degree of site fidelity (McSweeney et al., 2007) and other 

populations lack specific associations and use wide areas of the open ocean (Baird et al., 

2009).  Johnston et al. (2008) suggest that seamounts provide prime foraging habitat 

through increased productivity, vertical migration of prey, and localized prey retention. 

Blainville’s beaked whales in particular are linked to deep scattering layers and benthic 

boundary layers which are often associated with steep undersea slopes (Arranz et al., 

2011).  Beaked whales are probably much more common than currently documented.  

For example, on all three of the Navy instrumented ranges, beaked whales were observed 

almost within minutes of the installation of the marine mammal monitoring on ranges 

(M3R) capability, and , for all three ranges, beaked whales were not particularly expected 

(N45, 2010). 
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Figure 2 The species of concern, Ziphius cavirostris and Mesoplodon densirostris.  Species description from Reeves 

et al. (2002).  Photos retrieved 14 March 2007 http://ip30.eti.uva/nl/bis/marine_mammals/pictures 

 

Beaked whales feed in the aphotic zone primarily on cephalopods.  They are deep 

divers that routinely perform long foraging dives (Nowak, 2003).  Baird et al. (2006, 

2007), using data recorded on time-depth recorder tags, documented median depth dives 

of  2079 meters for Cuvier’s and 922 meters for the Blainville’s.  The Baird et al. studies 

demonstrated similar behavior patterns between the two species: both spent a lot of time 

near the surface between deep dives, routinely dove below 800 meters for 48-68 minutes, 

and showed slower ascent vs. descent rates on the foraging dives. 

According to Jefferson et al. (2008), the beaked whale family, Ziphiidae, has 21 

species occurring world-wide with six genera (Table 1). New beaked whale species are 

still being discovered (McDonald et al., 2009). 
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Table 1 Beaked whale family Ziphiidae (from Jefferson et al., 2008).  Ziphiidae includes six genera with 21 species, 

most in the genus Mesoplodon. 

Genus No. Species Abundance 

Ziphius 1 110,000 

Tasmacetus 1 unknown 

Berardius 2 

Baird’s- 8,100 

Arnoux- unknown 

Indopacetus 1 760 

Hyperoodon 2 

Northern Bottlenose Whale- 45,000 

Southern Bottlenose Whale- 500,000 

Mesoplodon 14 unknown 

 

The genus Berardius or Giant Bottlenose Whales has two species: B. arnuxii (southern 

hemisphere below 30ºS) and B. bairdii (Pacific Ocean above 20ºN). The genus Ziphius 

has one species, the Cuvier’s or Z. cavirostris.  Also known as the Goose-beaked whale, 

Cuvier’s are found world-wide between 60ºN and 70ºS.  The genus Tasmacetus has one 

species, the Shepherd’s beaked whale or T. shepherdii.  Shepherd’s beaked whales are 

primarily known from a scant stranding record, but are thought to be found in the 

southern hemisphere between 30ºS and 50ºS.  The genus Hyperoodon has two species: H. 

ampullatus or northern bottlenose whale and H. planifrons or southern bottlenose whale.  

The northern species is found in the Atlantic Ocean above 30ºN and the southern species 
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is found below 30ºS.  The genus Indopacetus has one species: I. pacificus or Longman’s 

beaked whale.  Longman’s are found in the Pacific and Indian Oceans between 30ºN and 

30ºS (Jefferson et al., 2008).   

There are fourteen species in the genus Mesoplodon (Table 2) (Jefferson et al., 

2008): 

 

Table 2 Mesoplodon species.  Adapted from Jefferson et al. (2008). 

Scientific Name Common Name Distribution 

M. densirostris Blainville’s beaked whale All oceans between 40ºN and 35ºS 

M. grayi Gray’s beaked whale All oceans between 30º  and 75ºS 

M. ginkgodens 
Ginkgo-toothed beaked 

whale 

Pacific ocean between 30ºN and 30ºS; 

parts of the Indian Ocean 

M. hectori Hector’s beaked whale 

Indian and Atlantic Oceans between 

30º- 50ºS; possibly same latitudes in 

the Pacific 

M. perrini Perrin’s beaked whale 
Recently discovered; found in the 

eastern Pacific between 20º-42ºN 

M. carlhubbsi Hubb’s beaked whale Pacific Ocean between 30º-50ºN 

M. peruvianus Pygmy beaked whale 
Recently discovered, Pacific Ocean 

between 30ºN and 30ºS 

M. bidens Sowerby’s beaked whale 
Colder waters of the Atlantic between 

30º- 70ºN 

M. Europeans Gervais’ beaked whale 
Atlantic Ocean and Caribbean Sea 

between 50ºN and 40ºS 

M. mirus True’s beaked whale North Atlantic form from 25º-50ºN, 

Southern hemisphere form possibly 
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between 25º-50ºS 

M. layardii 
Strap-toothed beaked 

whale 
All oceans between 30º-65ºS 

M. bowdoini Andrew’s beaked whale All oceans between 30º- 55ºS 

M. stejnegeri Stejneger’s beaked whale Pacific Ocean between 30º-58ºN 

M. traversii 
Spade-toothed beaked 

whale 

3 specimens from New Zealand; 

possibly a circum-Antarctic species 

 

Four Mesoplodon species, including Mesoplodon densirostris, are found in all of the 

world’s oceans.  Five Mesoplodon are Pacific Ocean species, four are found in the 

Atlantic, and one species is thought to be circum-Antarctic. 

Hearing 
Knowledge on how cetaceans hear- and how their hearing can be measured- has 

grown significantly over the past several years. For example, Cranford et al. (2008a) 

developed a way to quantitatively image Ziphiid hearing.  In the same year, a different 

Cranford team used finite element modeling to identify the likely sound pathways in and 

out of a simulated Cuvier’s head (Cranford et al., 2008b).  These simulations indicated a 

new sound reception pathway that had not been previously documented.  Other 

researchers are working to further understand how odontocetes achieve their remarkable 

hearing sensitivity.  For example, Hemilä et al. (2010) investigated the lower jaw 

structure and the middle ear in an effort focused on explaining the heightened hearing 

sensitivities in dolphins. 
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Over the past decade, much progress has been achieved in developing the means 

to test hearing using audio evoked potential (AEP) methodologies. Cook et al. (2006) 

used AEP to test the hearing of a stranded Gervais’ beaked whale (Mesoplodon 

europaeus), finding that the whale was most sensitive to frequencies between 40 and 80 

kHz.  Finneran and Houser. (2008) further developed the AEP methodology to enable 

simultaneous hearing tests on an animal, reducing the time to test from 23-37 minutes to 

5- 9 minutes.  AEP technology has expanded into the field of practice, and AEP hearing 

results are beginning to be reported more frequently in the literature. For example, 

Houser et al. (2008) reported a difference in hearing thresholds between Atlantic and 

Pacific bottlenose dolphins that was not likely to be a result of methodology.  Pacini 

(2010) et al. obtained an audiogram on a long-finned pilot whale (Globicephala melas) 

two years after the animal had been rehabilitated following a stranding.  This pilot 

whale’s best hearing was between 11.2 and 50 kHz.   In 2011, Pacini et al. obtained an 

AEP from a stranded Blainville’s beaked whale in Hawaii, finding that its best hearing 

was between 40 and 50 kHz with thresholds below 50 dB (Pacini et al., 2011).  All of 

these researchers note a need to continue to collect audiograms on many individuals so 

that the normal hearing capabilities of cetaceans can be better understood. 

These studies have revealed more than just hearing ranges in the species tested.  

For example, a false killer whale was found to hear at different sensitivity levels 

depending on whether or not a target was present.  With a target present, the whale’s 

hearing threshold was 109.8 dB, and with the target absent, the hearing threshold was 

90.4 dB (Supin et al., 2008a).  Dolphins have been shown to vary their biosonar output 
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when approaching a target (Supin et al., 2008b, Atem et al., 2009, Jensen et al., 2009, Li 

et al., 2011).  Branstetter and Finneran (2008) found that dolphins use auditory filters to 

improve signal detection through a phenomenon known as comodulation masking 

release, and that employing these filters aids in signal detection.  Simard et al. (2010) 

report similar results in free ranging dolphins in the Gulf of Mexico, as does Li et al. 

(2012) in a bottlenose dolphin.  In short, recent studies on how cetaceans hear and 

process sound have produced significant results- and it is likely that much more 

discovery is yet to come. 

 

Temporary/Permanent Threshold Shift and Noise Criteria 
Sound exposure leading to a shift in hearing thresholds is known as either a 

temporary or permanent threshold shift (TTS/PTS). Loss in hearing depends on three 

variables: intensity, usually expressed as decibels (dB re 1µPa), frequency, expressed in 

Hertz (Hz), and duration (length of exposure) (DOSITS, 2011).  If an animal experiences 

a threshold shift and its hearing returns to baseline, then it has suffered a temporary 

hearing loss in frequency bandwidth; if its hearing does not return to baseline, it has 

suffered a permanent hearing loss.  TTS provides the most relevant metric for evaluating 

hearing specialists (Hastings, 2008b).  At this point in time, Southall et al. (2007) 

provides the latest published Marine Mammal Noise Exposure Criteria.
4
 

The University of Hawaii and the Navy’s Marine Mammal Program based in San 

Diego, California, have performed studies documenting TTS onset in domesticated 

                                                 
4
 In September 2013, the National Marine Fisheries Service (NMFS) released a draft criteria and thresholds 

document for interagency staff-level review. 
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bottlenose dolphins (Tursiops truncatus). Using controlled exposure studies, both teams 

have documented that sonar (as well as other noise sources) can induce TTS in dolphins 

(Mooney et al. 2009a, Finneran et al., 2010).  Results do not support an equal energy 

model to predict TTS onset.  Instead, a logarithmic algorithm, where sound energy was 

increased as exposure duration was decreased, better predicted TTS onset (Mooney et al. 

2009b).   Finneran et al. (2010) likewise found that adding TTS values directly did not 

result in a best fit for predicting TTS onset.  Finneran and Schlundt (2010) suggest that 

TTS onset and growth differs according to the frequency of the exposure.  In this study, a 

difference in TTS onset and growth was documented between 3 kHz and 20 kHz 

exposures.  Finneran and Schlundt note that their results are preliminary and may be a 

function of the subject’s age.  Regardless, they call for further research measuring TTS 

across the entire hearing range of the subject species. 

The University of Hawaii has long had a false killer whale (Pseudorca 

crassidens) in captivity, which has enabled several longitudinal studies of a single 

animal’s hearing.  The subject animal lost 60 kHz in the high frequency band over a 15 

year span.  With sixteen years between identical tests, the subject was found to reduce its 

echolocation clicks in peak frequency, center frequency, source level, and to increase low 

frequency peaks.  In other words, the false killer whale altered her echolocation clicks to 

accommodate her hearing (Kloepper et al., 2010).  The false killer whale also 

demonstrated a 36.1% loss in her ability to discriminate targets (Kloepper et al., 2010). 
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New Lines of Research on Marine Mammals and Sound 
In recent years there have been several new lines of research conducted within the 

marine mammal research community.  These include behavior response studies, stress 

studies, and population consequences studies. 

Behavioral Response to Anthropogenic Sound 

Controlled Exposure Experiments (CEE) have been recommended for furthering 

our understanding of the effects of anthropogenic sound on marine mammals (Cox et al., 

2006, Boyd et al., 2008, Southall et al., 2009). Ten years ago, few such studies had been 

conducted.  Andre et al. (1997) conducted a CEE/behavior response study with artificial 

sound playbacks on the sperm whale (Physeter macrocephalus) in the Canary Islands, 

finding that the whales did not respond to the low frequency sounds used in the 

playbacks.  The Andre et al. study was conducted to see if the whales could be warned 

off from ferry traffic; researchers determined that the whales in this population had 

developed a high tolerance for the shipping noise.  Nowacek et al. (2004) conducted a 

CEE with North Atlantic right whales (Eubalaena glacialis) in the summer Bay of Fundy 

foraging area, using a combination of tagged animals and three playback sounds: 

shipping noise, conspecific calls, and an alert/harassment sound.  In this study, whales 

only responded to the alert sound, swimming to the surface in a way that put them more 

at risk for a ship strike than they were without the alerting signal. 

The Norwegian Defense Research establishment commenced behavior response 

studies with low and mid-frequency sonar on  tagged killer whales (Orcinus orca) in the 

early years following 2000, finding that killer whales are more sensitive to MFAS with 

an observed avoidance reaction at received levels starting at 150 dB re 1µPa ( Kvadsheim 
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et al., 2007).  The U.S. Navy has sponsored Behavior Response Studies every summer 

since 2007, in the Bahamas (2007/2008), Mediterranean (2009), and southern California 

(2010 -2013).  The BRS research team has published results showing that beaked whales 

respond to simulated and actual sonar at received levels that are less than 142 dB re 1µPa 

by ceasing echolocation and leaving the area in long, very slow ascents.  These results-

which are from both opportunistic monitoring of actual sonar operations and from CEE 

playbacks with simulated and actual sonar, orca calls, and undifferentiated noise- show 

foraging disruption and avoidance behaviors (Tyack et al., 2011, Southall et al., 2011, 

Goldbogen et al., 2013, DeRuiter et al., 2013). 

Stress 

Anthropogenic noise has been shown to induce both physiological and behavioral 

responses. Tyack (2008) suggests that while a lot of attention has been focused on the 

acute results of noise in the environment, a far more significant risk is presented by the 

less noticeable effects of chronic noise exposure.  “Subtle” effects of noise, which annoy, 

mask, or provoke a behavioral change, have the potential to affect both physiological and 

psychological health of marine mammals (Wright et al., 2007a).  Noise, as a stressor, can 

effect behavioral and physiologic reproduction, aging, and sickness vs. health (Wright et 

al., 2007b, Gotz and Janik, 2011).  Bateson (2007) discusses how chronic environmental 

noise can harm an individual animal’s fitness over time by impairing its ability to process 

information.  Finally, Wright et al., (2011) argue that beaked whales, already operating at 

the extreme limits of dive depth and breath-hold, are particularly sensitive to the effects 

of chronic noise. 
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Seuront and Cribb (2011) suggest that accepted methodologies for averaging 

behavioral responses underestimate the effects of chronic exposure. Along these lines, 

Ellison et al. (2011) call for significant change in the regulatory structure to include both 

acute and chronic exposures.  This work recommends a tiered approach which includes 

context-specific behavioral response, assessment which incorporates relative sound 

levels, and adding chronic noise to the criteria. 

Several studies have been able to quantify physical responses to stress. Esch et al. 

(2009) document changes in vocalization patterns in dolphins undergoing capture-release.  

Significant changes in the blood of a white whale (Delphinapterus leucas) and a 

bottlenose dolphin (Tursiops truncates) were observed following exposure to underwater 

impulsive sounds produced by a seismic water gun (Romano et al., 2004).  Rolland et al. 

(2012) show that in the relative quiet in the Bay of Fundy shipping lanes following the 

911 terror attack, a 6 db reduction in noise below 150 Hz was associated with decreased 

levels of stress-related glucocorticoids in North Atlantic right whales.  The Rolland et al. 

study is the first to demonstrate that chronic stress in whales is linked to low-frequency 

shipping noise.  Noise stress can also be acute.  Cowan and Curry (2008) state that many 

odontocete species demonstrate an alarm response that if prolonged, can lead to abrupt 

mortality through a severe decrease in the blood supply to vital organs. 

Developing less invasive methods for testing stress in marine mammals is a new 

line of research that is showing promising results.  The Office of Naval Research (ONR) 

increased their investment in stress-related research in 2009 (ONR 2009).  The ONR 

program seeks to develop research into the effects of stress using blood, fecal, urine, 
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blow, mucous and blubber matrices (Weise, 2011).  Published papers on this line of 

research are few at this time, although some have been produced.  Fecal samples have 

been proven to yield measures of reproductive condition as well as adrenal activity in the 

Northern Atlantic right whale (Rolland et al. 2006, Hunt et al. 2006).  Frere et al. (2010) 

developed a new method of sampling whale blow for DNA sampling.  In this latter case, 

researchers were able to collect as much DNA material as was collected in blood 

samples, while being less invasive at the same time. 

Population Consequences of Disturbance 

Another relatively new research focus area addresses population consequences of 

disturbance, or PCoD. This line of research was opened in response to the 2005 NRC 

Report which included a theoretical model defining the population level effects of sound 

on marine mammals, stepping through behavior (movement, orientation), life function 

(migration, breeding, foraging), vital rates (reproduction and survival), and population 

level effects (population structure, growth rate) (Fleishman, 2010).  In addition PCoD, as 

a conceptual model, can be used as a tool in the next major research area- cumulative 

effects of multiple sound sources (Wartzok and Tyack, 2008). 

At the international level, scientists are planning a truly exciting experiment that 

also addresses population consequences of acoustic disturbance- “An International Quiet 

Ocean Experiment” (IQOE) (Boyd et al., 2011).  Involving scientists from all over the 

world, the IQOE is being designed to examine the correlation between marine 

populations and anthropogenic sound, as well as to quantify the ocean soundscape. 
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Anthropogenic Sound Sources- Implications for Marine Mammals 
Cetaceans depend on sound for virtually all aspects of survival, including 

foraging, reproduction, navigation, communication, and detecting predator presence. 

Noise pollution can affect animals in all aspects of life; most importantly, effects can 

range from minor to lethal.  In the case of beaked whales, strandings induced by acute 

acoustic exposures can harm populations for prolonged periods or possibly permanently 

(Weilgart, 2007a/b).  The degree of disruption depends on many factors, including 

received sound levels, persistence, habituation, directionality, and source movement 

(NRC 2003).  Responses can be observed behaviorally, acoustically, or physiologically.  

Observable behavioral responses include changes in heading, surfacing, and diving, 

acoustic responses include timing or type of vocalization changes; physiological 

responses include temporary and permanent threshold shifts and stress (Nowacek et al., 

2007).  Determining when these effects are biologically significant is the most important, 

hardest and difficult question that needs to be addressed (NRC 2005). 

Over the past 100 years, noise in the ocean has increased tremendously from a 

variety of sources, including sonar, seismic and other research activities, underwater 

explosions, vessel noise from commercial ships, tourism, pile driving, climate change, 

and bycatch/pingers.  Numerous authors identify military sonar, seismic profilers, and 

vessel noise as the most alarming sound sources in today’s oceans (Hatch & Wright 

2007, Nowacek et al. 2007, Tyack 2009, Moore, 2009).   There are sources of concern 

from other sectors in addition to the military and commercial interests.  For example, 

ocean acoustic waveguide remote sensing (OAWRS) systems designed for ecosystem 
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research (Jagannathan et al., 2009) have been demonstrated to alter behaviors in 

cetaceans from distances up to 200 km (Risch et al., 2012). 

Sonar 
Sonar, or Sound Navigation and Ranging, is a technology that had its genesis 

dating back to the World War I era. While technological developments occurred during 

each period of the nation’s military history (World War I and II, post-World War II, Cold 

War), the primary interest in this review are the systems currently in use by the U.S. 

Navy.  In 2009, the U.S. Navy had 84 ships fitted with modern MFAS Sonar (D’Amico 

and Pittenger, 2009).  Environmentally, MFA is typically the source correlated with the 

unusual mass stranding events involving beaked whale species (Hatch and Wright, 2007).  

The International Council for the Exploration of the Sea Ad-Hoc Group on the Impact of 

Sonar on Cetaceans concluded that the Mid Frequency Sonar component, and not LFAS, 

is the triggering source in the Sonar-induced strandings (ICES, 2005).  Low Frequency 

Active Sonar, or LFAS, has also been an area of concern.  Environmental concerns for 

LFA systems are generally focused on large baleen whales (e.g. blue, fin, grey, and 

humpback) and threats to their feeding, migratory, and reproductive behaviors, resulting 

from masking effects of the wide propagation waves of these low frequency systems 

(Hatch and Wright, 2007). 

As noted earlier, numerous researchers link military active sonar use to unusual 

mass strandings involving both single and multiple species, primarily beaked whales 

(D’Amico and Verboom, eds. 1998, Frantzis, 1998, Balcomb and Claridge, 2001, Evans 

and England, 2001, Frantzis, 2004, Freitas, 2004, Podesta et al., 2006). Rankin and 
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Barlow (2007), in recordings of Blainville’s beaked whales, note that Blainville’s hearing 

is sensitive to the same MFAS frequencies used by the USN active sonars.  Filadelfo et 

al. (2009a) found significant correlations between beaked whale strandings and naval 

activity in the Mediterranean and Caribbean Seas, but no correlation in the naval 

operating areas off southern California and Japan.  In a separate paper, Filadelfo et al. 

(2009b) compiled historical stranding records off southern California, co-located with a 

major Navy at-sea training range, finding no correlation between sonar training and 

stranding events off the California coast. 

The confluence of year-round Navy training and testing activities and high marine 

mammal densities off southern California is noteworthy. The waters off Southern 

California are biologically rich (Barlow and Forney (2007), and Cuvier’s beaked whales 

are routinely identified on the Navy southern California (SOCAL) training range 

(Falcone et al., 2009).  Falcone et al. note that sighting rates for the study, which was 

conducted between 2006 and 2008, are high relative to other studies on the species 

conducted in other regions.  Falcone and Schorr (2012) later note that beaked whales and 

fin whales have higher residency rates on the SOCAL military range than had been 

expected.  The training area near San Clemente Island, California, has been the site of 

relatively constant naval sonar testing and training activities since the 1960s.  This begs 

the question: why do sonar-related strandings occur in some locales and not in others? 

Not all authors agree that animals are not stranding off SOCAL from sonar 

exposure. Faerber and Baird (2010) maintain that a lack of stranded animals in waters 

where the military has operated does not prove that animals have not been harmed.   
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These authors suggest that other areas of the world, such as Hawaii, share similar habitat 

in the water and dissimilar topography on land, making stranding detections improbable 

from the singular point that human beings may not be present to observe the stranding.  

Finally, Williams et al. (2011) note that the current state of science does not support 

accurate impact evaluation for human activities on marine ecosystems.  While the 

Williams team writes about the Deepwater Oil Spill and the efforts to estimate damage 

and mortality rates from the 2010 oil spill in the Gulf of Mexico, the point is applicable to 

the whale and sonar issue: better analytical methods are needed to accommodate the low 

carcass recovery rates in marine ecosystems to enable establishing a more realistic 

understanding of actual consequences of human activities. 

A 2011 article studying the distribution of beaked whale foraging groups before, 

during, and after MFAS operations on the Navy range in the Bahamas published results 

showing that vocalizations decline and then stop during active sonar exercises, suggesting 

a strong avoidance response (McCarthy et al., 2011). These results support the reaction 

documented on tagged whales during the Navy’s Behavior Response Studies in 2007, 

2008, and 2010, where both Blainville’s and Cuvier’s stopped echolocating and foraging, 

slowed their ascent rate, altered their first recovery dives, and maintained a directional 

heading for at least 40 minutes following exposure (Southall et al., 2011).  DeRuiter et al. 

(2013) further document direct measured behavioral responses by Cuvier’s, showing that 

a tagged whale responded “strongly” to low received levels between 89 and 127 dB re 

1µPa by swimming away rapidly and extending dive duration and the non-foraging 

interval. 
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Interruptions to normal behaviors following sonar exposure are documented in 

other species as well.  Houser et al. (2013) show that bottlenose dolphins (Tursiops 

truncatus) habituate up to received levels of 160 dB re 1µPa, but abandon behaviors such 

as feeding above 175 dB re 1µPa.  In their MFAS controlled exposure study, these 

researchers found that the dolphin subjects refused to participate once received levels 

reached an SPL = 185 dB re 1µPa.  Melcon et al. (2012) show that blue whales reduce 

calling behaviors when active sonar is present, and that calling rate reductions increase 

the closer the sound source is to the animal.  Goldbogen et al. (2013), citing results from 

the Navy’s SOCAL Behavior Response Studies, state that MFAS can significantly 

change some blue whale behavioral states and that deep foraging interruption is of 

particular concern.  The Goldbogen study stresses that responses are based on 

interactions among individual animal differences, environmental context, and the 

animal’s behavioral state.  These authors suggest that MFAS exposure might have an 

effect on foraging energetics, which infers a potential population-level impact for blue 

whales (Goldbogen 2013).  

