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Executive Summary

The Population Consequences of Disturbance (PCoD) framework provides a conceptual framework which can be
used to forecast a plausible range of population-level outcomes given a specific set of input data. To implement
such frameworks for a species of interest requires significant baseline knowledge of foraging patterns, life-
history, and demographic parameters. However, for many marine mammal populations, current knowledge is
lacking and such ‘data poor’ situations mean that any such forecasts have significant uncertainty associated with
them. Given these uncertainties there is merit in identifying the data gaps that need to be filled in order to better
parameterise the models. However it may take decades to fill these gaps and, in the meantime, undetected
population declines may occur. In this report we focus on identifying methods for monitoring populations that are
subject to disturbance that may also provide insights into the processes through which disturbance may affect
these populations. In addition, we aim to identify priorities for monitoring to inform future PCoD analysis of the
potential effects of Navy activities on marine mammal populations. Therefore, our ultimate objective is to identify
a suite of variables that can provide information on changes in demography or health, together with the
methodologies that can be used to measure these variables.

understand ¢ assess ¢ mitigate

To identify and address the knowledge gaps highlighted above, we conducted a comprehensive survey of the
literature to identify suitable response variables which could be monitored using established survey techniques or
techniques that are currently in development. Following the initial literature review, we held a workshop with a
small number of experts on monitoring approaches to develop this list further and to identify the current state of
utility and feasibility of the different approaches for Navy relevant marine mammal species groups. This report
summarises the results of the literature review, and the outputs from the workshop. In addition, we explore the
methods and/or techniques required to collect appropriate datasets and the feasibility of using them to monitor
different species and populations (section 2) with sufficient precision to avoid false positive results (i.e. results
that suggest a population is in decline when it is not). Therefore, using existing PCoD benchmark models, we
explore the potential for different demographic parameters to provide early warning indicators of population
decline and explore the potential to detect change and limit the proportion of false positive results (section 3). In
order to realistically assess what methods might be feasible to conduct, it was considered crucial to assess the
monitoring infrastructure that currently exists. As such, we also summarize US Navy marine mammal monitoring
in terms of the approaches already in use, the platforms for research available (e.g. vessels, aerial, fixed sensors
etc.) and species/populations which are currently (or have recently been) monitored (section 4). Building from
this foundation, we assess the potential for current monitoring practice to inform a PCoD analysis (section 5.3)
using the lessons learned from the literature review and sensitivity analysis phases.

Using existing PCoD models, we determined that changes in certain demographic variables are strongly
correlated with changes in abundance or population status, and can therefore provide some early warning of
future changes in abundance. In particular, the proportion of immature animals in a population might provide a
reasonable early indicator of population decline. We also explored the ratio of mothers to calves/pups but
determined that there was a high risk of false positives (i.e. predicting a decline when there is none). We
observed that demographic parameters tend to be most commonly estimated from monitoring using established
approaches such as visual surveys and capture-recapture. In addition, both vertical and lateral photogrammetry
appear to be viable methods to determine important demographic parameters. Monitoring body condition might
be a suitable approach to identify ‘unhealthy’ animals (though determining causation may be difficult) and is a
particularly attractive route for monitoring PCoD and a range of methods are in development to explore this topic
area. In general, monitoring individual health and physiological variables was determined to be important in
informing elements of the PCoD framework, primarily via photogrammetry, remote tissue sampling, direct
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handling and individual tracking approaches. The continued development of remote tissue sample libraries and
analytical approaches to improve our understanding of stress response, physiology and —omics fields is critical.
Additionally, it is important to continue the use (and development) of PAM techniques to monitor cetacean
populations to better understand the relative and absolute indices that can be derived to inform PCoD.

We recommend that, where possible, monitoring programs are developed to specifically inform future PCoD
analyses, which requires a clear set of objectives regarding the purpose of the monitoring. Monitoring programs
should be identified which can provide reference or control populations against which observed patterns can be
compared.

We have highlighted that, where possible, the integration of new technologies into existing Fleet/SYSCOM
monitoring efforts might provide significant added value. The inclusion of novel approaches into monitoring
programs where infrastructure exists means a cost-effective increase in what can be achieved by a given
program.
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Between 2009 and 2015, a working group supported by ONR developed a mathematical framework for
assessing the population consequences of disturbance (PCoD). The initial framework, shown in Figure 1, is
based on a conceptual model drawn up by a National Research Council committee on Characterizing Biologically
Significant Marine Mammal Behavior (National Research Council 2005) and was focused exclusively on acoustic
disturbance.
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Figure 1 - The Population Consequences of Acoustic Disturbance (PCAD) framework developed by the
National Research Council’s (NRC) panel on the biologically significant effects of noise. After Figure 3.1 in NRC
(2005). The number of + signs indicates the panel’s evaluation of the level of scientific knowledge about the
links between boxes, 0 indicates no knowledge.

The initial framework was expanded by the ONR working group to consider forms of disturbance other than
noise, and to address the impact of disturbance on physiology as well as behaviour. The updated framework is
shown below (Figure 2), and described in more detail in New et al. (2014) and National Academies of Sciences
and Medicine (2017). The PCoD framework outlines how disturbance may impact both the behaviour and
physiology of an individual, and how changes in these characteristics may affect that individual’s vital rates either
directly (an acute effect) or indirectly via its health (a chronic effect). A key component of this framework is an
assessment of the health of individuals. A variety of health indices, including allostatic load, energy stores,
immune status, organ status, stress levels, contaminant burden, and parasite load, may be used. Appropriate
health indices integrate the potential effects of physiological and behavioral responses to multiple stressors on
fitness over a time scale that is longer than the duration of the responses themselves but shorter than the
response time of vital rates. Such indices can provide early indicators of risk of reduced survival and
reproduction before an actual alteration in these rates and can increase understanding of the mechanisms by
which disturbance affects fitness.

To implement such frameworks for a species of interest requires substantial knowledge of foraging patterns, life-
history schedules, and demographics. Therefore, it was essential to use well-studied species to validate the
approach. The ONR working group considered four case studies that spanned the range of marine mammal
taxonomic groups and reproductive strategies, and for which there were large, robust dataset. The resulting
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publications explore how changes in behavior (in response to disturbance) could affect adult female energy
reserves and the implications of this for fertility and/or survival (adult or offspring) in elephant seals (Mirounga
spp.)(Schick et al. 2013b, New et al. 2014, Costa et al. 2016, Schwarz et al. 2016), bottlenose dolphins (Tursiops
truncatus)(New et al. 2013a, Pirotta et al. 2015, Schwarz et al. 2016), North Atlantic right whales (Eubalaena
glacialis)(Schick et al. 2013a, Rolland et al. 2016) and beaked whales (Order Ziphiidae)(New et al. 2013b).
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BEHAVIOUR
CHANGE
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Figure 2 - The PCoD framework for modelling the population consequences of disturbance developed by the
ONR working group on PCAD (modified from Figure 4 of New et al. (2014)).

In its description of the PCAD framework (Figure 1), the National Research Council (2005) highlighted how well
specific variables (i.e. those in each box) could be measured and how well understood the transfer functions
between each box were. During the same time that the ONR working group was developing the model
framework described above, a wide range of Navy funded efforts (summarised in Harris and Thomas 2015,
Popper and Hawkins 2016, Southall et al. 2016) have improved our understanding of the extent and scale over
which marine mammals are exposed to Navy activities and how individuals respond to exposure. Whilst these
studies were not explicitly designed to fit into the PCoD framework, they nevertheless provide important jigsaw
pieces, developing our knowledge base of potential effects of exposure to Navy activity on marine mammal
species. However, most of these efforts have addressed the transfer function on the left-hand side of the PCoD
framework, which are concerned with ‘disturbance’ and ‘physiological and behavioural changes’ at an individual
level and improving knowledge on the causal mechanisms of responses to exposure (e.g. Ellison et al. 2013).

In addition a number of studies have explored links between health and vital rates (e.g. fertility and survival) in
marine mammals populations where the body condition of individual animals can be measured directly This work
includes studies of the relationship between foraging success and body condition (Schick et al. 2013b) and
between body condition and pup survival in elephant seals (New et al. 2014), studies of the links between
physiological indicators, health and reproductive success in bottlenose dolphins following the Deepwater Horizon
oil spill (Schwacke et al. 2013, Lane et al. 2015, Schwacke et al. 2017), and studies of blood chemistry in
stranded and wild caught harbour seals (Greig et al. 2010). In addition, sightings history and visual health
assessments of North Atlantic right whales have been used in a Bayesian hierarchical framework to estimate
health status, demography and population status (e.g. Schick et al. 2013a, Rolland et al. 2016). Although it has
proved possible to develop full PCoD models for a number of marine mammal species (King et al. 2015, van
Beest et al. 2015, Booth et al. 2016, Harwood and Booth 2016, Nabe-Nielsen and Harwood 2016, Tollit et al.
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2016), the paucity of data on the transfer functions in the centre and right-hand sides of the PCoD framework,
that describe how disturbance impacts health and vital rates and how changes in health affects vital rates (and
thus population dynamics) remains a major challenge to the development of more models.

1.2 Monitoring marine mammal populations

The PCoD framework provides a conceptual framework which can be used to forecast a plausible range of
outcomes given a specific set of input data. However, as noted above, in data poor situations any forecasts have
significant uncertainty associated with them. Given these uncertainties there is merit in identifying the data gaps
that need to be filled in order to better parameterise the models. However it may take decades to fill these gaps
and, in the meantime, undetected population declines may occur. In this report we focus on identifying methods
for monitoring populations subject to disturbance that may also provide insights into the processes through which
disturbance may affect these populations. Typically, animal populations are monitored via surveys to determine
population size or density. Whilst there are well established approaches — such as line-transect surveys for
cetaceans (e.g. Wade and Gerrodette 1993) or telemetry-corrected haulout counts for pinnipeds (e.g. Thompson
and Harwood 1990) - for estimating the size of marine mammal populations, these are expensive and,
particularly in the case of cetacean populations, tend to provide imprecise estimates because marine mammal
populations are often spread over wide areas and spend a lot of time submerged where they cannot be sighted.
Consequently, monitoring programs based on these approaches typically only have the power to detect the
drastic declines (Taylor et al. 2007, Jewell et al. 2012). Additionally, for long lived species, it can take a long time
before changes in vital rates manifest themselves as changes in population size. There may, therefore, be merit
in monitoring demographic variables and indicators of individual health (detailed in Chapter 7 of National
Academies of Sciences and Medicine 2017) rather than population size. The National Academies report
highlights the need to identify variables that can provide an early warning of population decline. It notes that
monitoring demographic variables might allow for early detection of population level effects, and that monitoring
health indicators may help to identify some of the drivers of changes in these variables

In order to properly assess what is feasible in terms of monitoring programs designed to identify PCoD, it is
crucial to consider the monitoring infrastructure that currently exists. This infrastructure is summarised below and
described in detail in section 4.

1.3 US Navy marine mammal research and monitoring

The US Navy has a broad apparatus via which marine mammal research and monitoring is conducted. The
Office of Naval Research (ONR) Marine Mammal Biology program “supports basic and applied research and
technology development related to understanding the effects of sound on marine mammals, including
physiological, behavioural, ecological effects and population-level effects.” (ONR 2017). The Living Marine
Resources (LMR) program is responsible for funding applied research demonstrate and validate (DEMVAL)
research efforts to help transition this science (where appropriate) into Navy compliance monitoring, for which the
Navy Marine Species Monitoring program oversees. These monitoring programs support Endangered Species
Act (ESA) and Marine Mammal Protection Act (MMPA) authorizations. A schematic of how US Navy funded
research and monitoring is captured under each program is shown below (Figure 3).
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Figure 3 - Overview of how ONR, LMR and Navy Marine Species Monitoring research and monitoring efforts
can be viewed in the context of readiness (‘timeline’), focus and technical risk.

The overall approach of Navy Marine Species Monitoring for both Atlantic and Pacific range complexes is
captured in four conceptual framework categories (DoN 2016a, b):

“Occurrence - gathers basic information on the presence and diversity of species that occur in a Navy range or
area of proposed training activity; information by patterns of habitat use, population structure, density,
abundance, and behavioral ecology (e.g., feeding, mating, migrating).
Exposure — examines Navy training activities including where, when, and how often sources are being used,
types and properties of generated sounds, and sound propagation to determine received levels and other
metrics. Exposure and occurrence information may be coupled to estimate number of individuals from each
population that are exposed to specific sound levels.
Response - investigates how animals react to exposure across spatial (e.g., changes in habitat) and temporal
(short-term, medium-term, and long-term) scales, behavioral and social interactions. The findings on responses
may be useful in refining exposure estimates.
Consequences — considers species occurrence and habitat use cumulatively to determine long-term impacts of
exposure and responses. These investigations include evaluating long-term impacts on distribution, behavior,
social groups, and foraging success and their effects to fitness through reproduction, growth, and survival.”

- DoN (2016a)

With these categories in mind, it is clear that parallels can be drawn to the PCoD framework described in New et
al. (2014), where ‘Occurrence’ and ‘Exposure’ are integral to the assessment of numbers of animals disturbed,
‘Response’ captures the link between disturbance and behavioral and physiological changes, and
‘Consequences’ is concerned with how such changes might impact upon health, vital rates and ultimately
population dynamics. The monitoring program is overseen by a steering committee (with a Strategic Planning
Process) which develops broad intermediate scientific objectives (ISOs) and monitoring questions under each of
the categories above.
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In the context of this project, our aim was identify variables and methods that could inform future PCoD analysis
of the effects of Navy activities on marine mammals. Here we identify a suite of suitable methods that could
provide this information as part of existing Navy monitoring programs using either established survey techniques
or techniques that require further development.

1.4  Report intention and structure

To address the knowledge gaps highlighted above, we conducted a comprehensive survey of the literature to
identify suitable response variables which could be monitored using established survey techniques or techniques
that are currently in development. Following the initial review, we held a workshop with a small number of experts
on monitoring approaches to develop this list further.

This report summarises the results of the literature review, and the outputs from the workshop. In addition we
explore the methods and/or techniques required to collect appropriate datasets and the feasibility of using them
to monitoring different species and populations (section 2). Using existing PCoD models, we explore the potential
utility of different demographic parameters to provide early warning indicators of population decline (section 3).
We also summarize US Navy marine mammal monitoring (section 4) and assess the potential for current
monitoring practice to inform a PCoD analysis (section 5.3) using the lessons learned from the literature review
and sensitivity analysis phases. We conclude the report with recommendations for how to inform future PCoD
analysis of the effects of Navy activities on relevant marine mammal populations (section 6).

2 Review of monitoring methods & variables to inform PCoD

21  Background

Fleishman et al. (2016) identified four elements that should be included in the design and implementation of a
monitoring program to investigate the potential effects of human activity on marine mammal behavior and
physiology, and the population-level consequences of any behavioral and physiological changes. Those
elements are: develop a set of mechanistic hypotheses that outline why a given activity might be expected to
have measurable effects; define a set of biologically meaningful effects; select appropriate response variables for
monitoring; and specify a temporal sequence of monitoring. We investigate how this approach could be used in
the design of monitoring program for marine mammals on Navy ranges so that they could inform PCoD models.
Specifically, we focused on identifying suitable response variables and appropriate methods (considering
available platforms, feasibility, and the relative cost and precision of different approaches) for monitoring these
response variables. This section presents the literature review and integrates its conclusions with the outputs
from the workshop held with the project team and invited experts (see Appendix — section 7.1 for further details).

2.2  Considerations for a PCoD monitoring program

It is important to consider at an early design stage how the characteristics of a monitoring program will affect our
ability to measure the response variables of interest. For example, even if a particular response variable has the
potential to provide an early warning of unacceptable population change, it will be of limited value if it cannot be
monitored practically or with sufficient precision.

Here we outline some of the key steps involved in designing or augmenting a monitoring program (Figure 4). As
noted above, simply monitoring population density or abundance is unlikely to provide an early warning of
population decline because of the relatively low precision associated with most density estimates. However,
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there may be situations, for example where there is a small resident population, when population size can be
estimated as or more precisely than any other variable.
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Figure 4 - Schematic of elements to be considered in monitoring program for identifying variables that be
collected practically and might inform future PCoD analyses of the effects of Navy activities on marine
mammals.

