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Executive Summary

The Deepwater Horizon Open Ocean Trustee Implementation Group (OO TIG) released
a Final Open Ocean Restoration Plan 2 in 2019, which included a project titled Developing
a Gulf-wide Comprehensive Plan for In-water Sea Turtle Data Collection. This document,
A Comprehensive Plan for In-water Sea Turtle Data Collection in the US Gulf of Mexico
(Plan), is the culmination of that OO TIG project. This Plan serves as the OO TIG project’s
technical report as well as a framework for a biologically and statistically-sound plan to
support coordinated in-water sea turtle data collection in the United States (US) Gulf of
Mexico (GoM) to determine sea turtle abundance and population trends.

The purpose of this Plan is to act as a guide for collecting biologically and statistically
robust, in-water sea turtle data in a comprehensive, coordinated, and standardized
fashion in the US GoM. Several sea turtle in-water monitoring efforts are underway in the
GoM; however, additional coordination and standardization of these efforts will benefit
current restoration and recovery objectives. These efforts will aid in restoration project
design, assess long-term effectiveness of restoration activities, and create abundance
and distribution baselines across the GoM. This Plan provides guidance for researchers
investigating sea turtle abundance and demographic questions, as well as for
management agencies and restoration planners.

A Steering Committee (SC) was assembled to develop this Plan and to recommend a
coordinated approach to the formulation of an improved understanding of sea turtle
population baselines in the GoM, from which determination of large-scale population
changes, effects of specific threats (e.g., oil spills, anthropogenic hazards), and effects of
changes in ocean conditions (e.g., climate change) can later be evaluated. In crafting this
guidance, the SC considered species distribution and life history characteristics, spatial
and logistical considerations, level of effort required to detect trends, methods available
and the pros and cons of each, associated assumptions and biases with suggested
monitoring methods, and standardization of data collection.

Given the current level of data available, the SC has recommended species monitoring
in two main phases in neritic and oceanic waters, with additional recommended sampling
for surface pelagic drift communities.

The two phases in this Plan focus on 1) monitoring a limited number of sites in the first 5
to 8 years, followed by 2) a refined monitoring design. To support implementation of this
Plan, the SC also considered broader programmatic needs, including supplemental data
collection, program and data management, potential international partnerships, program
expansion, and applications including future technology.
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1.0 Introduction

Five species of sea turtles inhabit the Gulf of Mexico (GoM): Kemp’s ridley (Lepidochelys
kempii), loggerhead (Caretta caretta), green (Chelonia mydas), hawksbill (Eretmochelys
imbricata), and leatherback (Dermochelys coriacea). Kemp’s ridley, loggerhead, green,
and hawksbill sea turtles are in the family Cheloniidae (i.e., hard shells), whereas
leatherback sea turtles are in the family Dermochelyidae. Kemp's ridley, hawksbill, and
leatherback sea turtles are globally listed as endangered under the federal Endangered
Species Act (ESA) (16 United States [US] Code Section 1531 et seq.). Loggerheads in
the GoM belong to the Northwest Atlantic Ocean distinct population segment and are
listed as threatened under the ESA. Loggerheads are the only sea turtle for which ESA
critical habitat has been designated in the GoM. Green turtles in the GoM belong to the
North Atlantic Ocean distinct population segment and are listed as threatened under the
ESA.

Sea turtles exhibit complex life histories, highly migratory behavior, delayed maturity, and
long lifespans. They are challenging to sample in-water, and assessments of abundance
and trends have principally focused on information collected on nesting beaches and from
aerial surveys. Sampling challenges (spatial constraints due to the overall size of the
GoM, logistical constraints due to cost and lack of long-term funding availability, timing,
and lack of human resources/staffing required to survey the entire GoM in all regions,
etc.) have resulted in an insufficient understanding of GoM sea turtles. In an assessment
by Valverde and Holzwart (2017), this knowledge gap was described as, “The in-water
abundance of the five species of sea turtles that inhabit the waters of the Gulf of Mexico
is difficult to ascertain given the lack of long-term, systematic studies. Indeed, the Gulf
may arguably be the most data-deficient basin in terms of its sea turtle populations.”

Despite remaining important information gaps, numerous localized sea turtle in-water
(i.e., non-nesting) studies have been undertaken in the GoM (Eaton et al. 2008; Valverde
and Holzwart 2017). Coordination, standardization, and expansion of these efforts would
be the basis for a thorough assessment of sea turtle population change. Further, there is
a need for a biologically and statistically sound plan, and the resulting data, to guide
restoration project planning, assess long-term effectiveness of restoration activities, and
create abundance and distribution baselines across the GoM. Coordinated and
standardized monitoring protocols will facilitate integration and comparisons across
multiple projects and evaluation of region-wide restoration efforts. More comprehensive
and standardized data collection and analysis will improve on and provide critical baseline
information that was incomplete when the Deepwater Horizon (DWH) spill occurred (e.g.,
in-water relative abundance, in-water distribution, immigration/emigration). Not having
that information hindered the ability to fully assess certain aspects of the injury (McDonald
et al. 2017) and is still a problem today.

The purpose of this Comprehensive Plan for In-water Sea Turtle Data Collection in the
US Gulf of Mexico (Plan) is to act as a guide for collecting biologically and statistically
robust, in-water sea turtle data, in a comprehensive, coordinated, and standardized
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fashion. Data collected according to this Plan will be used to inform GoM sea turtle
population assessments and will improve the ability to assess rates of change. This Plan
considers the following: data collection; scientific approaches; existing methodologies
and technologies; complementary data; data and program management; and future
considerations, such as key partnerships and emerging technologies. This Plan is
intended to guide the future formation of coordinated sea turtle in-water survey and
population monitoring activities in the GoM.

Funding for this Plan was provided by the Open Ocean Trustee Implementation Group
(OO0 TIG) through selection of the project in the OO TIG Final Open Ocean Restoration
Plan 2/Environmental Assessment: Fish, Sea Turtles, Marine Mammals and Mesophotic
and Deep Benthic Communities. The National Oceanic and Atmospheric Administration
(NOAA) serves as the Implementing Trustee for the project, with support from the
Department of the Interior. NOAA entered into an agreement with the National Fish and
Wildlife Foundation to provide project management and Plan development.

The overarching goal of sea turtle restoration in the GoM following the DWH oil spill is to
implement an integrated portfolio of restoration approaches to address all injured species
and life stages (hatchling, juvenile, and adult) in areas of the GoM and Atlantic Ocean
with geographic and temporal relevance (DWH NRDA Trustees 2016). Standardized
monitoring protocols and Gulf-wide monitoring will provide important context for the
evaluation of sea turtle restoration efforts across the GoM.

The ability to detect and monitor long-term sea turtle population trends is essential to
informing population status assessments, threat assessments, and tracking recovery
progress, and will help inform ESA Status Reviews, ESA Section 7 Consultations, and
ESA Section 10 permits. This concept was outlined in the DWH NRDA Programmatic
Damage Assessment and Restoration Plan (PDARP; DWH NRDA Trustees 2016), which
stated, “Information on sea turtle spatiotemporal distribution, migration patterns, life
history parameters, and habitat use is critical for interpreting population trends, improving
sea turtle population models, and helping assess progress toward recovery goals.”

This Plan is primarily focused on broad-scale in-water data collection. Other broad-scale
data collection programs, such as aerial surveys, are recognized as essential for sea
turtle population assessments across the GoM and are integral to successfully determine
and monitor population trends. Aerial or other non-strictly in-water data collection
programs have been covered in other documents but are not discounted; accordingly,
Section 4 of this Plan discusses supporting data collection methods.

1.1 Rationale

The goal of this Plan is to provide strategic guidance for coordinated in-water data
collection efforts in the GoM and to establish standardized monitoring protocols. This Plan
will guide future surveying and sampling to fill critical data gaps to assess trends in sea
turtle populations and collect associated information. Demographic information such as
age-specific and sex-specific survival, age at sexual maturity, and other vital rates are
necessary to interpret population changes. Changes in these rates drive changes in
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abundance over time and space. This information is fundamental to evaluating the overall
effectiveness of GoM sea turtle restoration projects, habitat conservation measures, and
potential impacts from climate change and other human activities.

This Plan provides guidance for in-water data collection methodologies. The rationale for
long-term implementation is as follows:

e Data collected will inform understanding of sea turtle distribution, survivorship,
recruitment, population structure, abundance, and trends.

e Data collected will inform the development and evaluation of ongoing DWH sea
turtle restoration efforts.

e Data collected will inform regional sea turtle recovery and conservation programs.

e Data and analyses will span inshore, nearshore, and offshore habitats to provide
US GoM data. It is anticipated that future GoM studies would seek collaborations
with international partners to expand monitoring outside of US waters.

1.2 Objectives

The four major objectives of this Plan are:

e Identify and characterize biologically and statistically appropriate in-water sea
turtle data collection and analyses to measure population change, including vital
rates, abundance, distribution, and other demographic data.

e Provide a roadmap for the collection of data to improve sea turtle management
and restoration efforts in the GoM.

e Recommend a comprehensive, coordinated, and standardized evaluation of the
status and trends of sea turtle populations in the GoM.

e Identify processes needed for successful implementation of this Plan, including
protocols for in-water sea turtle data and program management, and partnerships.

1.3 Development Approach

This Plan was developed by a Steering Committee (SC), assembled to recommend a
coordinated approach to the formulation of an improved understanding of sea turtle
populations in the GoM. The SC was assembled by the initially contracted project
manager based on a combination of subject matter expertise as well as a desire to
balance agency and non-agency input. The SC was supported in development of this
Plan by a Project Management Team comprising Stantec Consulting Services Inc.
(Stantec) staff and National Marine Fisheries Service (NOAA Fisheries) employees
(Table 1). The SC and Project Management Team met regularly over a period of two and
a half years and conducted a series of virtual calls and in-person meetings, with additional
contributions from other outside subject matter experts, through one-on-one discussions
and peer review of an initial draft of this document.
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Table 1 Steering Committee and Project Management Team Members
Steering Committee? Project Management Team
Kristen Hart, USGS Christy Fellas, NOAA Fisheries
Pamela Plotkin, Texas A&M University Sara Wissmann, NOAA Fisheries
Chris Sasso, NOAA Fisheries Andrea Ahrens, Stantec
Blair Witherington, Inwater Research Group, Inc. Carl Ferraro, Stantec

Emma Heffernan, Stantec
Francis Wiese, Stantec

Key:

A&M = Agricultural and Mechanical College of Texas; NOAA Fisheries = National Marine Fisheries Service; Stantec = Stantec
Consulting Services Inc.; USGS = United States Geological Survey

Notes:

1The Steering Committee members listed above are the four core individuals who participated throughout the Plan development
and brought this Plan to completion. Other individuals who have participated in this process are included in Section 8.0
(Acknowledgements).