Seismic 
Airgun arrays used in seismic surveying produce energy levels up to 260 dB re 

1µPA@ 1m (peak), primarily in the 10-100 Hz frequencies, but with associated 

broadband energy up to 15 or more kHz. Airgun use is a concern because the 40 

microsecond signals are repeated every 7-20 seconds for relatively long periods of time 

(days).  Combined with the long-range propagation properties of the low frequencies, 

airgun arrays are capable of introducing signals that traverse thousands of miles (Hatch 
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and Wright, 2007).  Seismic surveys can increase background noise over ambient noise 

levels by as much as 10-25 dB within 15 kilometers of the activity and by 30- 45 dB 

within 1 kilometer (Guerra et al. 2011).  Using modeled results, Gedamke et al. (2010) 

suggest that whales as close as a kilometer might be susceptible to TTS from seismic air 

gun exposure.  Descriptions of behavioral responses to seismic surveys can be quite 

graphic.  For example, Gray and Van Waerebeek (2011) report a probable mortality with 

a pantropical spotted dolphin that was observed swimming with its head out of the water 

600 meters from a firing airgun array. 

Gordon et al. (2004), in a review on the effects of seismic airguns on marine 

mammals, note that there are significant uncertainty and knowledge gaps associated with 

the biological effects of seismic activity. The scientific record reveals a lack of consensus 

on how great the biological effects of air guns are on marine mammals. As an example of 

this, four separate articles published on the same survey effort conducted off Sakhalin 

Island, Russia, in 2001, produced different results.  Yazvenko et al. (2007a) report that 

the seismic survey operation had no measureable effect on western gray whales 

(Eschrichtius robustus) feeding behavior.  With different co-authors, Yazvenko 

performed a multiple regression analysis which reported that one seismic variable 

(received sound) and several non-seismic variables (date, depth proxies, sea state, and 

visibility) significantly correlated to gray whale distribution but overall abundance for the 

area remained stable (Yazvenko et al. 2007b).  Johnson et al. (2007), again working on 

the same seismic survey data, performed a univariate analysis showing no correlations 

between any of the observed behaviors and seismic sound levels.  In addition the Johnson 
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team performed a multiple regression analysis that showed a significant correlation for 5 

of 11 tested variables.  However, Johnson et al. state that these variables were transient 

and could be attributed to environmental effects. Finally, Gailey et al. (2007) report more 

effects than any of the other three.  These authors performed a multiple regression on the 

same seismic survey data, finding significant differences in 5 of 11 movement and 

behavior variables: reorientation rate, blow interval, dive time, distance to shore, and leg 

speed.  Gailey et al. state that at higher received sound levels, whales made a faster, more 

directional movement away from shore and stayed underwater in dives longer. 

The situation described above is not the first such example of mixed conclusions. 

In the northeastern Pacific in 1997, blue whales (Balaenoptera musculus) were observed 

using a seismometer and hydrophone array for an academic seismic survey.  According to 

Dunn and Hernandez (2009), there was no evidence of a correlation between blue whale 

behavior and the seismic profiling activity.  Di lorio and Clark (2007) published different 

findings on the blue whale, suggesting that blue whales compensate for elevated noise 

levels produced by seismic operations by increasing both social and feeding calls. 

Information specific to beaked whales and the effects of seismic profiling are 

particularly sparse and range widely in conclusions.  One report based in the northwest 

Atlantic reported that data collected from a seismic survey conducted in 2003 showed 

“no evidence” of impacts to the Ziphiid northern bottlenose whale Hyperoodon 

ampullatus (Potter et al. (2007).  Contrasting this, Stone and Tasker (2006) observed over 

201 seismic surveys off the United Kingdom coast, noting that responses varied by 

species but that the smaller odontocetes showed the strongest spatial response.  As with 
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other noise sources, there is a need for more research on seismic sound sources.  Taylor et 

al. (2004) call for the International Whaling Commission Science Committee to assess 

the impacts of seismic sources on beaked whale populations, noting there had been a 

stranding in the Gulf of California involving two Cuvier’s beaked whales in 2002 that 

was closely associated with a seismic profiling operation. 

Underwater Explosions 
The potential for injury or mortality of marine mammals from underwater 

detonations has long been documented in the scientific literature.  This was recently 

demonstrated in March of 2011 when a Navy time-delayed underwater explosion killed at 

least three long-beaked common dolphins (Danil and Leger, 2011).  Physical trauma and 

blast zones from underwater explosions are fairly well understood (Ketten, 1995).  

Underwater explosions pose a serious threat for marine vertebrates including cellular 

disruption, internal bleeding, embolism, and auditory damage (Koschinski, 2011).  At the 

same time, there is very little published on behavioral responses in marine mammals 

(Kevin and Hempen, 1997).  Todd et al. (1996) investigated an increase in entanglements 

with humpback whales (Megaptera novaeangliae) following underwater explosions.  

While their results showed little behavioral response by the humpbacks to the actual 

detonations, they do suggest that the whales may have suffered a hearing threshold shift 

which impaired their ability to avoid the nets.  In this case, the problem observed was not 

behavioral responses to underwater explosions, but rather a documented increase in 

entanglements following underwater explosions. 
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Vessel Noise 
Commercial ships produce noise through propellers and motors. Propeller noise 

can vary from 200 to 40,000 Hz (Hatch and Wright, 2007).  Shipping noise has increased 

significantly in the past half century. The number of commercial ships went from 30,000 

to 87,000 and the gross tonnage increased from 85 to 550 million gross tons between 

1950 and 2000 (NRC, 2003).  With the advent of propeller-driven large, heavy ships, 

shipping traffic doubled ambient noise in the low frequencies by 10- 16 dB between the 

years 1950 and 2000 (Mazzuca, 2001). 

Multiple works in the literature warn of a decades-long increase in ocean noise. A 

10 dB increase in the 20-80 Hz frequency range between the early 1960’s and late 1990’s 

was documented on the Point Sur U.S. Navy Sound Surveillance System (SOSUS) array 

off the central California coast.  Researchers suggest that the noise increase is due to 

shipping traffic increases (Andrew et al., 2002).  Farther south off the southern California 

coast, McDonald et al. (2006) similarly document a 10- 12 dB increase in ambient noise 

at  30- 50 Hz from the San Nicolas Island SOSUS array at 30- 50 Hz between the 1960s 

and 2004.  These researchers identify commercial shipping increases as the primary cause 

for the increase in noise levels. Vessel noise has been found to cause significant changes 

in beaked whale behavior up to a minimum of 5.2 kilometers from the vessel (Pirotta et 

al., 2012).  It is also thought to significantly reduce the communication space for some 

species, with adverse effects.  Hatch et al. (2012) computed a 63-67% loss in 

communication space for northern right whales near the Stellwagen Bank National 

Marine Sanctuary off the New England coast. 
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Some species have been found to increase their call volume as ambient noise 

increases. Killer whales in the Puget Sound, Washington, were recorded increasing their 

call amplitude on a 1:1 ratio for every 1 point increase in dB.  These changes in call 

amplitude were positively correlated with nearby vessels (Holt et al. 2008).   Northern 

Right Whales increase the frequency (Hertz) of their calls and reduce the calling rate in 

noisy conditions (Parks et al., 2007).  Parks et al. (2010) documented northern right 

whales increased their call amplitude linearly as ambient noise increased.  Parks et al. 

express concerns that if noise levels get too high for the right whales to compensate, both 

survival and reproduction may be jeopardized with possible population-level effects. 

Generally, the literature reflects a concern with baleen whales and commercial 

shipping noise. While this focus has largely been directed at baleen whales, some work 

has been published that deals with odontocetes and shipping noise.  Soto et al. (2006) 

document a significant response in a tagged Ziphius cavirostris in the Ligurian Sea, off 

the western coast of Italy.  The fine scale data obtained from the tagged whale revealed a 

truncated feeding dive that coincided with a passing commercial ship.  While Soto et al. 

note that the sample size is insufficient for reaching a conclusion, they do recommend 

further research into masking effects on marine mammals, particularly beaked whales due 

to their known sensitivity to anthropogenic sound.   In addition there is evidence that this 

concern exists for other odontocetes exposed to vessel noise.  Seuront and Cribb (2011) 

found a significant increase in chronic stress levels in the Indo-Pacific bottlenose dolphin, 

Tursiops aduncus, when exposed to fishing boats, power boats, and small inflatables.  

Jensen et al. (2011) suggest that vessel noise may adversely impact foraging short-finned 
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pilot whales.  However, New et al. (2013) note that behavioral changes should not be 

automatically classified as biologically significant as some species may be able to 

compensate for the disturbance. 

Tourism 
Recent studies document biologically significant effects of tourism- primarily 

whale watching boat traffic- on marine mammal populations.  Lusseau and Bejder 

(2007), Dans et al. (2008), Stockin et al. (2008), and Steckenreuter et al. (2012) quantify 

whale watching boat interactions with different dolphin species, documenting feeding 

and resting disruption levels which cumulatively translated into long term energetic 

impacts.  French et al. (2011) discusses how human presence, particularly ecotourism, 

can depress growth rates and reproduction in the California sea lion, again with long term 

population level impacts.   Sousa-Lima & Clark (2008) found that increased tour boat 

presence depresses humpback whale singing activity (2008).  A study based in Taiwan 

found that an avoidance response to whale watching boats was strongly associated with 

small pod sizes, mother-calf pairs and the distance to the whale watching boats (Tseng et 

al., 2011).  These researchers recommend mitigations which include limiting approaches 

to mother-calf pairs, limiting approaches to small pods, and monitoring cetaceans for 

reduced avoidance behavior to boat traffic as that behavior might be an advance indicator 

of long term disturbance. 

Pile Driving 
Noise from pile driving- already a substantial noise source in ports and other 

shore facilities- is noted as a new issue of concern as alternative energy facilities are 
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developed off shore (Simmonds and Brown, 2010).  There is some information available 

from areas of the world where pile driving activities have already been conducted.  Off 

the Danish coast, harbor porpoise activity was documented to be reduced over an entire 

five-month windmill farm construction period (Brandt et al. 2011).  Bailey et al. (2010) 

assessed pile driving noise on marine mammals at a new wind farm off the Scottish coast.  

This project was built in water over 42m (138 ft) deep, reportedly the deepest installation 

of its kind.  With source levels at 250 dB re 1 µPa at 1 m, pile driving sound could be 

detected out to 70 km (38 miles).  The main species studied in this project was bottlenose 

dolphins.  The authors estimate that auditory injury could be sustained if an animal was 

within 100m of the pile driving activity and behavioral disturbance could be sustained 

within a radius of 50 km. 

Climate Change 
No review of the issues facing marine mammals from anthropogenic sound would 

be complete without giving some attention to the consequences of global climate change.  

Our rapidly changing climate will influence this issue in more than a few ways, including 

ecological, acoustical, and infectious diseases.  Ecologically, all aspects of life for 

cetaceans- species distributions, abundance, migration, trophic structure, reproduction, 

and survival- will undergo change (Simmonds and Eliott, 2009).  Some of these changes 

are already being observed.   For example, Shelden and Rugh (2011) studied over forty 

years of migratory patterns for the gray whale, Eschrichtius robustus, off the central 

California coast.  This long term study shows significant increases in diversity and 

sighting rates for the study area.  Shelden and Rugh suggest that these increases are due 
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to a long term response to climate change (e.g., regime change)- even with short term 

weather patterns such as El Nino factored in. Whitehead et al., (2008) predict that 

cetacean biodiversity will decrease in the tropics and increase in the higher latitudes, and 

that more than 60% of the oceanic deepwater communities will reorganize as a reaction 

to warming ocean temperatures.  Some of the most extreme changes will take place in the 

arctic, where marine mammals are already dealing with changing conditions in the sea ice 

(Johannessen and Miles, 2011).  Kaschner et al. (2011), using an intermediate climate 

change model, also predict that cetacean species richness will increase above 40º latitude, 

and will decrease for cetaceans and pinnipeds in the lower latitudes.  In addition, arctic 

species will likely face issues with pressures associated with increased human traffic, 

changes in prey species abundance and distribution, and increased competition with 

incoming temperate species (Kovacs and Lydersen, 2008, Kovacs et al., 2011). 

Disease vectors and toxicologic conditions for cetaceans will change along with 

the climate as well.  Several emerging infectious diseases have the potential to effect 

populations on a global scale, and some cetaceans may be harmed by environmental 

degradation from pollution, noise, vessel traffic, fishing activities, and climate change 

(Van Bressem et al., 2009, Di Guardo et al., 2011).  The suggested mechanisms for 

population harm include lowered immune response levels, inadequate food supplies, 

increased stress levels, and increased levels of new pathogens.  Biochemical and physical 

changes to the ocean waters also threaten marine communities with potential increases in 

toxic algal blooms, altered productivity regimes that lead to trophic disparities, and 

significant increases in thermophilic species (Gambaiani et al., 2009). 
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The most direct acoustice impact from the changing climate for animals that use 

sound as a primary sensor is ocean acidification.  Increased CO2 loads from ocean 

acidification will make the ocean much nosier for frequencies lower than 10 kHz (Hester 

et al., 2008)
5
.  This adds yet another sound-related threat to an already lengthy list for 

cetaceans. 

Bycatch and Pingers 
One of the ironies of the anthropogenic sound issue is that in at least one 

application, human-generated sound is used in warning off some marine mammal species 

as a means of keeping them safe from human activities.  Read et al. (2006) and Read 

(2008) discuss how fisheries interactions are a serious conservation threat for some 

marine mammal populations.  Gonener and Bilgin (2009) and Read (2013) report that 

Acoustic Deterrent Devices (ADDs) or pingers are effective in reducing Phocoena 

phocoena bycatch without negatively impacting the targeted fish catch.  Buscaino et al. 

(2009) compared the fishing catch of two bottom gill nets, one equipped with pingers and 

one without.  In this case, the net equipped with pingers was less damaged and produced 

28% more fish.  More pertinent to this paper, Carretta et al., (2008) and Carretta and 

Barlow (2011) report that using pingers in a drift gill net fishery in California dropped 

beaked whale bycatch to zero.  Scientists are refining exactly which species respond to 

ADDs as well as the most effective signals and frequencies.  For example, bottlenose 

dolphins are deterred from activities when exposed to a continuous 50 kHz signal- 

notable in that most commercially used ADDs are below 20 kHz (Niu et al., 2012).  Even 

                                                 
5
 Projections based on future fossil fuel emissions show a reduction in oceanic sound absorption by almost 

40% by the year 2050 (Hester et al., 2008). 
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so, not every species of concern respond as favorably to ADDs (Nowacek et al., 2007, 

Berrow, 2008).  This may be a result of de-sensitization.  Mooney et al. (2009c) tested a 

device designed for long line fishing to deter false killer whales.  Initially, echolocation 

performance was significantly reduced, but returned to an 85% performance level in 

subsequent tests with lower sound levels.  Mooney et al. warn that it was probably the 

noise intensity and not the complex signal that acted to interrupt the whale’s echolocation 

and that there are challenges that need to be addressed before implementing practices of 

this type into a fishery. 

Sonar and Sound-Related Strandings- Historical Record 
While odontocetes are known to mass strand, mass strandings of Ziphiids (beaked 

whales) were rare prior to MFAS development (Hildebrand, 2005a, D’Amico et al., 

2009). Feasibility studies and sea trials for the modern MFAS systems began in the early 

1950’s, leading to 262 operational USN MFAS platforms in service by 1963 (D’Amico 

and Pittenger, 2009).   Stranding records held by the Smithsonian Institute show only one 

known beaked whale mass stranding occurred prior to the 1950’s, with at least thirty 

documented after modern MFAS and airgun systems went into service  (Hildebrand, 

2005a). 

D’Amico et al. (2009) provide a more detailed analysis on the known beaked 

whale mass strandings around the world between the years 1874 and 2004. Prior to 1950 

and MFAS development, D’Amico et al. identify 10 events involving 52 stranded beaked 

whales.  None of these included a Ziphius cavirostris.   More than half of these stranded 

animals are accounted for in a single-species mass stranding of Mesoplodon grayi in 
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1876, when 28 animals stranded off New Zealand.  After 1950, 487 stranded animals are 

documented in 126 events.  Of these 126 post-1950 strandings, 54 were single-species 

events involving Ziphius cavirostris, 8 were mixed species strandings including Z. 

cavirostris, 50 were events with Mesoplodon species, 12 were Berardius species, 

Hyperoodon species, or Tasmacetus sheperdii, and 2 were unidentified Ziphiids.  Twelve 

of the strandings (9.5%) coincided with either confirmed or likely MFAS activity, 27 

(21.4%) were associated with the presence of either a naval facility or ship but without 

evidence of MFAS use, 81 (64.3%) had no link to naval facilities or ships, and 6 (4.8%) 

were linked with other causes (ship strike, seismic, hurricanes, underwater explosion, 

bullets) (D’Amico et al., 2009). 

One of the first stranding events to be linked to MFAS use occurred in the East 

Ionian Sea in the Mediterranean in May of 1996 (Frantzis, 1998). Twelve Cuvier’s 

beaked whales live stranded along 24 miles of the Kyparissiakos Gulf coast. A 13
th

 

animal live stranded several days after and a 14
th

 decomposing animal was found two 

weeks later 35 miles away.  Necropsies performed on 8 of the animals revealed no 

apparent physical reason for the stranding.  While the necropsies did not include looking 

at the ears or brains, post analysis of photos revealed that four of the animals had 

evidence of bleeding around the eyes.  The North Atlantic Treaty Organization (NATO) 

research vessel Alliance had been operating in the area testing a new sonar system that 

had an output exceeding 230 dB re 1µPA@ 1m in both low and mid-range frequencies 

between 250- 3000 Hz (Frantzis, 1998, 2004).  The International Council for the 

Exploration of the Sea noted a further concern regarding the Ionian stranding in a 2005 
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Ad-Hoc report on the Impact of Sonar on Cetaceans.  Beaked whale stranding rates for 

the East Ionian Sea were documented to be reduced by more than two/thirds after the 

1996 mass stranding.  The Ad-Hoc review team suggested that beaked whales in the area 

either left the region or died at sea following the 1996 stranding event (ICES, 2005).   

Balcomb and Claridge (2001) document the significant mass stranding in the 

Northeast and Northwest Providence Channels, northern Bahamas, on March 15, 2000, 

that coincided with a naval training exercise which included three submarines and seven 

surface ships. The stranding involved at least two minke whales (Balaenoptera 

acutorostrata) and fourteen beaked whales (Ziphius cavirostris and Mesoplodon 

densirostris).  Six of the beaked whales are known to have died, and while two minke 

whales and eight of the beaked whales were returned to the sea, none of the live-stranded 

whales had been observed in follow-on population density studies conducted throughout 

Bahamian waters in the year following the stranding event. Necropsy findings on the 

dead animals revealed cranial lesions that were consistent with acute acoustic exposure 

(Balcomb and Claridge, 2001
6
, Ketten, 2005

7
).  The Secretaries of the U.S. Department 

of Commerce and the Department of the Navy concluded in a joint report “that tactical 

mid-range frequency sonars aboard U.S. Navy ships that were in use during the sonar 

                                                 
6
 One of the adult female Blainville’s returned to sea was re-sighted in southwest Abaco in 2003 near the 

stranding location.  In addition, one of the immature Cuvier’s was re-sighted in north Eleuthera about 40 

miles from the stranding site in 2009 (Claridge, 2012). 
7
 While hemorrhages were found in the inner ears and in some of the cranial spaces, Ketten specifically 

states that the injuries were not immediately lethal. 
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exercise in question were the most plausible source” of  the stranding (Evans and 

England 2001)
8
. 

Freitas (2004) documents another event in May 2000 with three Cuvier’s in the 

Madeira archipelago. During the timeframe of the stranding event, three submarines, 40 

surface ships, and one aircraft carrier from NATO forces conducted exercises in the area.  

Responders were not able to perform a necropsy on one of the animals, but for the 

remaining two, researchers determined that the animals stranded live. 

These are three of the five mass stranding events that are currently recognized in 

USN environmental analysis documents as sonar-induced strandings. The other two 

events occurred in the Canary Islands in 2002 and Spain in 2006 (DON 2008a, 2008b, 

2008c, Arbello et al., 2008).  Two additional strandings- Hanalei Bay and Haro Strait- are 

discussed because of the regular attention they have received in the press as well as the 

fact that the scientific findings for both of these high profile events remain contested.  In 

the USS Shoup (Haro Strait) incident, killer whales (Orcinus orca) were observed 

exhibiting atypical behavior (“bunching”), a minke whale was observed moving rapidly 

away from the ship (“porpoising”), and eleven harbor porpoises (Phocoena phocoena) 

were found stranded after a single ship training exercise in May 2003 (Holt, 2008).  

While numerous press articles and NGO websites conclude that USN sonar was 

responsible for the stranding event, neither the National Oceanic Atmospheric 

                                                 
8
 The joint report further identified five confounding factors that were present during the Bahamas mass 

stranding event: strong surface ducting, complex bathymetry, intensive active multiple sources, limited 

egress, and beaked whale presence. These confounding factors have formed the subsequent basis for 

establishing the NOAA-approved mitigation measures designed to protect marine mammals from further 

acoustically induced harm (Evans and England, 2001). 
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Administration (NOAA) National Marine Fisheries Service (NMFS) nor the Navy 

reached the same conclusion.  NOAA and the Navy were unsuccessful in attempts to 

reconstruct the event, and NOAA was unable to determine the presence of acoustic 

trauma in the harbor porpoises (U.S. Pacific Fleet (PACFLT), 2003, NMFS, 2005). 

In the Hanalei Bay event, 150-200 melon-headed whales (Peponocephala electra) 

entered and milled around the shallow waters of the bay for over 28 hours. An 

international naval exercise (Rim of the Pacific) was being conducted in the area during 

this time.  Southall et al. (2006), in a NOAA NMFS technical memorandum, were unable 

to rule out sonar as a contributing factor, stating that they consider “active sonar 

transmissions… a plausible, if not likely, contributing factor”.  Mobley et al. (2006) re-

examined the available data for the event, noting that a similar aggregation with melon-

headed whales in Sasanhaya Bay, Rota, occurred at approximately the same time 3,500 

miles away.  The Mobley team disagreed with the NOAA technical finding based on 

several points, most notably insufficient evidence to dismiss alternative explanations, no 

previous documented sonar-related events with melon-headed whales, and minimal 

potential sonar exposure (15 minutes) to the whales. Several more articles were published 

on the Hanalei Bay incident, one suggesting that the milling events might have been 

correlated with the lunar cycle (Mobley et al., 2007) and another by Brownell et al. 

(2009) which found that neither the Hanalei Bay nor the Rota milling were related to the 

moon and that only Hanalei Bay showed unusual milling behavior.  A clear consensus on 

whether or not Hanalei Bay resulted from sonar exposure is not evident in the literature 

record. 
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Hypothesized Mechanisms Behind Sonar Induced Strandings 
Simmonds and Lopez-Jurado (1991) published one of the earliest warnings 

regarding a possible link between military activities and beaked whale strandings via a 

Scientific Correspondence letter in Nature. This article described a series of unreported 

unusual beaked whale strandings in the vicinity of the Canaries in 1985, 1988, and 1989, 

all occurring coincidentally with naval operations.  No reason for the unusual strandings 

is proposed in the Simmonds and Lopez-Jurado letter; the authors state that little is 

known about Ziphiid biology and any suggestions made would be speculative.  Seven 

years later, Frantzis (1998) linked military use of acoustics (sonar) to the 1996 beaked 

whale mass stranding event in Greece.  Discussions centering on decompression sickness 

symptoms did not start until the Canary Islands incident of September, 2002.  In this 

event, fourteen beaked whales stranded during a multinational naval exercise.  Jepson 

(2003) and Fernandez et al. (2005) document the necropsy performed on ten of these 

animals (8 Cuvier’s, 1 Blainville’s, and 1 Gervais’).  These were the first studies to 

identify lesions associated with gas bubbles and fat embolism, suggesting similarities to 

decompression syndrome symptoms observed in humans. 

MØhl (2004) compares the acoustic signature of the sperm whale to that of tactical 

sonars, noting similarities in source levels but not in other signature parameters. MØhl 

presents a hypothesis that the sonar-induced beaked whale strandings result from an 

attempt to escape ensonification by reducing time at the surface, which might impair deep 

dive recovery and lead to debilitating secondary effects such as embolism. 

In 2006, Rommel et al. proposed six possible mechanisms that might cause a 

sonar-related stranding: gas and fat emboli, acoustically mediated bubble growth, 
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dysbaric osteotrauma
9
, behavioral alterations, resonance, and pathological blood clotting. 

The Rommel team evaluated the well-preserved carcasses from the 2002 Canary Islands 

strandings.  This necropsy yielded an enhanced degree of analysis that had not been 

achieved in previous sonar-related stranding necropsies.  The animals were documented 

to have acute hemorrhaging in the lungs, kidneys, and central nervous system; systemic 

fat emboli; and gas emboli in many different parts of the body including the brain, the 

brain ventricles where cerebrospinal fluid is produced (choroid plexus), the outer and 

inner surrounding membranes of the heart, and the kidneys.  Rommel et al. conclude their 

paper with a note that these symptoms are “consistent with, but not diagnostic of” 

decompression sickness. 