Our ultimate objective is to identify a suite of variables that can provide information on changes in demography or
health, together with the methodologies that can be used to measure these variables. This involved an
assessment of the temporal and spatial scale of sampling required to achieve a sample size that is appropriate
for robust estimation. In addition, the availability of suitable platforms (e.g. vessel, air, land-based) for data
collection and the costs of data collection and analysis need to be considered. Critically, it must be possible to
measure or estimate the chosen response variables with sufficient precision to detect change and limit the
proportion of false positive results (i.e. results that suggest a population is in decline when it is not). These will be
dictated by a species or population’s life-history, its behavior (e.g. migratory or resident) and its distribution (e.g.
wide-ranging or local) and the survey methodologies that are currently available or in development. These
elements are explored in subsequent sections.

2.3 Methods for assessing suitability of variables and methods

Using the results from the literature search and the workshop exercises (section 7.1), we identified a set of
currently available and developing methodologies for monitoring demographic variables and individual health that
are reviewed in section 2.4. At the workshop, we agreed to follow a multiple lines of evidence (LoE) approach
(e.g. Ross 2000, Amidan et al. 2015) to assess the value of these methodologies for monitoring marine mammal
populations. This involved making a judgement on the feasibility and the utility of each methodology for following
marine mammal groups (see Appendix 7.1.2 for details):

o Deep-diving cetaceans

e Baleen whales

o Coastal dolphins and porpoises

¢ Oceanic dolphins

o Land-breeding pinnipeds

o [ce-breeding pinnipeds
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Here ‘feasibility’ captured the readiness of the methodology for use in @ monitoring program, the likelihood that it
could be applied to each marine mammal group, and its potential for collecting demographic / health information
as new analytical techniques become available. It should be recognised that feasibility was assessed on a
relative scale for each class of response variable, so that a feasibility score of 3 applied to a methodology for
measuring demographic variables cannot be equated directly with a score of 3 applied to a methodology for
monitoring health measures. ‘Utility’ captured the number of demographic variables and/or health measures that
could be monitored with a specific method. For the ‘Feasibility-Utility’ assessments (sections 2.5.1.3 and 2.5.2.3)
experts also ranked the demographic variables in terms of their potential value as early warning indicators and
these ranks were used to weight the value of variables (as not variables are equally valuable in informing
demography or health). Following the workshop, we developed a similar value ranking index (not reviewed by the
health experts but following the approach undertaken by demography experts in the workshop) for health
variables. The ranking combined an assessment of the current feasibility of collecting information on each
variable and how informative the variable was likely to be in a health monitoring context (see Appendix 7.1.1 for
details) and this was used to weight as described above.

2.4  Review of monitoring methodologies

Here we review the methods categories that the experts selected and describe their use in informing PCoD
analyses. In section 2.5, we present the outputs of the workshop and subsequent analyses to explore the
feasibility and utility of each approach.

2.4.1  Hands-on assessment: capture-release, live stranding & necropsies

Hands-on assessment of marine mammals can be conducted on live animals that have been caught and then
released, on live or dead stranded animals, or bycaught animals. The demographic variables that can be
estimated from hands-on assessments include age at sexual maturity and age at first pregnancy, sex ratio, and
survival and pregnancy/inter-birth-interval rates. For example, whether or not an animal is pregnant can be
assessed using ultrasound, hormone analysis or physical examination of sex organs (e.g. Kjeld et al. 2006,
Galatius et al. 2013, Kellar et al. 2013, Wells et al. 2014). Ultrasound has also been used to measure blubber
thickness in stranded/bycaught small delphinids (Joblon et al. 2014) and in live baleen whales, specifically North
Atlantic right whales and Southern right whales (Eubalaena australis)(Moore et al. 2001, Miller et al. 2011, Miller
et al. 2012a, Nousek-McGregor et al. 2013). Serum, urine and blubber sampling as part of hands-on
assessments can also provide a wide range of omics biomarkers, immune function markers and hormone
measurements. A comprehensive review of the methods used to obtain reproductive information (e.g.
reproductive hormones such as progesterone and also including stress hormones (e.g. cortisol)) from hands-on
assessment of free-living or dead cetaceans can be found in Mello and Oliveira (2016). The age of individual
animals can be estimated from growth layers in teeth (e.g. dolphin species, Hohn and Fernandez 1999,
pinnipeds, Blundell and Pendleton 2008) or earplugs (e.g. baleen whales, Trumble et al. 2013), and from fatty
acid concentration in blubber (e.g. odontocetes, Koopman et al. 2003, Herman et al. 2008).

Hands-on assessments of live animals are often performed as part of capture-release or individual-tracking
studies (see section 2.4.6). Hall et al. (2010) provides a comprehensive review of possible approaches and
outputs of health assessments that are made as part of these studies. For example in the Sarasota Dolphin
Research Program individual bottienose dolphins have been captured since the 1980’s to conduct health
assessments and to obtain demographic data such as sex ratio, age structure, pregnancy rates, survival rates
and age at maturity (Wells and Scott 1990, Wells et al. 2004). Serum samples and ultrasound have been used to
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assess physiological state and pregnancy status respectively in pinnipeds captured for individual-tracking studies
(e.g. Roletto 1993, Mellish et al. 2004, Mellish et al. 2008, Greig et al. 2010).

Similar information can be collected from hands-on studies of animals found dead or stranded but still alive.
However, these samples may not be representative of the healthy population. In addition, deep diving cetaceans
and oceanic dolphins are less likely to be available for this kind of sampling than other marine mammal groups
because they wash ashore less frequently than coastal species. Even when a stranded carcass is available, its
suitability to provide information on demographic and health variables will depend on its level of decomposition.
The sample sizes obtained from hands-on assessments of stranded animals are usually small, but larger
samples may be available from bycaught animals and animals harvested for subsistence or during culls.

24.2 Remote tissue sampling

Tissue samples may be collected remotely using biopsy darts and from blows and faeces. Biopsy samples of
blubber can be analyzed to obtain data on sex ratios, reproductive hormones and wax/sterol esters or fatty acids
to estimate the age/stage class of the population and many of the hormone and markers highlighted in section
24.1.

Remote sampling methods have been used to measure reproductive hormone levels in blubber samples from
delphinid species (e.g. Kellar et al. 2009, Trego et al. 2013), baleen whales (e.g. bowhead whales, Kellar et al.
2013, humpback whales, Vu et al. 2015) and deep diving cetaceans such as sperm whales (Sinclair et al. 2015).
Biopsy samples have been obtained during several US Navy marine mammal monitoring programs, for example:
the baseline vessel monitoring at the East Coast Range complexes (Foley et al. 2016b), humpback whale
monitoring in the mid-Atlantic (Aschettino et al. 2016), the mid-Atlantic continental shelf break cetacean study
(HDR 2016) and during the study of the occurrence, ecology and behaviour of deep diving odontocetes at Cape
Hatteras (Foley et al. 2016a).

Sampling the blow from respiring animals is a non-invasive method that can be used to assess the reproductive
status of individual animals based on their hormone levels. For example, testosterone and progesterone levels
have been measured in blow samples from humpback, northern right, northern bottlenose, long-finned pilot
(Globicephalus melas) and sperm whales (e.g. Hogg et al. 2009, Dunstan et al. 2012, Hunt et al. 2013,
Thompson et al. 2014). Blow samples can be obtained from sample receptacles attached to cantilever poles
which are positioned above the blowhole of the animal, but this requires very close proximity of vessels to the
target animal. Remote options are now becoming more widely available with the use of drones which can be
used to collect samples in difficult or sensitive locations (e.g. the Snotbot, Bennett et al. 2015). It can be difficult
to collect samples in this way from fast moving species, and environmental factors, such as sea state and wind
speed, can affect the likelihood of successful sampling. This approach is at a relatively early stage of
development and, for most species groups, further research is required to confirm its utility and the accuracy with
which reproductive status can be assessed.

Faecal sampling is an established, non-invasive technique for monitoring the health of pinnipeds (Harvey 1989,
Fossi et al. 1997, Trites and Joy 2005, Deagle and Tollit 2007), killer whales (Hanson et al. 2010, Ford et al.
2011, Ayres et al. 2012)and baleen whale species (reviewed in Hunt et al. 2013). From these faecal samples it is
possible to obtain measures of a number of physiological markers including stress hormones, reproductive
hormones, thyroid hormone metabolites (as indicators of nutritional stress), gut microflora (including parasite
load), exposure to toxins, prey DNA and faecal hormone metabolites (to assess acute vs chronic stress
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markers). As with blow sampling, there is still a need for further work to validate these approaches and to
understand how measurements obtained from faecal samples compare with those obtained via biopsy.

2.4.3  Visual and acoustic surveys

Visual and acoustic survey approaches have been well developed over the past few decades as a means to
monitor marine mammal populations. Their utility has been explored separately below.

2.4.3.1  Visual surveys

Visual surveys of marine mammal abundance can be conducted from aerial, vessel or land based platforms. This
survey data can be used to estimate marine mammal density using standard techniques. However, once they
have been sighted, individuals can often be categorised into stage classes, such as adult, juvenile and calf
based on their size, colouration and associations with other individuals. For example, the pigmentation/coloration
patterns of Atlantic spotted dolphins (Stenella frontalis) (Herzing 1997); Pantropical spotted dolphins (Stenella
attenuata) (Perrin 1970, Perrin et al. 1976) and white-beaked dolphins (Lagenorhynchus albirostris) (Bertulli et al.
2016) have been shown to change as they develop through different age/stage classes. This can provide
information on the stage- or age-structure of the population, as well as on mother-calf ratios (e.g. Indopacific
bottlenose dolphins, Kogi et al. 2004, bowhead whales, Koski et al. 2008, bottlenose dolphins, Currey et al.
2009, grey whales, Perryman et al. 2010).

A number of other features, such as the presence of rake marks and epidermal lesions on individual animals,
which may be useful for health assessment and can be detected during visual surveys. However, these are best
documented using photographs, and the use of visual surveys to collect this information is discussed under
Photogrammetry (Section 2.4.5)

2.4.3.2  Acoustic surveys

Acoustic surveys are usually conducted using some form of Passive Acoustic Monitoring (PAM). PAM relies on
detecting the sounds produced by marine mammals. It is best developed for cetaceans but it has been
successfully used for pinnipeds. Data from PAM has been used extensively to estimate marine mammal density
(e.g. McDonald and Fox (1999), Mellinger and Barlow (2003), Mellinger et al. (2007), (Marques et al. 2009,
Mellinger et al. 2011, Mellinger and Heimlich 2013)). Therefore PAM provides a means by which local density or
abundance estimates can be made. Acoustic index counts — i.e. detection rates can provide a relative densities
or density indices. However the utility of such variables in providing specific information on population
demography is generally quite limited (and subject to a wide range of potential biases and little is known about
the contextual information that might result in changes in cue production rates and availability biases (which
heavily impact detection rates). Furthermore, currently little is known about how vocal repertoire of marine
mammals vary with age or stage and there is a paucity of information on the sounds calves/pups/juveniles might
produce and therefore PAM is unlikely to provide information on stage structure. However, a number of other
methods to estimate such variables (i.e. investigating stage structure) are presented elsewhere in section 2.4.

A key strength of PAM approaches is that they can be used to monitor species occurrence and to estimate
density. This has been successfully demonstrated in a range of studies. PAM surveys are routinely conducted
using towed hydrophones deployed from vessels (Barlow and Taylor 2005, Gillespie et al. 2005, Gillespie et al.
2010, Barlow et al. 2013) and, more recently, from gliders and other autonomous mobile platforms (Baumgartner
and Fratantoni 2008, Klinck et al. 2012, Baumgartner et al. 2013). However in these approaches the number of
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animals detected is often limited by the length of time that a suitable towing platform is available. Fixed PAM
installations allow for cost-effective long-term monitoring over limited spatial extents. These installations can
generate significant sample sizes, and thereby increase the ability to detect trends (Gerrodette et al. 2011). The
Density Estimation from Fixed Acoustic Sensors (DECAF) studies used this approach with data from fixed
hydrophone arrays on US Navy ranges. Data from the Atlantic Undersea Test and Evaluation Center (AUTEC)
was used to estimate density of Blainville’s beaked whale (Marques et al. 2009, Kusel et al. 2011) and sperm
whales (Ward et al., 2011). Data from the Pacific Missile Range Facility (PMRF) were used to estimate minke
whales density (Marques et al. 2012, Martin et al. 2013). Density estimates for a number of other baleen whale
species have also been made using similar approaches (Harris 2012, Harris et al. 2013). In addition, on AUTEC
it has been used to explore beaked whale density before, during and after Navy exercises (e.g. McCarthy et al.
2011) and to develop dose-response relationships (Moretti et al. 2014). Furthermore, Moretti (in prep) has used
PAM data collected on AUTEC to explore changes in beaked whale density over time, independent of Navy
activity.

2.4.4  Capture-recapture

Capture-recapture (also known as mark-recapture) is a technique that can be used to estimate population size,
and survival and immigration rates for a wide range of marine mammal species. It involves ‘capturing’ and
marking a group of individuals, returning them to the population and allowing for complete mixing before
subsequent samples are obtained. Historically, animals were marked by attaching individually numbered tags,
but now natural marks and genetic samples are routinely used to identify individuals uniquely. Once an animal is
marked it can be followed through its life providing information on age at independence and at maturity (for
animals tagged as calves), and inter-birth interval (see Table 1 for a complete list of demographic variables that
can be measured using information from capture-recapture studies).

Photo-identification (photo-ID) is a common method for ‘capturing’ animals that can be identified from their
markings. This method involves taking photographs of individual animals and comparing these to a catalogue of
known identified animals. Studies on coastal and oceanic dolphins have used the scratches and nicks on dorsal
fins (e.g. bottlenose dolphins, Wells and Scott 1990), or the dorsal fin shape and saddle patch markings of killer
whales (e.g. Kuningas et al. 2014) to identify individuals. Capture-recapture techniques have been used
extensively in coastal bottlenose dolphins to derive a range of demographic variables (Hansen and Wells 1996,
Norman et al. 2004, De Wet 2013, Schwacke et al. 2013, Fair et al. 2014). Studies on baleen whales have used
fluke patterns (e.g. humpback whales, Gabriele et al. 2017), patterns of calluses and crenulations (e.g. southern
right whales, Carroll et al. 2011) and patterns of pigmentation, scarring and barnacles (e.g. grey whales,
Yakovlev and Tyurneva 2005). Deep diving cetaceans can be identified using nicks and marks on the trailing
edge of flukes (e.g. sperm whales, Matthews et al. 2001) and patterns of scars (e.g. beaked whales, Ballardini et
al. 2005, Falcone et al. 2009), and pinnipeds can be identified uniquely using their pelage patterns (e.g. harbour
seals, Cordes and Thompson 2015, ringed seals, Zhelezniakov et al. 2015). Other method of capture have been
employed. For example, genetic tagging (using genotyping in capture recapture) has been most extensively
explored in baleen whales (Palsbgll et al. 1997, Calambokidis et al. 2001, Stevick et al. 2004, Lukacs and
Burnham 2005, Wiig et al. 2011). Telemetry data has also been used for harbour seals (Ries et al. 1998,
McConnell et al. 2004).

For those species or age groups that do not have sufficient identifiable markings it is possible to permanently
mark individuals using branding methods (hot irons or freeze branding) or by clipping dorsal fins. Non-permanent
methods of marking animals includes capturing individual animals and marking them with dyes or paints,
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attaching flipper tags or shaving patches of fur in seals. These methods are the least effective for long-term
studies as there is the risk of mark loss which will affect the re-sighting rate. Dyes and paints are often used for
shorter term studies such as tracking grey seal pups from birth to first moult (e.g. Bliche and Stubbings 2016).

From a catalogue of known individuals (such as those in comprehensive photo-ID studies), abundance can be
estimated using a capture matrix of well-marked individuals and software packages such as CAPTURE and
MARK. Photo-ID provides a permanent record of the individuals seen which can be cross validated whenever
necessary. Depending on the species of interest, photographs can be obtained during ship-based, aerial, or
land-based surveys. However all of these have the potential to disturb the target animals because the
photographer must get close enough to obtain good quality photographs. Photo-ID has been used to obtain
demographic data from a number of US Navy marine mammal monitoring programs. For example, studies of
pinnipeds in Chesapeake Bay (Rees et al. 2016) and Narragansett Bay (Moll et al. 2016), bottlenose dolphins
near Panama City (Balmer et al. 2015) and studies of mid-Atlantic humpback whales (Aschettino et al. 2016).