Data that currently inform assessments of sea turtle population change come
predominantly from nesting beaches (NRC 2010). As such, estimates of sea turtle
abundance and population vital rates apply principally to adult females, eggs, and
terrestrial hatchlings (Witherington et al. 2009; Brost et al. 2015). Eaton et al. (2008)
summarized existing in-water sea turtle research in Florida to identify research gaps and
recommended how to structure a state-wide program for coordination and standardization
of in-water sea turtle research. Many authors and expert panels have recommended more
comprehensive assessments of sea turtle population change, to include information from
turtles in the water (Thompson 1989; Bjorndal and Bolten 2000; Turtle Expert Working
Group 2009; NRC 2010; Schroeder et al. 2020). These recommendations have included
both logistical and statistical attention to sampling design, standardized data collection
methods, and modeling of estimates and trends. Key conclusions from these previous
efforts included a stated need for assessments of in-water sea turtle abundance and
trends to take place within a coordinated, integrated network of sampling projects (NRC
2010). Lack of abundance and trends data to describe population baselines has been
identified as an impediment to detecting or understanding recovery and decline of sea
turtle species in the GoM (Bjorndal et al. 2011). A later report by the National Academy
of Sciences, Engineering, and Medicine (2017), reiterated these needs, with particular
consideration of GoM sea turtle restoration monitoring. This Plan builds on these
workshops and expert recommendations to present an implementable, structured plan
for conducting strategic in-water sea turtle surveys to detect abundance and trends in the
GoM.

1.4 Scope

The sections below outline what is included in this Plan regarding species, spatial extent,
life history, appropriate levels of sampling effort, and methods.
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1.4.1 Species Considerations

Although all five species of sea turtle in the GoM share basic life history characteristics
(e.g., multiple developmental habitats, varying degrees of nest site fidelity, varying nesting
intervals), there are also important species-specific differences to consider. All juvenile
hardshell sea turtles undergo a shift from surface pelagic to benthic neritic habitat,
although some individuals may seasonally migrate to pelagic habitats (Bolten 2003). This
contrasts with leatherback sea turtles, which spend proportionally more time in deeper
waters, though they periodically forage close to shore (Sasso et al. 2021).

Historically, most capture-mark-recapture (CMR) studies of sea turtles focused on adult
females encountered on nesting beaches (Davis and Whiting 1977; Hatase et al. 2004;
Phillips et al. 2014; Lamont et al. 2014; Galloway et al. 2016) with fewer studies focused
on neritic juveniles captured in-water (Sasso et al. 2006; Ehrhart et al. 2007; Turtle Expert
Working Group 2009; Eaton et al. 2008). Recent aerial survey studies have focused on
collecting information on turtles greater than 40 to 45 centimeters (cm) straight carapace
length (SCL; Schroeder et al. 2020; Roberts et al. 2022).

This Plan provides species-specific guidance for all five species and proposes a phased
approach to the collection of in-water sea turtle data (see Section 3.0) according to the
following generalized groupings: 1) green, Kemp’s ridley, and loggerhead sea turtles; 2)
hawksbill sea turtles; and 3) leatherback sea turtles. These groupings were made in
recognition of the different life history characteristics of each species as well as spatial
and behavioral differences. Recommended sampling and survey methodologies were
then tailored to result in the most efficient data collection possible by species, as further
detailed in Section 3.1.3.

1.4.2 Spatial Considerations

All species of sea turtles are highly migratory and have wide geographic ranges. Sea
turtles in the GoM cross US state and federal, as well as international, boundaries. They
rely on terrestrial breeding habitats and on a series of nursery habitats distributed in
inshore and nearshore waters. Therefore, comprehensive sea turtle population
assessments for the GoM require an international context, even if management decisions
are ultimately governed independently by the US, Mexico, and Cuba (Shamblin et al.
2023). The GoM is not an enclosed water body, as such, effects on vital rates outside of
this basin also affect populations in the GoM (Phillips et al. 2022; Shamblin et al. 2023).
As a result, population terms used in this Plan will largely be relative (e.g., ‘relative
abundance’) and reflect the scale of possible survey coverage. This Plan does not attempt
to capture the full biological population or range of any of the species addressed
(Shamblin et al. 2018).

In the DWH NRDA PDARP and Strategic Framework for Sea Turtle Restoration Activities
(DWH NRDA Trustees 2016, 2017), the Trustees provided goals for sea turtle restoration
activities, including that restoration will occur in the geographic and temporal areas within
the GoM and Atlantic Ocean that are relevant to sea turtle species and life stages. As
such, the focus of this Plan is sea turtle data collection in US GoM waters, including the
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Florida Keys (i.e., excluding the waters of Mexico and Cuba in the southern region of the
GoM, and excluding areas outside the GoM). This focal area matches the “US GoM”
region identified by Rooker et al. (2019). The SC acknowledges that monitoring sea turtles
in the GoM outside US waters is a necessary component to fully evaluate sea turtle
populations in the GoM, and it is an important future consideration discussed in Section
6.1. This Plan also recognizes important connections between the GoM, the Caribbean
Sea, and the wider Atlantic Ocean. These connections correspond with shared population
genetics, and sea turtle developmental and reproductive migrations between the GoM
and the western North Atlantic (Girard et al. 2009; Shamblin et al. 2012, 2018; Chabot et
al. 2021; Evans et al. 2021; Phillips et al. 2022). Migrations into and out of the GoM
connect sea turtles to monitored in-water sea turtle study sites and nesting beaches in
the western North Atlantic. Vital rates and abundance measures of sea turtles for these
areas outside the GoM are necessary for population assessments of sea turtles that use
the GoM.

1.4.3 Life History Considerations

Important sea turtle life history stages occur on land at nesting beaches (including
nesting, egg incubation, and hatchling emergence and dispersal), but sea turtles spend
most of their lives in the water. Nesting beach studies are essential to a comprehensive
understanding of population dynamics (Heppell et al. 2003), but they do not provide direct
information on non-nesting females or males, nor on habitat use during most of their lives.
Once sea turtle hatchlings emerge and enter the ocean, they spend the first several years
as surface pelagic (‘oceanic’) juvenile turtles at or near the surface, usually associated
with convergence zones in open ocean areas far from land (Bolten 2003), where floating
material, such as Sargassum, provides food and shelter during this critical life stage
(Witherington et al. 2012). After a few years, juveniles of hardshell species migrate back
to nearshore habitats, where they feed primarily on benthic organisms, and are
considered neritic juveniles. Life history information on leatherbacks of this life stage is
largely unknown.

The DWH NRDA Trustees (2017) defined life history classifications by species, but there
is no industry standard for life history terminology, thus life history classifications vary
between entities and/or individual researchers. Figure 1 illustrates the typical sea turtle
life cycle, and for the purposes of this Plan, the SC will use the above italicized terms
when referring to the different major life stages, as they apply to in-water habitats.

Sea turtles do not attain sexual maturity for many years (decades for some species), but
once mature, most hardshell adults establish a preferred home foraging area to which
they are generally faithful (Bresette et al. 2010; Vander Zanden et al. 2010; Shaver et al.
2013; Hart et al. 2013, 2014, 2015; Phillips et al. 2021). Reproductively active females
migrate varying distances to nesting beaches to which they are also relatively faithful to
for the duration of their reproductive lifespan. Reproductively active males may also make
breeding migrations away from home foraging areas to mate with females along migratory
routes, including offshore nesting beaches (Shaver et al. 2005; Cuevas et al. 2020;
Ashford et al. 2022). After the mating period (males), and after the last egg clutch is laid
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(females), adults from both sexes generally undertake return migrations to their home
foraging areas, where they may remain until their next reproductive cycle.

In-water sampling enables the sighting and/or capture of neritic juvenile and adult sea
turtles, including those smaller than can typically be observed in aerial surveys (i.e.,
smaller than 45 cm) and provides critical information during these extensive times away
from shore. The PDARP recommended that restoration “target adult and older juvenile
life stages. Adult and older juvenile sea turtles are extremely valuable to the population,
because they are either already reproductively active or have a high likelihood of surviving
to reproduce (Crouse et al. 1987; Heppell 2005)” (DWH NRDA Trustees 2016). To meet
this recommendation for restoration, and out of practicality, this Plan focuses efforts on
inshore and nearshore waters, which are principally used by neritic juveniles and adults.

Figure 1 Generalized Life Cycle of Sea Turtles (Naro-Maciel et al. 2011)
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1.4.4 Level of Effort to Detect Trends and Estimate Annual Survival

The SC identified 17 in-water sea turtle CMR studies published in the peer-reviewed
literature that reported both individual turtle survival and recapture probabilities—Heppell
et al. (1996); Limpus and Chaloupka (1997); Chaloupka and Limpus (2001, 2002, 2005);
Bjorndal et al. (2003, 2005); Seminoff et al. (2003); Campbell and Lagueux (2005); Sasso
et al. (2006); Koch et al. (2007); Casale et al. (2009); Patricio et al. (2011); Bell et al.
(2012); Redfoot and Ehrhart (2013); Strindberg et al. (2016); and Grossman et al.
(2019)—but none of these studies were in the GoM. Most of these studies captured only
one species, with eight focused on loggerheads, six on green turtles, two on hawksbills,
and one on loggerhead and green turtles. The most common model used was the
Cormack-Jolly-Seber. Although other sea turtle CMR studies exist outside these 17, they
were focused on nesting females or do not directly present survival and recapture
probabilities on in-water turtles and, therefore, are not relevant for this Plan.

Across these 17 studies, only four present assessments of trends in annual sea turtle
abundance (Chaloupka and Limpus 2001, Bjorndal et al. 2005, Redfoot and Ehrhart 2013,
Grossman et al. 2019). Only Bjorndal et al. (2003; 24-year time series) and Chaloupka
and Limpus (2005; 8-year time series) reported a significant trend. Grossman et al. (2019)
hypothesized that the detection of a biologically significant trend would require 18 years
of data at the power of their reported data set. Redfoot and Ehrhart (2013) were unable
to detect an annual trend in juvenile green turtle abundance across their 14-year time
series.

This review of the literature revealed that estimates of apparent sea turtle survival and
recapture probabilities were only possible when studies were relatively long term (6—10
years) and when consistently sampled projects/sites had annual sea turtle recapture
rates of 32 percent or greater. Total numbers of sea turtles tagged in these studies
ranged from 17 to 1,600 (median = 273 individuals) with a median derived recapture
probability of 0.5 percent. The longest study was 24 years, with an average of 9.4 years.
Where catch per unit effort was reported (5 of the 17 studies), 7- to 10-day sampling
durations were most common, with a maximum sampling duration of one month per
year in the Great Barrier Reef (Chaloupka and Limpus 2002). Reporting of confidence
intervals around annual estimates of survival and probability of sea turtle recapture was
inconsistent; therefore, no general guidance could be derived.