Cox et al. (2006) produced a pivotal work addressing the impacts of 

anthropogenic sound on beaked whales. This work posited four possible mechanisms that 

might lead to a stranding event: 

-a behavioral response where the animal flees directly towards shallow water, 

ending up stranded, 

-a behavioral response leading to tissue damage caused by a dive profile change 

or staying at the surface or at depth longer than normal, 

-a physiological change such as an onset of internal bleeding, or a change in the 

sense of balance leading to a behavioral change or stress-induced damage to the tissues, 

or 

                                                 
9
 Death of bone thought to be caused by nitrogen embolism. 
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-direct tissue damage through acoustically mediated bubble growth or acoustic 

resonance. 

Cox et al. do not eliminate any of the proposed mechanisms, but do identify gas-bubble 

disease, prompted by a behavioral response to acute acoustic exposure, as a plausible 

pathology for explaining cetacean strandings associated with sonar exposures. 

Since 2006 a lot of work has been accomplished using modeling to test for 

responses. Zimmer and Tyack (2007) reported modeled results showing that nitrogen 

tension and bubble growth in fat, muscle, brain, and central circulation tissues could form 

under conditions of repetitive shallow dives that are not deep enough to induce lung 

collapse.  Zimmer and Tyack suggest that an animal might choose this altered dive 

pattern to either get away from the source as fast as possible, or to swim away from a 

perceived predator.  Saunders et al. (2008) furthered this work and hope to produce a 

model that will predict the risk of decompression sickness that uses different behavioral 

reactions as a variable.  Hooker et al. (2009) used current data from Cuvier’s, 

Blainville’s, and northern bottlenose whales to see if differences in decompression 

sickness risk can be identified among the species.  In this modeling study, Cuvier’s 

beaked whales are reported to demonstrate a diving behavior that puts them at a greater 

risk compared to the other two species.  Not all researchers agree with the findings in 

these modeling studies.  Houser et al., (2010) in a field study using a trained bottlenose 

dolphin, did not find evidence to support the hypothesis that Nitrogen super-saturation 

from continuous repetitive dives can contribute to venous gas emboli.  Fahlman et al. 

(2006, 2009) developed a mathematical model which shows that lung volume in diving 
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animals efficiently adjusts gas exchange extent with changing depth.  Fahlman et al. state 

that their integrated, more complex model contradicts the results of the previous models.  

Both Houser et al. (2010) and Fahlman et al. (2009) urge caution in interpreting results 

based on assumed lung collapse depths. 

In April 2010, researchers from a wide range of fields and institutions met in a 

workshop at Woods Hole to evaluate the state of science on deep divers and gas kinetics. 

Participants at this workshop included Navy, NOAA, and Marine Mammal Commission 

(MMC) staff, in addition to a virtual “who’s who” in the marine mammal community.  

For the first time, researchers unilaterally recognized that in certain conditions marine 

mammals might develop gas bubbles with resulting physiologic injury.  The workshop 

resulted in a paper published by the Proceedings of the Royal Society: Hooker et al. 

(2011) suggest that the marine mammal research community should shift its focus to look 

at how the animals manage the N2 load rather than continuing the accepted practice of 

looking at minimizing N2 loading. 

There have since been several more articles documenting evidence of barotrauma 

in marine mammals.  De Quiros et al. (2012) suggest that deep divers are predisposed to 

gas embolisms from decompression sickness.  Van Bonn et al. (2011) document a 

California sea lion, Zalophus californianus, mortality associated with quantifiable 

cerebellar damage from gas bubbles and Siebert et al. (2013) document gas embolism in 

a harbor porpoise.  Kvadsheim et al. (2012) were the first to publish on studies estimating 

changes during actual behavior response to sonar exposure.  These authors concluded that 
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it is not possible to rule out that behavioral and physiological responses to sonar can alter 

end-dive nitrogen levels which could cause decompression sickness. 

State of the Science- Environmental 
There are several important environmental science categories that should be 

considered with reference to the marine mammals and sound research field.  These 

include assessment and modeling; monitoring; detection, classification, and localization; 

and mitigation. 

Assessment and Modeling 
Modeling tools are effective in providing information for use in policy and 

management decisions when used to deal with data and information gaps in the scientific 

record.  One model developed for assessing noise effects on marine mammals is the ONR 

research model, “Effects of Sound on the Marine Environment” (ESME) which allows 

researchers to use historical data as well as predictive scenario-driven studies (Gisiner et 

al., 2006, Shyu and Hillson, 2006).  ESME includes a simulation program which allows 

simulated animal movement and behavior based on user input of known information 

about the species of concern  (Houser, 2006).  Another model used by the Navy for the 

LFA-SURTASS analysis and by the Bureau of Ocean Energy Management (BOEM
10

) 

seismic analysis is Marine Acoustics, Inc.’s (MAI) Acoustic Integration Model (AIM) 

(Cordue, 2006).  AIM includes an animal movement simulator capable of programming 

movement based on known environmental variables and behavior of the modeled species 

(Frankel et al., 2002).  Gurarie et al. (2009) introduce a likelihood-based method, 

                                                 
10

 Department of Interior, Bureau of Ocean Energy Management, formerly Minerals Management Service 

(MMS). 
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“behavioral change point analysis (BCPA)”, which can be used in developing 

mechanistic behavioral models.  BCPA deals well with data gaps and measurement error, 

is efficient computationally, and reveals empirical data for behavioral change events such 

as a transition from breeding or feeding to migration (Gurarie et al. 2009).  Importantly, 

these studies indicate that modelers have been able to move simulated animals within 

modeling and simulation space based on known information for a least a decade. 

Modeling results, by the fact that modeling is a surrogate test, must be considered 

with care and an understanding that there is a high degree of uncertainty with the output.  

There are numerous articles published on modeled sound effects in the marine 

environment, which, when considered together, underscore the fact that the effect of 

anthropogenic sound on marine life is complex and that there is no easy way to simulate 

the real world. For example, there is evidence that conventional modeling for noise 

effects does not adequately describe the masking effects in the real environment (Trickey 

et al., 2010).  Other studies demonstrate pros and cons in modeling applications.  Praca et 

al. (2009) show that in habitat modeling, presence-absence models produce more 

accurate results than models based on presence-only data.  In a comparative study of 

habitat models based on sea surface temperature data from satellites versus static in-place 

variables such as depth and slope, remotely sensed models either met or out-performed 

models using static geographic variables (Becker et al., 2010).  A predictive model by 

Azellino et al. (2011), using chlorophyll and bathymetry as predictors, was found to 

produce adequate results that could be used to identify conservation avoidance areas. 
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Monitoring 
Listening technologies are becoming an important monitoring tool and have been 

furthered in recent years by the academic, government, and commercial/industry 

communities (Wood 2010). While visual surveys have historically been the primary 

method used for detecting marine mammals, the past decade has seen a significant 

increase in acoustics applications.  Usually researchers pair passive acoustics monitoring 

(PAM) with visual operations, and research has shown that adding a PAM component to 

field work results in an increase in marine mammal detections up to eight times that of 

visual surveys (Leaper et al., 2000).   Researchers stress that it is important for recording 

technologies to have sufficient bandwidth.  May-Collado and Wartzok (2008) found that 

limited bandwidth can explain up to 89% of the variation in reported vocalizations found 

in the literature. 

Researchers using PAM are finding that passive acoustic technologies are both 

filling gaps in the scientific record and pushing back the boundaries of our knowledge 

and understanding. For example, Rankin et al. (2007), using combined visual-acoustic 

surveys, found that minke whales (Balaenoptera acutorostrata) are much more common 

in Hawaiian waters than had been previously documented.  Baumgartner et al. (2008), 

using a four-buoy array capable of real-time tracking of large marine animals along with 

the fine-scale prey field and oceanographic variables, developed a new capability to 

monitor large marine mammals at a fine scale level. 

Developing capacity for acoustic applications has been a focus area for the 

Department of Defense (DoD) and the Navy over the course of the last decade. SERDP, 

or Strategic Environmental Research and Development Program, is the DoD 
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environmental program that is responsible for developing solutions to the Department’s 

environmental problems (anon, 2011).  A 2005 SERDP grant with the Scripps Institute of 

Oceanography resulted in technology developments for long-term passive acoustic 

monitoring as well as developments in animal-borne tags (Hildebrand, 2005b).   The 

Scripps grant led to several technologies frequently used by the Navy today.  Primary 

among these is the High Frequency Acoustic Recording Package (HARP) (Wiggins and 

Hildebrand, 2007, Margolina, 2010).  With the addition of a small array, the HARP 

technology has recently demonstrated an ability to track movement patterns.  This 

modification has the potential to lead to population density and abundance estimates 

(Wiggins et al. 2012). 

ONR also sponsored an alternative to the data-intensive HARP, called the Passive 

Aquatic Listener (PAL) device. The PAL has been demonstrated as an effective tool for 

detecting presence, species richness, and responses to environmental changes (Miksis-

Olds et al., 2010).  The PAL, designed to collect data with a duty cycle recorder, offers a 

different capability in data collection as compared to the HARP.  The Navy also uses 

other acoustic listening devices developed by the acoustics community, such as the long-

term monitoring “ecological acoustic recorder” (EAR), developed under NOAA 

sponsorship (Lammers et al., 2008) and the Cornell pop-up. 

Towed arrays are seeing increasing use in the field for monitoring purposes. 

Benda-Beckmann et al. (2010) published results showing that their Delphinus towed 

array is capable of detecting beaked whales up to 7 km, demonstrating that towed arrays 

can be used as a monitoring tool.  Similarly, NATO’s Undersea Research Centre (NURC) 
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developed a method for detecting vocalizing at-depth Cuvier’s beaked whales using 

broadband hydrophone arrays towed at shallow depths (Zimmer and Pavan, 2008).  The 

Australian Navy has experimented with using passive acoustic towed arrays to monitor 

major exercises for marine mammals (Cato et al., 2010). 

Another promising research area is using fixed passive acoustic sensors.  The 

Navy, using its instrumented ranges at AUTEC, SCORE, and PMRF
11

, has implemented 

marine mammal monitoring on ranges (M3R) capabilities which allow observers to listen 

to vocalizing beaked whales  (Ward et al. (2008), Marques et al. (2009), and Kusel et al. 

(2011)).  In 2010, Moretti et al. reported a method for estimating beaked whale density 

based on foraging dive counts.  M3R has been an essential component of the Navy’s 

Behavior Response Studies (BRS) in 2007, 2008, and 2010 through 2013.  The published 

results in the Tyack et al. 2011 study, which were used to lower the threshold criteria for 

estimating effects on beaked whales in the Navy’s environmental analysis for the Phase II 

environmental impact studies, were obtained using the M3R capability. 

Detection, Classification, and Localization 
Developing technologies capable of detecting, classifying, and localizing (DCL) 

marine mammals is one today’s most promising study areas.  Most research is focused on 

improving signal analysis.  For example, Mellinger et al. (2011) used frequency contour 

sounds (e.g. whistles and moans) to develop an algorithm capable of detecting dolphins, 

minke whales, and humpbacks. 

                                                 
11

 The Atlantic Undersea Test and Evaluation Center (AUTEC) is located off Andros Island in the 

Bahamas, the Southern California Offshore Range (SCORE) is located off San Clemente Island, California, 

and the Pacific Missile Range Facility (PMRF) is located off the island of Kauai, Hawaii. 
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One of the problems with DCL is the extraordinary amount of data collected by 

passive acoustic listening devices.  Data is collected in terabytes, making subsequent 

analysis difficult from a logistics standpoint.  Researchers are dealing with this issue by 

developing automated software applications for detection and classification.  For 

example, Baumgartner and Mussoline (2011) report that their automated detection 

program accuracy equals that of a human analyst for sei whales (Balaenoptera borealis) 

and right whales (Eubalaena glacialis). 

Some passive acoustic technologies provide a real-time listening capability that 

supports detection, classification, and localization of some vocalizing marine mammal 

species.  PAMGUARD is an open source software application that enables real-time 

acoustic cetacean detection and localization (Gillespie et al., 2008).  Andre et al. (2011) 

document recent results of a real-time monitoring test using deep sea sensors.  The 

“Listen to the Deep Ocean Environment”, or LIDO project, includes automated acoustics 

detection, a classifier module, and a locator module.  Finally, as previously discussed, the 

Navy’s M3R programs provide a passive acoustic listening capability on the three 

instrumented ranged off the coasts of the Bahamas, California, and Hawaii. 

Mitigation 
Numerous authors state that current mitigation measures and monitoring 

techniques are not adequate for protecting beaked whales from harmful sound exposure 

(Cox et al., 2006, Dolman et al., 2008, 2009, Dolman and Parsons, 2011). Barlow and 

Gisiner (2006) note that commonly accepted mitigation measures (ramp-up and 

detect/reduce exposure or avoid) are largely untested, that surveys to determine accurate 
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population levels are largely not done and without known pre-exposure population levels, 

and that the lack of knowledge on the causal mechanism behind sonar-induced strandings 

make using risk assessment models problematic.  Barlow and Gisiner (2006) suggest that 

behavior response studies may be the most promising avenue for gathering sufficient 

information to craft effective mitigation measures. During the same year Cox et al. 

(2006) produced a seminal work addressing the impacts of anthropogenic sound on 

beaked whales noting that it is supremely important to determine the mechanism behind 

sonar-related strandings in order to establish effective mitigation practices. For example, 

if the strandings are entirely a behavioral response of animal movement to shallow water, 

then mitigation measures would need to focus on managing human activities in the near 

shore systems.  If the strandings are the result of specific environmental conditions, then 

appropriate mitigation measures would monitor for these conditions prior to putting 

sound in the water (Cox et al., 2006). 

Some researchers recommend using a combination of modeling and empirical 

data to build a sufficient knowledge level that allows appropriate mitigation measure 

implementation. For example, Gannier (2011) describes using existing stranding and 

survey datasets, combined with strategically planned surveys, to help in identifying hot 

and cold spots that can then be used for establishing geographic mitigations.  Azzellino et 

al. (2011) use risk mapping for sensitive species based on visual observations, passive 

acoustic detections, and measured environmental variables against models that use 

bathymetry and chlorophyll as predictors.  In an earlier study Firestone et al., (2008) 

found that statistical models can supplement migratory data gaps for the northern right 
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whale, which would facilitate better mitigation measures to protect right whales during 

their migratory movements. 

Mitigation- what works and what doesn’t- uses policy and management practices 

in addition to straightforward technological applications.  Wintle (2007) argues that we 

don’t have time to wait until all the facts are in regarding the noise issue, and that the 

regulators and managers should employ adaptive management frameworks to form policy 

decisions that can be modified to reflect the current knowledge level of the day.  

Adaptive Management was institutionalized as an integral part of the Navy’s monitoring 

and mitigation programs 2010 (Lubchenco, 2010).  On the more technical side, 

researchers suggest that there might be outright technological applications available for 

mitigation.  For example, Kastelein and Hoek (2011) found that a LFAS signal, if 

designed to have no additional harmonics in the mid-frequency range, could operate at 

source levels that are higher than MFAS systems, and that at least for harbor porpoises, 

these “louder” systems could operate at similar auditory distances without harming the 

animal. 

Call for Integrated Databases 
Southall et al. (2009) identify, as a matter of highest priority, a need to develop a 

standardized, integrated comprehensive online database of marine mammal data in order 

to provide open access and to facilitate information management across the research 

community.  Some work towards achieving this goal has been accomplished.  Shaffer and 

Costa (2006) developed a relational database containing 1815 entries for 51 marine 

mammal species.  These authors warn of problems that need to be addressed before a 
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truly comprehensive database is achieved.  These problems include an excess of data in 

some latitudes with a corresponding lack of data in others, a common practice of 

reducing data in summaries which led to a loss in information, and a lack in standardized 

data reporting.  Perhaps the most developed geospatial database is the OBIS-SEAMAP
12

 

system produced by the Duke University Marine Lab.  OBIS-SEAMAP included, at the 

end of 2008, over 2.2 million observation records for marine mammals, turtles, and 

seabirds from 230 data sets spanning 1935- 2008 (Halpin et al., 2009)
13

.  Kot et al. (2010) 

performed a gap analysis on the OBIS-SEAMAP Project in 2010, finding that data gaps 

can for the most part be attributed to how regional partnerships and collaborations have 

developed and the ease with which field studies can be conducted.  These authors 

reiterate the call for strategic integrated research planning focused on eliminating the 

known data gaps. 

Call for Integrated Research Strategies 
Williams (2010) notes we do not have either the time or resources to rely on the 

usual approach of investigating one species at time.  Williams argues that an integrative 

approach in zoological studies that investigates a variety of species will improve our 

ability to respond to problems where little or no information is available.  Numerous 

researchers have proposed strategic goals for bringing information to both the science and 

policy communities that are dealing with the anthropogenic sound issue.  Cox et al. 

(2006) recommend four areas of research on beaked whales: (1) controlled exposure 

                                                 
12

 Ocean Biogeographic Information System Spatial Ecological Analysis of Megavertebrate Populations. 

OBIS-SEAMAP is a thematic node of the Ocean Biogeographic Information System (OBIS). Copyright © 

2002-2011.  
13

 As of September 18, 2013, SEAMAP had 3,402,204 records from 558 datasets.  See 

http://seamap.env.duke.edu/ . 

http://www.iobis.org/
http://seamap.env.duke.edu/
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experiments, (2) physiological, anatomical, pathological and behavioral studies, (3) 

baseline physiology and diving behavior assessment, and (4) reviewing the historical 

stranding record for beaked whale strandings.  Nowacek et al. (2007) suggest that 

research priorities should focus on population level consequences and identifying 

acceptable levels of sound exposure.  In a European Union sponsored effort, researchers 

recommended that the community implement a standardized, four step-analytical risk 

framework process that includes (1) hazard identification, (2) characterizing the exposure 

to the threat, (3) characterizing the dose-response relationship, and (4) characterizing the 

risk in some form of risk management (Boyd et al., 2008).  A similar report was produced 

by an interagency working group in the U.S. federal government.  This report, noting that 

the current state of science often produces findings with high uncertainty values, 

identifies a ten-year roadmap intended to prioritize research efforts across the U.S. 

federal agencies currently engaged in working the sound problem (Southall et al. 2009). 

Conflict of Interest? 
There is some concern in the scientific literature regarding whether or not there is 

a conflict of interest when research is funded by the same agency that is conducting 

environmental effects analysis, such as Navy sponsorship of marine mammal research.  

Wade et al. (2009) reported a bias towards a finding of “no effect” when the funding 

institution is "military".  There are problems with the Wade study.  The referenced 

reports included in the study analysis are U.S. government reports designed to inform 

U.S. government policy decisions.  All conclude that anthropogenic noise is sufficient to 

warrant concern and that further research is required in order to generate policy 
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determinations by the government.  There are no findings of "no effect" in these reports- 

just statements that there are unanswered questions and continuing research requirements.  

Further, the Wade analysis compares “military” projects against a long list of other 

organizations that are ostensibly not U.S. military or oil and gas.  Many of these “other” 

researchers are routinely funded by the U.S. Navy for marine mammal research and are 

actually included in the wrong column of the study.  To be accurate, much of the work 

listed as non-military should be counted under the ‘military sponsored’ category.   The 

2009 Wade et al. article addresses a valid concern and expresses a question that needs to 

be asked.  However, with flawed assumptions in the study framework, this particular 

article fails to prove a point, either way. 

Applicable U.S. Environmental Law 
There are five public laws and one Executive Order which drive the legal 

implications behind the marine mammals and sound issue: the Marine Mammal 

Protection Act of 1972, the National Environmental Protection Act of 1969, the 

Endangered Species Act of 1973, the Coastal Zone Management Act of 1972, the 

Administrative Procedures Act of 1946, and Executive Order 12114 – Environmental 

effects abroad of major federal actions (Anon, 1946, 1969, 1972a, 1972b, 1973, 1979). 

The Marine Mammal Protection Act (MMPA) 
The Marine Mammal Protection Act of 1972 (MMPA 16 USC §§1361- 1421h) 

protects all sea mammals adapted to the ocean environment (whales, dolphins, walruses, 

seals, sea lions, manatees and dugong) plus other mammals that inhabit the marine 

environment (otters and polar bears). The law is administered through the Departments of 
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Commerce and Interior.  Commerce is the regulating agency responsible for all cetaceans 

and pinnipeds (excluding walrus) and Interior is the regulator responsible for the walrus 

and all remaining marine mammals (Anon, 1972a, Christie and Hildreth, 1999, Southall 

et al., 2008). 

Key components of the law are that: (1) marine mammal populations will not be 

allowed to decrease below “optimum sustainable population” (OSP) levels, (2) agencies 

will work to re-establish populations that are below OSP, (3) essential habitat will be 

protected, and (4) a primary management objective for the MMPA is to maintain a stable 

and healthy ecosystem.  The MMPA applies only to US waters and the global commons 

(Gibel, 2007).  The MMPA specifically prohibits “taking” without a permit, which 

includes any attempt or act to hunt, kill, injure, or harass a marine mammal.  The statute 

places the burden of proving that the permitted activity will not harm the population on 

the permitted agency.  In addition, the Statute clearly identifies Congressional support for 

expanded research programs, provisions for substantive public participation in the 

decision-making process, and State engagement, interaction, and participation.  The 

Department of State is directed to engage in ecosystem protection on behalf of marine 

mammals at the oceanic level.  Finally, and uniquely, the MMPA establishes a three-

member Commission, aided by a science advisory body, which is charged with oversight 

duties and is empowered to advise the Secretaries on all national and international 

programs concerning marine mammals (Anon, 1972a; Christie and Hildreth, 1999; Gibel, 

2007; Wallace and Semens, 2010; Ray and Potter, 2011). 
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Permits for takes must be obtained from the appropriate agency (either NMFS or 

the Fish and Wildlife Service (FWS)).  During the early years of the statute, permits were 

authorized for research, observation, or importation/exportation.  Later amendments to 

the bill added permits for incidental takes (Christie and Hildreth, 1999).  Of the 

amendments, the most notable was made through the National Defense Authorization Act 

of 2004 (NDAA of 2004 §319), which changed the definition for harassment resulting 

from military actions, reducing the number of qualifying harassment activities to allow 

certain military readiness activities and removing restrictions for “small numbers” and 

geographic restrictions.  Interestingly, the NDAA FY 2004 amendment authorizes the 

Secretary of Defense- not the Secretaries of Commerce or Interior- to exempt the military 

Services for any act determined necessary for national defense for a period up to two 

years (Anon, 2003). 

The National Environmental Protection Act (NEPA) of 1969 
The National Environmental Protection Act is the law that provides the basic 

framework for implementing the environmental policy of the United States government.  

NEPA does three things:  it states the national policy and goals for environmental 

concerns, institutes mechanisms for the federal agencies to implement and enforce the 

nation’s environmental policies and goals, and establishes the President’s Council on 

Environmental Quality (CEQ).  One of the primary purposes of NEPA is to ensure that 

the federal agencies consider the environmental impacts of their actions.  An 

Environmental Impact Statement (EIS) is required for major actions that significantly 

affect the environment.  Where there is uncertainty as to whether or not an action will 
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result in a significant effect, agencies can do an environmental assessment (EA) (Anon, 

1969).  Of all the environmental statutes, NEPA has been the most influential act in the 

multiple Navy Sonar lawsuits (Craig, 2009a). 

Executive Order 12114- Environmental Effects Abroad of Major Federal 
Actions 

Executive Order (EO) 12114 of January 4, 1979 provides separate authority and 

direction for federal agencies to extend NEPA, with respect to the environment outside 

the United States and its territories and possessions.  The EO directs the Department of 

State and the Council of Environmental Quality to coordinate with federal agencies to 

further environmental analysis outside U.S. waters including, if appropriate, cooperation 

with foreign nations.  This includes any significant action affecting the global commons 

(e.g. the oceans and Antarctica), major actions affecting a foreign nation’s environment, 

and federal actions which may affect globally important ecological resources.  Agencies 

are directed to use Environmental Impact Statements, bilateral or multilateral 

environment studies, or other reviews such as environmental assessments.  Specific 

exemptions in the Executive Order include actions directed by the President for national 

security or when the action is part of an armed conflict.  EO 12114 is the key directive 

which directs the Navy to undergo the NEPA process for actions taken beyond federal 

waters (Anon, 1979, Southall et al., 2008). 