One drawback of photo-ID based capture-recapture is collection and post-processing of photographs can be very
time consuming, even for relatively small, resident populations. These challenges are likely to increase as
population size and range increase. For example, the Sarasota Dolphin Research Program has been conducting
photo-ID studies since 1970 (Wells 2014) to provide information on the population size, survival rate, fecundity
rate and age at maturity (e.g. Wells and Scott 1990, Rosel et al. 2011, Bassos-Hull et al. 2013, Wells 2014)..
This has required at least 10 surveys per month, year round. For example, 126 days of surveys were conducted
between November 2009 and October 2010, resulting in 970 group sightings of 3,437 dolphins (including re-
sighted animals). All of these sightings had to be verified and matched to individuals in the catalogue2. Similarly,
a long-term study of a bottlenose dolphin population of ~200 animals in the Moray Firth has required a 1 day
survey each week throughout the summer. A total of 13,403 photographs were taken during the 20 surveys
conducted in 2015, each of which was graded for quality and the individuals matched to the existing catalogue by
two independent analysts (Graham et al. 2016).

As with many other variables, it is important collect a long time series for photo-ID datasets. In order to obtain
reliable estimates of survival rates, surveys must be repeated over multiple years. Where these data are
available, they can be used as a baseline against which during- and post-disturbance rates can be compared in
order to assess if disturbance activities have caused a change in the survival and fecundity rates of the
population of interest. Data collected during capture-recapture studies can also be used to derive information on
habitat usage (depending on sampling effort).

24.5 Photogrammetry

Photogrammetry or videogrammetry (henceforth collectively referred to as ‘photogrammetry’) is a non-invasive
method to measure the size of animals. We explore other photographic methods like photo-identification in the
capture-release section (2.4.4). Morphometric measurements can provide data on individual body condition. In
addition, it may be possible to determine age or stage class from body length estimates, particularly for large
whales (where whaling data can be used to determine the necessary relationship) and delphinids/porpoises
(where data from stranded or bycaught animals and pigmentation can be used).

" http://www.phidot.org/software/mark/
2 http://www.sarasotadolphin.org/dolphin-population-monitoring-program-2009-2010/
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Photogrammetry has been used to measure the size and body condition for all species groups, including sperm
whales (Dawson et al. 1995), blue whales (e.g. Durban et al. 2016), North Atlantic and Southern right whales
(Pettis et al. 2004, Christiansen et al. in review), humpback whales (e.g. Christiansen et al. 2016, Mason 2017),
grey whales (Bradford et al. 2012), killer whales (e.g. Fearnbach et al. 2015), common dolphins (e.g.Perryman
and Lynn 1993), spinner dolphins (Karczmarski et al. 2005), grey and harbour seals (e.g. Pomeroy et al. 2015),
Weddell seals (Leptonychotes wedellii) (Ireland 2004), Galapagos sea lions (Meise et al. 2014) and Hawaiian
monk seals (McFadden et al. 2006). It has also been assessed for its potential to identify pregnancy state in
large baleen whale species (Perryman and Lynn 2002, Miller et al. 2011, Miller et al. 2012a).

The simplest form of photogrammetry used in marine mammal surveys is single-camera photogrammetry where
photos are taken from vessels, aircraft or land of individual animals and some form of scale indicator such as a
known size object. Aerial single-camera photogrammetry is becoming common in marine mammal surveys.
Drones or manned aircraft are flown above animals, and a vessel of known size is included in the images to act
as a scale. An extension of this method is stereo-photogrammetry which involves simultaneously taking photos
from two cameras of known separation distance. This method does not require a scale to be present in the
image.

Parallel-laser photogrammetry involves mounting dual lasers onto the camera system. The laser dots in the
resulting photographs can be used as a scale in order to obtain morphometric measurements (e.g. Durban and
Parsons 2006). For example, the dorsal fin length of some dolphin species can be used as a predictor of total
body length; therefore, if images are obtained of the dorsal fin and the two laser dots, the length of the dorsal fin
can be measured from the images and the total body length can be estimated. This has been demonstrated in
Hector's dolphins (Cephalorhynchus hectori) (Webster et al. 2010) and spinner dolphins (Stenella longirostris)
(Karczmarski et al. 2005). In Moray Firth bottlenose dolphins (in the UK), calf length has been shown to be
significantly correlated with survival through the first winter (pers. comm. Barbara Cheney); therefore there is the
potential for body size measurements to provide an estimate of calf survival rates. Parallel-laser photogrammetry
can also provide data on body condition if the images are taken from above to give both length and width
measurements.

3D photogrammetry uses photos of individual animals taken from multiple angles. A 3D model of the animal is
then constructed using software such as Photomodeler Pro® and this model can be used to estimate the animal’s
dimensions, condition and mass. This method has been successfully used for pinnipeds (e.g. Stellar sea lions,
Waite et al. 2007, Southern elephant seals, Postma et al. 2013) on land. It is more challenging to obtain photos
from multiple angles for animals that are wholly or partially submerged.

The ONR Marine Mammals and Biology Program funded photogrammetry studies to assess the condition and
growth of Blainville's beaked whales in the Bahamas. This project was successful in splitting animals into stage
classes according to morphometry (Claridge et al. 2017). Ongoing work includes ONR funded studies on the use
of photogrammetry to assess body condition and bioenergetics to assess population consequences of
disturbance (Christiansen et al. 2016, Christiansen 2017, Christiansen et al. in review). This work has been
conducted on humpback, minke and right whales to date, and Phase Il might additionally include bowhead and
grey whales. In addition, efforts are currently underway to validate lateral and aerial measurements obtained via
photogrammetry and to understand how food intake can impact blubber topography, mass and resulting
measurements (Noren, S.R. pers. comm.). Both studies have potential for informing studies investigating PCoD.
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Photographic information has also been widely used, most prominently for North Atlantic and Southern right
whales (Pettis et al. 2004, Christiansen et al. in review) to provide information on individual health. A number of
visible indicators (reviewed by Hall et al. (2010) have been used for this purpose. These include rake marks and
epidermal lesions (Thompson and Hammond 1992, Hughes-Hanks et al. 2005, Van Bressem et al. 2009), and
the shape of the post-nuchal (Gryzbek 2013, Reed et al. 2015) and scapular depressions (e.g. Bradford et al.
2012). Rolland et al. (2007) used a combination of information from visual indicators and faecal sampling (to
assess parasite load) to provide a single health metric for individual North Atlantic right whales. This information
was then analyzed in a Bayesian framework to explore the links between health metrics, vital rates and
population status (Schick et al. 2013a, Rolland et al. 2016).

2.4.6 Individual tracking

Telemetry has been used to study the movements of cetacean and pinniped species over both short (Johnson
and Tyack 2003, Miller et al. 2012c, DeRuiter et al. 2013), intermediate (Mate et al. 2016) and longer time scales
(Mate et al. 2000, Mate et al. 2007, Peterson et al. 2012, Hindell et al. 2016). These studies have also provided
information on residency patterns and activity budgets (e.g. McConnell et al. 2004, Aarts et al. 2008, Patterson et
al. 2010, Laidre and Heide-Jorgensen 2012, McClintock et al. 2012, McClintock et al. 2013). A key development
in the use of telemetry for assessing individual health is the study of dive behavior - particularly ‘drift dives’ (Biuw
et al. 2003, Biuw et al. 2007) - to provide information on changes in the buoyancy of individuals over time. This
has been used to derive a measure of body density in elephant seals (Aoki et al. 2011, Miller et al. 2012b, New
et al. 2014), fur seals (Costa et al. 1989, Page et al. 2005) and Northern bottlenose whales (Hyperoodon
ampullatus)(Miller et al. 2016) and is currently being explored for humpback, blue and long-finned pilot whales
(Miller pers. comm). In some cases it is possible to correlate buoyancy with pregnancy (e.g. Crocker et al. 1997).
Telemetry data have also been used to explore how disturbance may impact animals energetically (Costa 2012,
New et al. 2014, Costa et al. 2016) and this remains a promising area of PCoD model development. Future
developments of ARGOS telemetry include the ability to estimate body condition and transmit via satellite to
allow longitudinal monitoring of condition over a period of months (Miller et al. 2017 project).

2.5 Workshop Outputs
2.5.1  Demographic Variables and Methods

2.5.1.1  Utility

Using the LoE approach, the main methods suitable for collecting information on demographic variables were
identified and a list of suitable response variables was developed. These are presented below (Table 1). Here we
present those without specific consideration of species feasibility. The exercise highlighted that methods
involving capture-recapture of individual animals (e.g. photo-identification — photo-ID) were suitable for the
collection of information on a wide range of demographic variables, particularly population age- and stage-
structure. In addition capture-recapture methods can provide information on stage-specific survival rates,
reproductive rate, inter-calf interval, age at first reproduction, length of offspring dependence and the proportion
of immature (i.e. pre-reproductive) animals in the population. The same methods can also provide estimates of
population size for small, resident populations, which can be reliably sampled each year. A number of the same
variables can also be estimated from species that are suitable for hands-on assessment (primarily pinnipeds and
coastal delphinid populations (e.g. Costa 1987, Wells et al. 2004, Mellish et al. 2006, Weijs et al. 2009,
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Schwacke et al. 2013). Samples collected from necropsies or live-stranding can also provide information on a
number of demographic variables, as can biopsy, blow or faecal samples that can be collected remotely.

2.5.1.2  Feasibility

The experts next assessed the overall feasibility of collecting demographic data for each species group using
these methodologies. This assessment is summarised in Table 2.

For deep-diving cetaceans, capture-recapture methods (e.g. photo-ID), acoustic surveys and photogrammetric
approaches were considered to be the most feasible for collecting data on demographic variables. Hands-on
assessments and necropsy were considered to be the least feasible due to the low probability that animals could
be handled live, the limited utility of sampling from dead animals and the low likelihood of generating sufficient
sample sizes with this approach. Feasibility scores for baleen whales were similar to those for deep-diving
cetaceans. The key difference was that visual surveys and remote sampling were considered to be more
feasible, given the greater amount of time that these animals spend at the surface.

For coastal dolphin and porpoise species most of the methods were considered to be feasible. The only
exceptions to this was acoustic surveys, where distinguishing the vocalisation of different species is challenging
Most of the methods were considered to be less feasible for oceanic dolphin species, although visual and
acoustic surveys, and obtaining remote tissue samples were considered to be similarly feasible. Hands-on
assessments, strandings and necropsy all scored low (though the value of necropsy samples from by-caught
animals was highlighted). It was noteworthy that capture-recapture methods were considered infeasible for this
species group, because of the difficulties in collecting photo-ID data and the likely low recapture rate for these
wide ranging species.

For pinnipeds, most methods were considered suitable for obtaining demographic information. In some cases
this was specifically due to the ease of sampling animals whilst they are hauled out and the ease with which
animals can be tagged. Acoustic surveys were considered infeasible for land-breeding pinnipeds, and the value
of conducting visual acoustic surveys for ice-breeding seals was considered to be low.
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Table 1 - Summary of methods suitable for collection of information on demographic variables (note Individual Tracking was not included as it was determined not to be

suitable for monitoring demographic variables in isolation (only when used with capture-recapture approaches) (see Table 2)).

Hands-on Necropsy / Visual Acoustic Capture- .
Category H assessment Stranding Surveys Surveys recapture Photogrammetry Biopsy / Blow
lifetime reproductive output X X X
stage specific survival rates X X X X
abundance index X
recruitment (female # recruited) X
Proportion of immatures X X X X
8 age structure X X X X X
_'cgs size/stage structure® X X X X
g age at first reproduction / age of sexual maturity X X X X
2 probability of giving birth to a viable calf X X X
8 birth mass, mass at weaning X X
g ratio of 1 year olds: all dependent offspring X X X
a sex ratio X X X X
pregnancy rate X X X X
birth rate (post-birth pulse) X X X X
inter-birth interval X X X
length of offspring dependence X X X X
age of senescence X X
2 density dependence X X X
2 demographic stochasticity for small N X X
& environmental variability- direct X X X X
> - —
= environmental variability- proxy X X X
% geographic range X X X X
‘g immigration/emigration X
© social structure

* provided context is known
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Table 2 - Experts’ assessment of the feasibility of collecting information on demographic variables for each
species group using the methodologies in Table 1. Key: 0 - Not feasible to collect or analyze such data within
five years; 1 - Feasible to collect data or analyze samples within five years, but no plans to do so; 2 - Sufficient
results for reviewing response variable estimation expected within five years; 3 - Method can be used to

estimate demographic variables.

Deep diving | Baleen dgngr;[:l 8 Oceanic | Land-breeding | Ice-breeding
Method cetaceans | whales DOMDOISe dolphins pinnipeds pinnipeds
Hands-on assessment 0to1* 102" 3 110 2™ 3 2 to 3"
Visual Surveys 1t02 3 3 2 3 1102
Acoustic Surveys 3 3 1102 1102 0 1102
Capture-recapture 3 3 3 1 3 3
Photogrammetry 2103 3 3 2103 3 2t03
Remote Tissue 1102 3 2103 2103 3* 2t03
Sampling
Individual tracking
(tagging & focal follow) 0 0 0 0 0 0

* only if necropsy/stranding; **: 2 — if bycaught; ***: 2- if hunted; # - 3 if hands-on

2.5.1.3

We assessed which methods had the best combination of feasibility and utility for each species group by plotting
their utility scores (the number of variables that could be estimated under favourable conditions) and their
feasibility scores.

Feasibility-Utility Assessments

For deep-diving cetaceans (Figure 5) and baleen whales (Figure 6), capture-recapture methods, remote tissue
sampling (via biopsy) and photogrammetry had the highest Feasibility-Utility scores (those in the upper right of
Figure 5). Acoustic surveys were also determined to be a practical approach to deriving local density estimates.
For coastal delphinid and porpoise species capture-recapture, hands-on assessment, photogrammetry and
biopsy sampling had the highest combined scores (Figure 7) but visual surveys were also considered feasible
(but with lower utility). For oceanic dolphin species (Figure 8) few methods had a high feasibility score but biopsy
sampling, visual surveys and photogrammetry appear to be the most promising methods (though experts noted
that hands-on assessment (for by-caught animals) yielded valuable information though subject to biases). Most
methods had a high combined score for monitoring demographic variables in pinnipeds (Figure 9 and 10),
Capture-recapture and hands-on assessments had the highest combined scores, with photogrammetry, remote
tissue sampling and visual surveys also considered feasible.
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Deep diving cetaceans

. @ Hands-on Assessment

¢ Necropsy / Stranding

A Visual Surveys

2
"3 ‘ X + Acoustic Surveys
-
M Capture-recapture
A ¥ Photogrammetry
+ = Biopsy / Blow
0 1 2 3

Feasibility Score

Figure 5 - Feasibility-Utility plot for methods to monitor demographic variables for populations of deep
diving cetaceans. Feasibility indicates which methods are most practicable for this species group (higher
score = greater feasibility) and Utility Score indicates the weighted number of variables that might be
measured using a given technique. Methods with the best combination of scores appear in the upper, right-

hand side of the figure.

Baleen whales

. @ Hands-on Assessment
¢ Necropsy / Stranding

A Visual Surveys

z
E ‘ x + Acoustic Surveys
B Capture-recapture
¥ Photogrammetry
= Biopsy / Blow
0 1 2 3

Feasibility Score

Figure 6 - Feasibility-Utility plot for methods to monitor demographic variables for populations of baleen
whales. Feasibility indicates which methods are most practicable for this species group (higher score =
greater feasibility) and Utility Score indicates the weighted number of variables that might be measured
using a given technique. Methods with the best combination of scores appear in the upper, right-hand side of

the figure.
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Coastal dolphins & porpoise
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Figure 7 - Feasibility-Utility plot for methods to monitor demographic variables for populations of coastal
dolphins and porpoises. Feasibility indicates which methods are most practicable for this species group
(higher score = greater feasibility) and Utility Score indicates the weighted number of variables that might be
measured using a given technique. Methods with the best combination of scores appear in the upper, right-

hand side of the figure.