The SC notes that it would be valuable in future CMR studies to assess how long it takes
until the confidence intervals (or credible intervals) around these metrics begin to narrow.
Until such time, the SC suggests individual projects developed in support of this Plan,
and that meet the initial criteria to qualify as a potential index site, be undertaken for a
minimum of 10 years. Once initial data are collected and analyses are complete, and
where estimation of abundance, distribution, and vital rates are possible, this information
should be used to conduct a power analysis or likelihood-based approach to re-evaluate
data and sampling designs (more on this in Section 3.0).
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1.4.5 Methodological, Analytical, and Administrative Considerations

This Plan evaluates available in-water sea turtle data collection methodologies, including
pros and cons, biases, type of data that can be obtained, and applicable habitats. This
Plan focuses on in-water sea turtle data collection techniques with some minor exceptions
as they relate to certain species and life stages (see Section 3.1.3.3). Aerial surveys have
been the primary method to obtain estimates of relative abundance of sea turtles across
the US GoM, and the SC recognizes the need for this method to continue to gather broad-
scale distribution and relative abundance information for sea turtles greater than 40 cm
SCL. Funding to continue those surveys is uncertain but has come from federal agencies
in the past. As such, the recommendations previously discussed during a NOAA working
group (Schroeder et al. 2020) are reiterated; currently, these surveys are
optimized/planned for marine mammals, but it is crucial to optimize them for sea turtles.
Satellite tagging programs included in this Plan will also support future sea turtle aerial
survey programs by providing information on availability bias, and thus the correction
factors needed for more robust aerial survey estimates for sea turtles (as further
discussed in Section 4.1).

This Plan also provides guidance on in-water sea turtle index site selection criteria, but
without dictating specific sites. Similarly, it does not dictate analysis or modeling
approaches, but takes into consideration data needs to comprehensively analyze
collected information in a Gulf-wide context. As such, the SC has made suggestions
regarding data management, recognizes that new technologies are continuously
emerging and need to be considered when mature, and considers other administrative
needs to make its implementation successful.

1.5 Implementation Vision and Intended Audience

It is the SC’s vision that the data collection program outlined in this Plan will be led by a
formal Lead Coordinating Entity (LCE). The LCE would manage a coordinated network
of individuals with appropriate experience, permits, and understanding of the assumptions
and biases described in this Plan. At the time this Plan was written, the LCE had not yet
been designated. Data collected pursuant to this Plan will be subject to the
implementation and data management approach outlined in Section 3.3 and 5.0. The SC
acknowledges that the efforts proposed here represent a large undertaking that would
require a major and long-term source of funding and that overall goals would need to be
prioritized accordingly; however, it is also the SC’s opinion that this undertaking is
necessary to meet the objectives listed in Section 1.2. Further guidance on the
implementation of this Plan and data coordination will be released separately once the
LCE is established.

The SC proposes a long-term, phased, and adaptive approach to the collection of in-
water sea turtle data, in the following order of priority:

1. Phase 1: Exploration and identification of a limited number of prioritized sites in
neritic waters in the US GoM.



A Comprehensive Plan for In-water Sea Turtle Data Collection in the US Gulf of Mexico

2. Phase 2: Continued monitoring of effective Phase 1 index sites and site
refinement, based on initial results and sampling considerations per Phase 1, in
the US GoM.

3. Future In-Water Plan Considerations: Monitoring of non-US GoM waters. To allow
for expansion and aggregation of data collected in a systematic way over a large
spatial scale, additional regions can be added as international partnerships
develop over time. Integration with other programs and incorporation of emerging
technologies would also be considered during this stage.

Phases 1 and 2 are described in further detail in Sections 3.1 and 3.2. Future in-water
Plan considerations and approaches to potential future studies are identified in Section
6.0.

Partners critical to success of this Plan include the following: holders of historical sea
turtle data; researchers with active monitoring projects willing to collect data in a manner
outlined in this Plan; researchers willing to commit to long-term monitoring; permitting
agencies; and administrators of project-network monitoring, data, analyses,
communication, and facilitation.

The primary intended audiences for this Plan are researchers who might contribute to
understanding sea turtle population changes within waters of the GoM. Secondary
intended audiences for this Plan are funding agencies, program administrators, and
resource managers who will be interpreting and utilizing results of the suggested
measures in this Plan. These contributors would be guided by this Plan, with additional
guidance and facilitation from the LCE. The SC's intent is to have this Plan be part of the
essential communication and strategic planning shared among groups providing funding,
resource management direction, and science that help achieve Plan objectives. A key
leadership role played by the LCE will be to facilitate this communication, address needs
of contributors, and coordinate human-dimension components of this Plan.
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2.0 Data Collection Plan Considerations

In the NRDA Strategic Framework for Sea Turtle Restoration Activities, the DWH NRDA
Trustees (2017) noted that “some information currently exists on sea turtle population
structure, spatiotemporal distribution, life history parameters, migration patterns, and
habitat use during their long oceanic and neritic life stages, but there are temporal and
spatial gaps in these data sets (National Marine Fisheries Service and the US Fish and
Wildlife Service [USFWS] 2008; National Marine Fisheries Service et al. 2011).” This Plan
aims to identify and characterize biologically and statistically appropriate in-water sea
turtle data collection strategies that, once implemented, will begin to fill some of these

gaps.

Within this section, the specific demographic data and parameters are identified that are
necessary to answer future population trend, recovery, and restoration questions, and
that should be collected during field programs. The need for such effort is well captured
by the DWH NRDA Trustees, as follows:

Monitoring and scientific support are necessary to address key information needs
and data gaps, and to help inform the temporal and spatial implementation of future
restoration projects. Because sea turtles are broadly distributed within and outside
of the northern GOM, coordinated monitoring of restoration activities across sites,
states, and potentially beyond the GOM will be necessary to enable the detection
of effects of successful restoration. In particular, Gulf-wide monitoring of sea turtle
populations and the implementation of standardized monitoring protocols for
specific activities and life stages (e.g., nest productivity, nest abundance, in-water
abundance) would provide important context for project-level monitoring at
individual sites where restoration is implemented and would allow comparisons
across multiple projects [...] DWH NRDA Trustees, 2017; pp. 20

2.1 Metrics for Population Assessment

Monitoring of vital rates is needed to parameterize population models and assess
population trends. These rates can vary among subpopulations, life stages, sexes, and
sampling locations. Some of these parameters (e.g., age/size class structure, survival
rates) may serve as early signs of negative or positive impacts before such changes can
be measured in direct abundance parameters (e.g., Arendt et al. 2021, 2022). Table 2
lists metrics that inform population assessments and the data/samples and analytical
methods required for their measurement.

11
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Table 2

Sea Turtle Population Assessment Metrics and Analytical Methods required for their Measurement or Estimation

Abundance
(agelsize-class
specific)? 2

Occurrence

Survival
Probabilities
(agelsize-class
specific)

Immigration /
Emigration
(agelsize-class
specific)

Spatial
Distribution

Genetic Stock,
Diversity and
Population
Structure

Population Age
(Size) Structure

Sex Ratio by Life
Stage

Stage Duration

Required Data/Sample*

Species

v

v

v

v

Spatiotemporal Effort Associated
with Observations or Captures

<

Behavioral Measures Applied to
Detection Assumptions,
Availability, and Movement

Turtle Identities

Turtle Sex

Turtle Life Stage

SISNIS] S

Number of Turtles Counted on
Transects (by Age/Size-Class)

Age/Size-Class Specific CPUE

Length/Weight

Blood/Tissue Samples

NN AN RN AR

Method*

Presence

CMR3

Distance Sampling*

Western Blot Immunoassay®

CPUES

SISNINS

Sea Turtle Observations,
Stranding, Non-Systematic Data

Satellite Tagging

\/7

Genetic Analysis

Close-kin Mark Recapture®

Time-Varying Matrix Models and
Other Models

Hormone Analyses

Somatic Growth Rates by Life
Stage and Length Frequency
Analysis

Key:

CMR = capture-mark-recapture; CPUE = catch per unit effort

Notes:

* Suite of data and samples possible is dependent on field method.
1 For the purposes of this Plan, the term “abundance” is meant to convey metrics representative of population measures (e.g., relative abundance or absolute abundance at a site) as opposed to mean population abundance.
2 Sex determination from blood is a technical assessment done in a laboratory setting.
3 CMR methodology discussed in White and Burnham 1999; Williams et al. 2002

4 Distance sampling methodology discussed in Buckland et al. 2001
5 Western blot immunoassay methodology discussed in Tezak et al. 2020

& CPUE examples and caveats surrounding use of these data are discussed in Bjorndal and Bolten 2000; example provided in Arendtet al. 2012

7 Known-fate survival

8 Close-kin mark recapture methodology discussed in Bravington et al. 2016
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2.2 Site Selection Criteria

2.2.1 General Considerations

Sampling should represent all states across the US GoM. Where it makes sense to do so
for the species of interest, the number of sampling sites in each state’s waters should be
roughly proportional to the length of each state’s coastline. However, as detailed in
Section 3.1, researchers are encouraged to use additional biologically relevant
considerations when planning sampling efforts, as appropriate. Ideal sampling should
include a combination of local focused sites nested within larger-scale transect-based
surveys for abundance. In all instances, sampling effort must be measured and recorded.

Sampling sites should have monitoring value based on some, or all, of the following
considerations:

e State coastline representation

e Habitat representation

e Species and life stage representation

e Capture and recapture probabilities

e The extent of any ongoing or prior time series of metrics specified in Table 2
e Repeatability and consistency of effort

As further detailed in Section 3.0, sampling locations will be based on the ability to employ
proven sighting and/or capture methods (i.e., effective given the location’s particular water
depth, water clarity, habitats, currents, and sea state) without violating key analytical
assumptions when determining abundance and/or survivorship. For example, the CMR
approach would require the possibility for regular repeat sampling over 10 years or more
and large enough sample size, including recaptures (see Section 2.1.4 for more details).

2.2.2 Logistical Considerations

The following sampling site logistics must be considered to improve feasibility and
repeatability:

e Site allows sampling at different times of year (i.e., can represent different
seasonal time periods).

e Site is monitored by organizations with a commitment to multi-year sampling and
data sharing.

e Site and sampling methods have the potential to be expanded over time to
increase sampled (observed, captured, recaptured) sea turtles.

e Site is represented by evidence (e.g., published studies, unpublished data,
inference from published analyses) indicating that sea turtles are present in spatial

13
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densities that would yield sufficiently dense observations or captures. This may
include sites that add sampling representation outside "hotspot” locations.

e Site is characterized by habitat where expected detectability is high enough to yield
significant observations or captures.

e Site does or could provide supplementary data sets that assess availability, sea
turtle movements, stock identification, life stage and sexes present, and regionally
relative spatial density.

e Site has the potential to contribute significant numbers of observations, or captures
and recaptures, to represent one or more species, life stages, habitats, or a GoM
region. See the benefits of expanding site representation described in Section
2.1.4.3.

Ideally, sampling will occur in both new sites and currently sampled sites, should they be
amenable to the survey techniques detailed in Section 3.1 and the above assumptions.
Organizations and/or researchers must also have the available skills, the ability to obtain
necessary/applicable permits, and appropriate facilities to employ the suggested
sampling methods. The more of these logistical considerations that can be met, the more
useful the data will be. Sites that only meet a few of the above considerations are less
likely to be suitable for integration into a large-scale, long-term, Gulf-wide monitoring
program.