The Endangered Species Act (ESA) of 1973 
The federal government is prohibited by the ESA from jeopardizing any 

endangered species (extinction likely), and must accommodate certain protections for 

threatened species (likely to be listed as endangered in the foreseeable futures).  The ESA 
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provides a consultative mechanism with the Secretaries of Interior and Commerce for the 

purposes of determining whether or not a proposed federal action is likely to (1) 

jeopardize an endangered or threatened species or (2) result in adverse impacts to critical 

habitat for an endangered or threatened species.  Agencies are required to obtain 

biological opinions and incidental takes statements which include distinct mitigation 

measures.  Incidental take statements for marine mammals under the ESA must address 

compliance with the MMPA (Anon, 1973, Gibel, 2007).  The ESA applies to US waters 

and the global commons only, not to a foreign nation’s Exclusive Economic Zone (EEZ) 

(Gibel, 2007). 

The Coastal Zone Management Act of 1972 
The CZMA was enacted to protect coasts and coastal waters from human 

pressures resulting from development, recreational, industrial, and commercial 

enterprises.  The CZMA uniquely sets up a management framework for the states to 

manage their coastal resources with federal oversight.  Federal actions that are likely to 

affect any land, water, or resource in the coastal zone must be consistent with the State’s 

federally-approved coastal management plan.  In the event of a disagreement between a 

state and a federal agency, states can sue the federal government.  However, private 

citizens cannot sue.  Private citizen lawsuits challenging federal consistency must be 

brought under the Administrative Procedure Act rather than the CZMA (Anon, 1972b). 

The Administrative Procedures Act (APA) of 1946 
The Administrative Procedures Act (APA) was implemented in order to both 

standardize and regulate federal agency procedures.  The APA pertains to all federal 
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agencies.  Claims brought under either NEPA or CZMA are reviewed under the APA to 

see whether or not the federal action qualifies as “arbitrary and capricious”.  If yes, then 

courts have the duty to set aside or prohibit the agency action (Anon., 1946). 

Litigation History 
There have been numerous lawsuits over the course of the last two decades 

addressing the marine mammal and anthropogenic sound issue.  For the most part, these 

lawsuits have been about one essential question: whether or not national security 

requirements trump the environmental laws (Ouellette, 2008, Craig, 2009b).  Table 3 lists 

some of the lawsuits that have been filed against either the U.S. Navy and/or the National 

Marine Fisheries Service (NMFS) focusing on anthropogenic sound issues.  Between 

1994 and 2012, ten of these lawsuits were dismissed.  One, Natural Resources Defense 

Council v. Winter (NRDC II/ SOCAL), went to the Supreme Court in 2008 and was 

eventually dismissed by a lower court.  Another case, California Coastal Commission v. 

Navy (SOCAL), was dismissed with the Executive Office Council on Environmental 

Quality (CEQ) Alternative Arrangements in place, and four cases were settled between 

the parties (Craig, 2009b, and Abate, 2010).  Over the same period of time the 

Department of Defense implemented three National Defense Exemptions for Sonar use- 

two for the Marine Mammal Protection Act (MMPA) and one for the Coastal Zone 

Management Act (CZMA) (Buck and Calvert, 2008). 
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Table 3 History of Navy sonar litigation cases.  Derived from Craig (2009a, 2009b) 

and Abate (2010).  Entries in italics indicate a ruling in favor of the plaintiffs. 

Lawsuit Yea

r 

Statute Basis Finding 

NRDC v. US 

Dept. of Navy 

1994 NEPA, 

MMPA 

Enjoined a NMFS rule to 

permit ship shock trials 

over 5 years 

Injunction was 

granted because the 

Navy and NMFS did 

not consider other sites 

for shock trials that 

did not support as 

many marine 

mammals. 

Ocean 

Mammal 

Institute v. 

Cohen 

1998 NEPA, 

MMPA

, ESA 

Claim that NMFS violated 

NEPA when it authorized 

a research permit for LFA 

Controlled Exposure 

Experiment (CEE)  on 

sperm and humpback 

Whales 

Denied motion for 

preliminary injunction. 

Kanoa Inc. v. 

Clinton 

1998 NEPA, 

MMPA

, ESA, 

Fur 

Seal 

Act 

Use of LFA SURTASS 

for CEEs on sperm and 

humpback whales 

Plaintiff lacked 

standing for NEPA, 

MMPA, and ESA.  Fur 

Seal Act did not 

provide a sufficient 

cause for action. 

Hawaii County 

Green Party v 

Clinton 

1998 NEPA, 

ESA, 

MMPA

, APA 

Motion to prevent NMFS 

from issuing a research 

permit for LFA Controlled 

Exposure Studies; motion 

to prevent use of LFA 

SURTASS off Hawaii 

Denied under APA and 

NEPA as defendants 

were in the process of 

conducting 

environmental impact 

analysis; plaintiffs 

lacked standing under 

MMPA. 

NRDC v. US 2002 NEPA, 

ESA, 

Motion for injunction 

claimed US Navy 

Dismissed.  LWAD not 
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Dept. of Navy MMPA

, MSA 

avoiding doing an EIS for 

Littoral Warfare 

Advanced Development 

(LWAD) technologies by 

using a series of EAs 

instead of a programmatic 

EIS 

a program. 

NRDC v. 

Evans 

2003 NEPA, 

MMPA

, ESA, 

APA 

NMFS improperly 

permitted LFA use in 

violation of ESA, and 

Navy issued an 

inadequate EIS in 

violation of NEPA and 

APA 

Court ruled that the 

Navy’s alternative 

analysis was arbitrary 

and capricious.   The 

injunction was granted 

and the Navy settled, 

agreeing to geographic 

restrictions for LFA 

SURTASS. 

Hawaii County 

Green Party v 

Evans 

2003 MMPA

, ESA 

Motion to prevent NMFS 

issuance of research 

permit for CEE on gray 

whales 

Denied, NMFS did not 

violate NEPA 

Australians for 

Whales v  

Evans 

2004 MMPA

, ESA 

Motion to prevent NMFS 

issuance of research 

permit for CEE on gray 

whales 

Denied, NMFS did not 

violate NEPA 

Cetacean 

Community v. 

Bush 

2004 NEPA, 

ESA, 

MMPA

, APA 

Suit filed on behalf of 

marine mammals against 

LFAS SURTASS 

deployment 

Court ruled that 

animals lack standing. 

NRDC v 

Winter I 

2005 NEPA, 

APA, 

ESA 

Global challenge to 

prevent MFAS use 

Settled, with settlement 

talks continued 

through 2012. 

NRDC v 

Winter II 

2006 NEPA, 

ESA, 

Motion to prevent 14 

training exercises off 

Dismissed by Supreme 

Court in 2008. 
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MMPA southern California 

California 

Coastal 

Commission v 

Dept. of Navy 

2007 CZMA Motion to prevent 14 

training exercises off 

southern California 

Dismissed, with CEQ 

Alternative Actions in 

place. 

Ocean 

Mammal 

Institute v 

Gates 

2008 NEPA Motion seeking an 

injunction against MFA 

Sonar use, citing NEPA 

violations 

Dismissed, holding that 

the Navy’s Hawaii 

Range Complex EIS 

made the case moot. 

NRDC v. 

Gutierrez 

2008 NEPA Motion based on NEPA 

violations: Navy failed to 

consider reasonable 

alternatives,  

inappropriately rejected 

mitigation measures, and 

failed to consider 

cumulative impacts 

Settled.  A 

Supplemental EIS was 

produced. 

Defenders of 

Wildlife v. 

Navy 

2010 NEPA, 

ESA, 

APA 

Challenges Navy proposal 

to build a shallow 

undersea warfare training 

range 

Dismissed by Georgia 

District Court in SEP 

2012, appealed before 

11
th

 Circuit Court, and 

argued July 2013.  

Navy is awaiting a 

decision. 

NRDC/CBD v. 

NOAA 

2012 MMPA

, ESA 

NOAA improperly 

permitted Navy sonar use 

Pending 

 

 

Legal reviews on the 2008 Supreme Court ruling are conflicting.  For example, 

two reviews concluded that the Supreme Court case considered a balance between 

equities (Reynolds et al., 2009, McCarty, 2010) while two others concluded that the 
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Supreme Court failed to consider the actual legal question being challenged, which asked 

whether the environmental exemptions, including the Executive Office of the President 

(EOP) Council on Environmental Quality’s (CEQ) emergency exemptions for the 

California Coastal Commission lawsuit, were legal or not (Craig, 2009a, Abate, 2010).  

Because of the way this particular legal case evolved, the case never got to the point 

where key legal questions such as whether or not national security requirements trump 

environmental protection. 

Several authors point out that there may be sufficient reason to make legislative 

changes in the environmental laws.  For example, in the current statutory framework 

there is not an existing external oversight mechanism that provides guidance for an 

agency such as the Navy to invoke national security exemptions (Craig, 2009a).  

Exemptions, when utilized, are authorized by the Department of Defense- something that 

is viewed with skepticism from the Navy’s critics.  Specifically, Marine Mammal 

Protection Act (MMPA) exemptions are authorized by the Secretary of Defense, and 

Endangered Species Act (ESA) exemptions are subject to Secretary of Defense review.  

The National Environmental Protection Act (NEPA) has no national security exemption 

provision.  Some authors recommend a change to the current status quo by adding 

amendments to the MMPA to add a citizen suit provision and adjustments to NEPA by 

adding a national security exemption clause (Abate, 2010).  Another proposed solution 

presented as an alternative to statutory change would be to develop a uniform national 

standard for how and when national defense activities can be exempted (Abate, 2010). 
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CHAPTER THREE A QUANTITATIVE ANALYSIS OF THE NAVY’S 

RESEARCH AND MONITORING PROGRAMS 

As already stated in previous chapters, this study assesses the Navy and DoD 

marine mammal research projects started between 2004 and 2011. All of the projects had 

a stated goal to increase knowledge of living marine resources (with emphasis on marine 

mammals) and the effects of anthropogenic sound as well as to improve available 

technologies that monitor, study, and assess individuals and populations exposed to 

anthropogenic sound.  A total of 358 individual research or monitoring projects were 

started during this period, and most have been completed. 

The quantitative analysis was conducted to both describe the research and 

monitoring programs and to find out if there are any existing relationships between the 

assessed outcome and the identified set of possible predictor variables.  The quantitative 

analysis included two efforts: (1) a portrayal of the programs using basic 

descriptive/simple statistics and (2) logistic regression of the data to further describe what 

the Navy programs achieved in the 2004- 2011 projects, and to identify the predictive 

variables that indicate a greater likelihood for success in follow-on projects. 

Methods 
 The initial information collected for this project was obtained directly from the 

program managers responsible for Navy research or monitoring projects funded between 

fiscal years 2004 and 2011.  Program managers provided information on the funding 
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source, resource sponsor, budget line item, Principal Investigator, project title, dollars 

invested per fiscal year, and a project abstract.  Each project was then reviewed using the 

rubric presented in Appendix A
14

. 

Each project was initially subjected to four high level questions: 

1.  Is there an official report or published paper which documents the work? 

2. Is there any other product (e.g. non peer reviewed publication, workshop or 

conference proceedings, email, or other communication? 

3. Is there documentation from the program manager? 

4. Is there any resident knowledge within the DON as to the disposition? 

These four questions served as a mechanism for gathering all available information for 

each project.  Once the available materials were obtained and reviewed, each project was 

evaluated for a yes or no answer for the following questions: 

a. Did the research expand our understanding of the basic biology or ecology 

of the species of concern? 

b. Did the research expand our understanding of how animals respond to 

anthropogenic sound? 

c. Did the research expand our understanding of how animals respond to 

human activities? 

d. Did the research produce a new or improved technological product?  

e. Did the research lead to a measureable advancement in capability? 

                                                 
14

 The rubric was tested by four George Mason University graduate students to test the analytic logic and to 

reduce the investigator bias as much as possible. 
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f. Did the research help in achieving compliance? 

g. Was the technology produced transitioned into the operational Navy or 

other science-based enterprise? 

Each project was then evaluated using a subjective ranking system developed to 

assess the project’s effectiveness. The rubric (Appendix A), provided a ranked grade that 

ranged from a “1” (definite failure) to a “5” (definite success). Specifics of the rankings 

are as follows: 

1 The project definitely failed to result in an advance that was applied towards 

problem resolution. 

2 The project probably failed to result in an advance that was applied towards 

problem resolution 

3 No knowledge if the project resulted in an advance that was applied towards 

problem resolution or not 

4 The project probably resulted in an advance that was applied towards problem 

resolution 

5 The project definitely resulted in an observed or measureable advance that was 

applied towards problem resolution 

When the project rated positively- either “4” or “5”- a second subjective ranking 

was assessed to determine the relative value of the advance generated by the project. The 

ranking criteria for this secondary assessment was set on a 1 to 4 scale (1 = a little; 4 = a 

lot).  Scoring values 1, 2, 3, or 4 were described as:  
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1. The project yielded useful (positive, helpful) results benefitting one 

stakeholder or interest area. 

2. The project yielded important (constructive, meaningful,) findings 

benefitting several stakeholders or interest areas, or provided lateral information 

that can be used in follow-on projects. 

3. The project yielded substantive (significant, vital) findings benefitting 

numerous stakeholders or interest areas, or provided direct knowledge and 

information that was applied towards problem resolution. 

4. The project yielded groundbreaking (cutting edge, revolutionary) results 

that totally changed the field of research. 

 

When the project rated less than positively- either “3”, “2”, or “1”- a second ranking was 

assessed to determine the reason for failure or lack of success. The ranking criteria for 

this secondary assessment was set on a 1 to 4 scale (1 = failed; 4 = Not a failure).  

Scoring values 1, 2, 3, or 4 would be described as: 

1. The project did not comply with stated goals of the contract or grant or had 

no identifiable application. 

2. There is no proof of accomplishment, or the outcome is unknown. 

3. The project was not continued, or was discontinued. 

4. It is too soon to determine; the project is still in progress. 

Statistics were used in two graded levels to build evidence for evaluating the program: 
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Level 1: graphical trends and descriptive/simple statistics, e.g. number of projects by 

topic and sponsor, investment dollars by topic and sponsor, project choices by 

sponsor, etc. Notable trends are identified and discussed. 

Level 2: Logistic regression identified the statistically significant relationships for the 

highest rated projects (“advances” in knowledge or “produced” technologies that 

were graded as either groundbreaking or vital) and the independent variables (dollars 

invested, project duration, funding source, program sponsor, compliance or science, 

basic science or technology, federal or non-federal lab, US or non-US lab, number of 

co-PI’s, geographic region, completed/not completed, research category). A second 

logistic regression was run to see if there were any significant relationships for 

projects rated as having no proof of accomplishment, discontinued, or did not 

comply. 

 

Data 

All data used in the quantitative analysis section are publically available and was 

obtained from the following sources: the Office of Naval Research, the Chief of Naval 

Operations Environmental Readiness Division, the Chief of Naval Operations 

Oceanographers Office, the Integrated Warfare Undersea Systems Office (PEO IWS5), 

Naval Air Systems Command Program Management Office (PMA 264), Commander 

Fleet Forces Command Environmental, Naval Facilities Command Atlantic 

Environmental, Commander Pacific Fleet Environmental, Naval Facilities Command 

Pacific Environmental, the Office of the Assistant Secretary of the Navy for Energy, 
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Installations, and Environment, the Office of the Secretary of Defense (OSD) Strategic 

Environmental Research and Development Program (SERDP), and the OSD Legacy 

program. Elements included in the analysis are the Funding Source, Resource Sponsor, 

Principal Investigator & Research Institute, project title, amount funded by fiscal year 

(FY), and project abstract, product or application, and delivery date.  Additional 

information extracted includes the number of co-Principal Investigators, the number of 

funding sources and the number of resource sponsors, type of lab (U.S. federal/USN, 

U.S. federal/non-USN, foreign government
15

, U.S. private or academic, foreign private or 

academic), completion status (completed or not), reason for conducting the project 

(compliance or research), type of project (science, technology, or both), duration (short/1 

year, medium/2-3 years, long/4 years or more), and geographic region.  The complete list 

of variable descriptions is provided in Appendix B. 

The data set (Table 4) covers a diverse subject range: 

Table 4 Research Categories and Sub-Categories. 

Category Sub-Category 

Acoustics and the Effects of Sound 

Behavior Response Studies 

Noise Impact Studies 

Acoustic Warning Studies 

Tagging Studies 

Physiological Response 

Hearing, Biosonar, and Echolocation 

Hearing Models 

                                                 
15

 North Atlantic Treaty Organization (NATO) countries. 
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Fish, Turtles, and non-mammalian species 

Population Consequences of Acoustic 

Disturbance 

Baseline Science 

Passive acoustic and visual Monitoring 

Active acoustic studies 

Population Structure and Density Studies 

TAP Monitoring 

Physiology 

Ecology 

Statistical and Spatial Analysis 

Detection Technology Development 

Tags 

Floats 

Protection and Response Systems 

Radar 

Active Sonar 

Autonomous Platforms 

Passive Acoustic 

Risk Assessment & Management 

Tools 

Databases and Management Information System 

Modeling- Habitat and Predictive 

Modeling- Criteria and Thresholds 

Modeling- Finite Element 

Education 
Workshops 

Conference or Symposium 
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Library or Literature Access 

Text Production 

Results 
Results are presented in two sections: basic statistics, showing what the programs 

look like, and results for the logistic regression modeling, showing the predictive 

variables that were identified by the model for projects judged as ground breaking or 

vital. 

Basic Statistics 
The DoD/Navy annual financial investment in marine mammal research and 

monitoring programs between 2004 and 2011 averaged $26.5 million per fiscal year, with 

a low of $16 million in 2004 and a high of $34.8 million in 2010 (Figure 3)  

 

 
Figure 3 Annual investment by fiscal year/dollars in thousands. 
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There were an average of 45 new research or monitoring project starts per year 

between 2004 and 2011, with a low of 30 new starts in FY 2005 and a high of 77 new 

starts in FY 2004 (Figure 4). 

 

 
Figure 4 New project starts by fiscal year. 

 

At the time of this analysis, 271 (76%) of the projects had been completed and 

eighty-seven (24%) were still in progress. For all 358 projects, thirty-eight percent (135) 

were one-year projects, forty percent (144) were two or three-year projects, and twenty-

two percent (79) were over three years in duration (Figure 5). 
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Figure 5 Project duration. 

 

The projects were categorized into five main areas: Acoustics and the Effects of 

Sound, Baseline Science, Detection Technology Development, Risk Assessment and 

Management Tools, and Education. 104 (29%) of the projects were funded to study 

acoustics and the effects of sound.  101 (28%) of the studies were for baseline science, 58 

(16%) for detection technologies development, 56 (16%) for risk assessment and 

management tools, and 39 (11%) projects were for education purposes (workshops, 

conferences, texts, data access) (Figure 6 Projects identified by major investment 

categories.).   If considered by dollars invested, $55.9M was spent on acoustics and the 

effects of sound, $66.3M on baseline science, $52.4M on detection technologies 

development, $33M on risk assessment and management tools, and $4.6M on education 

(Figure 7). 
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Figure 6 Projects identified by major investment categories. 

 

 

Figure 7 Dollars Invested by major focus areas. 
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How were the projects funded? 

Seventeen different funding mechanisms were used to fund the 358 projects. The 

largest of these was 6.2/6.3 Applied Research
16

, which funded 142 projects (40%).  

Ninety-one projects (25%) were funded by 6.1 basic research funds, 34 (10%) by 6.4 

demonstration/validation funds, 26 (7%) by Operations and Maintenance Navy (O&MN) 

funds, 21 (6%) by National Oceanographic Partnership (NOPP) funds, 15 (4%) by 

Defense Advanced Research Projects Agency (DARPA) funds, 13 (4%) by Office of the 

Secretary of Defense (OSD) Strategic Environmental Research and Development 

(SERDP) or Legacy funds, and an additional 16 (4%) projects by nine miscellaneous 

funding mechanisms (Figure 8). 

 

                                                 
16

 Research dollars for federal projects are classified by the stage of research conducted.  Basic research 

uses 6.1 funds, applied research uses 6.2 and 6.3 funds, and demonstration/validation projects use 6.4 

funds. 
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Figure 8 Projects broken down by funding source. 

 

Another way to view funding histories is to consider the office in charge of the 

projects. Eight different Navy and DoD organizations funded research and monitoring 

activities for living marine resources between 2004 and 2011.  The largest funding agent 

was the Office of Naval Research, funding 273 (76%) of the projects, followed by the 

Chief of Naval Operations Energy and Environmental Readiness Division (CNO N45), 

which funded 45 (12.6%) of the projects.  OSD and the Secretary of the Navy funded 14 

(3.9%) projects, and the remaining work was funded by the Navy Oceanographer, Naval 
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Air Systems Command (NAVAIR), Naval Sea Systems Command (NAVSEA), Fleet 

Forces Command (FFC), and Commander Pacific Fleet (CPF) (Figure 9). 

 

 
Figure 9 Number of projects by Resource Sponsor/Office. 

 

Funding histories can also be examined by the actual dollars invested by office. 

When viewed by dollars invested by fiscal year, the contributions of the various offices 

show a different distribution.  ONR remains the largest contributor, accounting for 46% 

($96,589K) of the work.  CNO N45 accounts for 25% ($52,835K) of the invested dollars, 

followed by NAVAIR at 10% ($21,105), CPF at 5% ($12,287K), CFFC at 5% 

($11,281K), CNO N2N6 at 4% ($8,956K), and OSD/DON at 4% (8,897K) (Figure 10). 
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Figure 10 Percentage of dollars invested by Resource Sponsor/Office. 

 

Other Information about the Programs 

All of the projects were conducted in order to improve the Navy’s understanding 

of living marine resources and the effects of its activities on living marine resource 

populations. Of these, twelve projects (3.3%) were funded in order to satisfy a settlement 

agreement
17

.  However, most of the projects (346 or 96.7%) were funded to support the 

                                                 
17

 Broken down by dollars, $20M of $212M total was spent on research conducted to satisfy settlement 

agreements.  Approximately 9.4% of the dollars invested were for settlement requirements and 90.6% were 

invested to support environmental analysis of testing and training programs. 
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Navy’s environmental analysis for NEPA, ESA, MMPA, and other environmental 

compliance needs.   

Of the total 358 projects, 200 (56%) were science based, 151 (42%) were 

technology development, and 7 projects (2%) had both science and technology 

development components (Figure 11). 

 

 
Figure 11 Percentage of science vs. technology development projects. 

 

266 (74%) projects were conducted by non-government entities and 92 (26%) 

were conducted by a government research entity (lab). Of the latter, 31 (9% of total) were 

non-Navy laboratories and 61 (17% of total) were U.S. Navy laboratories (Figure 12)
18

. 

 

                                                 
18

 Non-government entities included academic institutions and research organizations.  Non-Navy 

government laboratories were all NOAA entities.  
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Figure 12 Percentage of work performed by non-federal laboratories. 

 

Seventy-three percent of the projects were geographically constrained, with 28 

located in the Bahamas, 32 on the eastern seaboard of the United States, three in the Gulf 

of Mexico, ten in the north Atlantic, 18 in the Mediterranean or the Canaries, 4 in 

Australia or the Indian Ocean, 31 in Hawaii or the western Pacific, 67 on the west coast, 

and 11 in Alaska or the north Pacific. One hundred and fifty-four (154) projects were 

either worldwide or had no associated geographic region (Figure 13). 
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Figure 13 Projects that had a geographic component. 

 

Forty percent (143) of the projects had one Principal Investigator (PI), 34% (122) 

had two or three co-PI’s, and 26% (93) had four or more co-PI’s. Of the latter category, 

six projects (less than 1% of the total) had more than ten co-PIs (Figure 14). 
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Figure 14 Number of Co Principle Investigators per project. 

 

Was there a positive outcome? 

Two hundred and ninety-one (81%) of the projects were assessed as definitely 

(65%) or probably (16%) successful in achieving the goals of the study or project.  Of 

these, 25 (7% of the total 358 projects) were assessed as groundbreaking, 79 (22% of 

total) as substantive, 137 (38% of total) as constructive, and 50 (14% of total) as useful 

(Figure 15).  
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Figure 15 Project outcomes- positive or negative? 

 

Fifty-eight projects (16%) were classified as having an unknown (not sure) 

outcome and nine (3%) were classified as probable failures. There were no projects 

evaluated as definite failures.  Of the projects classified as either “Not Sure” or “Probably 

Not Successful”, 41 (11% of total and 70% of “Not Sure/Probably Not”) were classified 

as unknown because it was too soon to make a judgment.  Nine projects (2.5% of total 

and 15.5% of “Not Sure/Probably Not”) were discontinued for lack of progress or the 

project reached a dead end.  Thirteen projects (3.6% of total) had no proof of 

accomplishment, and 4 projects (1.1% of total) were classified as probable failures 

because they did not comply with the grant or contractual requirements. Assuming that an 

evaluation of “too soon to tell” and “discontinued/reached a dead end” are not negative 

outcomes, of the 358 projects evaluated, 17 or 4.7% of the total had a negative 
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determination because of an outright failure, or a programmatic inability to document 

success (no proof) (Figure 16).   