Oceanic dolphins

® Hands-on Assessment
® Necropsy / Stranding

A Visual Surveys

2
E ‘ x + Acoustic Surveys
B Capture-recapture
% Photogrammetry
+ = Biopsy / Blow
0 1 2 3

Feasibility Score

Figure 8 - Feasibility-Utility plot for methods to monitor demographic variables for populations of oceanic
dolphins. Feasibility indicates which methods are most practicable for this species group (higher score =
greater feasibility) and Utility Score indicates the weighted number of variables that might be measured
using a given technique. Methods with the best combination of scores appear in the upper, right-hand side of

the figure.
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Land-breeding pinnipeds
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Figure 9 - Feasibility-Utility plot for methods to monitor demographic variables for populations of land-
breeding pinnipeds. Feasibility indicates which methods are most practicable for this species group (higher
score = greater feasibility) and Utility Score indicates the weighted number of variables that might be
measured using a given technique. Methods with the best combination of scores appear in the upper, right-

hand side of the figure.
Ice-breeding pinnipeds

' ® Hands-on Assessment
@ Necropsy / Stranding

Visual Surveys

2
g ’ + Acoustic Surveys
-
M Capture-recapture
Photogrammetry
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Figure 10 - Feasibility-Utility plot for methods to monitor demographic variables for populations of ice-
breeding pinnipeds. Feasibility indicates which methods are most practicable for this species group (higher
score = greater feasibility) and Utility Score indicates the weighted number of variables that might be
measured using a given technique. Methods with the best combination of scores appear in the upper, right-

hand side of the figure.

2.5.2  Health Variables and Methods

The same LoE approach was undertaken for individual health measures. This exercise highlighted the
importance of collecting life history and environmental information to provide a context for the interpretation of
observed differences in health measures between individuals and populations. Experts also noted that their
assessment of feasibility and utility was made on the assumption that adequate and representative samples can
be obtained and that there is a high prevalence of exposure to disturbance and that disturbance has a
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reasonably high severity of impact. In addition, the experts noted that although most of the methods were still at
an exploratory stage, health measures were a fundamental component of the PCoD framework. This future
capability was reflected in the feasibility scores. They also noted that more research was required to develop the
methods and to relate changes in the health measures to the levels of disturbance experienced by individuals.
Therefore the scores should be considered as a best case assessment of the current feasibility and utility of the
methods that were reviewed.

2521  Utlity

Table 3 list the methods that are currently available or in development, and the health measures and contextual
information which they can be used to collect. As was the case with demographic variables, this Table does not
address the feasibility of applying the methods to different species groups. This is addressed in section 2.4.2.2
and the individual methods are described in more detail in sections 2.4.1-2.4.6. Hands-on sampling — either as
part of a capture-release program, or from dead or live-stranded individuals - was likely to provide information on
the largest number of health measures, although there may be biases in the resulting estimates because of
unrepresentative sampling. Capture-release can only be used with smaller cetaceans and pinnipeds, but it has
been widely used in these species for hands-on health assessments. Remote tissue sampling from biopsies,
blows or faeces, and individual tracking (via telemetry) can provide information on a suite of health measures,
including stress indicators (e.g. stress hormones, omics markers of chronic stress), levels of reproductive
hormones, body condition indices and immune function markers. Remote sampling techniques do not require
handling of the animal and therefore have applications for a wider range of marine mammal species. Photo-
identification and photogrammetric methods were identified as a useful, non-invasive approach to collect
information on variables such as body condition (e.g. post-nuchal/scapular depression, parasite load/lesions,
morphometrics etc.). Tagging can provide information on foraging success and body condition via dive behavior,
particularly for species which perform drift dives.

2.5.2.2  Feasibility

The experts also evaluated the feasibility of assessing individual health in different species groups (Appendix
7.1.2) using the methods identified in Table 3. The results are summarised in Table 4.

For deep-diving cetaceans, capture-recapture methods (e.g. photo-ID), remote tissue sampling from biopsy,
electronic tagging and photogrammetric approaches had the highest feasibility scores. As was the case for
demographic variables, hands-on assessments and necropsy were considered to be the least feasible.
Feasibility scores for baleen whales were similar to those of deep-diving cetaceans. The key difference was that
collecting faecal and blow samples were more feasible for these species because they spend more time at the
surface. Remote tissue samples and necropsy were considered to be the most feasible methods for coastal
dolphins and porpoises. Capture-release, photogrammetry, telemetry and visual and acoustic survey techniques
were also considered to be currently (or soon) feasible. For oceanic dolphin species, obtaining remote tissue
samples was considered to be feasible, and photogrammetric methods were thought likely to yield information on
body condition. Necropsy was considered to be a feasible method if dolphins were bycaught in fisheries.

Most methods were considered feasible for assessing the health of pinnipeds because animals are accessible
for sampling/handling whilst they are on land/ice. It is feasible to assess body condition but not pregnancy using
photogrammetry. For the latter hands-on assessment using ultrasound was considered the most feasible
method.
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Hands-on Assessment

Remote Tissue Sampling

Surveys

Variable

Ultrasound

Serum
sampling

Necropsy /
Live
Stranding

Capture-
recapture

Photogrammetry

Ind.
Tracking

Biopsy

Blow

Faeces

Visual

Acoustics

body condition index

X

body mass index

>

body shape

% lipid and lipid composition (including fatty acid
profile)

lipid mass

x| X | X[ X

buoyancy changes (drift dive)

post-nuchal depression

scapular depression

>

morphometrics

total mass

rake marks

parasite load

>

lesions

XX X | X| X[ X]| X

X X[ X | X| X[ X]| X

levels of stress hormones

omics markers of chronic stress

>

>

>

>

levels of reproductive hormones

>

pup mass at birth

pup mass at weaning

progesterone level during stage of pregnancy

oxidative stress damage

redox potential

DNA damage (oxidative stress, adducts)

X[ X| X[ X

prevalence of infectious disease (immunity indicator)

X X | X| X| X

stable isotope ratios
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Title: Identifying monitoring priorities to inform population
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Variable

Hands-on Assessment

Remote Tissue Sampling

Surveys

Ultrasound

Serum
sampling

Necropsy /
Live
Stranding

Capture-
recapture

Photogrammetry

Ind.
Tracking

Biopsy

Blow

Faeces

Visual

Acoustics

prevalence of organ damage (respiratory disease)

X

X

X

immune function markers

X

X

contaminant/toxin load

X

X

activity budgets

habitat use

changes in site usage

>

>

foraging success

proportion of foraging bouts

patch utilization

echolocation rates/unit area

SNR for echolocation signals

overall call rates

XX | X | X| X[ X| X[ X|X

advertisement or display behavior

SNR for social calls

X| X | X| X| X

change in movement patterns

ovulation rate

implantation success

>

birth rate
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Table 4 - Experts’ assessment of the feasibility of collecting information on health for each species group
using the methodologies in Table 3. Key: NA -this method is not currently appropriate for collecting
information for this species group; 0 - Not feasible to collect or analyze such data within five years; 1 -
Feasible to collect data or analyze samples within five years, but no plans to do so; 2 - Sufficient results for
reviewing response variable estimation expected within five years; 3 - Method can be used to provide health
measures.

Deep diving | Baleen | Coastal dolphins | Oceanic | Land-breeding Ice-.

cetaceans whales & porpoise dolphins innipeds breeding
Method porp P pinnip pinnipeds
Hands-on Oto 1 1102 2 1 3 3
assessment
Capture-recapture 2t03 3 2 1102 3 3
Photogrammetry 2t03 3 2 1t02 3 3
Individual Tracking 2103 2 2 Oto1 3 3
Biopsy sampling 2t03 3 3 3 2to 34= 2to 33F
Blow sampling 1 2 Oto1 Oto1 NA NA
Faecal sampling 1102 2 1 1 3 3
Visual Survey 2 3 2 1 1t02 1102
Acoustic Surveys 1102 2 2 1102 2 2

* - if bycaught; # - 2 if remotely sampled, 3 - if done hands-on.

2.5.2.3  Feasibility-Utility Assessments

We determined which methods have the best combination of feasibility and utility for each species groups by
plotting the number of parameters that could be derived from a method against its feasibility score (Figure 11-
Figure 15).

For deep-diving cetaceans (Figure 11) and baleen whales (Figure 12), biopsy sampling, photogrammetry and
capture-recapture approaches and individual tracking had the highest combined scores. For coastal dolphins and
porpoises biopsy sampling had the highest combined scores (Figures 13 and 14). Most of the methods assessed
here had high combined scores for all pinnipeds (Figure 15)(scores were the same for both land and ice-
breeding pinnipeds), in particular hands-on assessment.
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Deep diving cetaceans

‘ ® Hands-on Assessment
M Capture-recapture
A Photogrammetry
@ Individual Tracking

>
% % Biopsy Sampling
> ‘ Blow Sampling
+ Faecal Sampling
+ Visual Survey

= Acoustic Survey
]

0 1 2 3

Feasibility Score
Figure 11 - Feasibility-Utility plot for methods to monitor health outcomes for populations of deep diving
cetaceans. Feasibility indicates which methods are most practicable for this species group (higher score =

greater feasibility) and Utility Score indicates the weighted number of variables that might be measured
using a given technique. Methods with the best combination of scores appear in the upper, right-hand side of

the figure.

Baleen whales

‘ ® Hands-on Assessment
W Capture-recapture
A Photogrammetry
® Individual Tracking
% Biopsy Sampling
‘ Blow Sampling
+ Faecal Sampling

Visual Survey

Utility

= Acoustic Survey

| €&

0 1 2 3
Feasibility Score

Figure 12 - Feasibility-Utility plot for methods to monitor health outcomes for populations of baleen whales.
Feasibility indicates which methods are most practicable for this species group (higher score = greater
feasibility) and Utility Score indicates the weighted number of variables that might be measured using a
given technique. Methods with the best combination of scores appear in the upper, right-hand side of the

figure.
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Coastal dolphins & porpoise

‘ ® Hands-on Assessment
W Capture-recapture
A Photogrammetry
@ Individual Tracking
% Biopsy Sampling
X Blow Sampling
+ Faecal Sampling

Utility

&

Visual Survey
= Acoustic Survey

i B

0 1 2 3
Feasibility Score

Figure 13 - Feasibility-Utility plot for methods to monitor health outcomes for populations of coastal
dolphins and porpoises. Feasibility indicates which methods are most practicable for this species group
(higher score = greater feasibility) and Utility Score indicates the weighted number of variables that might be
measured using a given technique. Methods with the best combination of scores appear in the upper, right-

hand side of the figure.

Oceanic dolphins

‘ ® Hands-on Assessment
W Capture-recapture
A Photogrammetry
@ Individual Tracking
% Biopsy Sampling

A X Blow Sampling
|

+ Faecal Sampling

Utility

+ Visual Surve
Y
o

= Acoustic Survey
]

0 1 2 3
Feasibility Score

Figure 14 - Feasibility-Utility plot for methods to monitor health outcomes for populations of oceanic
dolphins. Feasibility indicates which methods are most practicable for this species group (higher score =
greater feasibility) and Utility Score indicates the weighted number of variables that might be measured
using a given technique. Methods with the best combination of scores appear in the upper, right-hand side of

the figure.

Page | 33



Title: Identifying monitoring priorities to inform population

S M R U CO n S u It | n g consequences of disturbance.

Report Code: SMRUC-ONR-2017-017.

understand ¢ assess ¢ mitigate
Award #: N000141612858.

Pinnipeds (land-breeding & ice-breeding)

® Hands-on Assessment
W Capture-recapture

A Photogrammetry

@ Individual Tracking

Utility

% Biopsy Sampling
+ Faecal Sampling

Visual Survey

o+ ¢

= Acoustic Survey
]

0 1 2 3
Feasibility Score

Figure 15 - Feasibility-Utility plot for methods to monitor health outcomes for populations of all pinnipeds.
Feasibility indicates which methods are most practicable for this species group (higher score = greater
feasibility) and Utility Score indicates the weighted number of variables that might be measured using a
given technique. Methods with the best combination of scores appear in the upper, right-hand side of the
figure.

2.6  Monitoring in practice

Here we are primarily focused on detecting early warning signals of decline in marine mammal populations. In
order to be confident of detecting any such signals with sufficient precision (and low false positive rate). In
addition we need to consider how data are to be collected, including appropriate platforms, sampling scales and
collecting baselines/control/reference information — all of which have cost implications for any monitoring
program. Here we discuss some of the key elements to be further considered when designing or augmenting
monitoring programs for informing PCoD analyses.

2.6.1  Precision

In order to detect changes over time in demographic variables or health measures, it is imperative to have
reliable estimates of the precision with which these variables have been measured. Information on levels of
uncertainty is also a fundamental component of PCoD models. From our review, we determined that information
on precision is limited for many of the methodologies that we considered. The main exception was for the
estimates of demographic variables that have come from capture-recapture analyses. For example, Graham et
al. (2016) calculated that the 95% confidence interval for their estimate of apparent survival for the Moray Firth
bottlenose dolphin population was 0.93-0.96. In addition, a number of studies that have used photo-ID as the
basis for capture-recapture analysis have explored the source of errors (e.g. incorrect identification) and their
effect on estimation of abundance (Stevick et al. 2001). Other studies (reviewed in Pollock 2002) have explored
the value of including covariates to improve precision and the use of information from auxiliary studies to improve
estimates of recapture probability (e.g. Hewitt et al. 2010).
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Most photogrammetry studies reviewed provided estimates of measurement error that were around 1-3%.
Measurement error was even lower in the most recent papers which was attributed to improvements in the
photographic equipment used (Christiansen et al. 2016, Mason 2017) A number of papers have described how
to minimise biases in photogrammetric sampling (Koski et al. 2006, Koski et al. 2009, Koski et al. 2013). The
sources of error in photogrammetry can mean it is challenging to quantify overall error in such techniques (and
these will be experiment specific). For example, the posture (or orientation) of animals, the turbidity of the water,
the altitude of the camera, weather conditions and observer error (e.g. in measuring from photographs whether
done automatically or manually) can all contribute to error around a single measurement. But such issues are not
exclusive to photogrammetry — and each of these can be explored and quantified with an appropriate
experimental set-up (e.g. Webster et al. 2010, Christiansen et al. in review).

Many of the methods that involve quantification of hormone levels (e.g. laboratory approaches) also provide error
estimates. For example, Clark et al. (2016) calculated CVs of 12-15% for their estimates of progesterone
concentration in blubber. Other studies have reported CVs of 4-13% for measurements of cortisol concentration
in serum and 6-17% for concentrations in blubber.

2.6.2 Sampling scale

2.6.2.1  Spatial

In the design of a monitoring program, it is crucial to consider the temporal and spatial scale of sampling for the
variables of interest. The scales feasible for monitoring programs will vary depending on the variable, method,
species of interest and overall objectives of the monitoring. The National Academies of Sciences and Medicine
(2017) highlights that our ability to sample animals to obtain information on variables depends upon the ranging
patterns of species interest. In particular, they outlined four ranging groups;

o Accessible resident populations.

e Animals that can be sampled on land.

e Species that have large ranges but are accessible at certain times of year or during migrations

e Open ocean species.

Accessible resident populations provide potentially cost effective opportunities to study both demographic and
individual health variables (Schwacke et al. 2013, Wells 2014). These populations tend to small and well-defined,
aiding assessments and reducing uncertainty but it is unclear how representative learning from these types of
populations will be to species as a whole. Nonetheless they represent the best opportunities to advance our
knowledge. Animals that can be sampled on land are limited to pinniped species but represent excellent
opportunities to conduct hands-on assessments, capture-recapture and tissue sampling and obtain detailed
information on specific individuals (and - for certain methods - colonies as a whole). Lessons learned from
pinniped research may provide useful insights in species with similar life-history traits/reproductive strategies.
Marine mammal species accessible at certain points of the year provide similar study opportunities as described
above — but they are limited to the narrow sampling windows. Depending on the species, these may only provide
a snapshot at a particular stage (e.g. during migrations, on foraging or breeding sites). The study of open ocean
species remains the most challenging group as it is hard to conduct long term studies cost effectively.
Furthermore, many ‘open-ocean’ species populations are not geographically isolated providing a challenge to
obtain precise estimates — but in data poor situations, it is important to develop a foundation of knowledge (even
if estimates are imprecise). As noted above studying stage-structure may be feasible for open ocean species and
the value of such an approach is explored further below (section 3).
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2.6.2.2 Temporal

The temporal scale over which sampling is conducted should be assessed in light with the objectives of the
study. In many cases sampling is focused on times of year when conditions at sea are best. Depending on the
variable of interest, it may be possible to focus sampling on a specific temporal period within the year.