2.3 In-water Monitoring Methods

A comprehensive evaluative comparison of sea turtle in-water monitoring methodologies
is beyond the scope of this Plan; however, previous efforts have been considered in this
Plan and adapted to the GoM as appropriate.

Although not a full comprehensive evaluation, Table 3 lists a summary of the SC’s expert
opinions and conclusions on commonly applied in-water sea turtle sampling
methodologies, associated in-water assessment metrics, considerations and tradeoffs,
and recommendations for inclusion of the methodology in this Plan. Section 6.3 further
discusses emerging technology and future potential methodologies. The in-water
assessment metrics listed in Table 2 are possible outcomes according to appropriate
project design and their focus is aligned with the long-term objective of monitoring
population trends. The SC recognizes that there are other ecological variables that could
be collected (e.qg., diet), but such studies are not the focus of this Plan.

It is understood that permit-related requirements and/or funding may impact the choice of
methodology; however, the SC has made recommendations based on ideal sampling
scenarios.
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Table 3 Evaluation of In-water Field Sampling Methodologies for the US Gulf of Mexico to Determine In-
Water Assessment Metrics
. . In-Water Assessment . .
F|eI<IiIASampI|ng Metrics Yielded by Considerations and Tradeoffs ResRmITEmE oS fer #alks
ethod Plan
Method
Ship-based transect | e Occurrence Pros: Covers broad area The SC does not recommend
surveys (non- e Abundance Cons: Poor detectability and reduced data detail this sampling method due to
capture) e Spatial Distribution poor detection of sea turtles.
Small-vessel and e Occurrence Pros: Effective in clear, shallow waters. Surveys The SC recommends that this
UAV-based transect | e Abundance can represent scales of 100 km or more. method overlap spatially with
surveys (non- e Spatial Distribution Cons: Not effective in turbid waters; for relative site-specific captures providing
capture) abundance, this method relies on visual target greater data detail (turtle size,
identification by in-situ humans or RGB video sex, genetics). Abundance
review by human observers (so limited to human estimates are limited by
visual capabilities) violations of distance sampling
Other Considerations: Deep-water and turbid water | assumptions.
surveys record only near-surface turtles and would
require understanding availability bias from
representative dive data; active sonar and LIiDAR
may enhance detectability during these surveys in
deep and turbid waters.
Snorkel, SCUBA, or | e Occurrence Pros: Effective in clear, waters approximately 10- to | The SC recommends this
towed diver transect | e Abundance 30-m depth. method for sampling hard-
surveys (non- e Spatial Distribution Cons: Surveys represent localized scales less than | bottom and coral reefs.
capture) 1 km. Detectability data are challenging to collect.
Direct capture e Occurrence Pros: Effective in clear and relatively shallow water; | The SC recommends this
(dipnet, hand e Abundance No bycatch. Strike netting also effective in shallow, | method for sampling hardshell
capture, hoop net, e Survival Probabilities turbid waters. SCUBA capture effective in clear turtles in shallow, clear water.
snorkel/SCUBA e Immigration/Emigration water to 30-m depth. Can be effective for pelagic The SC recommends recording
capture, strike net) e Spatial Distribution juveniles that have not transitioned to neritic habitat. | effort and detectability data
e Genetic Stock, Diversity, Effective to capture leatherback sea turtles at the associated with captures, and

and Population Structure
Movement and
Connectivity

Sex ratio by Life Stage
Stage Duration

surface.

Cons: Hand capture not as effective in turbid water
or depths greater than 3 m; Limited to catching a
single individual at a time. Sampling represents
relatively small spatial scales (<1 km)

suggests this method is most
useful in conjunction with small
vessel transect surveys that
allow extrapolation of spatial
density estimates.
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In-Water Assessment

Al | SErTiE s Metrics Yielded by Considerations and Tradeoffs RESEIIIE ECTIS e e
Method Plan
Method
Trawl capture Abundance Pros: Surveys can represent scales of 100 km or The SC recommends this

Survival Probabilities
Immigration/Emigration
Spatial Distribution
Genetic Stock, Diversity,
and Population Structure
Movement and
Connectivity

Sex ratio by Life Stage
Stage Duration

more; effectiveness is independent of water clarity;
effective over sandy, muddy habitats.

Cons: Detectability is low (recaptures are few);
sensitive habitats (e.g., seagrass, high relief areas,
live hard-bottom) cannot be sampled; surveys
covering large spatial scales are expensive.

Other Considerations: Can use either otter or
skimmer trawls to adapt to varying water depth
between 1 and 20 m.

method for larger sampling
areas, with turbid and/or deeper
waters (to 20 m).

Tangle netting, drift
net, and
“entrapment net"?

Abundance

Survival Probabilities
Immigration/Emigration
Spatial Distribution
Genetic Stock, Diversity,
and Population Structure
Movement and
Connectivity

Sex ratio by Life Stage

e Stage Duration

Pros: Can be effective in both clear and turbid
waters to moderate depths (up to 6 m). Tangle
netting effort can be measured for CPUE, and
entrapment netting can apply to spatial density
estimates.

Cons: Bycatch can be high; depth limitations (up to
6 m); net must be continually attended as a permit
requirement because of the potential for lethal take.

The SC recommends these
sampling methods in areas
where other techniques have
been less successful or not
appropriate.

Telemetry e Movement and Pros: Provides data that strengthen inferences from | The SC recommends that
Connectivity sightings and captures (availability corrections for behavioral data from telemetry
e Turtle Survival distance transect surveys, emigration in CMR); be used to strengthen inference
Probabilities short-term survival over tag life (approximately 1 from transect surveys; this
e Spatial Distribution year); movements can reveal potential sampling method is complementary to
locations other methods such as aerial
Cons: Challenge in distinguishing tag failure from surveys or remotely sensed
death; tag failure biased by life stage and habitat; data.
small timescale measured relative to lifespan;
expensive
Key:

CMR = capture-mark-recapture; CPUE = catch per unit effort; km = kilometer; m = meter; LiDAR = light detection and ranging; RGB = red, blue, green, refers to a type of
component video signal used in the video electronics industry, consisting of three signals; SC = Steering Committee; SCUBA = Self-Contained Underwater Breathing Apparatus;

UAV = uncrewed aerial vehicle
Notes:

1 Entrapment nets detailed in Meylan et al. 2011

16




A Comprehensive Plan for In-water Sea Turtle Data Collection in the US Gulf of Mexico

2.4 Assumptions and Biases

The primary means to collect relative abundance, distribution, and survival metrics for
sea turtles in the water is with distance sampling and CMR studies (Buckland et al. 2001;
Williams et al. 2002). This section provides a summary of the main assumptions and
biases associated with these methods and their associated data analyses and refers the
reader to further literature for more in-depth reading on these topics.

2.4.1 Distance Sampling

Sea turtles are often sampled in the water using point counts or line transects from small
vessels to estimate relative abundance in an area. Distance sampling has been
successfully applied to a variety of habitats and species (Buckland et al. 2001, 2015).
There is an extensive body of literature on assumptions and study design considerations
necessary before starting line transect survey studies. Buckland et al. (2001) is an
excellent reference on estimating abundance from line transect data and will help plan
study design and analysis of data.

Basic assumptions of line transect distance sampling (as summarized in Buckland et al.
2001) are as follows:

1. Transects are a random sample of the sea turtle population present at the study
area.

2. Seaturtles on the transect line are detected with certainty.
3. Sea turtles do not move before being counted.
4. The measurement of sea turtle distance from the transect line is exact.

Along with understanding these basic assumptions and biases, several survey-design
considerations affect data and hypothesis testing. Sample size and the placement of
transect lines should meet the precision, resolution, and representation required by the
study objectives (Buckland et al. 2001). Sea turtle detectability is affected by size, motion,
background habitat (camouflage), and sheltering; and species identifications and size
approximations vary with distance.

Consistency and training of observers is also important as individuals may have variations
from each other. Steps can be taken to reduce or quantify those variations such as
training observers to have a minimum level of accuracy and/or having multiple individuals
complete transects in tandem to compare results. Controls need to be considered early
to negate this potential bias.

A key objective of this Plan is to measure local abundance annually (and seasonally, if
possible), and to assess trends in abundance over time. The length of transects and effort
required to meet those objectives requires knowledge of encounter rates from pilot work
in the study area or from comparable studies.
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Surveyors should define the area, habitat, and water depth to be surveyed prior to
selecting locations of transect lines. Initial selection of transect lines in the defined area
should use some form of pre-determined systematic or stratified random sampling to
ensure the area is appropriately surveyed and does not rely on subjective selection of
transect locations. Common layouts of transects are a series of parallel lines or a saw
tooth pattern, depending on the overall area being surveyed. Transects need to be a
sufficient distance apart to avoid detecting sea turtles on neighboring transects that have
not been sampled yet (that is, to limit spatial autocorrelation). The same spatial strata
should be sampled repeatedly among years or seasons (again applying random starting
points) at the same level of effort to ensure estimates are comparable. The SC does not
recommend repeatedly sampling in the exact same locations within strata each year or
season; rather, each year or season, a similar number of stratified random transects
should be deployed in order to capture variation within each stratum. Specifics on defining
strata and sampling within those strata are presented in Section 3.0.

CMR studies (see below) are likely to be performed in areas that have already been
surveyed. If conducting transect surveys and sea turtle captures in an area, it is important
to complete these methods at different times since pursuits necessary to capture sea
turtles will likely influence their distribution in the area, violating a basic assumption of line
transect sampling. The appropriate sampling regime would be to survey the area using
the preselected line transects and then, once complete, perform the capture study in the
area to collect data on demographics and population parameters. The software program
Distance (Thomas et al. 2010; Miller et al. 2019) has a built-in survey design tool, with
integrated geographic information system, to assist in planning and assessing different
design properties via simulation before deciding on the best survey design for a study
area (Buckland et al. 2001). To provide informative abundance estimates, the SC notes
that transects should be of sufficient length and coverage to meet classic distance
transect theory recommendations, and that a minimum of 40 individuals are observed,
with 60 to 80 preferred (Burnham et al. 1980).

Estimates of detection probability should incorporate a variety of environmental and/or
supplementary covariates that affect sighting sea turtles in the water. Typical
environmental covariates are depth, water clarity, water temperature, sea-surface state,
wind speed and direction, cloud cover, sun angle, observer height, and observer identity.
Because these variables are likely to change over the course of a transect, these data
should be captured after each change is identified and for each side of the vessel.

2.4.2 Capture Mark Recapture

CMR studies are commonly used to measure animal population dynamics. These studies
are used to estimate abundance, survival, recruitment, movement, life stage transition,
and population growth rate (Williams et al. 2002).
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The basic assumptions among mark-recapture analysis methods are similar and need to
be considered and incorporated into the design of CMR studies. Those assumptions (as
summarized in White and Burnham 1999) are:

1. Sea turtles are marked with individually identifiable tags and released.

2. Sea turtles previously marked have their tag numbers read and recorded and are
released.

3. Marked and unmarked sea turtles present during sampling have the same
probability of capture at each sampling occasion (homogeneous catchability).