 

 
Figure 16 Project outcome refined: groundbreaking to failed. 

 

In summary, the Navy invested over $212 million dollars between 2004 and 2011 

inclusive, averaging $26.5 million dollars per year and ranging between a low of $16M 

and a high of $34.8M. The Navy averaged forty-five new starts per year for this period.  

About a third of the projects were for one year or less while two thirds were for two or 

more years.  About two thirds of the work focused on acoustics and the effects of sound 

or baseline science, while the remaining third dealt with detection technology 

development, risk assessment and management tools, and conference, workshop, and 
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education support.  Projects were sponsored by eight different DoD and DON offices 

using seventeen different funding streams.  The major sponsors for the work were the 

Office of Naval Research and the Chief of Naval Operations Energy and Environmental 

Readiness Division.  More than half of the projects were completely science based, while 

the rest were either technology development or a combination of science and technology 

development.  Three quarters of the work was performed by non-federal entities, either 

academic institutions or research organizations.  Of the work performed by federal labs, 

two thirds was done by Navy research labs and one third was done by NOAA research 

labs.  Over half of the projects had a specific geographic component (e.g. west coast, 

Bahamas etc.) while the rest either had no associated region or were worldwide.  Forty 

percent of the projects had just one Principal Investigator, 34% had two or three co-PI’s, 

and 26% had four or more co-PIs.  For the first high level assessment, 81.3% of the 

projects were judged to have a positive outcome, 16.2% were judged as not sure, and 

2.5% were judged as probable failures.  For the second level assessment, 7% were judged 

as groundbreaking, 22% as vital, 38.3% as constructive, 14% as useful, 11.5% as too 

soon to tell, 2.5% as discontinued/reached dead end, 3.6% as probable failure/ no proof of 

accomplishment, and 1.1% as probable failure/ lack of compliance with the grant or 

contract.  When the projects judged “too soon to tell” or “discontinued/dead end” are 

subtracted as having neither a positive or negative outcome, 94.6% of the projects had a 

positive outcome and 5.4% had a negative outcome. 
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Logistic Regression Results 
 

One of the goals of this project was to identify any specific predictive variable(s) 

significantly related to the projects rated as “strongly successful”, named here as either 

groundbreaking or substantive.  In other words, was there anything different about the 

superstar projects relative to those that were rated as being constructive, useful, or not 

successful?  The project outcome was collapsed from eight to two categories: (1) projects 

identified as being either “groundbreaking” or “vital” were considered to be 

“groundbreaking”, whereas (2) all other projects were considered to be “not 

groundbreaking”.  Binary logistic regression was used to determine which predictor 

variable(s) are significantly related to the dichotomous outcome variable 

“groundbreaking”.   

The overall model fit was evaluated in two ways.  First, a goodness-of-fit (GOF) 

test was performed to test whether the final, fitted model fit the data better than the null 

model containing no predictors—only an intercept term.  Using 10 degrees of freedom, 

the GOF test yielded a chi-squared statistic of 91.229 (p ≈ 0).  Therefore, based on the 

GOF test, I conclude that the fitted model fits the data well at a significance level of 

<0.0005.  Second, two additional, relevant measures of model fit used in logistic 

regression are the Cox and Snell R
2
 and the Nagelkerke R

2
.  The Cox & Snell R

2
 value of 

0.225 and the Nagelkerke R
2 

value of 0.321 indicate, respectively, that 22.5% and 32.1% 

of the variance in the outcome is explained by the model (note that the Nagelkerke R
2 

has 

a higher value since it includes a correction).  Both the Cox and Snell and the Nagelkerke 
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are based on the log likelihood of the model versus the null model.  The range for Cox 

and Snell R
2 

never reaches the theoretical maximum equal to one.   

As shown below, the SPSS output for the fitted binary logistic regression model 

includes a Wald chi-squared statistic and corresponding p-value for each of the 11 

predictor variables included in the fitted model (Table 5).   Since the model was selected 

via stepwise selection (forward selection, based on the Wald statistic), all 11 predictor 

variables have a statistically significant conditional relationship with the outcome of a 

given project.  Factors with a significant, positive relationship to groundbreaking projects 

include (1) the number of Co-Principal Investigators, (2) projects based in the Bahamas, 

(3) projects funded through 6.4 Demonstration/Validation programs and DARPA, and (4) 

projects categorized as Behavior Response Studies, Noise Impact Studies, Hearing, 

Biosonar, and Echolocation Studies, and Population Consequences of Disturbance 

Studies.  Two variables were found to have a negative relationship with groundbreaking 

projects: short duration projects and projects coded as “science” (versus “technology” or 

“science and technology). 

 

Table 5 Significant Variables identified in the Logistic Regression. 

Variables B S.E. Wald df Sig. Exp 

(B) 

95% C.I. for 

EXP(B) 

Lower Upper 

Number Co-PIs .156 .049 10.058 1 .002 1.169 1.061 1.287 

Bahamas 1.379 .480 8.248 1 .004 3.972 1.550 10.183 
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Demonstration/ 

Validation (6.4) 

1.946 .439 19.658 1 .000 7.002 2.962 16.552 

DARPA 2.190 .586 13.985 1 .000 8.938 2.836 28.068 

Duration/Short -.845 .312 7.358 1 .007 .429 .233 .791 

Science -.857 .298 8.240 1 .004 .425 .237 .762 

Behavior Response 

Studies 

1.580 .642 6.061 1 .014 4.853 1.380 17.064 

Noise Impact 

Studies 

1.726 .636 7.357 1 .007 5.616 1.614 19.540 

Hearing/Biosonar/ 

Echolocation 

1.969 .511 14.844 1 .000 7.164 2.631 19.506 

PCoD 3.681 1.51

2 

5.928 1 .015 39.69

1 

2.050 768.54

8 

Constant -1.413 .266 28.190 1 .000 .244   

 

The column labeled “Exp (B)” provides the estimated conditional odds ratio for 

each predictor in the model (controlling for all of the other variables in the model).  The 

two columns immediately to the right give the lower and upper limits, respectively, of the 

corresponding 95% Wald confidence interval (CI) for the estimated conditional odds 

ratio for each predictor.  An odds ratio value of 1 indicates no relationship.  Since 1 is not 

included in any of the Wald 95% CIs, all 11 predictor variables are concluded to have a 

statistically significant relationship with the highly successful outcome (groundbreaking 

or substantive projects) at the 5% significance level.  Specifically: 
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Number of Co-PIs: 

Controlling for all other variables in the model, the estimated conditional 

odds of a project being classified as groundbreaking or substantive multiply by 

1.169 for every additional co-PI on the project.  Again controlling for all other 

variables in the model, there is a 95% confidence that the true conditional odds of 

a project being groundbreaking or substantive increase by at least 6.1% (lower CI) 

and at most 28.7% (upper CI) for every additional co-PI on the project. 

 

Geographic Region: 

The Bahamas geographic region was the only region out of twelve tested 

regions that was found to have a significant impact on a project being classified as 

groundbreaking or substantive, with a Wald test statistic of 8.248 and 

corresponding p-value of 0.004.  Controlling for all other variables in the model, 

the estimated conditional odds of a project conducted in the Bahamas being 

classified as groundbreaking or substantive are 3.972 times the odds of a project 

conducted outside of the Bahamas being classified as groundbreaking or 

substantive.  Again controlling for all other variables in the model, there is a 95% 

confidence that the true conditional odds of groundbreaking/substantive success of 

a project conducted in the Bahamas are least 55% and at most 918.3% higher than 

the true conditional odds of groundbreaking/substantive success of a project 

conducted outside of the Bahamas. 

 

Funding Source: 
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Of the seventeen types of funding mechanisms tested, only DARPA and 

demonstration/validation funding returned significant results.  Controlling for all 

other variables in the model, the estimated conditional odds of a project funded by 

DARPA being groundbreaking or substantive are 8.938 times the estimated 

conditional odds of a project funded by any other source.  Controlling for all other 

variables in the model, there is a 95% confidence that the true conditional odds of 

a project funded by DARPA being groundbreaking/substantive are at least 183.6% 

and at most 2,706.8% higher than the true conditional odds of a project funded by 

any other source.  Similarly, controlling for all other variables in the model, the 

estimated conditional odds of a project supported by demonstration/validation 

funding being groundbreaking/substantive are 7.002 times the odds of a project 

funded by any other source.  There is a 95% confidence that the true conditional 

odds of a project supported by demonstration/validation funding being 

groundbreaking/substantive are at least 296.2% and at most 1,555.2% higher than 

the true conditional odds of a project funded by any other source.  Lastly, 

controlling for all other variables in the model, the estimated conditional odds of a 

project supported by DARPA funds being classified as 

groundbreaking/substantive are 1.276 times the estimated conditional odds of a 

demonstration/validation project. 

 

Project Duration: 

Controlling for all other variables in the model, the estimated conditional 

odds of a medium or long-duration project (those longer than one year) being 

classified as groundbreaking/substantive are 2.331 (= 2/0.429) times the estimated 

conditional odds of a project taking one year or less to be completed.  Again 
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controlling for all other variables in the model, there is a 95% confidence that the 

true conditional odds of a project taking over one year to be completed being 

classified as groundbreaking/substantive are at least 26.4% and at most 329.2% 

higher than the odds of a project taking one year or less to be completed. 

 

Science vs. Technology: 

Controlling for all other variables in the model, the estimated conditional 

odds of a technology development project being classified as 

groundbreaking/substantive are 2.353 times the estimated conditional odds of a 

science-based project.  Again controlling for all other variables in the model, there 

is 95% confidence that true conditional odds of a technology-focused project 

being classified as groundbreaking/substantive are at least 31.2% higher and at 

most 321.9% higher than the conditional odds of a science-focused project. 

 

Acoustics and Effects of Sound Studies: 

Of the five major study categories and 31 subcategories tested, only the 

“Acoustics and Effects of Sound Studies” appear to have a significant relationship 

with groundbreaking/substantive results at the 5% significance level.  Specifically, 

based on the logistic regression model given above, four of the nine “Acoustics 

and Effects of Sound Studies” subcategories were significant: (1) Behavior 

Response Studies had a Wald statistic of 6.061 with a corresponding p-value of  

0.014; (2) Noise Impact Studies had a Wald statistic of 7.357 with a corresponding 

p-value of 0.007; (3) hearing, bio-sonar and echolocation studies collectively had a 

Wald statistic of 14.844 with corresponding p-value  0.000; and (4) Population 
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Consequences of Disturbance had a Wald statistic of 5.982 with corresponding p-

value 0.015.  In terms of the conditional odds of project success: 

 Holding all other variables in the model constant, the estimated conditional 

odds of a Population Consequences of Disturbance project being 

groundbreaking/substantive are: 5.54 times the estimated conditional odds 

of a hearing, biosonar, and echolocations study; 7.067 times the estimated 

conditional odds of a noise impact study; and 8.179 times the estimated 

conditional odds of a behavior response study.  Controlling for all other 

variables in the model, the estimated conditional odds of being 

groundbreaking/substantive of a hearing, biosonar, and echolocation study 

are 1.276 times the estimated conditional odds of success of a noise impact 

study, and are 1.476 times the estimated conditional odds of success of a 

behavior response study.  Controlling for all other variables in the model, 

the estimated conditional odds of being groundbreaking/substantive of a 

noise impact study are 1.16 times the estimated conditional odds of a 

behavior response study. 

 

In summary, the logistic regression identified eleven predictive variables 

for projects that were judged to be highly successful (“groundbreaking” or 

“substantive”).  Projects that had more than one Co-PI, were conducted in the 

Bahamas, were funded by 6.4 Demonstration/Validation or DARPA funding 

streams, lasted more than one year, included a technology development 

component, and were focused on acoustics and the effects of sound were more 
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likely to be judged as groundbreaking or substantive than projects not in those 

categories. 
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CHAPTER FOUR QUALITATIVELY SPEAKING: HOW ARE THE 

PROGRAMS PERCEIVED BY FEDERAL EMPLOYEES? 

This chapter presents the information and opinions that were relayed during forty-

four interviews with present or prior federal employees who have worked on the marine 

mammals and sonar issue. This chapter does not reflect my personal opinions and 

thoughts on the issue- those are presented in the Discussion and Conclusion chapters 

immediately following this chapter.  The chapter starts with a description of the interview 

methods and interviewee demographics; general perceptions presented in the interviews 

on the research and monitoring programs, Navy people and culture, and program 

leadership; perceptions on funding amounts and processes, research and monitoring 

specifics, and opportunities for improving coordination, consistency and 

communications; calls for strategic planning and proactive outreach; general comments 

on the interagency forum and external relations; and Navy relations with the Marine 

Mammal Commission and the Navy regulators, NOAA and F&WS.  For both the 

introductory overview and the in-depth interview coverage, the presentation follows the 

organization set during the actual interviews where the individuals were first asked to 

comment on perceived strengths, then perceived weaknesses, and finishing with 

suggestions for improvement. 
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Interview Results- Perceptions of the Navy Research and Monitoring 
Programs 

This section presents the textual analysis on the data collected in the semi-

structured interviews (SSI). Results are divided into the following categories: general 

perceptions; people and culture; leadership; funding; overall research and monitoring 

programs; perceptions on the three main programs (Office of Naval Research (ONR), 

Living Marine Resources (LMR), and Monitoring); communications, coordination, and 

consistency; strategic planning; public outreach; general interagency and external 

relations; NOAA-Navy relations; MMC-Navy relations; and other external-Navy 

relations (F&WS and CEQ).  Each category is subdivided into positive perceptions, 

negative perceptions, and recommendations. 

The qualitative review was conducted to elicit information on the programs as 

they relate to policy and management.  Semi-structured interviews were conducted with 

the program managers, principal leaders, and regulatory professionals who have or had 

oversight on the marine mammal research and monitoring programs (Appendix C).  SSI’s 

were used because they are effective in collecting data for formative programmatic 

evaluation, when there is a need to ask probing, open-ended questions to individuals, and 

when the individuals will be more likely to be candid in private interviews than when in 

focus groups (Adams, 2010).    Interviewees were selected based on the author’s personal 

knowledge of their involvement with the programs, or were recommended for inclusion 

during the interviewing process.  Only one individual declined being interviewed.  The 

initial list of interviewees listed twenty-four individuals, and was expanded to include 

twenty more people based on recommendations received during the interviews. 



97 

 

Methods 
Eleven questions were used to explore the full spectrum of policy and 

management implementation during the semi-structured interviews (Table 6). 

 

Table 6 Semi-structured interview questions posed to each of the participants. 

1 Tell me about your experience with the Navy’s marine mammal programs- how many 

years have you worked marine mammals and sound issues and in what capacity? 

2 What is your overall impression of the Navy’s marine mammal research and monitoring 

programs? 

3 What do you think are the notable strengths of the programs?  

4 What do you think are the notable weaknesses of the programs? 

5 How are the assigned individuals and organizations working together to address the 

problem? 

6 Tell me your perceptions of how the Navy is working with its regulators. 

7 How do you think the Navy is doing with respect to the Marine Mammal Commission, 

the Council on Environmental Quality, and the interagency forum? 

8 What do you think of the Navy’s decision-making process with reference to these 

research and monitoring programs?  

9 Do you think there are ways that the program(s) can be improved?  

10 Is there anything that I have not asked you that you would like to tell me about?  

11 Do you have any other questions for me that you would like to ask?  

 

Participants were from three federal entities: Navy, NOAA, or the Marine 

Mammal Commission (MMC).  Forty-four individuals were interviewed between 24 

October 2012 and 7 February 2013.  Forty-one interviews were done in person and three 

were conducted over the phone.  Interviews averaged about an hour, with the shortest 
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interview running ten minutes and the longest running an hour and forty-five minutes.  

The ten minute interview was short because the interviewee was new to the issue and 

didn’t have much to say.  The longest running interviews were long because the 

individuals had a lot to say.  The interviews produced three hundred and sixty one (361) 

pages of single-spaced transcribed text.  Interviews were audio taped and transcribed 

using Dragon Naturally Speaking 12.0 software.  All information collected in the 

interviews was treated as confidential material. 

Demographics 
Individuals were asked to participate in the SSIs based on either a current or past 

professional experience as a federal employee with the Navy’s research and monitoring 

programs. All had been, or remain, a federal employee with the Department of Defense, 

the National Oceanic and Atmospheric Administration (NOAA), or the Marine Mammal 

Commission (MMC).  The primary selection factor was to interview people who had 

been or are in a leadership, managing, or policy position with these agencies.  No attempt 

was made to interview individuals who performed the research, although it is noted that 

many of the respondents have research experience and two have received Navy funding 

to pursue marine mammal research at some point between 2004 and 2011.  Twenty one 

participants self-identified as biologists, eight as environmental science and policy 

professionals, five as oceanographers, six as environmental lawyers, and four as “other” 

(public policy, human information processing, research chemist, and engineer). 



99 

 

Five of the interviewed people work or worked for the Marine Mammal 

Commission. Two of these individuals have also worked for the Navy and two have 

previous experience with NOAA National Marine Fisheries Service (NMFS). 

Twelve of the interviewees work or worked for NOAA. Ten are biologists, one an 

environmental scientist, and one an oceanographer.  Ten have experience with NOAA 

NMFS, one with the NOAA’s Office of National Marine Sanctuaries (ONMS), and one 

with the NOAA Office of Ocean Exploration and Research (OER).  Two of the 

individuals who have worked for NOAA have Navy experience. 

Thirty-three of the interviewed people work or have worked for the Navy or the 

Department of Defense.  Of these, twenty-eight are currently civilians or are on active 

duty.  Fifteen of the interviewees have or are still serving on active duty with the Navy: 

two were in the Navy as young adults, ten are retired, and three are currently on active 

duty.  Many of the Navy participants had experience in more than one Navy office.  The 

thirty-three Navy participants provided representation from across the Navy as follows: 

fleets- seven; OPNAV - nine; the Secretary of the Navy (SECNAV) or the Secretary of 

Defense (OSD) - five; the Office of the General Counsel (OGC) - six; System 

Commands- six; and the Office of Naval Research (ONR) - six.  

General Perceptions of the Navy Research and Monitoring Programs (Table 7) 
Generally speaking, respondents indicated that the composite research and 

monitoring programs are very positive.  Twenty six respondents characterized the 

programs as strong, positive and effective; seven additional respondents characterized 

them as ‘moving in the right direction’.  This latter characterization, while positive, 
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indicated a feeling that there are things that can be done to make the programs more 

effective and productive than they are currently.  This overall positive characterization 

was evenly spread out across the Navy, NOAA, and MMC respondents.  Seven people 

noted a significant strength in the Navy’s ability to foster new tools and technologies.  

This finding was also spread across the Navy, NOAA, and MMC respondents.  Also, the 

Navy’s active development and support of interdisciplinary and collaborative studies was 

noted by five interviewees. 

 

Table 7 General perceptions of the Navy marine mammal research and monitoring programs. 

Perception Comment Number  

Effective Overall, the Navy’s research and monitoring programs are strong, 

positive, and effective. 

26 

Improving The research and monitoring programs are moving in the right 

direction, are getting better. 

7 

Innovation The Navy excels at developing new technologies and tools. 7 

Collaboration Navy encourages and fosters collaborative and interdisciplinary 

studies. 

5 

Scope The breadth and scope of the navy programs is a notable strength. 2 

Transitioning 

New 

Knowledge 

Transitioning new knowledge needs to be transparent with full 

comment from the larger S&T community. 

2 

Modeling 

Effects 

The Navy needs to ensure the Navy Acoustic Effects Model 

(NAEMO) is transparent, defendable, and peer-reviewed. 

4 

I am unfamiliar with how the NAEMO model works.  Navy 

should find a way to educate others about how it works. 

1 

Statutory & Under the current legal framework, Navy is on a never-ending 2 
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Regulatory treadmill; the process will just repeat itself and is never ending. 

The MMPA does not fit Navy activities well. There should be a 

legislated change that simplifies the permitting process for Navy. 

4 

The current permitting structure locks Navy monitoring into 

constrained 5-year plans that cannot respond rapidly to scientific 

developments. 

4 

 

Understanding the model that the Navy uses to determine MMPA take numbers 

was mentioned by five individuals. A NOAA employee from the Office of Protected 

Resources (OPR) said that the Navy needs to do a better job of educating people on how 

the model works.  Four Navy people, three scientists and one lawyer, stated that the Navy 

needs to make sure that the Model is more transparent and defensible.  All four of the 

latter recommended that the model be subjected to a formal peer-review process.  These 

are significant issues.  The current model produces “take” numbers that are used as the 

starting point for NMFS’s evaluation of effects prior to determining whether or not the 

Navy can be permitted under the MMPA.  Understanding how the model works and the 

information that goes into the model is crucial for achieving a transparent and logical 

analysis process. 

Two Navy participants, a biologist and a lawyer, noted that under the current legal 

framework, Navy is on a never-ending environmental compliance “treadmill” that it 

cannot get off. The driver is the MMPA which requires authorizations to be limited to 

five years, and since MMPA authorizations are linked to the EISs, consequently requires 

new NEPA analysis on a five year cycle.  Along the same lines, four Navy individuals, an 
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environmental executive, a biologist, and two lawyers, point out that the current 

permitting structure locks the Navy into five-year monitoring plans that are so 

constrained it is difficult to respond to new scientific developments. 

A senior Navy Executive and three of the Navy lawyers note that the MMPA as 

written is not a good fit for the ongoing non-consumptive activities practiced by the 

Navy.  These respondents point out that the MMPA treats the fishing industry with far 

greater leeway than it does the Navy, despite the fact that fishing by-catch is one of the 

main human activities responsible for marine mammal injuries and mortalities. They 

argue that the Navy makes a tremendous effort to produce detailed Environmental Impact 

Statements for its at-sea ranges.  The effort includes using a model that produces 

exposure numbers for harassment, injury, and mortality.  The model, while state-of-the-

art for acoustic propagation, can only produce exposure estimates that are as good as the 

input data.  Many of the species modeled are data deficient, which means the Navy 

“take” numbers produced by the model are not based on actual or real numbers.  For 

these reasons, the Navy respondents felt that NOAA and the Navy should be looking at 

the current permitting framework to see if there is a more efficient way to regulate Navy 

activities. 

General Perceptions on People and Navy Culture (Table 8) 
Twenty-three respondents from Navy, NOAA, and the MMC stated that one of 

the most notable strengths of the Navy research and monitoring programs are the 

performing scientists- the individual project Principal Investigators and their co-

researchers.  The scientists referred to are the scientists who receive grants or are under 
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contract to perform work for the Navy, not those hired to manage the contracts or grants.  

In addition six Navy respondents said that the Navy program managers and the internal 

technical support that they receive are a notable strength for the programs.  Four 

individuals- two Navy, one MMC, and one NOAA representative noted that the Navy’s 

biological technical skills have significantly improved over the past decade, and that 

Navy biologists are now making important contributions to the programs. 

Two Navy respondents, one representing the fleets and the other representing the 

Chief of Naval Operations Energy and Environmental Readiness Division (CNO N45) 

recommended that the Navy expand the employment of the Navy Marine Resources 

Support Group (MRSG) to be more of a brain trust rather than an information exchange.  

At this point, the MRSG meets in person every other year and has telephone conference 

calls every other month.  Comprised of biologists, environmental analysts, and 

environmental lawyers, the respondents felt that the MRSG could indeed function as a 

strategic body if the concept were to be endorsed by Navy leadership. 

One of the NOAA biologists noted that the Navy has tended to focus the projects 

on physiology and hearing studies.  This scientist argues that the Navy programs need to 

expand to include specialists from the fields of behavioral ecology, cognitive psychology, 

and animal ecology, in order to progress towards an investigative program that is 

balanced across the appropriate disciplines. 

Three Navy individuals mentioned a concern with making sure that the next 

generation scientists are fostered and developed.  All three individuals either had been or 

are program managers: two stated that they had made growing the next generation a 
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priority for their programs, and the third, who had been a program manager in the early 

years, encouraged the Navy to keep training the next generation as a key priority. 

 

Table 8 Perceptions on people and culture. 

Perception Comment Number  

Professional 

Expertise  

Navy scientists (both external and internal) are a notable strength. 23 

Navy program managers and technical support are a notable 

strength. 

6 

Navy’s biological technical skills have improved and the Navy is 

starting to provide biological expertise. 

4 

Use the MRSG more as a brain trust rather than an information 

sharing tool. 

2 

Add behavioral scientists, cognitive psychology, and animal 

ecology professions; these fields are not well represented. 