We explored the sampling involved in capture-recapture studies above — highlighting the labour-intensive nature
of this approach. Other methods may not require such intensive sampling — for example the use of
photogrammetry for determining age/stage structure could be conducted less intensively (assuming sufficient
effort to obtain a representative population sample). As noted above, certain methods, such as PAM can provide
long term monitoring of local population trends — whilst this is unlikely to provide early warning signs; it remains
an important source of contextual information. In addition, methods like electronic tagging can provide useful
medium and long term sampling throughout the year and reproductive cycle.

2.6.2.3  Baselines, Controls and References populations

In order to detect changes in potential demography or health variables to inform future PCoD analysis of the
effects of Navy activities on relevant marine mammal populations, it is crucial to have contextual information to
help us understand the drivers of change. For individual health variables, it's important to understand the natural
variability of individuals & populations under ‘normal’ conditions — against which relevant populations can be
compared. Such a baseline is ideal, but in practice very challenging to detect as this should be collected in the
absence of stressors — but in most cases we lack knowledge of how the current state of a population to aid the
understand the patterns in observed data and determine the causes. For example, measures of body condition
have been considered as a potential variable for considering health of individuals. However, where animals are
identified to be in ‘poor’ conditions, this could be representative of a poor quality environment (a region or
period), exposure to a stressor or indicative of sampling a population close to carrying capacity where
competition for resources is high (e.g. Estes et al. 2009). Where possible, identifying suitable reference
populations against which focal populations can be compared can provide value.

In reality, it will be necessary to understand the stressors affecting reference populations as few ‘pristine’
environments remain. For example, Claridge (2013) monitored demographic variables of Blainville’s beaked
whales on the Navy range at AUTEC and nearby (~170 km away) Abaco (where sonar exposure is limited) and
observed differences in abundance, recruitment and stage-structure. Initially, this might suggests that sonar
exposure is a driver of these changes. However, Benoit-Bird (2017) monitored the prey resources and relative
qualities of the different environments (within AUTEC and on Abaco) and identified that these are significantly
different (both spatially and vertically in the water column) and highlighting that Abaco may support a more
“energy-efficient food web” than AUTEC. Similar explorations of difference in beaked whale habitat quality have
been carried out on SOCAL range and identified that environment quality varies significantly across the region
(Benoit-Bird et al. 2016).

Therefore, one solution is collection of auxiliary datasets may provide useful contextual information and inclusion
of covariates in analyses For example, incorporation of information on quality of environment or prey resources
should be considered as they may elucidate observed patterns and aid the assessment of the effects of Navy
activities (versus other potential stressors). This could be achieved by exploring the utility of indices which have
been correlated with success of different trophic levels - such as the North Atlantic Oscillation (Drinkwater et al.
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2003, Greene and Pershing 2003) or El Nifio Southern Oscillation (Tershy et al. 1991, Wilson et al. 2001), or
using site specific prey resource mapping to provide context to observed patterns (e.g. Friedlaender et al. 2016).

analyses for ‘early warnings’

3.1 Methods for assessing potential for early warnings

In this section we evaluate whether monitoring population variables, other than population density, can provide
an early warning that a population is declining. To do this, we used a series of population models developed
using the outputs of expert elicitations in which experts were asked to predict the potential effects of different
levels of disturbance on the vital rates (individual survival and fertility) of marine mammals. We focused on
populations of harbour porpoise, bottienose dolphin and Blainville’s beaked whale that have different life history
strategies and that are exposed to different types of disturbance. The harbour porpoise and bottlenose dolphin
population models were based on studies of the effects of noise associated with the construction of offshore wind
farms in the North Sea (King et al. 2015). The Blainville’s beaked whale model was based on studies of the
effects of sonars used in Navy exercises at the Atlantic Undersea Training and Evaluation Center in the
Bahamas (Moretti et al. 2014, Booth et al. 2016, Harwood and Booth 2016). We investigated the sensitivity of the
following demographic variables to changes in vital rates that might be caused by disturbance:

e the ratio of calves to mature females immediately before the breeding season;

o the proportion of immature animals in the population.

The first of these variables will be sensitive to changes in fertility and calf survival; the second will be sensitive to
changes in juvenile survival as well as fertility and calf survival.

3.2 Models used

Details of the expert elicitation process we used can be found in Booth et al. (2016), and Donovan et al. (2016).
In all the expert elicitations we asked the experts for their best estimates of the number of days of disturbance
that would be required to have any effect on survival or fertility, the maximum likely effect of disturbance on these
vital rates, and the number of days of disturbance that would be required to have this maximum effect. We also
asked them for an estimate of the uncertainty they associated with these values. This information allowed us to
construct a set of response functions of the form shown in Figure 16a for each expert. The opinions of all the
experts were combined to provide a probability density surface for these functions, which was summarised as a
heat map (Figure 16b). In order to investigate the potential effects of a particular disturbance activity on a
population, we obtained the views of many hundreds of “virtual” experts by sampling at random from these
density surfaces.

The functions from each virtual expert were incorporated into a stage-structured population model of the kind
described in King et al. (2015) in order to investigate their implications for population dynamics.
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Figure 16 - a): Response function used in the expert elicitation relating number of days of disturbance
experienced by an individual marine mammal and the effect of this disturbance on its fertility. A = maximum
effect of disturbance on fertility, B=number of days of disturbance required before disturbance has any
effect, C = number of days of disturbance required to have the maximum effect. Shaded areas indicate the
uncertainty associated with each parameter value. b): Example probability density surface derived from the
responses of multiple experts. The likely probability of a given value is represented by its colour, with dark
blue representing a low probability and yellow representing a high probability. Black lines indicate the
“best” response function proposed by each expert.

For the simulated harbour porpoise populations we investigated the effect of disturbance occurring over 10 years
on a population of 10,000 animals. For bottlenose dolphins we investigated the effect of a similar disturbance on
a population of 200 animals. In both cases we examined the population consequences of the response functions
predicted by 500 virtual experts, and compared the values of the two demographic variables at various times
during the first 10 years with the overall predicted decline in population size to the maximum decline in
population size. Initially, we only accounted for variation between the opinions of the different virtual experts.
However, environmental variation will also affect the value of the two demographic variables we chose to
examine. We therefore re-ran the harbour porpoise simulations allowing survival and fertility to vary from year to
year using experts’ predictions of the level of this variability (see King et al. 2015). For the bottlenose dolphin
population we also took account of demographic stochasticity (the chance variation in survival and fertility
between individuals which can affect the dynamics of small populations).

Beaked whales on Navy testing ranges are likely to be subject to the same pattern of disturbance over many
years. For the Blainville’s beaked whale example, we therefore examined the implications of 500 virtual experts’
predictions of the effect of 44 days of disturbance each year for the long-term growth rate of a population. We
then compared these long-term growth rates with the ratio of calves to adult females and the proportion of
immature animals in the population as indicated by the stable age distribution associated with this long-term
growth rate. We also calculated estimated values for these demographic variables that would be obtained from
samples of 1,000 or 100 individuals from a large population.

3.3 Results

3.3.1  Harbour porpoise

Figure 17 shows the effects of 10 years of disturbance on a population of 10,000 animals as predicted by 10 (of
500) virtual experts. The mean predicted reduction in population size as a result of disturbance was 30%.
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Figure 17 - Effect of disturbance over 10 years on a population of harbour porpoises, as predicted by 10
virtual experts. The red line shows the predicted changes in the absence of disturbance and the thick black
line shows the mean of all 500 virtual experts’ predictions.

Figure 18a shows the relationship between the maximum reduction in population size recorded in a particular
simulation and the ratio of calves to mature females in the third year of disturbance, equivalent to 2019 in Figure
17. Figure 18b shows the same relationship for the proportion of immature animals in year 5 (equivalent to 2021
- we chose a later date than that used for the calf to mature female ratio to allow time for the effects of
disturbance on fertility and calf survival to be influence the proportion of immature animals). Although there was a
good correlation between the pairs of values, there are some clear outliers in Figure 18a, where a large reduction
in population size was not matched by a change in the ratio of calves to mature females. These outliers
correspond to the opinions of a small number of virtual experts who predicted that disturbance would have a
large effect on juvenile survival, but very little effect on fertility or calf survival.

Figure 18 overestimates the power of these two demographic characteristic to provide an early warning of
population decline because it does not account for the effects of environmental variation, which will also affect
the stage-structure of the population. Figure 19 shows some examples of expert predictions which include the
effects of environmental variation, and Figure 20 shows the relationship between maximum population decline
and the two demographic variables when environmental variation was included in the simulations. The predictive
power of the demographic variables is much reduced.
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Figure 18 - Relationship between the maximum predicted reduction in harbour porpoise population size and
(a) the ratio of calves to mature females in year 3, and (b) the proportion of immature animals in year 5.
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Figure 19 - Effect of disturbance over 10 years on a population of harbour porpoises, as predicted by 10
virtual experts, including the effects of environmental stochasticity. The red line shows the predicted
changes in the absence of disturbance and the thick black line shows the mean of all 500 virtual experts’
predictions.
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Figure 20 - Relationship between the maximum predicted reduction in harbour porpoise population size and
(a) the ratio of calves to mature females in year 3, (b) the proportion of immature animals in year 5 when
environmental variation was included in the simulations.

3.3.2 Bottlenose dolphins

Figure 21 shows the effects of 10 years of disturbance on a population of 200 animals as predicted by 10 virtual
experts, including the effects of environmental variation and demographic stochasticity. The mean predicted
reduction in population size as a result of disturbance was 33%.
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Figure 21 - Effect of disturbance over 10 years on a population of bottlenose dolphins, as predicted by 10
virtual experts, including the effects of environmental variation and demographic stochasticity. The red line
shows the predicted changes in the absence of disturbance and the thick black line shows the mean of all 500
virtual experts’ predictions.

Figure 22a shows the relationship between the maximum reduction in population size recorded in a particular
simulation and the mean ratio of calves to mature females in the first 3 years of disturbance, and Figure 22b
shows the same relationship for the proportion of immature animals in year 5 (equivalent to 2021). The mean
ratio of calves to mature females over 3 years was used rather than the value from a single year because of the
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small population size and low fertility rate for bottlenose dolphins, which resulted in large variations in the
predicted number of calves born each year. Although there is a clear correlation between the pairs of values,
there is a lot of variability with a wide range of values of the demographic variables corresponding to specific
predicted reduction in population size.
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Figure 22 - Relationship between the maximum predicted reduction in bottlenose dolphin population size
and (a) the average ratio of calves to mature females in the first 3 years of disturbance, (b) the proportion of
immature animals in year 5 when environmental variation and demographic stochasticity was included in
the simulations.

3.3.3 Blainville’s beaked whales

For the Blainville’s beaked whale model, we incorporated experts’ predictions of the effects of 44 days of
disturbance from Navy exercises on a population with the same demographic rates as those observed by
Claridge (2013) for an undisturbed population in the Bahamas. These effects resulted in a reduction of between
0% and 6% in the predicted population growth rate. As expected, the ratio of calves to mature females and the
proportion of immature animals derived from the stable stage structure for the disturbed population were both
very reliable predictors of long-term population growth rate. However, these values are not presented here as in
practice it would be impossible to estimate the two critical demographic variables with the kind of precision that
is provided by the stable stage structure. These relationships were less reliable if estimates of the demographic
parameters were based on a sample of 1,000 individuals (Figure 23a & b), and appear to be of limited value if
the sample was only 100 individuals (Figure 23c & d).
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Figure 23 - Relationship between the long term growth rate of a Blainville’s beaked whale population and (a)
the ratio of calves to mature females estimated from a random sample of 1,000 animals, (b) the proportion of
immature animals estimated from a random sample of 1,000 animals (c) the ratio of calves to mature females
estimated from a random sample of 100 animals, (d) the proportion of immature animals estimated from a

random sample of 100 animals.

4 Navy Monitoring of Marine Mammal Populations

In previous sections we have explored the feasibility and utility of different monitoring approaches to inform
PCoD analyses. Here we summarise current Navy marine mammal monitoring and highlight some of the
research being conducted to advance different techniques that might be informative in the future.

4.1

Fleet/SYSCOM monitoring program

We've reviewed the monitoring reports collated on the Navy Marine Species Monitoring pages, which hosts
comprehensive reports on efforts undertaken in support of environmental compliance for training and testing
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activities on  various range  complexes and testng ranges around the  world
(http://www.navymarinespeciesmonitoring.us/).

Here we explored the monitoring undertaken in the two regions — Atlantic and Pacific (summarised in Figure
24)(see Appendix 7.2).

-
-

(SOUTH AMERICA
bt B

Figure 24 - Summary of US Navy Fleet Test and Training sites in the Atlantic & Pacific regions.

We reviewed the monitoring across the range complexes to identify the methods, species of interest and
platforms used in current efforts and framed those in the context of the assessments in section 2. Below provides
an overview of the monitoring efforts conducted between 2012-2016 which determined a wide range of
monitoring efforts have been conducted across the different ranges, with different species foci (dictated by
region) and a suite of different methods and platforms utilised (Table 5). A full detailed summary of monitoring
efforts is provided in Appendix 7.2. In section 1.3 we highlighted the approach to monitoring as framed in 4
conceptual frameworks, Occurrence, Exposure, Response and Consequences. The bulk of the efforts to date
have been under the Occurrence category, but in more recent years an increasing shift towards monitoring to
support assessments of Exposure and Response.

4.1.1  Atlantic

Across the Atlantic ranges, all species groups except for the ice-breeding pinnipeds were studied (as expected
given the locations of range complexes). Within the Virginia Capes (VACAPES), Cherry Point and (CHPT) and
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Jacksonville (JAX) range complexes, the majority of effort was focused on most cetacean species, though deep
diving species were the focus on VACAPES (McAlarney et al. 2014, Foley et al. 2016a, Foley et al. 2016b,
Hodge et al. 2016). The main methods employed on these ranges were visual and acoustic surveys, where
photo-ID effort was integrated into the visual survey effort (McAlarney et al. 2014, Foley et al. 2016b, Hodge et
al. 2016). In addition on the VACAPES and JAX ranges individual tracking was conducted either by satellite
tagging or individual focal follow methods. On the VACAPES range, remote tissue samples were also collected
by biopsy approaches (Aschettino et al. 2016). A wide range of platforms for monitoring were utilised, with land-
based, vessel-based, aerial and PAM surveys all being conducted (McAlarney et al. 2014, Foley et al. 2016b,
Hodge et al. 2016, Rees et al. 2016).

Land-based visual (haulout) surveys of pinnipeds were conducted on the Narragansett Range Complex and
mouth of in the Chesapeake Bay, and coastal dolphin species (bottienose dolphin) are the focus at a testing
location near the Patuxent River (via vessel-based visual, acoustic and photo-ID surveys) (Moll et al. 2016,
Richlen et al. 2016).

At AUTEC the Fleet-level efforts focused on the use of the hydrophone array deployed there and localised vessel
based efforts, using PAM methods to monitor density of beaked whales (Moretti et al. 2016). Photo-ID and
tagging of animals has also been carried out. Whilst beaked whales are typically the focal species there, coastal
and oceanic dolphin species also occur and are studied there. On the Naval Surface Warfare Center (Balmer et
al. 2015), efforts have focused on vessel-based surveys of coastal and oceanic dolphin species. The main
methods undertaken there have been visual surveys and photo-identification with biopsy sampling also
undertaken.

4.1.2  Pacific

Across the Pacific ranges ranges, all species groups have been surveyed during Fleet monitoring efforts. In the
Northwest Training and Testing range study area (NWTT) efforts have focused on coastal delphinid and porpoise
species (particularly southern Resident killer whales) and baleen whales though deep-diving cetaceans and
pinnipeds have also been monitored. The predominant methods have been PAM surveys along with visual
surveys, remote tissue sampling, capture-recapture and tracking efforts all undertaken (Mate 2013, Debich et al.
2014, Trickey et al. 2015, Smultea et al. 2017).