4. Sea turtles retain tags throughout the study.
5. Tags are read and recorded accurately.

6. Sampling is instantaneous (i.e., sampling occasion is short relative to period
between sampling occasions). More complex CMR models allow for incorporation
of observations outside the sampling period and area.

7. Survival probabilities are the same for all sea turtles (marked and unmarked)
between sampling occasions (homogeneous survival). Survival probabilities of the
sampled population are representative of the overall population.

8. The study area should be constant. Effort should be measured to account for
instances when it is not constant and can be used to assess detection as a function
of effort.

There are many different CMR models to accommodate different data types and study
situations; however, before undertaking any study, it is imperative to consider the
assumptions of CMR models and ensure that effort in space and time is consistent among
survey occasions to generate valid results from the models. Proper study design, before
initiating data collection, is fundamental to generating the data needed to understand sea
turtle population dynamics.

Program MARK (White and Burnham 1999; Williams et al. 2002; Laake et al. 2013) and
the accompanying reader, Program MARK — A Gentle Introduction (Cooch 2017), are
excellent resources to understand what CMR models are available (open, closed,
spatially explicit, etc.), how to collect and analyze the data, and how to select the best
models for data collected.

2.4.3 Sites with Both Distance Sampling and CMR Studies

Spatially expansive distance surveys may have transects that intersect with a more
localized study area where CMR is conducted. CMR studies and distance sampling
complement each other with differing geographic scales and levels of data detail. Where
and when there is spatial overlap between these two sampling methods, detailed
population data on sea turtle life stage, sex, genetic stock, and survival, can be obtained.
Space overlap also allows comparison of trends in abundance estimated by different
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approaches and to integrate the two approaches into one estimate. In cases where
surveys and captures are planned for the same geographical area, the SC recommends
that these do not occur simultaneously; that capture only start once the entire survey has
been completed.

2.4.4 Catch per Unit Effort

The SC considers catch per unit effort (CPUE) data to be a potentially useful addition to
CMR or Distance transect estimates of abundance, rather than a substitute for these more
statistically powerful and population-representative methods. CPUE is an important
metric to report counts using a standardized measure of effort and capture efficiency.
Measures of effort in targeted capture studies include net length and net soak time (tangle
net; Ehrhart and Ogren 1999; Metz and Landry 2013, 2016), headrope/footrope length,
and tow time (trawl). Arendt et al. (2012) present a helpful paper on how a multi-year
randomly distributed regional trawl survey can be used to assess the relative abundance
of loggerhead sea turtles in southeast US waters. Schroeder et al. (2020) further
summarize some of the CPUE survey methods associated with both trawl and non-trawl
capture surveys, and review some of the associated challenges and biases. Capture
efficiency (equivalent to capture probability of CMR) is best measured through CMR
methods, and best standardized by keeping gear type and use constant. CPUE
examples, and caveats surrounding the use of these data, are in Bjorndal and Bolten
(2000).

Important considerations for the collection and use of CPUE data include:

e Standardization that reduces CPUE bias includes attention to standardized
capture gear, its configuration, and its presentation relative to marine conditions.

e Sampling that reduces CPUE bias includes systematic seasonal sampling, a
randomized sampling design, and pooling of multiple sampling sites.

e CPUE data are least useful as a quantitative index of abundance when there are
sample biases, and low or highly variable catch rates, but may remain useful as a
gualitative indicator.

Additional guidance on CPUE methods applied to sea turtles can be found in Bjorndal
and Bolten (2000), NRC (2010), and Schroeder et al. (2020).
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3.0 In-water Monitoring Plan Approach

In the PDARP and Strategic Framework for Sea Turtle Restoration Activities, the DWH
NRDA Trustees (2016, 2017) identified the need for more standardized data collection
and analyses to improve our ability to track sea turtle population trends in the GoM. The
goal of this Plan is to provide a framework for researchers that guides a phased, in-water
monitoring program that will fill that gap and obtain population data that were incomplete
when the DWH oil spill occurred, and still are today.

The objectives and scope of this Plan aim to address considerations for sampling and
measurement of sea turtle population change in the GoM. Although there is considerable
published information on sea turtle presence and distribution within the GoM, itis the SC’s
opinion that there are still important spatial gaps, gaps in data detail, and likely biases for
these projects to constitute a regional sampling effort.

Existing information is not complete, detailed, or GoM specific enough to guide a
statistically robust, Gulf-wide, in-water monitoring study design. As previously described,
a global review of the published literature (see Section 1.4.4), revealed only 17 studies
that reported sea turtle survival and recapture rates for individuals sampled in-water, and
none of them were in the GoM. The inconsistent reporting of important metrics
(recaptures, sampling days and effort, immigration and emigration) led to an even lower
number of studies with results that could inform future study designs.

Similarly, Roberts et al. (2022) assessed dive and movement data collected in the GoM
from 136 in-water captured turtles over 10 years to gain a better understanding of the
influence of ocean surface parameters and also found data gaps there. The study noted
deficiencies in the tagging efforts and revealed that most individuals tagged ranged from
Florida to Louisiana, missing the western GoM. Significant historical data, however,
indicate that the northwest Gulf represents key in-water foraging habitat for loggerhead
and green sea turtles, and nesting Kemp'’s ridleys (see Fujisaki et al. 2020), including
those tagged after nesting on beaches in Mexico (Shaver et al. 2013; Gredzens and
Shaver 2020).

Although these broad geographic insights are helpful for preliminary planning, known
spatial heterogeneity in movement patterns and abundance dictate that reasonable
geographic-specific parameters are required to develop a statistically robust monitoring
program for any given region. Development of a statistically-sound design requires a
preliminary understanding of the species- and region-specific patterns and distributions
of habitats. Such insights enable power analyses and other planning tools to more
accurately recommend minimum sampling sites and frequency with a reasonable level of
confidence for achieving the population parameter and trend objectives fundamental to
this Plan.

To achieve the objectives listed in Section 1.2 and in consideration of the broad spatial
area and sampling complexities previously discussed, this Plan recommends sampling
considerations in a phased approach. Insights from existing data and preliminary surveys
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would then be used to design the fully realized US GoM sea turtle in-water monitoring
program. Therefore, the envisioned phased approach is as follows:

e Phase 1 (pilot; ~5-8 years). Phase 1 entails an initial surveying and sampling
period over the first few years. The purpose of this initial phase is to provide
sufficient data, evaluated annually, to narrow down survey and sampling locations
and capture methods, identify index sites for the long-term CMR and Distance
transect programs, and support preliminary modeling and power analyses or
likelihood-based approach to design an expanded and statistically robust, US GoM
in-water monitoring plan (see Section 3.1 for more details). Data collected during
Phase 1 would be used in conjunction with appropriate past data to conduct a
power analysis to evaluate data at each site, the number of sites overall, spatial
distribution of species sampled and surveyed, and sampling frequency needed to
enable detection of change in trends in abundance and survivorship within
reasonable confidence bounds.

e Phase 2 (adaptive sampling and long-term monitoring). The purpose of
Phase 2 is to implement the findings of Phase 1 by adapting the sampling regime
(survey and sampling locations, sampling frequency, geographical range, species
coverage, life history coverage, etc.) and implementing a coordinated,
comprehensive, statistically robust, US GoM-wide, long-term, index sea turtle in-
water monitoring program (see Section 3.2 for details).

Whereas the recommended sampling approaches for these two phases are based on
currently proven, well-established, and easily repeatable survey, capture, and analysis
methods, other tools and analyses such as those outlined in Section 6.0 may be
considered in the future.

3.1 Phasel

The purpose of Phase 1 is to provide appropriate and sufficient demographic data (see
Table 2 and Table 3) across species, habitats, sexes, and life stages to support
preliminary modeling and management-guided power analyses needed to design a
statistically robust, US Gulf-wide, in-water monitoring plan for sea turtles. As such, this
phase involves the continuation and evaluation of applicable ongoing studies in the US
GoM, as well as an exploration of new potential sites across the US GoM.

To align ongoing studies with the intent of this Plan, researchers should closely examine
considerations listed in previous sections, and standardize data and metadata collection
accordingly so data can be included in the Phase 2 analysis. Specific questions about
these considerations and standards should be directed to the LCE, once established.

To address the full scope of this Plan, sampling will need to occur at new sites and
currently sampled sites, should the latter be amenable to the survey techniques detailed
in sections below and the site selection criteria previously described in Section 2.1.2. The
goal of this approach is to cover a sufficiently comprehensive spatial view of the GoM by
combining data collected by different entities. To inform locations and feasibility of
potential new sites, knowledge about sea turtle presence may come from a variety of
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sources, including from citizen science, formal interviews with boat captains, local wildlife
rehabilitation centers, fisheries bycatch data, and publicly available stranding data. As
appropriate, some of these data could be evaluated using the ‘wisdom of crowds’
approach (Budescu and Chen 2015; Simoiu et al. 2019; Gray et al. 2020).

Some brief reconnaissance work may be required when sampling at a new location to
evaluate surroundings and to assess the potential for implementing the standardized
surveys and sampling. Initial assessment of a site is a regular part of conducting field
surveys and sampling. Such initial efforts should aim to employ conventional and
standardized methodologies as much as possible, but other less reproducible or
statistically robust methods (e.g., Haphazard Unmarked Nonlinear Transects [Bresette et
al. 2010], snorkeling surveys, or dive surveys) may be applied in the first season to help
assess the potential for application of standardized methods at new sites. Unconventional
sampling such as these should be brief and should not be repeated each time a field team
mobilizes. Once a new site has been explored and the LCE determines that it meets the
criteria for formal study design, standardized data collection should commence, following
one or more of the different sampling protocols recommended for all sea turtle species
based on methods and assumptions previously outlined in Section 2.0.

Ideally, an approximate but comprehensive spatiotemporal distribution of sea turtles in
the US GoM would guide the distribution of exploratory counts at smaller scales. Itis likely
that not all sites sampled during Phase 1 will meet the criteria for continued sampling
during Phase 2.

To implement Phase 1, the SC considers spatial structure, standardization of data
collection, species-specific issues, and specifics regarding offshore surface habitats in
the sections that follow.

3.1.1 Spatial Structure

For the purpose of this Plan, Phase 1 spatially segregates sampling across the US GoM
into four regional strata as well as into inshore, nearshore, and offshore areas, and the
surface-pelagic drift community (SPDC). Suggested spatial structure outlined in the
following sections was derived from a combination of SC experience, existing literature,
and previously described data gaps.