1 

Growing the 

Next Generation 

Navy programs support graduate students along and is consciously 

developing the next generation of marine scientists. 

2 

Navy needs to make sure that there is a next generation of 

scientists- more scholarships, more graduate students. 

1 

Culture Navy has a special relationship with the ocean environment; there 

is a connection between seafarers and marine life. 

2 

Navy leadership understands that there is a long term research and 

monitoring requirement that it is going to sustain over the long 

term. 

4 

The Navy uses best available science; this is supported by Navy 

leadership. 

7 

Decision making should be based on the science, not political or 

legal drivers. 

4 

Fleet operators in general do not understand environmental 

compliance; Navy needs build a culture of environmental 

3 
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awareness. 

A notable weakness is the Navy’s resistance to change. 3 

DON is so large, it is hard to ask questions, find answers and 

pursue options. 

2 

Navy needs to establish a more respectful working environment. 3 

 

Responses examining the influence of the Navy culture on the research and 

monitoring programs tended to be more positive than negative.  A former Navy program 

manager/senior scientist and one of the Navy environmental lawyers pointed out that the 

Navy has a very singular relationship with the ocean environment and that the connection 

between seafarers and marine life is one of the reasons the Navy has continued the 

marine mammal research programs.  Respondents with strong NOAA and MMC 

experience noted that as evidenced by its actions, Navy has demonstrated a long-term 

commitment to research and monitoring activities.  Seven people, with experience with 

the Navy, NOAA, and the MMC, noted as a key strength that Navy leaders require the 

use of best available science in its environmental analysis.  In the words of one 

respondent, “They’re not committed to coming up with answers that only suit the Navy- 

they are really committed to finding out what the truth is.”   Counterbalancing this, four 

Navy people (three biologists and one fleet representative) feel that legal drivers and 

political concerns figure too strongly in decision-making.  The interviewees said that the 

Navy should make sure that decisions are based on the science, and not on political 

considerations or legal drivers (e.g., the 2012 decision to fund a $1M survey in the Gulf 

of Alaska as part of a settlement with NRDC.) 



106 

 

There are some negative cultural norms that were identified in the interviews. 

Three Navy people, representing the Naval Facilities Command, Office of Naval 

Research, and Naval Sea Systems Command, said that fleet operators generally do not 

understand environmental compliance and that the Navy needs to do a better job of 

building a culture of environmental awareness and compliance.  Three biologists, two 

from the Navy and one from NOAA, said that the Navy can show considerable resistance 

to change, and that this tendency makes forward progress slow and cumbersome.  As an 

example of this dynamic, several of the interviewees talk about how difficult it was- 

going back to the late 1980’s and the 1990’s- to get the Navy to agree that a problem with 

anthropogenic noise and marine mammals even existed.  Another negative aspect is 

simply the sheer size of the institution.  Two individuals, a NOAA executive and a Navy 

lawyer, noted that the Department of the Navy is so large, it is hard to know which office 

to approach, when a good answer has been obtained, and generally, how to pursue 

options.  Finally, three people, a Navy biologist and two NOAA biologists, stated that the 

Navy needs to establish a more respectful environment that honors scientific discourse 

and allows disagreement without disparaging individuals. 

General Perceptions on the Program Leadership (Table 9) 
Perhaps one of the most contentious topics covered in the interviews dealt with 

matters of who is in charge and how well the decision-making process works within the 

Navy.  Three individuals, with surprising overlap in their wording, said that Navy 

leadership has failed to deliver sufficient guidance to its marine resources workforce.  

These individuals were a senior Navy environmental lawyer, a senior NOAA biologist, 
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and a former ONR program manager.  Two people, both from NOAA, said that it is 

difficult to keep up with the Navy’s constantly changing policies. Navy leadership 

changes on a routine basis particularly in the military positions, and according to these 

respondents, the pace for changes in senior Navy positions can be difficult to deal with.  

Two people from Navy said point-blank that “decision-making is broken”, and that the 

Navy has failed to implement organizational controls that are required to efficiently run 

the overall research and monitoring programs. 

The problem is directly related to how the Navy is structured.  Five Navy people- 

two former ONR program managers, two lawyers, and an Oceanographer) noted that the 

Secretariat has a good understanding of the issue, but as things are currently structured, 

lacks authority for both budget and command decisions.  No one office is clearly in 

charge of a departmentally coordinated program.  ONR, responsible for the basic and 

applied programs, reports to the Assistant Secretary of the Navy for Research, 

Development, and Acquisition (ASN RD&A)
19

, a four-star civilian equivalent.  OPNAV 

N45, resource sponsor for the Living Marine Resources demonstration/validation 

research programs, reports to the Fleet Readiness and Logistics office, CNO OPNAV N4, 

a three-star Vice Admiral.  The monitoring programs belong to the fleets; both the 

Atlantic and Pacific fleets are headed by full four-star Admirals.  None of these entities 

report to the office that is responsible for environmental compliance, the Assistant 

Secretary of the Navy for Energy, Installations, and Environment (ASN EI&E).  

Essentially, the leadership structure, established to accomplish the Navy’s Title 10 

                                                 
19

 ONR also reports to the Vice CNO. 
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mission, is not a good structure for dealing with an environmental wicked problem
20

 that 

concerns each and every one of the Navy line offices. 

 

Table 9 Perceptions on leadership. 

Perception Comment Number  

Decision-

making 

Navy leadership has failed to deliver clear guidance to its marine 

resources workforce. 

3 

A notable weakness is that policies shift with leadership changes 

in the Navy. 

2 

Decision-making is broken.  Navy has not implemented 

organizational controls that lead to the most benefit for every 

dollar spent. 

2 

Who’s in 

Charge 

SECNAV has a good understanding of the issue but lacks power 

of budget, command. 

5 

The biggest roadblock is organizational- no one office is clearly in 

charge of a departmentally coordinated program.  Navy has failed 

to recognize that the current structure doesn’t fit well within the 

Department. 

4 

The Environmental Readiness Commander (N45) position should 

report directly to the VCNO rather than the N4.  This would give 

N45 direct line authority over the fleets, system commands 

(SYSCOMS), and ONR, and would give the Secretariat the ability 

to engage the VCNO directly. 

1 

SECNAV needs to figure out how to get the issue better 

coordinated.  There needs to be more direct SECNAV engagement 

and leadership from senior levels such as the Under Secretary and 

the Assistant Secretaries of EI&E and RD&A. 

5 

Gate keeping as 

a proxy for 

N45 exerts authority as a gatekeeper and not as a decision maker.  

The N45 filter is a bottleneck and not all pertinent information is 

9 

                                                 
20

 A wicked problem is defined by a high degree of both scientific uncertainty and social disagreement on 

values.  The issue is highly complex and fraught with conflict.  Problem resolution should emphasize both 

expert and stakeholder deliberation (Balint et al., 2011). 
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decision-making communicated. 

It’s a problem when the Fleets or SYSCOMS go directly to 

NMFS.  Navy needs to speak as one voice and this is how that is 

achieved. 

4 

Fleets and SYSCOMS go directly to NOAA when they want to. 4 

N45 should include staff biologists when they talk to NMFS. 2 

Senior-level 

Coordination 

Implement semi-annual meetings with the N4, N2N6, N3N5, N8, 

N9, RDT&E, and the civilian leadership where issues and 

developments are presented and discussed. 

2 

Use an Executive Steering Committee (ESG) to insert more direct 

Secretariat engagement. 

1 

 

Respondents had suggestions to address this situation. One senior executive 

suggests that changing the reporting structure for OPNAV N45 so that it reports directly 

to the Vice CNO (VCNO) would give N45 direct line authority over the fleets, 

SYSCOMS, and ONR.  It would also give the Secretariat the ability to engage the VCNO 

directly.  This suggestion is not a new idea- it has been suggested several times over the 

past decade.  However, the suggestion has not been favorably considered.  An alternative 

suggestion is that the Secretary of the Navy needs to implement a departmentally 

coordinated program.  Five Navy people (four different people from those noting that the 

Secretariat lacks power of budget and authority and all of whom have worked for the 

Secretariat) stressed that there needs to be more direct SECNAV engagement and 

leadership from senior levels such as the Under Secretary and the Assistant Secretaries 

for both RD&A and EI&E. 
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One of the problems with not having a departmentally coordinated program is that 

every Navy office engaged in work in this area has a voice and a requirement to seek 

regulatory permits from NOAA NMFS. Not surprisingly, this situation can lead external 

entities, including NMFS, to conclude that the Navy is inconsistent with itself.   In an 

attempt to control this dynamic, N45 has implemented a gate keeping policy, that is, it 

requires all Navy offices to go through them when dealing with NOAA.  As 

demonstrated in the interviews, this policy is perceived very differently across the Navy.  

Nine people, including two NOAA regulators, say that the N45 filter is a bottleneck and 

not all pertinent information is communicated.  Four people, including one NOAA 

regulator and three Navy people with N45 experience, say that it is or can be a problem 

when the fleets or the SYSCOMs go directly to NMFS without going through N45.  

According to the N45 respondents, the filter is the only way to ensure that the Navy 

speaks with one voice.  Four different respondents tell how well the Gatekeeper policy is 

working: the fleets and SYSCOMs go directly to NMFS when they need to. 

The interviewees clearly stated that a well-coordinated departmental strategy is 

needed.  Other ideas presented in the interviews to address the situation include ensuring 

that N45 includes staff biologists and environmental analysts when they talk to NMFS, 

implementing semi-annual meetings with the senior Navy military leadership and the 

senior civilian leadership, or use an Executive Steering Group (ESG), something that has 

been used effectively in the past, to insert more direct Secretariat engagement. 
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Funding Amounts and Funding Processes (Table 10) 
There is much more agreement associated with the Navy’s funding record relating 

to marine mammal research and monitoring projects.  Twenty three respondents, with 

representatives from the Navy, NMFS, and the MMC, said that the sustained funding 

commitment is one of the significant programmatic strengths.  Nine people noted that the 

Navy is well ahead of its fellow federal agencies (e.g. BOEM, National Science 

Foundation (NSF), and the Department of Energy (DOE)) in addressing the marine noise 

issue, and that because of its funding record the Navy has been a precedent setter and a 

leader in the field.  Many of the respondents- twelve- noted that it would be good if the 

Navy could put more money on the problem.  Six people, two from NMFS, two from the 

MMC, and two from Navy think that the possibility of funding cuts in this area is 

potentially a big problem and that the Navy should ensure its programs remain stable and 

are not fiscally diminished in the out years. 

 

Table 10 Perceptions on funding resources. 

Perception Comment Number  

Sustainment The Navy’s long-term funding commitment (amount and duration) 

is a notable strength. 

23 

The Navy has been a precedent setter and a leader in this field as a 

result of its funding record.  Navy is ahead of its fellow agencies. 

9 

The Navy should put more funds into this research area in order to 

adequately address the issue. 

12 

The possibility of funding cuts in this area is a major weakness.  

Navy should ensure programs remain stable and are not fiscally 

diminished in the out years. 

6 
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Conferences 

and Meetings 

Navy needs to send its scientists to conferences, and needs to 

sponsor meetings, and this is not happening due to budget 

shortfalls. 

4 

Contracts The current funding process for monitoring projects chews up a 

lot of funds and does not allow the Navy to solicit ideas. 

5 

Funding process for monitoring contracts should be more like the 

ONR grant process, and not a giant contract. 

4 

Navy should utilize the CESU structure to reduce costs for 

monitoring projects. 

3 

 

Meetings and conference attendance, or rather, an inability to fund travel for 

people to go to meetings and conferences, is a recent problem that will most likely get 

worse.  Three program managers and a fourth environmental manager note that current 

austerity measures are hurting progress.  Their message is that it is crucial for the Navy 

program managers to remain current with the science, and one of the best ways to do this 

is to attend scientific conferences.  Navy scientists need to be able to attend appropriate 

conferences and to sponsor meetings, and this is not happening due to the current budget 

shortfalls. 

Finally, respondents noted that the relatively new fleet monitoring programs, 

while showing great promise, could be significantly improved by making some changes 

to how the contract is set up and implemented.  Five people noted that the current funding 

process for monitoring projects chews up enormous overhead charges.  Furthermore, 

contractual limitations do not allow the Navy to solicit for ideas as it can in both the ONR 

and LMR programs.  Four respondents recommended that the Monitoring programs be 
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set up more like the ONR and the LMR processes.  In addition, three respondents 

recommended that the Navy start using the Cooperative Ecosystem Studies Units (CESU) 

for monitoring projects in order to cut overhead and to more rapidly move funding to 

service providers. 

Some Specifics on Selected Research and Monitoring Projects (Table 11) 
Several respondents called out specific projects during the interviews as 

particularly noteworthy and successful
21

.  Three people, one from NOAA and two from 

the Navy, said that the Marine Mammal Monitoring on Ranges (M3R) program has been 

extremely successful and should be expanded.  Three people, one each from Navy, 

NOAA, and the MMC said that they would like to see the research team that is using 

other Navy passive acoustic systems expanded.  Three different people, one each from 

Navy, NOAA, and the MMC, called out the Navy’s captive animal program
22

 as a long-

standing contributor.  The NOAA respondent further noted a concern that the Navy is 

reducing funding amounts for the Space and Naval Warfare Systems Command 

(SPAWAR) marine mammal lab as well as two other captive animal labs, the University 

of California Santa Cruz and the Hawaii Institute of Marine Biology.  This respondent’s 

point is that the work produced by these labs is still critically important, and it is too soon 

to stop captive animal research. 

Two Navy people, one from N45 and the other a fleet analyst, noted that the 

ongoing Behavioral Response Studies (BRS) have improved understanding of Navy 

affects, and that they should be continued.  However, one of the Navy program managers 

                                                 
21

 These observations corresponded well with the quantitative judgments detailed in Chapter 3. 
22

 A program under SPAWAR (Space and Naval Warfare Systems Command), and commonly called the 

“Navy Marine Mammal Program”). 
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said that a cost-benefit analysis of the BRS studies should be conducted; noting that 

BRSs are expensive and they produce very small sample sizes.  Contrasting this 

sentiment, a Navy lawyer stated that the Navy should be doing more Controlled Exposure 

Experiments or BRSs on more species.  As stated by this respondent:  

“Navy expressly said both in the FEIS and in the records of decision with 

language that was developed jointly with the regulator what we needed to do with regards 

to the future. And specifically we acknowledged that the criteria that we were using to 

assess takes at that point in time were based upon best available science but that we 

ultimately needed to go with a series of species specific controlled exposed experiments 

so we know exactly on a species by species level what the impacts are with the various 

Marine mammals.” 

 

Table 11 Perceptions on specific research and monitoring projects. 

Perception Comment Number  

M3R The Navy’s Marine Mammal Monitoring on Ranges program 

(M3R) has really advanced the science. 

3 

Acoustic 

Monitoring 

Expand the research team utilizing Navy Passive Acoustic 

facilities. 

3 

Captive 

Animals 

The SPAWAR program (Navy’s captive animals) has really 

advanced the science. 

3 

Keep funding the captive animal labs at SPAWAR, UCSC, and 

HIMB.  The work produced by these labs is critically important. 

1 

BRS & CEEs The Behavioral Response Studies (BRS) have really advanced the 

science. 

2 

Navy should be doing more species specific CEE/BRS. 1 
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Navy should do a cost benefit analysis on the BRS investments. 1 

Research Focus Over the past decade, Navy has changed the focus from injury to 

behavior to biological significance.  This should continue. 

2 

Navy and NOAA need to move away from point source to 

cumulative effects, from individual animals to population level 

effects. 

6 

Navy should use risk assessors to evaluate biological/ecological 

risk and to better determine which questions to ask and when they 

have been answered. 

1 

Applicability I am not confident that the Navy has asked the right questions and 

conducted the right research. 

3 

Data Collection Navy needs to analyze the data it has already collected, rather than 

continuing to put sensors in the water and just storing the data. 

4 

Navy should implement meta-analysis protocols to better 

synthesize existing data and knowledge. 

1 

Security Issues The Navy has worked hard to partner with other agencies despite 

issues with security concerns. 

3 

Navy tends to classify data more than they need to. 5 

 

Over the past decade, Navy has changed its baseline research focus from hearing 

(TTS/PTS) to behavior to biological significance.  Noting this, a Navy biologist and a 

program manager said that this trend should be continued.  Six people, three from 

NOAA, two from Navy, and one from the MMC said that the programs need to move 

away from a focus on point sources to cumulative effects and from individual animals to 

population level effects. 

Three individuals- two Navy environmental lawyers and one NOAA biologist- 

expressed the feeling that they are not confident that Navy is asking the right questions 
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and conducting the right research. The reasons given for the sentiment were different, but 

the sentiments were the same- that the Navy programs are investing a lot of energy into 

“so what” questions.  According to these respondents, Navy needs to focus its efforts on 

questions that better illuminate what the effects of Navy activities are on marine 

mammals. 

Regarding data collection, four individuals, all primarily involved with the Navy 

monitoring programs (three Navy and one NOAA), said that the Navy needs to make a 

concerted effort to analyze the data that has already been collected, rather than continuing 

to put down more sensors into the water and storing the data from them. Further, a 

NOAA representative from OPR recommends conducting a meta-analysis of the existing 

data stores to better synthesize existing data and knowledge. 

One of the difficulties that Navy has had to deal with, and continues to deal with, 

is issues associated with classified data and systems.  There is a need to protect certain 

capabilities that were put in place for national security reasons, and there is a need to 

protect certain aspects of data collected on classified systems.  All three of the senior 

executive respondents from MMC, NOAA, and Navy mentioned the fact that the service 

has worked hard to partner with other agencies even with the security concerns.  

However, this effort is not seen as being good enough.  As noted by three Navy and two 

NOAA employees, Navy tends to classify data more than it needs to, and that this is a 

corporate process and policy that should be re-evaluated. 



117 

 

Regarding the Three Main Programs: Office of Naval Research, Living Marine 
Resources, and Monitoring (Table 12) 

The Navy’s basic and applied research programs handled by the Office of Naval 

Research (ONR) were consistently called out as model programs that have done excellent 

work in furthering knowledge and capabilities.  Sixteen respondents spread out across the 

Navy, NOAA, and the MMC said that the ONR program is very strong, well-defined, and 

of tremendous value.  However, three Navy people from N45 reported that they think 

ONR’s decision-making process should be more transparent and should be better 

coordinated with follow-on Navy programs.  As an example, ONR invested years of 

effort into the model “Effects of Sound in the Marine Environment” (ESME).  While 

ESME was designed for research purposes and has in fact been made available to 

external research institutions, it has not been adopted by the Navy for effects modeling. 

In 2012 the Navy transitioned its existing demonstration/validation research 

programs out of direct N45 management into a Naval Facilities management program 

called the Living Marine Resources Program, or LMR.  The LMR program implemented 

new processes for soliciting, evaluating, selecting, and monitoring the research projects 

that fall under the demonstration/ validation category.  Notably, 23 respondents, fully 

representing all of the Navy offices plus NOAA and the MMC offered up the opinion that 

the new LMR program, while new, is very promising.  Seventeen people variously noted 

that prior to the LMR; decision-making for demonstration/validation projects was not 

clear or transparent, coherently organized, planned or coordinated.  There were dissenting 

voices in this assessment: one Navy manager said that the change implementing the new 

program was unnecessary, and one NOAA biologist expressed a concern that the new 
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LMR program will be too dominated by personalities.  Finally, three Navy people, two 

from natural resources and one lawyer, said that while the LMR program needs to 

continue its focus on marine mammals, it should be expanded to include additional 

marine mammals such as the sea otter and manatees, and it should be expanded to include 

other living marine resources such as coral, anadromous fish, and essential fish habitat. 

The Navy implemented a monitoring program concurrently with the release of the 

at-sea range EIS’s in 2009.  While not funded by “research dollars” and therefore not 

technically part of the “research program,” many if not most of the monitoring activities 

are activities that are identical to science projects.  Monitoring has been a significant 

growth area for the Navy over the past decade and promises to be more important as time 

goes on.  One of the newer processes produced by the Navy is the Integrated 

Comprehensive Management Program (ICMP) which includes an Adaptive Management 

component.  The ICMP was noted as “promising” by five respondents.  An ONR 

program manager and a NOAA biologist both applauded the Navy for starting up a 

Science Advisor Group (SAG) to provide advice, and for shifting its focus from an effort 

based to a question-based framework. 

The Monitoring Program’s use of a single overarching contract with HDR Inc. 

generated a lot of comments.  One program manager pointed out that the centralized 

contract has helped the Navy standardize its processes and reporting for the monitoring 

programs.  However, others say that the decision-making process for monitoring projects 

is too personality driven and is not clear or transparent.  In addition, under the current 

contractual framework the Navy cannot go directly to academic institutions or use NMFS 
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scientists.  Finally, one of the Navy’s senior biologists notes that the NAVFAC personnel 

are qualified to do the administrative management that is being done by the HDR 

contractor, and that bringing the administration practices inside the Navy to look more 

like the ONR and LMR management structure would be achievable and efficient. 

 

Table 12 Perception on the three main programs: ONR, LMR, and Monitoring. 

Perception Comment Number  

ONR The ONR program is very strong and well-defined, and has done a 

tremendous amount to further knowledge and capabilities. 

16 

ONR’s decision process should be more transparent. 3 

ONR’s Effects of Sound on the Marine Environment (ESME) 

program was half-baked and should not have been continued. 

3 

LMR The new LMR program is very promising. 23 

Prior to the LMR, decision-making was not clear or transparent, 

coherently organized, planned and coordinated. 

17 

The new LMR program is unnecessary- things were fine before. 1 

I am concerned that the new LMR program will be too dominated 

by personalities. 

1 

The LMR program needs to include coral, anadromous fish, ESH, 

sea otters, and manatees. 

3 

Monitoring The Integrated Comprehensive Management and Adaptive 

Management programs are promising. 

5 

The Monitoring program shift from effort based to question-based 

with SAG oversight is promising. 

2 

The centralized monitoring contract has helped Navy to 

standardize processes and reporting. 

1 

The Navy’s decision-making process for monitoring projects is 2 
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too personality driven and is not clear or transparent. 

With current contracting constraints, Navy cannot go directly to 

academic institutions and NMFS scientists. 

2 

Figure out how to make the HDR contract a vehicle that can solicit 

ideas and still be a contract. 

3 

NAVFAC ENV managers are qualified to do the administrative 

management performed by HDR; Navy could get more bang for 

the buck by performing this task internally. 

1 

 

Opportunities for Improvement: Coordination, Consistency, and 
Communications (Table 13) 

The strongest signal received from the interviews was about the need to improve 

coordination and communications among Navy offices.  Twenty-nine respondents 

characterized a need for better coordination as the Navy’s biggest challenge.  

Accompanying this are associated observations that without proper coordination, there 

are issues with duplicative projects, programmatic gaps, and inconsistent applications.  

Twelve people specifically mentioned communication problems: seven of these remarks 

identified communication gaps between specific offices (e.g. N45 and the fleets, N45 and 

the Secretariat, ONR and the Acquisition community) and six of these remarks noted that 

the Navy needs to listen to its subject matter experts (SMEs) more and that the disconnect 

between the field offices and headquarters is a problem.  A different set of six individuals 

remarked that there are still outlier offices such as NAVAIR and some lower Echelon 

commands that need to be actively brought into the fold.  Three staff level personnel from 

NAVFAC HQ, OPNAV, and SECNAV observed that the supporting programs (ONR, 

LMR, and Monitoring) do not adequately coordinate with the senior decision-maker, 
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ASN EI&E, and three different people (two in senior management positions, SECNAV 

and NAVFAC) offered the suggestion that the Navy should form a workgroup that 

focuses on establishing department-level goals. 

Five respondents, including three senior executives from NOAA and the Navy, 

said that one of the biggest weaknesses in the programs is the inconsistencies in the 

practices and procedures among the participating Navy offices.  Eight people- five 

NAVFAC, two Fleet, and one NOAA- said that NAVFAC Headquarters needs to 

improve consistency in administration across the NAVFACs, noting that staffing levels 

between NAVFAC Atlantic and NAVFAC Pacific are not equitable and should be, and 

that the NAVFAC to fleet relationship is excellent in some cases and poor in others.  Two 

staff level respondents, one currently with NAVFAC and the other a former NAVFAC 

employee, suggested that NAVFAC HQ should play a bigger role in marine resources.  

Another NAVFAC employee noted that the Navy needs to be careful on pushing for too 

much consistency: this manager is mindful of regional differences and wants to make 

sure that the programs remain rationally designed to meet regional requirements for the 

Navy, even if they result in inconsistencies between the fleets. 

 

Table 13 Coordination, Consistency, and Communication. 