In the Mariana Islands Training and Testing study area (MITT) monitoring has focused on all species of marine
mammals and sea turtles to establish baseline occurrence, habitat use and population.. Remote tissue sample,
capture-recapture surveys and individual tracking have all been undertaken, with the focus of effort on visual and
acoustic surveys from all platforms (Hill M.C. et al. 2013, Oleson 2014, Norris et al. 2017). The same is true in
the Hawaii-Southern California Training and Testing (HSTT) study area (which includes Southern California
(SOCAL), Hawaii (HRC), SOAR and Pacific Missile Range Facility) (HSTT), most species groups have been
monitored, with the focus on deep-divers and baleen whales with a range of approaches undertaken by the
majority of monitoring via either visual surveys, capture-recapture, photo-ID, tagging, genetics, and PAM (Baird
et al. 2011, Littnan and Wilson 2011, Mobley et al. 2012, Martin et al. 2013, Baumann-Pickering et al. 2016,
Henderson et al. 2016, Mate et al. 2017, Schorr et al. 2017a).

In the Gulf of Alaska Temporary Maritime Activities Area (GOA TMAA), only baleen whales and deep diving
cetacean species have been monitored, almost exclusively via vessel based and fixed PAM efforts (Department
of the Navy 2014, Rone et al. 2014, Rice et al. 2015).
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Table 5 - Summary of the Navy Monitoring studies conducted between 2012 and 2016, outlining the focus
species, monitoring types, geographic areas where conducted and platforms used. X denotes which species
were studied, the survey method and platform used. Green shading indicates the primary groups / methods /
platforms of the monitoring conducted. A full table is presented in Table 10 in Appendix 7.2.
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4.2  Exploratory (ONR) and applied research (LMR) efforts

The US Navy marine mammal research program includes an extensive program of basic research and
exploratory development at the Office of Naval Research, as well as the Navy's Living Marine Resources applied
research program. We reviewed the available ONR and LMR annual reports to assess how the methods
described above (section 2) are currently being developed or validated which may in the future provide essential
jigsaw pieces for the larger PCoD picture. Recently a number of other PCoD modelling efforts, advancing
energetics-based approaches (Costa 2015, Christiansen 2017) and different species groups including beaked
whales, baleen whales and oceanic dolphins (Costa 2015, Schwacke and Wells 2015, Williams 2015, Aguilar de
Soto et al. 2016 project, Williams et al. 2016 project, Christiansen 2017, Moretti et al. 2017).

Due to the breadth of studies of research funded by ONR and LMR - we have focused on highlighting the studies
which fit into the Response and Consequences categories of (middle and right-side of the PCoD framework).
This is not to downplay the importance of determining the occurrence and exposure of animals — but focussing
on those topics that can be used to improve our knowledge of important variables or methods to be further
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developed to inform future PCoD analysis of the effects of Navy activities on relevant marine mammal
populations.

A number of research projects have employed photo-ID data collection methods and utilised capture-recapture
techniques to learn more about population structure and demographic rates (e.g. Aguilar et al. 2013, Moretti et
al. 2017, Schorr et al. 2017b). Other efforts have explored the power of photo-identification surveys to inform
demographic variables — which can be extremely informative in helping assess or design the feasibility of such
photo-ID surveys in generating robust estimates for different species and populations (e.g. Moore et al. 2017).
Photogrammetry is an approach that has been widely used for marine mammals (section 2.4.5) but has not yet
been heavily utilised in Navy monitoring (as the techniques have been under development). However recent and
current projects have been useful in assessing the viability of approaches in providing suitable demographic
variable estimates (e.g. determining age class - as in Claridge et al. 2017) and as a means to assess body
condition and/or pregnancy status (Noren 2016 project, Christiansen 2017) .

Improving knowledge of the physiological and stress responses of marine mammals is a key area of
development. For marine mammals, this area is less developed than in terrestrial systems — but significant
advances are being made, exploring what can be gleaned in different species and sampling media (Champagne
and Houser 2015, Lusseau 2015, Atkinson 2017, Calambokidis 2017, Crocker et al. 2017, Houser 2017, Kellar
and Durban 2017, Lusseau 2017, Romano 2017, Trumble and Usenko 2017) . New tools are also being
developed to monitor physiology of animals (e.g. Ponganis 2015, Ponganis and McDonald 2015, Williams 2015,
Fahlman et al. 2016 project, Madsen and van der Hoop 2016 project, McDonald et al. 2016 project) ). A key area
for future development will be establishes linking changes in health variables (e.g. body condition, stress
markers) and vital rates.

Recent ONR and LMR (and other) funded efforts have developed the utility of PAM approaches for marine
mammal monitoring (Miksis-Olds et al. 2017). A key advance in this area is the development of DECAF tools to
allow the estimation of density of animals from acoustic detections and has shown promise in monitoring PAM-
suitable populations (i.e. those which reliably vocalise and for which the site-specific vocal behaviour is well
understood and classifiable). This is already an established monitoring technique, but developing hardware and
software (e.g. classifiers (for correct detection of species) (Lammers 2017, Oswald and Yack 2017) and
localisation (Arranz et al. 2016 project, Nosal 2016 project)(which can improve detection functions used in
DECAF) and tools (e.g. DECAF TEA) are advancing this topic area. Specific key advances are in the
development of approaches for distinguishing the vocalisation of delphinid species (which in the past has been
extremely challenging)(Oswald and Yack 2014, Oswald and Yack 2017).

Finally, the ONR Integrated Ecosystem Research topic is providing key multidisciplinary efforts which broaden
the research view to incorporate important contextual variables that when combined with focused marine
mammal efforts have the potential to improve our power to detect behavioral and/or physiological changes and
examine causation (e.g. combining the results of Claridge 2013, Benoit-Bird 2017 to better understand observed
patterns in beaked whale populations)

This study explored the current state of knowledge of methods and variables to be used to inform PCoD
analyses of the potential effects of Navy activities on marine mammal populations. Using a combination of
literature review (section 2.4) and expert workshops (section 2.5) we identified a set of currently available and
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developing methodologies for monitoring demographic and health variables suitable for this purpose and, via
sensitivity analyses (section 3), explored the demographic variables capable of detecting early warning signs of
population decline. Here we discuss those results in the context of current (section 4) and future potential Navy
monitoring and research efforts to explore feasible next steps in inform future PCoD analyses.

51  Review and Workshop Outputs

The literature review and expert workshops identified that there are a range of marine mammal monitoring
approaches which can be employed, and variables for which data can be collected, in order to inform PCoD
analyses. In general, demographic variables were typically determined to be collected using established
approaches. Monitoring health has a wide range of possible approaches and has significant potential to elucidate
the pathways between disturbance and changes in vital rates; however most methods require further exploration
and validation to better identify their utility for monitoring PCoD in different species groups.

Monitoring of demographic variables is most commonly achieved via capture-recapture techniques (most
commonly using photo-identification, though genetic and electronic tagging methods have also been used in this
way) and can provide information on stage-specific survival rates and estimates of fertility. Such approaches are
labor intensive but remain the most established and robust approach to monitor population demography and
therefore one of the best potential ways to identify early warnings of declines (sections 3 & 5.2). Photo-
identification also provides a means by which health variables such as body condition can be assessed (e.g.
post-nuchal and scapular depressions and other visual health assessments). Photogrammetric methods were
identified to be both feasible and useful in informing both demographic (e.g. stage-class to infer proportion of
immatures in the population) and health variables (e.g. body condition metrics). In addition they have been
widely used over the past decade to study marine mammals. Therefore, integration of such techniques into Navy
monitoring programs is likely to be feasible, particularly in cases where vessels are the primary monitoring
platform. Development and validation of standardised approaches and technologies (UAVs, improved resolution
lens etc.) are likely to advance the utility of this field in estimating health and demographic variables. Monitoring
body condition is likely the most direct means by which the links between health and vital rates can be
determined.

Remote tissue sampling, either via established techniques like biopsy sampling or novel approaches (e.g. blow
and faecal sampling) have been demonstrated to have value for monitoring health variables (e.g. % lipid in
blubber, stress and reproductive hormones), but also for providing information on demographic parameters (e.g.
sex ratios, pregnancy status of individuals etc.). In addition, hands-on assessments — either using captive
animals, for small cetaceans or pinnipeds in accessible locations or from strandings/bycatch — can provide a
suite of useful measurements for a range of health and demographic variables. However it should be considered
how generalizable results will be for other populations or individuals within the same population (e.g. sampling
bias for animals easier to catch and handle and/or those likely to be bycaught or strand/wash ashore).
Nonetheless, remote and direct sampling of animals has provided significant advances in our understanding of
health indicators, including physiological and stress markers, and this is an area that shows great promise for
monitoring health and requires further effort in the future.

In general for health variables, there are a wide range of promising developments in this field and further
research is required to improve our understanding of the natural variability (e.g. species/life-history specific
fluctuations) of specific health variables, how they change in response to chronic or acute stressors, and the
causal pathways and ‘knock-on’ effects on vital rates. This is certainly an area for continued exploration as our
understanding of physiology, stress response and —omics in marine mammals develops.
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For PAM methods, the current utility of these approaches for determining demography or health are limited,
however tools for estimating density of vocal species are well established and provides a means to cost-
effectively monitor population trends (e.g. Moretti in prep). These approaches are continually being expanded to
overcome key obstacles for the implementation of DECAF (e.g. Olmstead et al. 2010, Helble et al. 2013, Helble
et al. 2015, Roch et al. 2017). These include developing and validating detection and classification capacity for
challenging PAM species (e.g. oceanic dolphins), improving localisation capabilities (to help improve detection
function estimation) and understanding the variability of call rates under natural conditions and when exposed to
Navy activities.

5.2  Sensitivity Analysis

The sensitivity analysis simulation results described above (section 3) indicate that monitoring the ratio of calves
to mature females, or the proportion of immature animals in a population, may provide an early warning of an
imminent decline in population size for a population exposed to episodic disturbance, and they may indicate that
a population subject to regular disturbance is declining. However, such a monitoring approach may generate a
high proportion of “false positive” outputs, where the monitored characteristic implies a substantial population
decline, but the actual decline is much smaller.

We examined the likely effectiveness of a monitoring program based on one or other of the two demographic
variables to provide an early warning of a potential population reduction of 40% or more by the end of the period
of disturbance. For the harbour porpoise populations, the proportion of immature animals in the population fell
below 0.2 in year 5 in 147 (29%) of the 500 simulations. In 90% of the simulations in which this early warning
signal was detected, the population had declined by more than 40% by the end of the disturbance period.
However, 19% of the simulations in which the population declined by more than 40% were not identified using
this early warning indicator. It was not possible to identify an early warning threshold for the ratio of calves to
mature females that did not involve a high risk of false positive values. For example, a calf to mature female ratio
of 0.4 in year 3 occurred in 58% of the simulations in which the population declined by more than 40%, but in
25% of the simulations in which the ratio fell below 0.4 the actual population decline was less than 10% and the
overall false positive rate was 64%. Similar results were obtained for bottlenose dolphins: early warning
thresholds occurred in a high proportion of the simulations in which there was a population decline of at least
40% also had a high false positive rate (45-50%). In general, these results suggest that the ratio of calves to
mature females may be problematic as an early warning indicator as it has a high false positive rate, but that the
proportion of immature animals in the population might be more robust to this issue. Assessing multiple
demographic parameters is likely to strengthen our ability to minimise false positives.

Results from the Blainville’s beaked whale analysis was more encouraging. For example, the ratio of calves to
mature females, and the proportion of immature animals in a sample of 100 animals was less than 0.2 in all the
cases in which experts predicted a population growth rate less than 0.95 (i.e. an annual decline in abundance of
5% or more). The overall false positive rate, in terms of predicting a decline of at least 5%, was 47% in the case
of the calf to mature female ratio, and 59% for the proportion of immature animals. However, the long-term
growth rate was low (less than 0.97) in 95% of the cases in which the proportion of immatures was less than 0.2.
In practice, it is rare for as many as 100 beaked whales to be detected in a population survey, and even rarer for
these individuals to be under observation long enough for them to be classified into a stage class (e.g. some
beaked whale species, e.g. Cuvier's, are challenging to distinguish into stage class). However, it may be possible
to obtain more reliable estimates when the population of concern is small and, over time, almost all of the
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individuals in the population can be classified into an appropriate stage, as was the case for the study of beaked
whales in the Bahamas (Claridge 2013). In addition, it may be relatively straightforward to monitor these two
demographic variables in a range of other species, like many oceanic dolphins or baleen whales (on
foraging/breeding grounds), that form large aggregations that can be photographed. As such, monitoring
techniques which can provide estimates of these demographic variables (e.g. surveys, aerial photogrammetry or
vessel-based laser photogrammetry) should be considered for such species groups.

Although we have tried to account for a number of sources of uncertainty in these analyses, we have not
accounted for observer error. That is, we have assumed that observers can assign individual cetaceans into one
of the three stages (calf, immature, mature female) without error. Although it should be possible to identify
mother/calf pairs with relative certainty (the exception being in cases where alloparental care occurs), it will be
much more difficult to distinguish calves from immature animals when they are not accompanied by their
mothers, and to distinguish mature females without calves from immature animals. This additional uncertainty will
increase the false positive rate and reduce the reliability of the demographic variables as early warning
indicators.

5.3  Advancing marine mammal monitoring for informing PCoD

We reviewed the recent and current Navy range monitoring programs and the efforts to develop and/or validate
methods/techniques coming online in section 4. The current monitoring program is expansive, covering a wide
range of habitats, species groups and methodologies and, as noted above, has most recently focused on
monitoring the occurrence, exposure and response elements of the Navy’s monitoring framework (DoN 2016b,
a). Efforts could be made to expand programs to include where ‘Consequences’ monitoring can be
comprehensively integrated without compromising Occurrence- /Exposure- /Response-focused objectives.

We highlighted in section 2 and 3 the methods that had the highest feasibility and utility scores. In summary, for
monitoring population demography in baleen whales and deep-diving cetaceans: capture-recapture, remote
tissue sampling and photogrammetry had the highest scores and therefore were considered most useful. For
delphinids and porpoises: capture-recapture, hands-on assessment, remote tissue sampling and (lateral laser)
photogrammetry had the highest scores and therefore were considered most useful. Most approaches were
determined as useful for monitoring PCoD in pinniped species.

In summarising monitoring for health variables, capture-recapture, individual tracking (e.g. telemetry), remote
tissue sampling and (vertical) photogrammetry had the highest scores and therefore were considered the most
useful methods for baleen whale and deep-diving cetacean species. For delphinids and porpoises remote tissue
sampling was identified as the most suitable and ready approach. Many methods were considered valuable in
informing PCoD analysis for pinnipeds, in particular hands-on assessment.

Based on the review of Fleet/'SYSCOM monitoring conducted, photo-ID and biopsy monitoring are typically
conducted as secondary efforts as part of monitoring — usually visual surveys. That is, in general photo-ID is
conducted as an add-on to existing programs — i.e. during visual surveys and tagging efforts. In recent
Fleet/SYSCOM monitoring (see Table 5) vessel-based surveys have been conducted on all of the ranges. In any
monitoring program, the largest cost element will be the platform (i.e. vessel or airplane) required and thus
maximising monitoring effort by including photo-ID and photogrammetry effort represents a cost effective
addition. Given the broad range of studies using photo-ID and remote tissue sampling, a logical step would be to
assess the amount of photo-ID and biopsy effort conducted to date (e.g. number of
sightings/photographs/samples) to explore what could be feasible in an expanded monitoring program achieved

Page | 50



Title: Identifying monitoring priorities to inform population

S M R U CO n S u Itl n g consequences of disturbance.

Report Code: SMRUC-ONR-2017-017.
Award #: N000141612858.

understand ¢ assess ¢ mitigate
by promoting capture-recapture and remote tissue sampling. This might be achieved by a desk-based review
and power analysis of sample sizes for different populations monitored to explore what is available for informing
PCoD analyses (i.e. what power might we expect given effort to date) and for specific case studies be assessed
in a workshop setting to determine best recommendations for future research and/or expansion of effort and/or
analyses of existing datasets.