3.1.1.1 Inshore and Nearshore Surveys and Regional Strata

To ensure adequate sampling across all regions of the US GoM, the SC has identified
four regional strata based on an adapted version of the Commission for Environmental
Cooperation (2022) marine ecoregions and discussions during the 2008 NOAA workshop
(Eaton et al. 2008). These strata represent four major regions across the US GoM
coastline, as illustrated in Figure 2: 1) Texas, 2) Central, 3) Northwest Florida, and 4)
Southwest Florida and Keys. Further stratification of sampling within each of these four
strata into inshore (defined as inland bays and estuaries), nearshore (defined as the area
between bays/estuaries, extending to 12 nautical miles [nm] offshore), and offshore
(beyond 12 nm) areas (Figures 3—-6) will allow for extrapolation of information within each
region.
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Although recommended survey methodologies are similar across sea turtle species, as
described in Section 1.4.1, there are some distribution/behavioral differences that require
tailored approaches. As such, additional spatial structure (including habitat type, depth,
etc.) was applied in the recommendations for species-specific sampling in Section 3.1.3.
In short, the regional strata would primarily be used in developing the sampling program
for green, Kemp’s ridley, loggerhead, and hawksbill sea turtles (Sections 3.1.3.1 and
3.1.3.2) and focus on inshore and nearshore habitat. The seaward boundary of 12 nm
was selected due to logistical considerations. Any sampling occurring beyond 12 nm (i.e.,
in the ‘offshore’) is likely to require additional funding, vessels, and coordination. In all
cases, researchers are encouraged to use additional biologically relevant considerations
when planning sampling efforts (depth, substrate type, bay and drainage systems, etc.),
as appropriate.

Recognizing that data collected within these inshore and nearshore areas will not easily
be extrapolated to cover offshore waters or adult sea turtle foraging areas, the SC
suggests supplemental data that offshore surveys can provide, as detailed in Section
3.1.1.2 and Section 3.1.4.

3.1.1.2 Offshore Surveys

From a logistics standpoint only (i.e., survey platform requirements and potential
coverage area in a single survey-day), the term ‘offshore surveys’ is used in this Plan to
include waters beyond 12 nm from the coast, as illustrated in Figure 2. Owing to the
extensive nature and more challenging survey environment in the offshore portions of the
US GoM, this area is treated separately in this Plan, and will likely require collaborative
efforts using other survey techniques (e.g., aerial surveys and support). No
oceanographic or territorial implications are intended through the use of the term
‘offshore’. Suggestions for offshore surveys are included in Section 3.1.4.
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3.1.2 Standardization of Data Collection

To collect data for all five species in habitats across the US GoM, a variety of methods,
logistical, statistical, and other considerations need to be considered. Importantly, key
auxiliary data and variables, aside from the target demographic metrics, need to be
recorded and reported to allow for integration of this diverse information into US GoM
demographic estimates. The SC suggests that the LCE oversee the standard collection
of the following information representing each sampled location:

e Survey sampling effort data (e.g., counts per kilometer, net soak time)
e Sea turtle detectability data (e.g., distance data and detection covariates)
e Spatial data describing search area and transect lengths (and durations)

e Global Positioning System (GPS) locations of actual transects, depths, and
habitats surveyed

e Capture data (i.e., individual identifications and mean lengths and weights by age
class and GPS locations)

Other data collection that is not essential but could be complementary include satellite
telemetry on a subset of animals to estimate surface and spatial availability; genetic
samples to conduct mixed stock analysis, potential for close-kin CMR, and sex
determination; and blood samples for sex determination and hormone analyses to
evaluate maturity status. Additionally, regardless of which sampling method is used, all
data collection must consider the assumptions and biases detailed in Section 2.1.4.

3.1.3 Recommended Sampling by Species

Recognizing different life history characteristics, and spatial and behavioral differences,
sampling recommendations are made within the following generalized groupings: 1)
green, Kemp’s ridley, and loggerhead sea turtles; 2) hawksbill sea turtles; and 3)
leatherback sea turtles.

3.1.3.1 Green, Kemp’s Ridley, and Loggerhead

Green, Kemp'’s ridley, and loggerhead sea turtles are present throughout the waters of
the GoM. As previously stated, all hardshell sea turtles in the US GoM undergo a shift
from surface pelagic to benthic neritic habitats during the juvenile life stage, although
some may seasonally migrate to pelagic habitats (Bolten 2003).

Hardshell sea turtle sampling has been most effective in the inshore and nearshore
environments in the GoM (e.g., Phillips et al. 2014; Chabot et al. 2021; Roberts et al.
2022). As such, in addition to recommending sampling within the four regional strata
identified in Figure 2, the SC recommends additional stratification into inshore and
nearshore areas. Itis in these two areas where green, Kemp’s ridley, and loggerhead sea
turtles are most easily observed and/or captured based on previous studies and SC
experience (Shaver et al. 2016, 2017; Hart et al. 2018).
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The best methods for a particular site within strata and areas will be largely determined
by water clarity, exposure (e.g., in a protected bay or out in open deeper habitat), and
water depth. All assumptions and biases should be considered during reconnaissance
prior to field work. Transects should be optimized based on previous or reconnaissance
work to determine the extent of the study area (the physical area and sea turtle encounter
rate) and must be completed in one contiguous time-period.

The SC recommends a minimum of 8 sampling sites in each regional strata and area (i.e.,
4 sampling sites in the inshore areas and 4 sampling sites in the nearshore areas) for a
total of 32 sampling sites across the US GoM. Additionally, reasonable spacing between
sampling sites within each strata and area should be implemented (i.e., greater than 30
miles, which is considered by the SC as a generalized mean home range of satellite
tagged adult sea turtles) such that the sites are not clumped too closely in any strata or
area (i.e., to reduce spatial autocorrelation), and for roughly equidistant spacing along the
coastlines. Appropriate spacing will increase the probability that separate segments of
the population are being monitored at each study site, and the collective of all sites
combined will be representative of the population dynamics for sea turtle species in the
US GoM. Distance required between sampling sites may be adjusted as part of the
refinement of methodology in preparation of Phase 2.

Based on the SC review of sea turtle survival papers for CMR studies, a minimum
sampling duration at any one site should be 5 data collection days within a 2-week period.
Such a duration would increase the likelihood of capturing and recapturing sufficient
individuals to generate survival estimates, and to meet the assumptions of instantaneous
sampling. For distance sampling, transects should be designed to meet standard
assumptions, and with the goal of observing the minimum recommended animals over
the course of the sampling event (i.e., 40 individuals, but ideally 60—80 individuals). Both
survey types (CMR and distance sampling) should be performed at least annually and
ideally seasonally (i.e., four sampling events per site per year) to understand the inter-
season variability.
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3.1.3.2 Hawksbill

The SC considers hawksbill sea turtles in a separate category to the other hardshell sea
turtles because they are patchily distributed in the US GoM and occur only in specific
habitats. Hawksbill sea turtles primarily use waters associated with coral reef and hard-
bottom habitat (Witzell 1983; Bell et al. 2012). During early years, hawksbill sea turtles
use oceanic habitats for feeding on a variety of organisms floating on the surface (Bolten
2003; Witherington et al. 2012), prior to shifting to coral reefs and seagrass meadows in
neritic habitats (Meylan 1988; Bjorndal and Bolten 2010; Strindberg et al. 2016).

In the US GoM, there are two National Marine Sanctuaries with prevalent coral reef
habitat: Flower Garden Banks (including McGrail Bank) and Florida Keys. Additional
potential habitat may also be found in coral reef Essential Fish Habitat (EFH) and coral
reef Habitat Areas of Particular Concern, as designated by NOAA Fisheries. As illustrated
in Figures 7 through 10, coral reef habitats in the GoM are generally located offshore
(greater than 12 nm from shore). The exception is a relatively large designated EFH area
off the coast of south and central Florida that is in shallow water, on the continental shelf,
and relatively close to shore (Figure 10). Hawksbill sea turtles may also be associated
with rock jetties, artificial reefs, oil rigs and reef-associated seagrass beds in the US GoM
(Gorham et al. 2014; Valverde and Holzwart 2017).

The US GoM is at the northern margin of the distribution of hawksbill sea turtle
populations in the Caribbean. Although the goal of this Plan is to collect data US Gulf-
wide, there are limited sampling opportunities for hawkbill sea turtles. Permanent
residents are likely limited to the preferred habitats outlined above. As such, the SC
recommends surveying and sampling in locations where the species has been recorded
historically, viewing the data as more of a census of the known residents instead of being
representative of overall US GoM population levels (Lopez-Castro et al. 2022).

Potential hawksbill sea turtle habitat polygons have been identified per regional strata in
Figures 7 through 10. Other potentially suitable habitats such as oil rigs, coral EFH, coral
Habitat Areas of Particular Concern (illustrated in these figures), and seagrass beds (not
illustrated in these figures as they are transient habitats) could be sampled for hawksbill
sea turtles; however, sampling in these habitats may yield fewer detections than sites
with more suitable habitat, where turtles occupy resident home ranges.

The SC recommends sampling in five locations in each of the four regional strata,
somewhere in the potentially suitable habitat areas identified in Figures 7 through 10, for
a total of 20 individual sampling locations in the US GoM. Given the lack of suitable habitat
in the Central regional strata, no sampling areas have been suggested for Phase 1.
Ideally, sampling would be conducted at least once during each season but at a minimum
once annually at the same time of year. Recommended sampling methodologies for
hawksbill sea turtles on coral reefs include Self-Contained Underwater Breathing
Apparatus (SCUBA) diving and/or snorkeling (Strindberg et al. 2016). The SC also
recommends other complementary approaches in addition to SCUBA and snorkeling
methods, such as hand captures, which would at least provide estimates of local
abundance, survival, growth rates, age distributions, etc. given that US Gulf-wide
estimates would likely not be possible at this time. As time goes on, the goal will be to
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have more successfully documented sampling locations from international collaborative
efforts as detailed further in Section 6.1.
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3.1.3.3 Leatherback

Leatherback sea turtles do not regularly nest in the US GoM but use the northeast GoM
as a foraging area throughout the year (Sasso et al. 2021; Evans et al. 2021). Most
leatherback sea turtles in the US GoM originate from Caribbean nesting assemblages
(Stewart et al. 2016; Evans et al. 2021). Abundance is highest in the summer and autumn
when adult females have returned from their nesting beaches to forage. In US GoM
waters, leatherback sea turtles predominantly reside on the Florida shelf in the northeast
GoM; those that migrate to the Caribbean to nest do so from late October through
December (Sasso et al. 2021).; those that migrate to the Caribbean to nest do so from
late October through December (Sasso et al. 2021).

Leatherback sea turtle distribution in the northeast GoM is dependent on jellyfish
availability, which is affected by salinity, temperature, nutrients, distance from shore, and
water movements (Aleksa et al. 2018). This Plan does not explicitly address aerial
surveys; however, aerial surveys are generally considered the most effective method to
survey leatherbacks for abundance and density information given their wide geographic
range and the changing distribution of their jellyfish prey. Aerial survey design should
consider the multiple biases associated with this method (even when techniques originally
designed to sample marine mammals are adapted for sea turtles). Chief among these
biases is the lack of data on leatherback sea turtle surface time to dive ratios. Therefore,
this Plan recommends that direct capture and satellite tagging is necessary to provide
data for leatherback sea turtle surface intervals, thereby improving abundance estimates
from aerial survey data (see Section 4.0).