Perception Comment Number  

Coordination The biggest challenge is coordination among the various Navy 

offices with associated issues in duplication, gaps, inconsistencies, 

and lack of centralized management. 

29 

There is a lack of communication among offices. 7 
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There is a disconnect between the field offices and headquarters.  

Navy needs to listen to its SMEs more. 

6 

 

There are still outlier offices such as NAVAIR and some lower 

Echelon commands that need to be brought into the fold.  

6 

Supporting programs do not adequately coordinate with the Navy 

decision-maker (ASN EI&E and ASN RD&A). 

3 

The Navy should have a workgroup that focuses on coordination 

and establishing departmental goals. 

3 

Consistency Policies, practices, and procedures differ across Navy 

organizations. 

5 

NAVFAC HQ needs to improve consistency across the 

NAVFACs; Staffing levels between the fleets and between 

NAVFACLANT and NAVFACPAC are not equitable and should 

be. 

8 

NAVFAC HQ does not play a big role in marine resources, which 

leads to differences in the regions. 

2 

Sometimes the push to achieve consistency between the fleets is a 

hindrance.  We need to realize that there are regional differences. 

1 

ONR to LMR 

Transition 

The ONR to N45 handoff is seamless and strategic; ONR has a 

good relationship with LMR. 

2 

N45 is not in sync as much as it should be with ONR. 2 

LMR Advisory 

Committee 

The LRM Advisory Committee (LMRAC) should be able to serve 

as a coordinating body for all participating Navy offices. 

6 

I am not convinced the LMRAC will be able to serve as a 

coordinating body for the Navy offices… the jury is still out. 

2 

MRSG Strengthen the MRSG with a more formal facilitated meeting 

format and ensure equal representation for the PAC and LANT 

areas of responsibility; Navy practitioners should meet more 

frequently to better coordinate, communicate, and standardize 

practices and procedures. 

3 
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An interesting dynamic between the crucial handoff from ONR to LMR was 

revealed in the interviews. Two program managers, one from ONR and the other from 

OPNAV, said that the handoff is seamless and strategic and that the ONR program has a 

good relationship with the LMR program.  However, two OPNAV executives had an 

opposite perception- essentially they said that N45 is not as “in sync” with ONR as it 

should be.  One conclusion that could be made from these remarks is that the leadership 

of the two offices needs a forum for communication and collaboration. 

Both the LMRAC and the MRSG were mentioned as possible vehicles for 

improving coordination and communications. Six Navy individuals from the fleets and 

NAVFAC, four of whom are sitting members of the LMRAC, said that they think the 

LMRAC could function as a coordinating body for the programs.  Two others, both with 

experience as program managers and one a sitting member of the LMRAC, are not 

convinced that the LMRAC will be able to do the difficult and complex coordinating 

work.  The jury is still out because the LMR is such a new program.  The MRSG was 

mentioned by three people as being a body that was created in order to accomplish 

coordination and communications across offices.  These employees recommend revisiting 

the MRSG construct, strengthening it with a more formal facilitated meeting format, and 

ensuring that the Pacific and Atlantic fleets are equally represented. 

The primary point made in these remarks is that Navy practitioners need to meet 

more frequently in order to better coordinate, communicate, and standardize practices and 

procedures.  People from all levels of command within the Navy, and from NOAA and 
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the MMC, think that achieving better coordination across the Navy offices engaged in 

these programs would lead to a true improvement in the Navy programs. 

A Call for Strategic Planning and Reviews (Table 14) 
Over the course of the last several years there has been a demonstrable effort 

within the Navy to better align the research and monitoring programs.  That being said, 

decision-making is still perceived to be driven by command or office needs and not by 

Departmental requirements.  Additionally, inserting a new idea or stopping a bad idea is a 

difficult process under the current framework.  There is a need for a high level Strategic 

Plan that aligns the programs and identifies the goals and objectives for the research 

programs.  There further needs to be a forum where stakeholders can discuss whether or 

not the programs are appropriately conducting the right research, whether existing 

projects should be continued, and what should be done in future projects.  This 

recommendation- to produce a Strategic Plan for the research and monitoring programs- 

was suggested by fourteen different respondents when asked “Do you think there are 

ways that the program(s) can be improved?  Another suggestion was to hold the 

programmatic reviews for all the programs- ONR, LMR, Monitoring, and SERDP-

ESTCP- at the same time and place.  Logistically this would not be a difficult thing to do, 

and in terms of better reviewing the material, a jointly held program review would help 

the federal partners in the difficult work of analyzing and judging the worth of the 

individual projects and overall programs. 
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Table 14 Strategic Planning. 

Perception Comment Number  

Continuum The recent focus on a defined continuum from basic to applied to 

monitoring is an improvement and a step in the right direction. 

5 

Planning Decision making seems to be driven by command and not all-

Navy needs.  There is no strategic plan. 

7 

It is very hard to insert a new idea or stop a bad idea. 2 

The Navy should develop an over-arching strategic plan that 

synchronizes basic, applied, and monitoring programs. 

14 

Program 

Reviews 

The LMR, Monitoring, and SERDP/ESTCP programs should hold 

their program reviews concurrently with the ONR program 

review. 

4 

 

A Call for Proactive Outreach (Table 15) 
Many of the respondents observed that the Navy’s outreach posture needs to be 

changed so that it does a better job of showcasing the good work that is being done by the 

Navy and DoD.  Five people classified the Navy Outreach program as a significant 

weakness, and eleven people, representing offices from across the Navy plus NOAA and 

the MMC, said that a beefed up outreach program that is proactive instead of reactive 

would prove beneficial to the Navy.  Other suggestions for Outreach were to start 

publishing the scientific findings in the popular press (e.g. Parade Magazine) and to make 

a concerted effort to have senior Navy leadership start talking about the program 

successes when they are speaking in a public forum. 
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Table 15 Public Outreach. 

Perception Comment Number  

Passive 

Outreach 

A significant weakness is the Navy’s public affairs posture- it is 

reactionary when it should be proactive. 

5 

Navy needs to build a really strong public outreach program that 

showcases the good work that is being done.  It needs to be 

proactive and not reactive. 

11 

Publish findings in the popular press- Parade, Atlantic Monthly 

etc. 

2 

Have the Senior Navy leadership tell the story that this program is 

a success. 

2 

Leadership needs talking points from researchers. 1 

 

General Comments on the Interagency Forum and External Relations (Table 
16) 

Not surprisingly, many of the comments that were focused internally were also 

voiced when respondents were asked to reflect on the interagency forum and external 

relations.  Developing a standardized data basing capability that would be used by 

multiple federal agencies was listed as a priority objective by two MMC, two NOAA, and 

one Navy person.  Ten people, four NOAA, four Navy, and two MMC said that there 

needs to be a more holistic and strategic interagency approach to how the federal 

government funds marine mammal research and noise issues, and that the Navy needs to 

solicit the other agencies for their input.  Echoing the call for consolidated program 

reviews internal to the Navy, three people (a former ONR Program Manager, a NOAA 

NMFS Manager, and a MMC Executive) said the Navy should hold its program reviews 
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for all of its programs in one session, but include an external expert panel that would then 

hold a special session that helps develop a five year plan. 

 

Table 16 General Interagency Affairs and External Relations. 

Perception Comment Number  

Data 

Standardization 

Navy should work with the other agencies such as NOAA and 

NSF to establish a standardized data basing capability and more 

partnering opportunities. 

5 

Coordination There needs to be a more holistic and strategic interagency 

approach to how we fund marine mammal research and noise 

issues.  Navy needs to solicit external input. 

10 

Program 

Reviews 

Navy should host its program reviews in one session, have an 

external expert panel, and then hold a special session that 

develops a five-year plan. 

3 

 

Consider having the National Research Council do another 

program review of the programs. 

2 

Monitoring projects should be reviewed by an interagency team 

which includes Navy, NMFS, and the MMC. 

2 

Rotations & 

Details 

Navy should sponsor exchange programs with NOAA and the 

MMC. 

3 

Funding Change NOPP so that agencies can be co-funders on research 

projects. 

1 

 

Other recommendations include having the National Research Council do another 

program review of the noise problem, and establish an interagency team comprised of 

Navy, NMFS, and MMC members that would formally review the Monitoring programs.  

Three people, all with NOAA experience and one from the MMC, recommended 
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implementing exchange programs among the Navy and NOAA and the MMC.  Finally, 

one person with NOAA experience noted that the National Ocean Partnership Program 

(NOPP) should be changed so that agencies can co-fund research projects
23

. 

Navy-NOAA Relations (Table 17) 
Relations between Navy and NOAA are really pretty good.  Twelve people said 

that in the early years of dealing with the noise issue, relations were unpleasant and 

lacking in trust, but that relations have noticeably improved in later years.  To this point, 

twenty-nine people noted that the Navy and NOAA have established an effective working 

partnership. 

Regarding work load, fifteen people said that NOAA has difficulties in meeting 

the Navy’s requirements.  Nine people, seven Navy and two former NOAA NMFS, said 

that the NOAA work pace does not match the Navy’s requirements and that the current 

regulatory system is too slow in incorporating and adopting new information.  Eight 

people including one NOAA and one MMC said something very similar: that NOAA is 

not sufficiently staffed or funded to properly handle their workload, especially the work 

coming from the Navy
24

.  Five people, all Navy, remarked that the Navy has assumed too 

much responsibility for getting information on densities and populations, and that the 

work of getting that information rightfully should be funded and performed by NOAA. 

In terms of attitudes and working relations, respondents note that there is still 

room for improvement.  According to four Navy and two NOAA people, Navy 

                                                 
23

 Currently the agencies are not allowed to blend dollars, so they can only “sign up” for specific actions, 

such as paying for boat time or purchasing equipment.  If the agency contributions could be blended, 

projects would get just one project manager and much efficiency would be gained. 
24

 Two Navy people made both comments. 
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representatives can be arrogant and heavy-handed in their dealings.  Continuing poor 

relations at the field office level was noted by three people (one NOAA and two Navy 

representatives).   

 

Table 17 NOAA-Navy Relations 

Perception Comment Number  

Collaborative Navy and NOAA have established an effective working 

partnership, especially at the headquarters level. 

29 

Navy-NOAA relationships were unpleasant and lacking in trust, 

particularly in the early years.  Navy-NOAA relations have 

improved. 

12 

Work load NOAA work pace does not match the Navy’s requirements. The 

regulatory system is too slow in incorporating and adapting to 

new information. 

9 

NOAA is not sufficiently staffed or funded to properly handle 

their workload, especially work coming from the Navy. 

8 

It is NMFS’s responsibility to advance the science relating to 

densities and populations, not the Navy’s.  However, this function 

has been assumed by the Navy. 

5 

Attitudes Navy can be arrogant and too heavy handed which is very non-

productive. 

6 

NOAA and Navy can sometimes have poor working relations, 

particularly at the regional level. 

3 

Leadership NMFS leadership is locally driven, leading to broad scale 

inconsistencies from one region to another. 

3 

Navy is losing ground at the senior leadership level, particularly 

on the uniformed side. 

3 

There needs to be better, more meaningful dialog between senior 

policy makers at NOAA and Navy. 

2 
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ONMS There are issues between the Navy and the National Marine 

Sanctuaries Office.  The agencies need to agree on what 

constitutes a consultation trigger. 

2 

Navy and ONMS need to figure out where ONMS has authority 

over Navy and where it does not. 

2 

Navy needs to stay out of Sanctuaries or if they can’t do that, 

Navy needs to consult with ONMS. 

2 

 

 

Regarding leadership, many of the statements that were focused internally on the 

Navy practices can be applied to the interagency dynamic as well.  Interviewees pointed 

out that NMFS has a leadership framework that is locally driven, and when their 

regulatory decisions are applied to an organization as large as the Navy, decisions made 

in one region can lead to conflicts in other regions.  As mentioned earlier, there are some 

concerns that communications between the two agencies are actually degrading.  Three 

Navy people said that they think the Navy is losing ground at senior levels, particularly 

on the uniformed side.  Two people, a former NOAA employee and a senior Navy 

manager strongly recommend that Navy and NOAA renew and strengthen their 

interagency dialog at the senior executive level. 

A special note should be included regarding the NOAA Office of National Marine 

Sanctuaries Office (ONMS).  At this time there are disagreements between the Navy and 

ONMS, primarily associated with what constitutes a consultation trigger, where ONMS 

has authority over the Navy, and where it does not have authority over the Navy.  To two 
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NOAA respondents, there is not an issue: Navy should stay out of certain Sanctuaries, 

and if the Navy cannot commit to doing that, they should agree to consult. 

Navy- Marine Mammal Commission Relations (Table 18) 
Overall, the Navy’s relationship with the Marine Mammal Commission appears to 

be generally benign.  While fourteen respondents (five NOAA and nine Navy) said they 

didn’t know what the relationship between the two organizations is like, thirteen (two 

MMC and eleven Navy) said the relationship is fine.  Twelve people, three MMC, one 

NOAA, and eight Navy, said that the relationship is okay but could be improved and that 

the Navy could do a better job in working with the Commission. 

Three Navy people said that there are times that the MMC does not seem to have 

realistic expectations of what the Navy can do.   Two people, one from the MMC and the 

other from the Navy, said that the MMC could and should do a lot more for the Navy by 

providing panels and/or committees of independent experts, and that the Navy should 

routinely provide briefings to the MMC dealing with all aspects of their programs from 

basic research through monitoring.    Finally, a Navy lawyer and a MMC Executive both 

voiced the opinion that the Navy should be working with the MMC in getting help with 

public outreach and messaging with NGOs. 

 

Table 18 MMC- Navy Relations. 

Perception Comment Number  

Cooperation The Navy-MMC relationship is cooperative, everything is fine. 13 

The Navy MMC relationship is okay but could be improved- 

Navy could do better working with the Commission. 

12 
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Navy-MMC relationship has had problems but is improving. 2 

I’m not sure what the relationship between the Navy and the 

MMC is. 

14 

Expectations MMC expectations of what the Navy can do are often not 

achievable. 

3 

The MMC should be providing panels and/or committees of 

independent experts. 

2 

Communication Navy should conduct routinely scheduled briefings to the MMC 

dealing with all aspects of its programs, from basic through 

monitoring projects. 

2 

Outreach The Navy should work with the MMC in getting help with public 

outreach and messaging to NGOs. 

2 

 

Other Important Organizations: Fish and Wildlife Service and CEQ (Table 19) 
Department of Navy environmental officials have working partnerships with both 

the Department of Interior Fish and Wildlife Service (F&WS) and the Executive Office 

of the President Council on Environmental Quality (CEQ) for many topic areas, most 

notably ocean policy and terrestrial environmental issues and efforts.  With regard to 

marine mammals, interactions between the Navy and the F&WS and the Navy and CEQ 

are limited in scope, occurrence and duration.  However, there are some: F&WS is the 

regulator for sea otters and manatees, both endangered species that co-occur with Navy 

operations off the continental U.S.  CEQ has engaged on several occasions in the on-

going discussions regarding Navy NEPA compliance on the at-sea ranges. 

For the F&WS, comments received reflect similar dynamics to that observed with 

NMFS.  Because consultations are conducted locally, there can be inconsistencies from 
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one region to another, which causes problems for organizations that are as large as the 

Navy.  Several respondents noted that Navy relations with the F&WS can be spotty, and 

often are bad.  With the CEQ, thirty respondents said that they didn’t know how the CEQ 

interacts with the Navy on the noise issue.  This is not surprising: CEQ doesn’t engage on 

this issue as a general practice.  Some say that is okay and everything is fine, some say 

that CEQ doesn’t engage unless they have to, but when they do engage, their work has 

value.  Others opine that the CEQ has been remiss in putting their attention on mediating 

differences among the agencies. 

 

Table 19 Other External Relations: F&WS and CEQ. 

Perception Comment Number  

F&WS F&WS consultations are conducted locally, leading to broad scale 

inconsistencies from one region to another. 

6 

The relationship with the F&WS is spotty, and often bad. 2 

Navy does not have the same breadth of species with F&WS, and 

it hasn’t been able to develop a strong relationship with them. 

2 

CEQ I don’t know how the CEQ interacts with the Navy on this issue. 30 

Navy-CEQ relationship is cooperative, everything is fine. 2 

CEQ doesn’t engage often, but when they do it has value. 2 

CEQ has been remiss in putting their attention on mediating 

differences among agencies. 

2 
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Summarizing the Interviews (The Whole Not Described by the Sum of its 

Parts) 

One of the most significant impressions generated by the interviews was how 

much experience the interviewees have as a composite group. Some of the participants, 

who are now reaching the end of successful and productive careers, have spent all or a 

fair amount of their professional lives working in the marine mammal field.  Some 

memories go back to before the Herd Island experiment
25

; others started their work at a 

time when the Navy did not think that training and testing activities at sea were subject to 

the NEPA, ESA, and MMPA statutes.  All remember the growing concerns that revolved 

around mass stranding events and the use of military sonars, and most have painful 

memories of the first years of accusations and lawsuits in the late 1990’s and beyond. 

Marine mammals and sound issues represent a substantial part of these people’s 

lives. They are concerned about marine mammals and are dedicated to the purpose of 

investigating the facts and drivers behind the anthropogenic noise problem.  In some 

cases, the marine mammal noise issue constitutes an individual’s life work.  In most 

cases, the issue is or has been fundamentally central to the individual’s professional 

focus.  None would agree with the way the SONAR problem is characterized in the 

popular press charging that the Navy is responsible for countless marine mammal deaths 

and/or injuries.  All agree that anthropogenic noise in the ocean is a problem that needs to 

                                                 
25

 The Herd Island Feasibility Test was a six-day experiment conducted by a team led by Walter Munk of 

the Scripps Institution where acoustic signals were transmitted halfway around the world to measure the 

ocean climate.  The Acoustic Thermometry of Ocean Climate (ATOC) project conducted 1996- 2006 was 

based on what was learned in the Herd Island Feasibility Test.  The Herd Island Test was delayed in part 

due to issues associated with getting permitted under the MMPA to introduce sound into the marine 

environment. 
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be addressed, and many opined that the Navy input to anthropogenic noise in the ocean is 

factually insignificant, especially when compared to other anthropogenic noise sources 

such as seismic, shipping, and pile driving. 

There is a strong agreement from the interview participants- Navy, NOAA, and 

the MMC- that the Navy’s research programs are remarkably successful and world class, 

and that no other organization can come close to the amount and quality of research that 

is either funded or performed by the Navy. Additionally there is a strong agreement that 

the research scientists funded to work on this issue, both internal and external to the 

Navy, represent a significant strength for the Navy’s programs.  The fact that the Navy 

has sustained these programs fiscally since the late 1990’s is also noted as a significant 

strength.  The Office of Naval Research was consistently noted for its strong and 

dynamic program, and the Navy’s newly formed Living Marine Resources and 

Monitoring Program was noted as very promising. 

The Navy has not done a good job of telling its story to outsiders and to the 

public. While some scientists understand and appreciate the Navy’s programs, 

interviewees felt that the true story has not been conveyed to most of the NGO’s or to the 

public.  In many instances, the Navy simply assumes that the science will ‘speak for 

itself.’  Consequently, outside of a small circle of scientists who are engaged in working 

the issue, the Navy’s long-term, sustained investment is largely unrecognized. 

According to the interviewees, the Navy and NOAA have come a long way 

towards building professional, cooperative, and collaborative partnerships that are 

focused on regulating the Navy’s activities. However, relationships between the two 
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agencies are not perceived as consistently cooperative.  In some instances (e.g. some of 

the field offices) relationships remain difficult and uncommunicative- employees tend to 

think in terms of ‘the Navy side’ or ‘the NOAA side’, and there is not a sense of focused 

teamwork intent on solving problems.  However, the interviewees say that in many 

places, particularly at the headquarters and national level, relationships are markedly 

positive and effective.  A number of interviewees said that they have observed progress 

that was brought about by a determination on the part of both agencies to improve 

communications in order to achieve maximum protections for marine mammal species 

and for the national defense mission.  Not one Navy person failed to recognize and state 

that marine mammals need to be protected.  Interviewees from both NOAA and Navy 

noted that national defense activities need to be protected as well.  Respondents generally 

felt that that these two objectives, marine mammal protection and national defense 

activities, need not be mutually exclusive.  

Most of the respondents noted that the Navy programs can and should be better 

coordinated, both on an internal and external basis.  Interviewees felt that some of the 

projects were duplicative, that there are coverage gaps, and at times issues in 

transitioning basic science to demonstration and validation projects, and from there into 

operational use.  Several respondents noted that the Navy needs an over-arching 

Departmental Strategic Plan which guides and coordinates all of the actors in their efforts 

and decisions. 

In summary, from the federal insider perspective, overall opinions on the research 

and monitoring programs are largely positive and supportive of what has been 
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accomplished so far.  However, there are significant areas that deserve attention: the 

actual environmental compliance framework that the programs are built around and for, 

creating a department-wide strategic approach, improving internal coordination, 

improving and supporting both internal and external communications, and protecting and 

sustaining programmatic funding. 
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CHAPTER FIVE DISCUSSION 

The projects sponsored by the Navy, judged both quantitatively and qualitatively, 

are shown in this study to be decidedly successful. In terms of improving marine 

mammal outcomes, there is strong evidence that the Navy programs have advanced 

technological capabilities and biological understanding through these programs.  This 

chapter explores the reasons for what makes the programs “successful”.  In addition, 

places where there are disagreements are identified, explanations for the findings are 

explored, and the likely chain of causation is identified where it makes sense to do so.  

Lastly, the implications and significance of the project findings are presented. 

The programs investigated in this dissertation include the entire spectrum of 

research projects from basic research, exploratory science, to applied, directed science 

and demonstration/validation projects, to more operational, real-time monitoring and 

assessment efforts. If the premise is accepted that the marine mammal and anthropogenic 

noise issue is a true environmental “wicked problem” as defined by an issue having low 

societal agreement combined with low scientific understanding, one would expect that a 

successful, leveraged research program would be diverse, dynamic and most importantly, 

multi-disciplinary.  This is indeed substantiated by the basic statistics: the programs are 

remarkably varied, complex and multi-disciplinary. Sixty-two percent are at least two or 

more years in duration; the projects are evenly distributed across basic and applied 
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research and operational/observational contexts; a little over half (56%) are science-based 

as compared to technology based.  The projects are conducted by a variety of academic, 

non-governmental, and government laboratories and institutions and are geographically 

distributed around the world.  Every year, new starts are added to the portfolio and over 

the course of this eight-year study period, show a distinct transition from a focus on 

individual animals to a focus on populations, and most recently, some ecosystem-level 

analysis.  This programmatic evaluation yielded findings that most of the projects 

conducted during the evaluated period were successful- fully 94.6%
26

.  The picture 

formed by the project-by-project assessment and the basic statistics is reinforced by the 

findings produced in the logistic regression.  Projects evaluated as groundbreaking or 

vital by definition produced results that effectively helped the Navy either gain essential 

knowledge or significantly improve its ability to attain compliance with the 

environmental laws.  Again assuming that we are dealing with an environmental wicked 

problem, one would expect these projects to be just as complex as the wicked problem 

they addressed- and they were.  Specifically, the logistic regression results show that the 

most successful projects were: 

- Longer: projects designed to run more than one year were more likely to be 

judged as vital or groundbreaking.  

- Multi-Disciplinary: Projects with more than one Principal Investigator were 

more likely to be judged as vital or groundbreaking. The anthropogenic noise issue 

requires expert contributions from a diverse range of professions, including physiology, 
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 Does not include projects scored as “too soon to tell” and “discontinued”. 
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audiology, ecology, acoustics, engineering, biogeography, oceanography, geospatial 

analysis, and the military.  It makes sense that a project using a multi-disciplinary team 

approach- projects that have a lot of Co-Principal Investigator’s (Co-PI) representing 

multiple professions- would end up being assessed as strongly successful.   

- On Point: Of the five major categories and 31 subcategories tested, four 

subcategories were significant in the Logistic Regression, all from the one major category 

specifically targeted to address the problem, Acoustics and the Effects of Sound.  

Behavior response studies, noise impact studies, hearing/biosonar/echolocation studies, 

and population consequences of disturbance studies were found to be more likely 

categorized as groundbreaking or vital. 

- Produced by directed funds: Groundbreaking and Vital projects were more 

likely to be funded by demonstration/validation research dollars (6.4) or by funding 

targeted for developing innovative technologies (DARPA, Defense Advanced Research 

Projects Agency). In the first case, projects funded by 6.4 research dollars were 

sponsored by either the Chief of Naval Operations Energy and Environmental Readiness 

Division (OPNAV N45) or the Naval Sea System Command’s Program Executive Office 

Integrated Warfare Systems (PEO IWS).  In the second case, projects using DARPA 

funding were sponsored by the Office of Naval Research.   