In section 2 and 3, vertical and lateral photogrammetric methods were identified here to be both feasible and
useful in informing both demographic and health variables (e.g. body condition) and have been widely employed
over the past decade to study marine mammals. However these are yet to be utilised in Fleet/'SYSCOM
monitoring programs (as methods are under development). Based on the available literature, and current
ONR/Navy investments, the methods could be considered for further development and validation (i.e. through
ONR and LMR) for populations of interest (e.g. as in Claridge et al. 2017 on Blainville's beaked whales on
AUTEC and at Abaco) or for direct integration into Navy monitoring program (e.g. for baleen whales — see
section 2.4.5) with the objective of providing stage-specific information to determine the proportion of immatures
in a population and/or assessments of body condition. In addition, as noted above and in the sensitivity analysis
— this might be a viable approach for sampling Navy relevant species groups such as oceanic dolphins which
occur in large aggregations for which it is otherwise challenging to determine demographic parameters. Studies
of drift diving using electronic tags have been useful in providing estimates of body condition and this area is
currently being actively studied (Miller et al. 2017 project).

In addition to the suggested path to further develop Navy monitoring and research to inform PCoD analyses, it is
important to stress the value in continuing PAM studies which are valuable to continue to provide population level
monitoring and which continue to be developed to improve understanding and reduce uncertainties in density
estimation. Similarly, there is a pressing need to continue to develop physiological and stress topic areas
(including —omics). Initial efforts have yielded promising results and improving our understanding of physiological
and stress responses will be critical to understanding pathways between disturbance and effects on vital rates in
PCoD.

54  Caveats and Limitations

There are important considerations in any monitoring program with the objective of informing PCoD analyses.
Here we note some of the potential challenges to be considered in any ‘population-level’ and/or individual health
monitoring. The items covered here do not span the entire range of issues likely to be encountered across all
species and populations, but highlight potential considerations.

For marine mammal populations, it can be challenging to identify an appropriate unit of assessment. As our
ultimate objective is to determine early warnings of a population decline, we have to consider what our
‘population’ of animals is. This is often determined by the animals which can be accessed and sampled and
many ‘local’ populations that are not genetically or demographically isolated which could be considered a single
population. Furthermore, local population size is affected by local demographic parameters but also by
emigration and immigration and, because immigration rates can vary spatially, monitoring trends in local
population size alone may not differentiate healthy and unhealthy populations. For example, if disturbance
negatively affects reproduction or survival, local population parameters (e.g. size/demography) might still be
maintained by immigration of individuals from other populations. In such an instance, local issues may not be
reflected in overall population trends until problems become severe. As such, where possible and feasible,
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consideration of what the sampled ‘population’ represents and identification of any sampling biases should be
made.

In general, we've highlighted the value of monitoring demographic and health variables in providing an early
warning of a population decline. In the context of Navy activities or any other anthropogenic stressor, when
assessing causal links of observed ‘warning signals’ we must consider that demography and health metrics like
body condition are subject to natural variation and can be impacted by density dependent factors. For example,
animals in a healthy population may be in poor condition if the population is close to its carrying capacity and
there is high competition for resources. Another example would be when monitoring levels of lipid reserves, that
the lipid reserves of even ‘undisturbed’ females in a ‘healthy’ condition are likely to fluctuate dramatically over a
single reproductive cycle (between pregnant-lactating-resting phases) and therefore understanding where a
female is in this cycle will be critical contextual information. In some visual assessment variables, such as rake
marks, there may also be confounding factors (if used a direct indicators of health), for example a healthy male in
good body condition may carry a lot of rake marks because it engages in frequent male:male interactions, and
not because they are in poor condition. As such, contextual information must be considered in order to fully
inform any PCoD monitoring and analyses.

6 Conclusions & Recommendations

6.1 Conclusions

The ultimate objective of this study was to identify a suite of variables that can provide information on changes in
demography or health, together with the methodologies that can be used to measure such variables.

Using existing PCoD models, we identified that changes in demographic variables are strongly correlated with
changes in abundance or population status, and can provide some early warning of future changes in
abundance. In particular, the proportion of immature animals in a population (via assessments of stage-structure)
might provide a reasonable early indicator of population decline. We also explored the ratio of mothers to
calves/pups (as this is one of the most easily measured variables available) but determined that there was a high
risk of false positives (i.e. predicting a decline when there is none). However, we note that the probability of
failing to detect a large decline may be high if only one characteristic is monitored. In general, we consider that
the value of monitoring of any of these (or other) variables will depend on the precision with which they can be
measured, and the practicality and cost of this monitoring.

There are a number of other scientific considerations (as opposed to the logistical ones of cost and practicality)
in how to conduct a monitoring program to inform PCoD analyses or identify early warning signs of future
changes in abundance. These include (but are not limited to) consideration of how to obtain a representative
sample of populations (e.g. avoiding sampling biases of animals that easier to ‘sample’), determining an
appropriate (and feasible) unit of assessment and developing an understanding the ‘local’ population (which may
not be genetically or demographically isolated) being monitored. There a number of other potential limitations
which should be considered (section 5.4).

In terms of appropriate methodologies to employ in PCoD monitoring, we observed that demographic parameters
tend to be most commonly estimated from monitoring using established approaches such as visual surveys and
capture-recapture. In addition, both vertical and lateral (e.g. laser-) photogrammetry could be used as methods to
help determine important demographic parameters such as the proportion of immature animals in a population
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(informed via assignment of individuals into stage structure) or, if the population life-history is well-understood,
pregnancy rate (vertical photogrammetry only). Monitoring body condition might provide a way to identify
unhealthy animals (though there might be many potential causes) and is a particularly attractive route for
monitoring PCoD and a range of methods are in development to explore this topic area. In general, monitoring
individual health and physiological variables was determined to have significant potential (see Table 3) primarily
via photogrammetry, remote tissue sampling, direct handling and individual tracking approaches. However, other
than body condition metrics (which have a direct theoretical link to fitness), the methods for the collection of other
health variables (including stress and reproductive hormones, and -omics) still had significant uncertainty around
them, and thus it is critical that they are further developed and validated for different species (and reproductive
strategies) so that their potential of informing PCoD analysis is fulfilled. As part of this validation, it is important
that we understand the natural variability and vulnerable species/life-history stages to aid focused PCoD
monitoring studies.

6.2 Recommendations

This study has highlighted the current and future potential of a range of methods to collect important data in
informing PCoD analyses. We outline specific recommendations for how existing Fleet/SYSCOM monitoring
programs might be augmented if informing PCoD analysis were a key objective and highlight the methodologies
for development to advance our ability to identify early warnings of future changes in abundance. Critically, any
augmentations must start with a clear set of objectives regarding the purpose of the monitoring.

We recommend that, where possible, monitoring programs are developed to specifically inform future PCoD
analyses. This could include photogrammetric techniques to help in assessments of body condition and in the
estimation of demographic parameters. Specifically, the use of lateral laser-photogrammetry and photo-ID could
provide valuable information on the stage structure of oceanic dolphin species. Similarly, vertical
photogrammetry can provide estimates of body condition and stage structure and provide information on
pregnancy, maternal investment etc., particularly for baleen whales and beaked whales. It is important to
continue efforts where capture-recapture studies (e.g. photo-ID) have been undertaken (where viable sample
sizes are achieved). These provide estimates of survival rate and fertility and additionally there is significant
value in continuing longitudinal studies to understand natural variations and contextualize observed patterns.
Continuing to develop remote tissue sample libraries to facilitate learning in stress response, physiology and —
omics fields is critical to understanding pathways between disturbance and effects on vital rates in PCoD.
Additionally, it is important to continue the use (and development) of PAM techniques to monitor cetacean
populations to better understand the relative and absolute indices that can be derived to inform PCoD.

Where possible, monitoring programs should be identified which can provide reference or control populations
against which observed patterns can be compared. Similarly, multidisciplinary studies which provide important
contextual information (e.g. environmental quality — such as Benoit-Bird 2017) to help inform PCoD studies and
establish (or dismiss) potential causes are extremely valuable.

In particular, it is beneficial to use approaches where more than one variable can be measured. For example,
remote tissue sampling yields a sample (whether it is fecal, blow, serum or blubber) that can be used in multiple
analyses. Similarly, the use of vertical photogrammetry could theoretically provide visual assessments of health,
estimates of body condition metrics (depending on species), age/class/stage structure (e.g. mother:calf/pup ratio,
proportion of immatures in population etc.) and can also be used with capture-recapture approaches to estimate
demographic parameters. As highlighted above, the probability of failing to detect a large decline may be lowered
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if more than one characteristic is monitored and there is added value in maximising what can be achieved for a
given approach.

We have highlighted that, where possible, the integration of new technologies into existing Fleet/SYSCOM
monitoring efforts might provide significant added value. The inclusion of novel approaches into monitoring
programs where infrastructure exists means a cost-effective increase in what can be achieved by a given
program. For example, the inclusion of vertical or lateral laser-photogrammetry, or remote tissue sampling into an
existing vessel-based effort could be valuable. The cost per sample would be moderate given the existing
infrastructure in place. Similarly, in the future, as new technology develops and is validated (e.g. estimates of
body condition remotely sampled and telemetered from tags), these can be incorporated into appropriate
monitoring efforts.

Given the amount of effort conducted over the past 10 years as part of Fleet/SYSCOM monitoring efforts (see
Table 10), if one has not yet been conducted, there would be merit in an assessment of the data collected to
date to determine what might be achieved in a PCoD analysis. Such a retrospective assessment could be
particularly informative in terms of setting appropriate monitoring objectives. This could include a review of effort
conducted to date, sample sizes obtained for different species/variables and species/method-specific power
analyses to determine the levels of effort required to collect sample sizes to inform future PCoD analyses.
Depending on data availability, an exploratory meta-analysis of existing data might be what has been observed
in past monitoring.

This report has indicated that whilst there are existing monitoring approaches that can be considered ready for
use now, there are large array of promising avenues for future research to inform PCoD. In section 2.5 we
highlighted methods for different species groups by their utility (i.e. the number of valuable parameters that can
be collected) and feasibility (i.e. how readily data can be collected for the group using a specific method). Much
of our focus has been on approaches with the highest feasibility given the current state of science. However
many topic areas, particularly relating to health, had high utility scores. We would recommend that methods with
high utility, but moderate or lower feasibility be further developed as they likely hold significant potential in
informing future PCoD analyses. In particular, there is a need to continue to develop stress response, and —
omics fields as they are likely to yield important ‘jigsaw pieces’ in our understanding of the pathways linking
disturbance and effects on vital rates and crucially, provide the earliest possible warnings.

6.3  Future work within PCoD+

This project represents one of five tasks within the PCoD+ project. We plan to utilize efforts from other tasks (e.g.
the development of a Decision Tree framework) to help further development monitoring priorities for PCoD+
through to project conclusion in summer 2019. In addition, between now and then, we intend to utilize modelling
efforts in Task 3 — Benchmark Models’ to continue to explore whether there are health variables (e.g. body
condition metrics, physiological variables) which can be assessed for their utility as in section 3 here. This will
also capitalize on work conducted under the Sound and Marine Life Joint Industry Program-funded project “A
Bioenergetic Model to Estimate the Population Consequences of Disturbance” (Pl Costa). It is intended that this
and planned effort will be presented at a focused PCoD Monitoring Priorities workshop in spring 2019.
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7 Appendices

7.1 Workshop Details

The workshop was held in Santa Cruz, CA over two full days on Tuesday 28" February and Wednesday 1st
March 2017. Here, we provide a brief summary of the objectives of the workshop, the process undertaken. The
outputs are discussed above. The workshop attendees are shown in Table 6. We'd like to acknowledge the input
of each of the attendees in developing inputs for the Feasibility-Utility plots and discussions on how to advance

monitoring priorities for PCoD.
Table 6- Attendees of the Identifying Monitoring Priorities for PCoD Workshop.

understand ¢ assess ¢ mitigate

Personnel Affiliation Role
Cormac Booth SMRU Consulting

John Harwood SMRU Consulting & University of St Andrews

Len Thomas CREEM, University of St Andrews Project
Catriona Harris CREEM, University of St Andrews Team
Dan Costa Costa Lab, University of California, Santa Cruz

Lisa Schwarz Costa Lab, University of California, Santa Cruz

Brandon Southall Southall Environmental Associates

Andy Read Read Lab, Duke University

Sam Simmons Marine Mammal Commission Science
Lori Schwacke National Marine Mammal Foundation Advisory
Andre de Roos University of Amsterdam Panel
Mike Weise Office of Naval Research

Anurag Kumar NAVFAC

Barb Taylor Southwest Fisheries Science Center, NOAA

Dan Crocker Sonoma State University

Nick Kellar Southwest Fisheries Science Center, NOAA Invited
Shawn Noren Williams Lab, University of California, Santa Cruz Experts
Frances Gulland The Marine Mammal Center

Jeff Moore Southwest Fisheries Science Center, NOAA

The workshop began with a series of presentations from Cormac Booth, John Harwood, members of the project
team and invited Science Advisory Panel members providing background information on PCoD in general, and
developing efforts within the PCoD+ project. Those initial presentations are outlined below (Table 7).

Table 7 - Presentations made at the Identifying Monitoring Priorities Workshop in spring 2017.

Presenter Title

Cormac Booth Introduction to PCoD+ and workshop

John Harwood An overview of PCoD efforts to date and setting scene

Lisa Schwarz Summary of JIP funded research exploring links between health and vital rates
Brandon Southall Overview of new Noise Criteria Severity Scales

Anurag Kumar Overview of U.S. Navy Marine Mammal Compliance and Monitoring Program
Cormac Booth Identifying Monitoring Priorities for PCoD: Literature Review
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| John Harwood Identifying Monitoring Priorities for PCoD: Sensitivity Analysis

Each of the presentations was delivered in an open question and answer format, allowing free discussion among
participants and thorough exploration of the different topics being presented. Following presentations and
discussions arising, the workshop participants broke into breakout groups (one for demographic variables,
another for Individual health) to explore suitable variables and methods to inform a future PCoD analysis (Table
8).

The invited experts participated in exercises to develop an expanded list of variables and methods, building on
those from the literature review. In particular, they explored the feasibility and utility of each approach/variable for
different marine mammal species groups adopting a ‘strengths of lines of evidence’ approach. Discussions and
exercises were guided with input from the project team. The approach undertaken and results of these exercises
are presented in section 2.

Table 8 - Breakout groups to explore suitable variables and methods to inform future PCoD analysis. Project
Team shown with *.

Demography Individual health measures

Cormac Booth* Len Thomas*
John Harwood* Dan Costa*
Lisa Schwarz* Shawn Noren
Barb Taylor Nick Kellar
Andy Read Dan Crocker
Jeff Moore Mike Weise
Anurag Kumar Lori Schwacke
Sam Simmons Frances Gulland
Andre de Roos Brandon Southall

As described in section 2, the experts at the workshop adopted a multiple Lines of Evidence approach as part of
the assessment of the feasibility of different methodologies for different marine mammal species groups. Below
we describe the general groupings, lines of evidence and contextual information considered in the assessments.

7.1.1  Lines of Evidence

Response variables were defined for this exercise as: ‘assuming that you have robust data on the response
variable that show a difference from an expected value consistent with disturbance then, based on the current
state of knowledge, how useful would you rate this response variable as a means of detecting a non-negligible
impact’ where negligible impact was defined as: ‘an impact resulting from a specified activity that cannot be
reasonably expected to, and is not reasonably likely to, affect the species or stock through effects on annual
rates of recruitment or survival'.

For each species group, each method was coded as follows: ‘- Not applicable; this method is not useful for RV
estimation for this stock/species; 0: Not feasible to collect or analyze data within five years; 1: Feasible to collect
data or analyze samples within five years, but no plans to do so; 2: Sufficient results for reviewing RV estimation
expected within five years; 3: Method can be used to estimate variables of interest for assessing population
consequences.
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Initially, for each species, response variables LoE were coded as following: 0: this response variable is not
informative or potentially misleading; 1: Weak; this RV must be combined with multiple additional response
variables; 2: Moderate; this response variable must be combined with at least one other response variable and 3:
Strong; this RV can be used alone to warrant concern for negative population consequences.