The SC recommends that aerial surveys cover as much of the US GoM as possible to
assess distribution and abundance of all sea turtle species from the coastline to the shelf
break and be conducted at least once per season. Satellite tagging should be conducted
on the Florida shelf in spring and late summer/early autumn to increase capture
probabilities and so that tagging data would overlap with aerial surveys.

3.1.4 Juvenile Sea Turtles in the Surface-Pelagic Drift Community

Green, Kemp's ridley, loggerhead, and hawksbill sea turtles all pass through a surface-
pelagic juvenile stage before recruiting to benthic habitats in neritic waters. The duration
of this stage varies among and within species (1-12 years) and has important
demographic implications because survival rates for this life stage are assumed to be low
(Bjorndal et al. 2005). This life stage is associated with a SPDC (Witherington et al. 2012),
which is commonly dominated by Sargassum macroalgae but may contain significant
masses of cyanobacteria, terrestrial plants, and other floating material including plastics
and petroleum (Qi et al. 2022).

SPDC in the GoM occurs at zones of oceanographic convergence and downwelling that
range widely in patch size and density. The most frequent origin of SPDC, either in
oceanic or neritic GoM waters, is likely to be windrows formed by Langmuir circulation
(Lapointe 1995). Sea turtles recorded from US GoM SPDC include post-hatchlings and
surface-pelagic juvenile green, Kemp’s ridley, loggerhead, and hawksbill sea turtles
(Witherington et al. 2012; Phillips et al. 2022).
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Measuring abundance and vital rates for juvenile sea turtles in SPDC is challenging.
SPDC and Sargassum patches are known to move, break up, and re-form under varying
sea-states, and the sea turtles in these areas disperse and redistribute over a large spatial
scale as they are active swimmers and have species-specific differences in active
orientation (Putman and Mansfield 2015; Mansfield et al. 2021). Target sampling areas
occur throughout remote areas of the GoM, and although these patch dynamics are
measurable from remote sensing (Hardy et al. 2018), current sensing technology is likely
to underestimate this habitat (Goodwin et al. 2022).

Aerial and ship-based transect surveys in these remote areas could be considered but
would not be expected to detect small sea turtles. Distance sampling and dipnet capture
from small vessels (8—18 meters) within 160 kilometers from ports has been successful
in estimating spatial density and abundance of sea turtles within the SPDC (Witherington
et al. 2012) and in collecting size and genetic data, but recaptures are rare. Recapture
probabilities may be low due to the dynamic nature of SPDC target areas (e.g.,
Sargassum patches) and the dispersal behavior of this life stage. That is, return sampling
to a fixed location would be expected to draw from an unsampled population that was
previously “upstream” or dispersed elsewhere.

Extensive, representative spatial density estimates of juvenile sea turtles, and next-
generation estimation of habitat extent (i.e., improved remote sensing capability coupled
with oceanographic modeling), would be necessary for representative extrapolations of
population abundance for trends assessments. The vast sampling required for this effort
would be an expensive annual effort. At present, sampling surface-pelagic turtles in the
GoM for annual trends in abundance should be considered challenging. Recapture
probabilities of sea turtles occupying the SPDC are likely to be too low to allow
abundance-trends estimates from CMR methods alone. Although challenging, estimation
of abundance and survival for this life stage will not come from other sampling efforts.
This early life stage is known to be severely affected by plastic ingestion and petroleum.
Surface-pelagic juvenile sea turtle mortality attributed to DWH was estimated to be
approximately 25 times higher than mortality in all neritic (benthic) stages combined
(Wallace et al. 2017).

3.2 Phase 2

The purpose of Phase 2 is to learn from existing data and new data collected during
Phase 1 to refine and implement a comprehensive, statistically robust, US Gulf-wide,
long-term, index site sea turtle in-water monitoring program. Although most of this
evaluation should occur at the end of Phase 1 data collection, especially for
capture/recapture data, survey information should be evaluated annually throughout
Phase 1. Alterations to survey designs are key after initial data collection to achieve robust
analyses (Starcevich et al. 2018).

Phase 2 is envisioned to include various components, including a demographic rate
estimation, power analysis, monitoring program design, data standardization, and crafting
of an Implementation Plan.
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3.2.1 Demographic Rate Estimation

Throughout Phases 1 and 2, survey and capture/recapture data will be analyzed to
estimate abundance, distribution, and key vital rates (as per Table 2). Where estimation
is not yet possible due to insufficient data, data collection should continue until such
estimations can be carried out to a sufficient level to support the needed power analysis,
until the methodological/analytical design is reconsidered, or the site is abandoned.

3.2.2 Sample Size and Sampling Design Evaluation

Once initial data analyses are completed, and where estimation of abundance,
distribution, and vital rates are possible, this information should be used to conduct a
power analysis or likelihood-based approach to evaluate data and sampling designs at
each site. This evaluation should include the number of sites overall; spatial distribution
of species sampled and surveyed; and sampling frequency needed to enable detection
of management-guided change of trends in abundance and survivorship within
reasonable confidence bounds.

3.2.3 Refined Monitoring Program Design

Based on the insights gained from the power analysis or likelihood-based approach, the
sampling regime should be adapted (where necessary) into a comprehensive, statistically
robust, US GoM-wide, long-term, index site sea turtle in-water monitoring program. This
would include specifying survey and sampling locations, sampling frequency,
geographical range, species coverage, and life history stage coverage, as well as an
evaluation of employed methodologies and their alternatives.

Questions to be considered in evaluating adequacy of a Phase 2 Index Site include:
e Does the site fill a gap in regional-zone representation?
e Does the survey facilitate spatial extrapolation from spatially restricted sites?
e Does the site fill a gap in habitat representation?
e \What has been the degree of human impact since the start of Phase 1?
e Does the site fill a gap in species or life stage representation?

e \What are the required, individual site case studies observations, recaptures, and
time series to estimate annual survival rates within reasonable confidence limits
and detect significant trends in abundance?

e What is the required frequency and spatial extent of surveys?
e Which analyses are now possible with any previously collected genetic samples?

e Does the site or survey area provide information useful for inference at other sites
(e.g., movements, availability, and spatial distribution that reveal emigration,
behavior, and spatiotemporal representation)?
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3.2.4 Integrated Population Models

As US Gulf-wide sea turtle population metrics (Table 2) and trend data become available
through Phase 1, an approach to integrate different types of data will be needed.
Hierarchical statistical modeling procedures developed over the past 15 years have
advanced the ability to test for drivers of variation in abundance and occurrence (Royle
and Dorazio 2008), estimate species occurrence from presence-absence data even
under imperfect detection scenarios (MacKenzie et al. 2006), and estimate abundance
from imperfect count surveys (Royle and Dorazio 2006; Royle et al. 2007; Kery et al.
2009). Other analytical methods not detailed within this Plan (e.g., neritic survival
equivalent scoring [Arendt et al. 2022]) may also provide supplemental information within
Phase 2 once additional data are available.

Analytical techniques used will depend on which method answers specific objectives most
effectively, given the structure, cost, and assumptions associated with data as well as the
expertise of researchers. For example, Pagel et al. (2014) used hierarchical observation
modeling to integrate different types of commonly available data sources, thereby
improving the estimates of variation in species abundances across space and time.
Although this approach centered on a butterfly species in Great Britain, data spanned 20
years and a broad spatial scale, and simulations based on data helped to determine
regional trends in the population dataset. In other populations where repeated counts of
closed populations or CMR data are available in addition to simple count surveys, the
integration of these data allows for a more direct estimation of observation errors (Royle
and Dorazio 2008), and better information about absolute population sizes.

Species distribution models (Elith and Leathwick 2009) have also evolved to include
integrated approaches whereby data from different sources are combined. For example,
a recent study merged telemetry data for 114 leatherback sea turtles with point source
data from fishery bycatch and observation records from 2001-2019 in the Pacific to
develop a better understanding of high-risk areas at sea for management concern (Liang
et al. 2022). This example of integrated a species distribution model may be used for
GoM leatherbacks in the future.

Eventual combination of survey and demographic data to understand sea turtle
population dynamics can be accomplished through an integrated population modeling
approach. In an example of a coupled integrated population model-Bayesian population
viability analysis, Saunders et al. (2018) assessed impact of demographic rates on past
population dynamics, population viability into the future, and efficacy of management
strategies for an endangered bird (piping plover [Charadrius melodus]). Their model fused
survey and CMR data while accounting for sources of uncertainty. Such an approach
would be useful in Phase 2 of this Plan, which will be overseen by the LCE.

3.3 Implementation and Program Management

The sampling efforts outlined in this Plan will occur as part of an organized and
coordinated network of individuals. During Phase 1 and Phase 2 sampling efforts, data
must be collected in a consistent manner to facilitate comparisons across multiple study
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sites and collaborators. The SC recommends that the implementation of this Plan be
coordinated by a single entity (referred to as the LCE), to oversee data collection, annual
evaluation, data warehousing, and analyses.

The SC recommends that the LCE will be responsible for the following:

Collaboration with partners to develop an Implementation Plan that includes, but
is not limited to, staff responsibilities and accountabilities, budget considerations,
recruitment of partners, communication strategies, and data management.

Maintaining communications with collaborating partners to ensure all parties
understand the methods and assumptions necessary to implement this Plan.

Committing to frequent and effective communication and data sharing between
data collection leads and state and federal agencies, permitting entities and
contracted analytical groups.

Recruiting data holders to participate in Plan implementation, including incentives
for cooperation, data-sharing diplomacy, sharing of analytical results, and
cooperative publication.

Committing to periodic scientific and administrative review of Plan implementation
and results.

Seeking collaborations with international partners to expand monitoring within the
GoM outside of US waters, to include Mexico.

Similarly, each collaborating partner would be responsible for:

Providing information on study sites and frequency of sampling.

Sharing resulting data for the purposes of completing abundance and trends
analyses.

Additional details on the implementation of this Plan will be developed by the LCE.
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4.0 Supplemental Data Collection

In addition to the recommended core data collection described to establish population
trends, the SC suggests supplemental data collection if/when practical. Collecting
additional satellite telemetry and aerial survey data may provide complementary
information to the primary in-water monitoring program previously recommended in
Section 3.0. Each of these potential supplemental data collection methods are briefly
detailed below.

There are also several additional metrics that may be gathered during survey efforts that
could provide useful supplementary information. Supplemental information could include
diet, health, and/or age to potentially assist in interpreting sea turtle abundance and
distribution trends. It could also include behavioral data, which may provide corrections
for sea turtle presence and for estimating availability biases from sea turtle depths (and
surface times), movement (flushing out and avoidance), and sheltering/conspicuity.
Commonly, behavioral data come from telemetered sea turtles that represent the species,
life stages, and habitat sampled in the accompanying distance sampling transects. Finer
scale data can come from direct observations of sea turtles and biologging tags such as
accelerometers, time-depth recorders, and animal-borne imaging. This level of
information is beyond the scope of this Plan and its recommended data collection but
could be helpful information for the future when facilitating interpretation of trends, to add
gualitative insights where data gaps exist and guide the transition from Phase 1 to
Phase 2 refinement.