Of twelve geographical variables tested, only one- the Bahamas- was found to 

positively predict either a groundbreaking or substantive outcome. There are several 

possible reasons for this finding.  First, research projects conducted in Bahamian waters 

usually occur in the Tongue of the Ocean (TOTO), which is a uniquely contained 600 
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square mile natural laboratory with stable marine mammal populations.  Marine mammal 

density is not particularly high in this area, due to the fact that the TOTO is not an area of 

high productivity.  Marine mammal identification and localization is easier to do in the 

TOTO than in areas that have dense populations.  Perhaps the characteristics of the area 

that make it such an outstanding natural laboratory are enough to account for the fact that 

projects conducted in the Bahamas are a statistically significant predictor for projects 

rated as groundbreaking or vital.     Alternatively, or possibly in addition to, the Bahamas 

are the site of a U.S. Navy undersea training range that is equipped with an acoustic 

marine mammal monitoring capability.  This capability has been made available to 

numerous researchers.    The logistic regression results suggest that the Navy’s passive 

acoustic training range sufficiently leverages capabilities to the point where researchers 

in that region have a real edge over research that is done without the use of a wide-area 

acoustic range. 

There is one final finding from the logistic regression which at first blush seems 

odd: technology based projects are more likely to be classified as ground breaking or vital 

than science-based projects. This particular finding was unexpected and counter-intuitive.  

Perhaps, the tendency for science projects to be less likely to be superstars than 

technology projects results from the fact that the Navy, particularly the Office of Naval 

Research
27

, is one of the nation’s oldest technology development entities and developing 

innovative technologies is just something at which they excel.  Alternatively, the finding 

might reflect the fact that the marine mammals and anthropogenic noise problem is 
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 ONR tends to sponsor more technology development. 
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extremely complex and difficult and that advances and solutions on the science side are 

going to take a long time to achieve.  As a case in point, nearly fifteen years after the 

spate of sonar-related strandings that have been the main driver behind these research 

programs, scientists are just now beginning to gather empirical evidence on the actual 

link between active sonar and marine mammal responses to sonar (DeRuiter et al., 2013, 

Goldbogen et al., 2013). 

Some attention should be given to the opposite end of the achievement scale. Of 

the 358 projects evaluated, seventeen projects, or 5.4% were judged to be failures.  

Thirteen of these received poor grades because no evidence of accomplished or reported 

work could be found to use for judging the project.  In every case, resources searched 

included (1) the literature for published papers, (2) government repositories for reports, 

and (3) the internet for papers or reports.  If nothing could be found from those sources, 

the program managers for the project were asked to provide documentation.  If there was 

no documentation found or provided, the projects were categorized as failures.  In four 

additional cases, there was documentation available but the research project was graded 

as an outright failure (e.g. the PI failed to perform what was specified in the contract or 

grant, or failed to incorporate published literature that had a direct bearing on the project).  

The former instance- where documentation for the project’s completion is missing- is 

totally a preventable circumstance.  At the time of this writing, all indications are that the 

Navy has taken steps to change this dynamic by standing up the Living Marine Resources 

Advisory Committee (LMRAC). 
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The information produced in the interviews proved to be decidedly informative in 

terms of providing insights and recommendations for future practices. Generally 

speaking, the programs enjoy a very high regard from managers and leaders both inside 

and outside the Navy.  The programs have demonstrated a consistent and strong growth 

pattern, by developing expertise internally and externally, and by growing the science and 

technology from the early days which was focused entirely on individual animal 

responses to noise to the latter days where population-level studies became the norm.  At 

the 30,000 foot level, the programs- and the outcomes for marine mammals- can be said 

to be very strong, very positive, and very effective.  As in every endeavor focused on 

addressing a difficult problem, there is room for improvement, but that assessment must 

be placed within the context that the outcome from these programs are  in essence, 

distinctly and productively successful. 

The scientists performing the research and development work are considered a 

notable strength, as are the program managers and the internal technical support provided 

by the Navy. The Navy is first and foremost a sea service, and in its most basic nature has 

a special relationship with the ocean environment.  Too often this connection is forgotten 

or ignored, which is a disservice to the people who have worked so long and so hard to 

address the marine anthropogenic noise issue.  One thing is certain: the record shows a 

sustained effort by the Navy to invest in science and technology development and to use 

the best available science in its environmental analysis.  Opposing this is the fact that the 

Navy is a giant organization, and effecting change in an institution that is as large and 

mature as the U.S. Navy is a daunting task.  It is not hard to understand statements like “it 
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is hard to know which office to talk to” or “getting the Navy to change its policy or 

practices takes too long”. 

There are two cultural norms that should be understood when considering the 

Navy as an organizational entity. First, the Navy, going back centuries if not thousands of 

years, has a matured culture which demands leadership, responsibility, and accountability 

at the most local and junior level possible.  Junior personnel learn their trade by a form of 

‘learning by negation’, that is, they are allowed to make decisions and to learn 

experientially until the point that their decisions are found by their teachers/superiors to 

be potentially or directly harmful.  The goal is to allow the inexperienced sailor to learn 

from his or her mistakes and successes.  The result is that the Navy produces people who 

are extremely comfortable making decisions and serving in leadership roles.  Second, a 

Commanding Officer has a near-absolute authority for his or her ship or station, and is 

ultimately and personally responsible and accountable for the conduct of that ship/station 

and crew.  This concept of authority, responsibility, and accountability is applied 

upwards in the Navy as battle groups, regional commands, and systems commands are 

grouped and ultimately report in to the most senior Navy leadership.  The structure 

enables and encourages individuals to act and perform with independence and out-of-the 

box thinking.  These cultural norms have been the main drivers behind the Navy’s marine 

mammal research programs: strong leaders at the office level have pushed for the 

programs, built them, and protected them.  It can be said that the great strength of the 

programs is the cultural norm which supports forthright leadership at all levels of the 

organization.  This same dynamic can be said to be the greatest weakness of the 
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programs- that is, the programs are not well coordinated.  The main reason behind this 

lack of coordination is directly a result of the way that the Navy is structured in terms of 

leadership, authority, accountability, and responsibility. 

The most contentious topic covered in this programmatic review dealt with 

questions of who is in charge and how well the decision-making process works within the 

Navy.  As noted earlier, no one office is clearly in charge of a departmentally-

coordinated program.  The marine mammal programs reside in distinctly separate arms 

of the overall Navy organization, and none of them report directly to the office that is 

responsible for environmental compliance, the Assistant Secretary of the Navy for 

Energy, Installations, and Environment.    Understanding this dynamic is essential to 

understanding how to make forward progress. 

The Navy command structure is not going to change anytime soon. The Service is 

not a democracy and cultural norms of leadership and responsibility leveraged at the most 

junior level possible will not be changed- the Secretariat will not put itself into a position 

where it is directing Naval operations.  Somehow the program managers and senior Navy 

leaders need to figure out how to provide direct and comprehensive leadership and 

direction to the programs and people who are engaged in trying to address the marine 

mammals and noise issue.  It can be done, with the use of creative thinking and respectful 

partnerships.  The Navy has the talent, experience, and expertise to provide appropriate 

expert advice to the Navy decision-makers.  With sufficient effort, a comprehensive 

strategic planning document could effectively erase the gaps and inconsistencies in the 

current programs and better leverage the fiscal resources that are being put into the 
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programs.  Other needed improvements in transparency and coordination would be 

gained from this approach as well.   

There is much more agreement on funding matters as compared to programmatic 

leadership.  The interviewees agreed: the programs have been well-funded, but it would 

be good if the funding levels were increased.  More dollars would lead to more 

knowledge, sooner.  However, the Navy, in company with the rest of the federal 

government, is dealing with shrinking budgets in part required by Sequestration.  The 

marine mammal programs will need to look at all possible avenues for finding 

efficiencies such as reducing overhead, utilizing the CESU structure, and performing 

more of the management work in-house.  That being said, there are some very important 

program resourcing needs that are currently a problem and need to be addressed.  

Somehow, the Navy needs to ensure that it protects the long term investment of 

developing the next generation of scientists through graduate programs support, and it 

also must find a way to keep the program managers and scientists professionally current.  

Travel for Navy employees has been virtually stopped over the course of the last year, 

particularly travel to conferences.  This practice of not allowing the managers and 

scientists to travel to scientific conferences is a trend that risks the advantages gained by 

employing skilled expert scientists and one that should be reversed. 

Undoubtedly the strongest signals received in the interviews were (1) the Navy 

needs to improve coordination and communications among Navy offices and (2) there is 

a clear call for a departmental strategic plan.  The reasons are obvious: to eliminate gaps, 

redundancies, and inconsistencies, and to maximize collaborative opportunities and to 
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truly build a strategically-planned departmental program.  At present, programmatic 

planning is built entirely at the Office level.  Priorities are set by the main actors (ONR, 

OPNAV, fleets and SYSCOMs) based on their operational needs and mandates.  While 

this framework is standard (as well as effective) for military operations, it is not the most 

conducive process for addressing the marine noise issue as an inter-related, complex 

issue that impacts the entire Department. 

Other telling information gained from the interviews was the commentary on the 

Navy’s external relations in dealing with the noise issue.  These comments generally 

make the same point as was said in the internally focused questions: it would be good if 

the Navy improved its communication and coordination efforts, with specific reference to 

the Navy’s federal partners.  Improvements in this area are imminently achievable by 

doing relatively simple activities such as scheduling comprehensive program reviews for 

all of the programs at the same time and place, utilizing expert review boards with 

Marine Mammal Commission members and staff, and by better utilizing existing 

interagency working groups that are specifically focused on marine policy issues such as 

anthropogenic noise. 

Finally and most importantly, the Navy needs to understand and act on the 

understanding that it is dealing with a true wicked problem.  By definition, low societal 

agreement on values combined with a lack of scientific understanding means the issue is 

an environmental wicked problem.  If the scientific state of knowledge was low with an 

associated high agreement in values, the Navy’s current policy and management course 

of focusing primarily on scientific research would be appropriate and effective.  
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However, the situation is exactly opposite.  There is a very low degree of agreement on 

values and a high degree of scientific uncertainty.  There are gaps in our understanding, 

our knowledge is at best tentative, there is a high degree of disagreement in what we do 

know, and more research is needed.  Accordingly, a more effective policy approach for 

the Navy would be to place its emphasis on both stakeholder engagement and scientific 

research.  As succinctly stated in Balint et al. (2011) the issue needs “significant and 

repeated dialogue among scientists, stakeholders, and decision makers.” 
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CHAPTER SIX CONCLUSIONS 

The Navy’s marine mammal research and monitoring programs, as evaluated for 

the work conducted between 2004 and 2011, have been extraordinarily productive and 

effective.  The Navy has in fact been a world leader in this research area.  Within this 

context however, there are recommendations for senior Navy environmental leaders (and 

to a certain extent, for NOAA and MMC leadership as well) that should be considered 

and if possible, implemented: 

Continue current programs and if possible, increase funding amounts. 

o Continue funding the marine mammal research programs. 

o Ensure that the Navy continues to foster and develop the next generation of 

marine mammal scientists through graduate program support. 

o Ensure that program managers participate in and attend the key international 

conferences and meetings that are convened to specifically address the 

anthropogenic noise issue. 

o Continue to move the research focus away from individual animals and 

towards population level effects. 

Make selective improvements to the funding processes. 

o Structure the monitoring programs to be more like the ONR and LMR 

contract and grant processes. 
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o Utilize the CESU funding process when appropriate. 

o At the interagency level, change current NOPP requirements which disallow 

blending dollars received from separate agencies. 

Implement strategic planning and review processes. 

o Produce a Departmental Strategic Plan for the marine mammal research and 

monitoring programs. 

o Hold programmatic reviews for all of the programs at the same time and 

place.  Include an expert external panel that would help in developing long-

term strategic plans. 

o Implement mechanisms for conducting strategic planning that include other 

federal partners such as NOAA, BOEM, and the MMC. 

Re-evaluate the current regulatory framework. 

o Do an efficiency review on how NOAA permits Navy activities under the 

MMPA, with an aim to improve how scientific knowledge informs 

management decisions and making the adaptive management process 

responsive to new knowledge and understanding.  

Recognize that the Navy is dealing with a true environmental wicked problem.  

o In order to make things “better” ensure that Navy and NOAA practitioners 

understand the ramifications of a wicked problem, especially that more is 

required than relying on expert contributions.  Navy practitioners need to 

understand that the issue must be addressed on multiple layers including the 

political and policy communities and public participation.  Given the fact that 
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there is low societal agreement on values combined with high scientific 

uncertainty, Navy and NOAA need to place an emphasis on both stakeholder 

engagement and scientific research.  There needs to be a strongly enhanced 

focus on increasing and maintaining open dialogue among scientists, 

stakeholders, and decision makers. 

o Re-evaluate current security practices and wherever possible, enable data 

sharing with external partners. 

o Publish scientific findings in the popular press (e.g. Parade Magazine). 

o Ensure that the senior Navy leaders (e.g. SECNAV, CNO, Chief of Naval 

Research, and the Oceanographer of the Navy) talk about the program 

successes when speaking in a public forum. 

o Work with the MMC in getting help with public outreach and messaging. 

o Engage in a concerted effort to inform and educate NOAA, MMC, and the 

NGO’s on how the NAEMO model works. 

o Establish an exchange program among Navy, NMFS, and the MMC. 

Maximize use of existing capabilities and processes. 

o Continue/expand using existing Navy listening capabilities for acoustically 

studying marine mammals. 

o Apply the Navy’s acquisition procedure for submitting, vetting, and accepting 

new knowledge to the Navy’s environmental compliance programs.  

o Develop the MRSG so that it functions more as a brain trust rather than 

information exchange for marine mammal issues.  Strengthen the MRSG 
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construct with a more formal facilitated meeting format and ensure that the 

Pacific and Atlantic fleets are equally represented. 

Apply best management practices wherever possible. 

o Subject the NAEMO model to a full and formal peer-review process. 

o Conduct a meta-analysis on existing data stores to better synthesize existing 

data and knowledge. 

o Focus on analyzing data that has already been collected vs. continuing to put 

down more sensors into the water and storing data for future analysis. 

o Develop a standardized data basing capability that can be used by all of the 

ocean resources federal partners as well as the ocean sciences community. 

o Utilize the MMC expertise by using expert panels and/or committees of 

independent experts. 



153 

 

APPENDICES 

  



154 

 

Appendix A Rubric 
Project Title: () 

Score 1:  

Score 2:  

 

Is there: Yes No 

- An official report or published paper which documents the work? □ □ 

- Any other product (e.g. non peer reviewed publication, workshop or conference 

proceedings, email or other communication)?  □ □ 

- Documentation from the program manager? □ □ 

- Any resident knowledge within DON as to the disposition? □ □ 

Yes- go to 2; No- Score “1”, go to secondary assessment 

Did the research achieve any of the following goals: Yes No 

- Expand understanding of the basic biology or ecology □ □ 

- Expand understanding of how species respond to anthropogenic sound □ □ 

- Expand understanding of how species respond to human activities □ □ 

- Produce a new or improved technology □ □ 

- Lead to a measureable advance in capability?  □ □ 

- Help in achieving compliance? □ □ 

- Transition into operational Navy or other science based use?  □ □ 

Yes: Definitely- score “5” and go to second assessment 

Probably- score “4” and go to second assessment 

Not sure- score “3”, and go to second assessment  

No: Probably not - score “2”, and go to second assessment 

Definitely not- score “1”, and go to second assessment 

For projects scoring “4” or “5”, how much of an advance in science or technology was 

achieved? 

Perceived Benefit 

     

 1 2 3 4 

 A little   A lot 

 Useful Important  Substantial Groundbreaking 

 Positive Constructive Significant Cutting edge 

 Helpful Meaningful Vital Revolutionary 

One stakeholder Several stakeholders Numerous stakeholders Almost everybody 

  Lateral information Direct application Total change 

  Follow-on projects 

For projects scoring 1-3, why did it fail or not yield proof of success? 

Perceived Problem/Explanation 

 

1   2   3   4 

 Failed   Not a Failure 

 Did not comply No Proof Not Continued Too Soon 

 No Application Outcome Unknown Discontinued Still in progress 
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Appendix B Project Variables 
Project Identifier Number, Name  

Dependent Variable: DV/Advanced 

1 The project definitely failed to result in an observed or measureable advance  

2 The project probably failed to result in an observed or measureable advance  

3 No knowledge if the project resulted in an observed or measureable advance  

4 The project probably led to an observed or measureable advance  

5 The project definitely led to an observed or measureable advance 

 

Dependent Variable Secondary Assessment/ How Much (for Primary DV’s = 4 or 5) 
1 The project yielded useful results benefitting at least one stakeholder or interest area 

2 The project yielded important findings benefitting several stakeholders or interest 

areas, or provided lateral information that can be used in follow-on projects 

3 The project yielded substantive findings benefitting numerous stakeholders or interest 

areas, or provided direct knowledge and information that was applied towards 

problem resolution 

4 The project yielded groundbreaking results that totally changed the field of research 

 

Dependent Variable Secondary Assessment/ How Much (for Primary DV’s = 1-3) 

1 The project failed to yield useful results, did not comply with requirements, or had no 

application 

2 There is no proof of results, or the outcome is unknown  

3 The project was not continued, or was discontinued  

The project is still in progress and it is too soon to judge  

For Logistic Regression Dichotomous Analysis 

0 Not Success (All DV= 1, 2, 3, 4/1, 4/2, 5/1, 5/2)  

1 Success (All DV= 4/3, 4/4, 5/3, 5/4 

 

Reason for funding the project: Compliance (C) or Research and Development (R) 

C:  The contract or grant was performed in order to fulfill a compliance requirement 

R:  The contract or grant was performed as part of a research and development program 

 

Science (S) or Technology (T) or both (ST) 

S: The contract or grant was a science project 

T:  The contract or grant was an equipment or technology development 

ST: The contract or grant was both a science project and an equipment or technology 

development project 

 

Category/Subcategory 

1 Acoustics and the Effects of Sound 

 11 Behavior Response Studies 
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 12 Noise Impact Studies 

 13 Acoustic Warning Studies 

 14 Tagging Studies 

 15 Physiological Response 

 16 Hearing Biosonar and Echolocation 

 17 Hearing Models 

 18 Fish Turtles and Non Mammalian Species 

 19 Population Consequences of Disturbance 

2 Baseline Science 

 21 Passive Acoustic, Visual Monitoring Studies 

 22 Active Acoustic Studies 

 23 Population Structure and Density Studies 

 24 TAP Monitoring 

 25 Physiology 

 26 Ecology 

 27 Statistical and Spatial Analysis 

3 Detection Technology Development 

 31 Tags 

 32 Floats 

 33 Protection and Response Systems 

 34 Radar 

 35 Active Sonar 

 36 Autonomous Platforms 

 37 Passive Acoustic 

4 Risk Assessment and Management Tools 

41 Databases and Management Information Systems 

42 Modeling- Habitat & Predictive 

43 Modeling- Criteria & Thresholds 

44 Modeling- Finite Element 

5 Education 

 51 Workshop 

 52 Conference or Symposium 

 53 Library or Literature Access 

 54 Text 

 

1º Funding Source 

1 6.1  Basic Research 

2 6.2/6.3  Applied Research 

3 6.4  Demonstration & Validation Research 

4 O&MN  Operation & Maintenance Navy 

5 SBIR  Small Business Innovation Research 

6 Congressional 

7 SERDP  Strategic Environmental Research and Development Program 



157 

 

8 Legacy  DoD Legacy Resource Management Program 

9 NOPP  National Oceanographic Partnership Program 

10 YIP  Young Investigator Program 

11 DARPA  Defense Advanced Research Projects Agency 

12 MRTFB  Major Range and Test Facility Base 

13 DURIP  Defense University Research Instrumentation Program 

14 PECASE  Presidential Early Career Award for Scientists and Engineers 

15 ILIR In-House Laboratory Independent Research Program 

16 DEPSCoR Defense Experimental Program to Stimulate Competitive Research 

17 NWCF Navy Working Capital Fund 

 

2º Funding Source 
O  None 

1  6.1 

2 6.2/6.3 

3 3 6.4 

4 4 OM&N 

5 5 SBIR  

6 6 Congressional 

7 SERDP 

8  8 Legacy 

9 9 NOPP 

10 10 YIP 

11 11 DARPA 

12 12 MRTFB 

13 DURIP 

14 14 PECASE 

15 15 ILIR 

16 16  DEPSCoR 

17 17 NWCF 

 

Number of Funding Sources 

1 One Funding Source 

2 Two Funding Sources 

3 Three Funding Sources  

Sponsor/ 2
nd

 Sponsor 

1 ONR 

2 OPNAV N45 

3 OPNAV N87/PEO IWS5/OPNAV N2N6 

4 NAVAIR  

5 NUWC/NAVSEA 

6 CFFC/NAVFACLANT 

7 CPF/NAVFACPAC 
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8 OSD/DON 

9 None  

Duration 

S- Short (1 year) 

M- Medium (2-3 years) 

L- Long (4 years or more)  

Start Year 2004-2011  

Finish Year 2004-2011  

Completed?  
0 Yes 

1 No  

 

Total $: Total Dollars Invested (K)  

Primary Geographic Region 
1 Bahamas 

2 East Coast US 

3 West Coast US 

4 Hawaii & remote Pacific 

5 Alaska/North Pacific 

6 Mediterranean, Canaries 

7 Northern Atlantic 

8 Australia 

9 Indian Ocean-Pacific 

10 Worldwide 

11 Gulf of Mexico 

12 Worldwide or no discernible geographic region  

Principal Investigator- Name (first 5 letters of surname)  

Number Co PI- Number 1-?  

Government Lab 

0 Yes 

1 No 

 

Navy Federal Lab? 

0 Yes 

1 No 
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Non US Lab? 

0 Yes 

1 No 

 

Institution- Name  

2004-2011 $ in thousands per year  
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Appendix C List of Interviews 
 

# Organization Profession Served 

USN? 

Interviewed 

1 NOAA NMFS Biologist No 24OCT12  

2 Navy CPF Environmental Science Yes 24OCT12  

3 Navy NAVFAC Biologist No 25OCT12  

4 Navy CPF Biologist No 26OCT12  

5 Navy SECNAV Environmental Science No 31OCT12  

6 Navy OPNAV Public Policy No 2NOV12  

7 Navy ONR Oceanographer No 5NOV12  

8 Navy OPNAV Human Info Processing No 6NOV12  

9 Navy OPNAV Biologist No 6NOV12  

10 Navy ONR, OPNAV, MMC Biologist No 15NOV12  

11 Navy SECNAV Environmental Law Yes 20NOV12  

12 Navy ONR Research Chemist No 21NOV12  

13 Navy SECNAV, OPNAV, ONR; NSF Oceanographer Yes 26NOV12  

14 NOAA NMFS Biologist No 27NOV12  

15 Navy OPNAV Oceanographer Yes 28NOV12  

16 NOAA NMS Biologist No 28NOV12  

17 Navy OPNAV  Oceanographer Yes 29NOV12  

18 Navy FFC Environmental Science Yes 4DEC12  

19 Navy FFC Environmental Science No 4DEC12  

20 Navy NAVFAC Biologist No 4DEC12  

21 Navy NAVFAC Biologist No 4DEC12  

22 Navy NAVFAC Biologist No 4DEC12  

23 NOAA NMFS Biologist No 5DEC12  

24 NOAA NMFS Environmental Science No 5DEC12  

25 Navy ONR Biologist  No 6DEC12  

26 Navy NAVAIR Engineer  No 11DEC12  

27 Navy NAVFAC Environmental Science No 12DEC12  

28 Navy NAVFAC Biologist  Yes 12DEC12  

29 Navy SECNAV; NOAA Oceanographer Yes 13DEC12  

30 NOAA NMFS Biologist No 13DEC12  

31 Navy OPNAV Environmental Law Yes 14DEC12  

32 MMC, Navy NUWC Environmental Science No 17DEC12  

33 MMC Biologist  No 17DEC12  

34 MMC Biologist  No 17DEC12  

35 MMC  Biologist  No 17DEC12  

36 DOD OSD Biologist Yes 27DEC12  

37 NOAA NMFS Biologist  No 27DEC12  

38 Navy OPNAV, SECNAV Environmental Law Yes 28DEC12  

39 Navy OPNAV, SECNAV, CPF Environmental Law Yes 4JAN13  

40 NOAA NEFSC Biologist No 8JAN13  

41 Navy NUWC Biologist Yes 8JAN13  

42 Navy OLA, SECNAV Environmental Law Yes 29JAN13  

43 Navy OPNAV Environmental Science No 31JAN13  

44 Navy OPNAV, SECNAV, NAVSEA Environmental Law Yes 7FEB13  
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