Following workshop breakout groups, it was determined these LoE rules did not exactly fit and the following
approach was adapted, building off the initial assessments and discussions. ‘Feasibility’ capturing the readiness
of the methodology for use in a monitoring program, the likelihood that it could be applied to each marine
mammal group and its potential for collecting demographic / health information as new analytical techniques
become available. It should be recognised that feasibility was assessed on a relative scale for each class of
response variable, so that a feasibility score of 3 applied to a methodology for measuring demographic variables
cannot be equated directly with a score of 3 applied to a methodology for monitoring health measures. In the
workshop response variables were initially assessed ‘Utility’ captured the number of demographic variables
and/or health measures that could be monitored with a specific method (see ‘weighting’ below).

The demographics group also developed a ranking combining an assessment of the feasibility of collecting
information on each variable and how informative the variable was likely to be in a monitoring context (0 — not
feasible; 1 — low feasibility and importance; 2 — medium feasibility and importance; 3 — high feasibility,
importance and already currently being collected). The health value ranking used for weighting was developed
following the workshop and followed the same approach. These scores were attributed to each variable and
were used to weight the variables in calculating overall ‘Utility’ for a method in the Feasibility-Utility assessments
(high importance variables contributed a larger score to the total Utility score (y-axis in Figure 5-Figure 15).

7.1.2  Species Groupings
Below are the approximate species groupings considered for a range of marine mammals species (
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Table 9). The species presented are those included in datasets provided to OBIS-SEAMAP from Navy

monitoring efforts. We note that no ice-breeding seal species were included in those datasets. They have been
included in the report for completion.
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Table 9 - Species groupings in Feasibility-Utility assessments. Where there is an *, this indicates where
species might be moved to another category depending on the habitat and movement patterns of a specific
population (e.g. Killer whales might be considered coastal or oceanic, depending on population).

Species Group

Common Name

Scientific Name

Deep diving cetacean

Baird's Beaked Whale Berardius bairdii
Short-finned Pilot Whale Globicephala macrorhynchus
Pygmy Sperm Whale Kogia breviceps

Blainville's Beaked Whale

Mesoplodon densirostris

Gervais' Beaked Whale

Mesoplodon europaeus

True's Beaked Whale Mesoplodon mirus
Sperm Whale Physeter macrocephalus
Cuvier's Beaked Whale Ziphius cavirostris

Pygmy Killer Whale

Feresa attenuata

Melon-headed Whale

Peponocephala electra

Minke Whale Balaenoptera acutorostrata
Sei Whale Balaenoptera borealis
Bryde's whale Balaenoptera brydei
Eden's whale Balaenoptera edeni

Baleen whale Blue Whale Balaenoptera musculus
Fin Whale Balaenoptera physalus
Gray Whale Eschrichtius robustus
North Atlantic Right Whale Eubalaena glacialis
Humpback Whale Megaptera novaeangliae
Harbor Porpoise* Phocoena phocoena

Coastal dolphins & Dgll's'PorpoisFe i Phocoenoid.es dalli

. Risso's Dolphin Grampus griseus
porpoise

Bottlenose Dolphin*

Tursiops truncatus

Killer Whale*

Orcinus orca

Oceanic dolphins

Long-beaked Common Dolphin

Delphinus capensis

Short-beaked Common Dolphin

Delphinus delphis

Fraser's Dolphin

Lagenodelphis hosei

Pacific White-sided Dolphin

Lagenorhynchus obliquidens

Northern Right Whale Dolphin

Lissodelphis borealis

False Killer Whale

Pseudorca crassidens

Pantropical Spotted Dolphin

Stenella attenuata

Clymene Dolphin Stenella clymene
Striped Dolphin Stenella coeruleoalba
Atlantic Spotted Dolphin Stenella frontalis
Spinner Dolphin Stenella longirostris

Rough-toothed Dolphin

Steno bredanensis

Land-breeding
pinnipeds

Steller Sea Lion

Eumetopias jubatus

Hawaiian Monk Seal

Monachus schauinslandi

Harbor Seal

Phoca vitulina

California Sealion

Zalophus californianus

Northern Fur Seal

Callorhinus ursinus

Northern Elephant Seal

Mirounga angustirostris
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7.2 Summary of US Navy marine mammal monitoring programs

Table 10 - Summary of the recent and current US Navy marine mammal monitoring programmes and publications (i.e. there is some duplication) summarising the
species group of interest, the survey platform and survey method employed. AUTEC = Atlantic Undersea Test and Evaluation Centre, CHPT = Cherry Point, GOA TMAA =
Gulf of Alaska Temporary Maritime Activities Area, HSTT = Hawaii-Southern California Training & Testing (includes HRC (Hawaii Range Complex), SOCAL (Southern
California), SOAR (Southern California Anti-Submarine Warfare Range) & PMRF (Pacific Missile Range Facility)), JAX = Jacksonville, MINEX = Mine Exercise, MITT =
Mariana Islands Range, NAS PAX = Chesapeake Bay, NSWC PCD = Naval Surface Warfare Centre, Panama City Division, NWTT = Northwest Training Range, VACAPES =
Virginia Capes.
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Acoustic Monitoring and Evaluation of Tursiops
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Sperm whale (Physeter macrocephalus) presence
and behavior off the mid-Atlantic states of North | VACAPES X X X
Carolina and Virginia from 2011 to 2016.
Hidden Markov_models reveal complexity in the
diving behaviour of short-finned pilot whales. - VACAPES X X X X
Diving behavior of Cuvier's beaked whales (Ziphius
cavirostris) off Cape Hatteras, North Carolina. VACAPES X X
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Patterns of occurrence and marine mammal acoustic
behavior in relation to Navy sonar activity off | JAX X X X X X X
Jacksonville, Florida.
Haul-Out Counts _and _Photo-Identification _of | Narragansett X X X
Pinnipeds in Narragansett Bay, Rl Bay
NAS Patuxent River Marine Species Surveys NAS PAX X X X X X X X
Bottlenose Dolphin Occurrence in Estuarine and
Coastal Waters near Panama City, Florida NSWC PCD X X X X X
Acoustic _monitoring of dolphin _occurrence and
activity in a MINEX training range. MINEX X e X
Response by coastal dolphins to naval mine exercise
(MINEX) training acivites off Virginia Beach, USA. | MINEX X X X
Acoustic _differentiation of Shiho- and Naisa-type .
short-finned pilot whales in the Pacific Ocean. Pacific Coast X X X
The development of an intermediate-duration tag to | Gulf of X X X
characterize the diving behavior of large whales. California
Sound source measurements from pile driving all East Coast X X
Source levels and spectral characteristics of sound
produced during pile driving at US East Coast Navy | all East Coast X X
installations.
/Tt?amfle song variation in the southeast and middle Aflantic coast X X X
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Modelling the Offshore Distribution of Southern
Resident Killer Whales in the Pacific Northwest NWTT X X X X
Marine Mammal Density Surveys in the Pacific
Northwest (Inland Puget Sound) NWTT X X X X
Pacific Northwest Pinniped Satellite Tracking NWTT X X X
Puget Sound aerial pinniped haulout surveys NWTT X X X
Passive acoustic monitoring NWTRC 2011-2012 - NWTT X X X X X
Offshore gray whale tagging in the Pacific NW NWTT X X X
Summary of tag deployments on cetaceans off WA -
May 2010 - May 2013 NWTT O R R . X
Passive Acoustic Monitoring for Marine Mammals in
the Northwest Training Range Complex 2012-2013 | V11 O R R I X
Seasonality of NW killer whale calls TM558 NWTT X X
Passive monitoring NWTRC TM557 NWTT X X X X X
Combining SRKW Tagging Acoustic Sighting Data NWTT X X X
O Harbor porpoise (Phocoena phocoena) recovery in
L the inland waters of Washington: estimates of
O density and abundance from aerial surveys, 2013- NWTT X X X
<C
o 2015

Page | 63



http://www.navymarinespeciesmonitoring.us/index.php/download_file/view/460/
http://www.navymarinespeciesmonitoring.us/index.php/download_file/view/459/
http://www.navymarinespeciesmonitoring.us/index.php/download_file/view/458/
http://www.navymarinespeciesmonitoring.us/index.php/download_file/view/457/
http://www.navymarinespeciesmonitoring.us/index.php/download_file/view/457/
http://www.navymarinespeciesmonitoring.us/index.php/download_file/view/1050/
http://www.navymarinespeciesmonitoring.us/index.php/download_file/view/1050/
http://www.navymarinespeciesmonitoring.us/index.php/download_file/view/1025/
http://www.navymarinespeciesmonitoring.us/index.php/download_file/view/1026/
http://www.navymarinespeciesmonitoring.us/index.php/download_file/view/1028/
https://www.navymarinespeciesmonitoring.us/index.php/download_file/view/1370/
https://www.navymarinespeciesmonitoring.us/index.php/download_file/view/1370/
https://www.navymarinespeciesmonitoring.us/index.php/download_file/view/1370/
https://www.navymarinespeciesmonitoring.us/index.php/download_file/view/1370/

. Title: Identifying monitoring priorities to inform population
S M R U CO nsu It N g consequences of disturbance.
Report Code: SMRUC-ONR-2017-017.

understand ¢ assess ¢ mitigate
Award #: N000141612858.

Species Group Method Platform
<))
L2
<
S = e
[72] o D [72) -— =
= - S =] = o
5 2 E|1E8|g|E
. . . . © L ©
Region | Project Title Location 8 w |2 |S|S]|3|» = =%
S — c o c €n > S Py £
8 g|E|s|2|2|8|3|x|8|5|8|3
@D =% == £ o %] » [ c ] e ©
2o | 5 o | © = < 2] b = 3 =
£ | S | © D | 5 i= n o e | =
> = = o (0] = S > o 7 © ]
2ls|2|s|[2|e|lg|ls|ls|B@|5|8]|= = | ®
g8 |83 |2|s|E|E|2|:5(2|212|2|88)z
cloa|lolo|lS|olzle|ls|22|lola|le|S|2|=|a
Small vessel visual surveys MITT X X X X X X X X X X
Acoustip analysis of High-frequency Acoustic MITT X X X X
Recording Package data
Pilot study for shore-based surveys MITT X X X X X
Autonomous glider passive acoustic monitoring of
marine mammals in the Mariana Islands Ranch | MITT X X X X X
Complex
Pilot study for shore based humpback surveys MITT X X X X X X X
cetacean surveys in Guam, the corpmonwealth of the MITT X X X X X X X X X
northern marianas islads and the high-seas
Deployment of Ecological Acoustic Recorders in the
Mariana Islands Range Complex (MIRC) MITT X X X X X
Acoustic Data from the Mariana Islands Sea Turtle
MITT
and Cetacean Survey (MISTCS) X X | x| X e
Analysis of long-term acoustic datasets from the
Mariana Islands Range Complex (MIRC) MITT X X X X X
Pa§sive IAcoustic Monitoring Of Marine Mammals MITT X X X X X
Using Gliders
Estima_tiop of minke whale abundance from an MITT X X X
acoustic line transect survey of the Mariana Islands. -
Fiye decades of marine megafauna surveys from MITT X X X X
Micronesia.
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Dwarf sperm whale (Kogia sima) echolocation clicks
from Guam (Western North Pacific Ocean). MITT X X X X X
A complex baleen whale call recorded in the Mariana
Trench Marine National Monument. MITT X X
Mid-frequency active sonar and beaked whale
acoustic activity in the Northern Mariana Islands. MITT X X X
Aerial Survey Monitoring for Marine Mammals and
Sea Turtles in the Hawaii Range Complex HRC X X X X X X
Habitat Use and Behavioral Monitoring of Hawaiian HRC X X X
Monk Seals
Movements and Spatial Use of Satellite-tagged
Odontocetes in the Western Main Hawaiian Islands HRC X X X X e
The charactgristics of doI‘phin clicks compared HRC X X X X
across recording depths and instruments.
Inter_and intra specific variation in echolocation
signals_among_odontocete species in Hawaii, the | HRC X X X X X
northwest Atlantic and the temperate Pacific.
Bealk_ed Whalel spegies occurrence inl the central HRC & MITT X X X
Pacific and their relation to oceanographic features.
Central and western Pacific blue whale song and HRC & MITT X X X
occurrence.
Long-term Trends in Abundance of Marine Mammals PMRF X X X X X
at PMRF
Estimation of Received Levels of MFAS on Marine PMRF X X X X X X X X X
Mammals at PMRF
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Behavioural Response of Marine Mammals to Navy
Training and Testing at PMRF PMRF X X X X X X X X X X
Navy Civilian Marine Mammal Observers On MFAS
Ships In Offshore Waters of the Hawaii Range | PMRF X X X X X X
Complex
Swim track kinematics and calling behavior attributed
to Bryde's whales on the Navy's Pacific Missile | PMRF X X X
Range Facility.
Occurrence and habitat use of foraging Blainville’s
beaked whales (Mesoplodon densirostris) on a U.S. | PMRF X X X
Navy range in Hawaii
Impacts of U.S. Navy training events on Blainville’s
beaked whale (Mesoplodon densirostris) foraging | PMRF X X X
dives in Hawaiian waters.
Opportunistic behavioral-response studies of baleen
whales in response to US Navy sonar training off | PMRF X X X
Kauai, Hawaii.
Blue And Fin Whale Satellite Taggi SOCAL & X X X X X X
ue And Fin Whale Satellite Tagging NWTT
Marine mammal sightings during CalCOFI cruises SOCAL X X X X
Cuvier's Beaked Whale Impact Assessment at the | goaR &
Southern California Offshore Antisubmarine Warfare SOCAL X X X X X X
Range (SOAR)
Cuvier's Beaked Whale, Blue Whale, and Fin Whale
Impact Assessments at Non-Instrumented Range | SOCAL X X X X X X X
Locations in the SOCAL Range Complex
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Marine Mammal Observers on DDGs SOCAL X X X X X X
Mixed-species associations of marine mammals in
the_Southemn California_Bight, with emphasis_on | SOCAL X X X

Risso's dolphins (Grampus griseus)

Cetacean mother-calf behavior observed from a
small aircraft off Southern California. SOCAL X X i X

Blue whale (Balaenoptera musculus) behavior and
group dynamics as observed from an aircraft off | SOCAL X X X
southern California.

Assessing ‘observer effects’ from a research aircraft
on behavior of three Delphinidae species (Grampus | SOCAL X X X X X
griseus, Delphinus delphis,and Orcinus orca).

Gulf of Alaska Line-Transect Survey (GOALS) II:

Marine Mammal Occurrence in the Temporary | GOA TMAA X X X X X X X X X
Maritime Activities Area

Passive Acoustic Monitoring of Marine Mammals in

the Gulf of Alaska Temporary Maritime Activities | GOA TMAA X X X X

Area using Autonomous Gliders

Passive Acoustic Monitoring of Marine Mammals in

the Gulf of Alaska Temporary Maritime Activities

Area using Bottom-Mounted Passive Acoustic GOATMAA X X X

Devices

Abundance and distribution of cetaceans in the Gulf GOA TMAA X X X X X X
of Alaska.
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Species Group

Method

Platform

Region

Project Title

Location

Deep diving cetaceans

Coastal dolphins and porpoise
Land-breeding pinnipeds

Baleen whales
Oceanic dolphins

Ice-breeding pinnipeds

Hands on Assessment

Remote Tissue Sampling

Visual Survey

Acoustic Survey

Capture-recapture

Photogrammetry

Individual tracking

Land

Aerial
\Vessel

PAM

\arious/Other

Marine_mammal passive acoustics applied to the
monitoring of long-term trends in beaked whale
abundance and to the derivation of a behavioral risk
function for exposure to mid-frequency active sonar.

AUTEC, PMRF,
SOCAL

>

Calls_of North Atlantic right whales Eubalaena
glacialis contain information on individual identity and
age class.

Various

Echolocation behavior of endangered fish-eating
killer whales (Orcinus orca) recorded from digital
acoustic recording tags (DTAGs): Insight into

subsurface foraging activity.

Various

Does depth matter? Investigating the effect of
recording depth on delphinid whistle characteristics
and classifier performance.

Various

Long-term  monitoring  of  cetaceans  using
autonomous acoustic recording packages

Various

Baleen whale responses to a high frequency active
pinger: Implications for upper frequency hearing

Australia
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