4.1 Satellite Telemetry Data

Satellite tracking of sea turtle movements is a valuable complementary methodology to
aerial surveys (Schroeder et al. 2020; Roberts et al. 2022). Satellite telemetry studies can
assist aerial surveys by providing data on sea turtle surface time (i.e., availability windows
to be counted by aerial surveyors and identifying areas of use not covered by aerial
surveys or existing in-water projects due to spatial limitations of those studies). These
data can be used to derive species-specific aerial correction factors for density and
abundance estimates in areas surveyed by aerial flights.

Movement and connectivity data derived from satellite tracking sea turtles can also inform
where new sampling sites may be located for Phase 2, and whether currently sampled
sites are spatially separate/independent for trends analyses.

4.2 Aerial Survey Data

The primary source of publicly available aerial survey data for the GoM stems from the
GoM Marine Assessment Program for Protected Species (GOMMAPPS). GoOMMAPPS
was a multi-agency partnership program that conducted broad-scale surveys to assess
species distribution and abundance for sea turtles, marine mammals, and seabirds in the

43



A Comprehensive Plan for In-water Sea Turtle Data Collection in the US Gulf of Mexico

northern GoM, from nearshore waters to the US Exclusive Economic Zone, since 2017.
Key tasks for GOMMAPPS were as follows:

1. Conduct aerial surveys over continental shelf waters

2. Conduct ship-board surveys on the shelf and out to the US Exclusive Economic
Zone

3. Conduct satellite tracking of tagged animals
4. Perform genetic analyses for compaosition and connectivity
5. Develop spatially- and temporally explicit species density models

GOMMAPPS was a partnership between the Bureau of Ocean Energy Management
Environmental Studies Program, NOAA Southeast Fisheries Science Center, US Fish
and Wildlife Service Southeast Region, and US Geological Survey Wetland and Aquatic
Research Center. GOMMAPPS was key in combining all existing aerial survey information
together into one program.

GOMMAPPS ended in 2020, but data collected under this program are useful
supplemental information to the data collection the SC has recommended in this Plan.
For example, aerial surveys can identify the location of sea turtles and this information
can be used to select sampling sites for tagging or capturing in areas that have greater
sea turtle densities (Schroeder et al. 2020).

As of early 2023, the SC is unaware of long-term financial support for continuation of
these surveys and no other Gulf-wide aerial survey data is available. Additional
information on supplemental use of uncrewed aerial vehicle (UAV) technology is further
discussed in Section 6.3.1.
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5.0 Data Management

Data management and data analysis will be a critical element in the implementation of
this Plan. Collecting sufficient data for abundance and population trends analyses will
require collaborations across numerous agencies, universities, and private entities.
Collaborators to this Plan will be responsible for providing relevant data and metadata
from their studies to allow for appropriate analyses, such as the synthesis of Phase 1
efforts.

It is the SC’s expectation that the LCE would provide resources such as datasheets,
spreadsheets, relational database templates, analytical advice, and may provide
sampling equipment or other resources that collaborators may use to facilitate data
collection, submission, and their own publishing efforts. The SC suggests that the LCE
hold annual meetings in which methods, data analyses, and results are shared and
discussed. The LCE should be available for continual communications for problem-
solving and other advice.

At the time this Plan was completed, the SC was unaware of a single centralized database
consistently used for sea turtle in-water data. While there are several existing data
repositories such as Sciencebase, MoveBank, Dryad, and GRIIDC, none are consistently
used for sea turtle in-water capture data.

Understanding the need for a sea turtle data repository, the OO TIG has funded the
development and maintenance of the Sea Turtle Atlas Project, which will be a centralized
data platform for sea turtle data in the GoM (with the potential for expanding to all US
waters in the future). While still in the early stages of development, the Sea Turtle Atlas
will integrate and display available datasets including nesting data, aerial survey, in-water
capture, telemetry, and strandings data, and would be an ideal platform and repository
for data collected pursuant to this Plan. The Sea Turtle Atlas Project is currently funded
for a 15-year duration, including four years of development and data integration and 11
years of operation (i.e., tracking usage, updating data). The Sea Turtle Atlas is envisioned
as meeting multiple needs, and could hold raw data where needed, but otherwise would
serve as a central platform to view data summaries or data products contributed by
several sources. Maintenance of the Sea Turtle Atlas! would include troubleshooting
technical issues, continued incorporation of new datasets, updating existing datasets, and
supporting external uses of datasets available through the Sea Turtle Atlas.

The SC suggests that the LCE provide specific participation and data management
requirements to all data contributors and recommends that the Sea Turtle Atlas be
considered for the central repository. The Sea Turtle Atlas Project is managed by NOAA
Fisheries and the DOI and is expected to be operational within the next 2 to 3 years (by
mid-2025).

1 https://www.qgulfspillrestoration.noaa.gov/project?id=223
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6.0 Future In-Water Plan Considerations

In preparation of the Phase 2 implementation described in Section 3.2, several additional
efforts should be considered, including international partnerships, emerging technologies,
and program expansion and application. These efforts are detailed in the following
sections. As large-scale research in the GoM is steadily increasing, Greening et al. (2022)
noted that emerging technologies along with advances in assessments, synthesis with
other research, and use of refined methodologies will provide a unique opportunity to
“demonstrate large-scale environmental recovery.”

6.1 International and Regional Partnerships

It is anticipated that partnerships between government agencies and academic
institutions will be key to the success of this Plan, as a means of uniting diverse expertise,
resources, and funding opportunities, and to more fully understand sea turtle abundance
and population trends in the GoM. Likewise, achieving restoration goals for certain sea
turtle species will require collaboration beyond US borders into Mexican waters to fully
represent the entire GoM. For example, Shamblin et al. (2017, 2023) highlighted the
significance of US waters as nursery habitat for green turtles originating in Mexico.
Samples collected during these studies in the GoM yielded haplotypes originating from
the Caribbean in addition to the US and Mexico. Similarly, Phillips et al. (2022) found that
the GoM is an important nursery area for rookeries located outside the US. As another
example, recovery of the critically endangered Kemp’s ridley depends on bi-national
collaboration between the US and Mexico to protect nesting females and their hatchlings
in the western GoM (Shaver and Caillouet 2015). To fully implement the broader goals of
this Plan, it is anticipated that the LCE would seek collaborations with international
partners as the SC recognizes the important connections among the GoM, the Caribbean
Sea, and the wider Atlantic Ocean.

6.2 Program Expansion and Applications

Fully understanding sea turtle population dynamics in the GoM will require the eventual
integration of data collected via this Plan with data acquired through other large spatial-
scale programs and surveys, including ongoing research and restoration projects, the sea
turtle nesting site monitoring program, and aerial survey programs. Data collected through
this in-water program, or the more fully integrated combination with the programs detailed
below, will support important management applications, such as evaluating the
effectiveness of restoration programs or environmental impact assessments.

6.2.1 Integration with Ongoing Research and Restoration Projects

The SC recognizes that there are ongoing sea turtle projects occurring in the GoM that
may be using methodologies that are different from those recommended in this Plan’s
Phase 1 approach. If and where feasible without jeopardizing the objectives of existing
projects, the SC suggests that applicable ongoing research and restoration be adapted
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to follow the approaches outlined in this Plan so that integration of those data are
compatible with the data collected pursuant to this Plan. This will require continual
communication between the LCE and researchers throughout the GoM, as well as
continual diplomacy, communication, and facilitation to ensure data collection protocols
are consistent and data can be combined to achieve the collective goal of understanding
sea turtle abundance and population trends in the GoM.

6.2.2 Integration with Nesting Site Monitoring

Results of suggested data collection for Phase 1 would benefit from integration with future
nesting site monitoring programs. Historically, as well as currently, time-series counts of
crawls, nests, and/or adult females encountered on nesting beaches have provided the
basis for evaluating trends in demography and abundance in sea turtle populations.
However, relying solely on these data can introduce biases in population estimates
(Bjorndal et al. 1993, 2005; Bell et al. 2012; Lopez-Castro et al. 2022).

In 2010, the NRC evaluated the methods by which the status and trends of sea turtle
populations were assessed. Focusing on the integration of demography and abundance,
the NRC (2010) concluded that population assessments in the US have been too heavily
based on adult female abundance on nesting beaches and need to shift to apply
knowledge of “accompanying changes in demographic rates at all life stages”. The most
pressing demographic data gaps identified included: in-water abundance, hatching-
cohort production, survival of “immature sea turtles” and nesting females, age at sexual
maturity, breeding rates, and clutch frequency. As such, the NRC recommended that
NOAA Fisheries and the US Fish and Wildlife Service ensure that all life stages are
assessed to estimate sea turtle population abundance and not just adult female estimates
of abundance. Similarly, McDonald et al. (2017) noted that additional monitoring of
nesting sites in the future and additional abundance measures could provide insight into
population-level effects of the DWH spill and/or similar future events.

6.2.3 Integration with Aerial Survey Monitoring

Data collection as recommended in this Plan could be expanded in the future to include
integration with aerial survey monitoring, such as those conducted during past programs
like GOMMAPPS (as detailed in Section 4.2). This integration could provide density and
abundance estimate improvements for sea turtles using surface interval/diving behavior,
which could mitigate availability bias (Roberts et al. 2022). Roberts et al. (2022)
concluded that the analyzed dive and spatial data they collected from satellite tags for
understanding surface times could be used to create correction factors for detection
availability during aerial surveys. In addition, future efforts should consider funding aerial
surveys specifically designed for sea turtles rather than relying on data collected during
marine mammal surveys, which reduce sea turtle detectability due to their different study
design (especially speed and altitude).
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6.2.4 Restoration Planning and Evaluation

The DWH NRDA sea turtle restoration relies on the best available science to determine
appropriate restoration actions, appropriate geographic and temporal locations to
implement those restoration actions, and to conduct both project-level and resource-level
restoration evaluations. Information exists on sea turtle population structure,
spatiotemporal distribution, life history parameters, migration patterns, and habitat use,
but there are temporal and spatial gaps in these data sets (National Marine Fisheries
Service and USFWS 2008; Greening et al. 2022; Guilbeau et al. 2022).

Existing sea turtle population data were used in the development of the PDARP and the
Region-wide OO TIG Strategic Framework for Sea Turtle Restoration Activities, while also
acknowledging data gaps related to status, trends, and spatiotemporal distributions (DWH
NRDA Trustees 2016, 2017). The DWH NRDA sea turtle restoration planning and
evaluation efforts will significantly benefit from the data collected and analyses completed
through this Plan. The coordinated network and sampling structure established in this
Plan will provide new data to aid in future restoration planning and implementation.
Additionally, DWH sea turtle restoration managers are actively looking at available data
and tools to determine the long-term benefits derived from sea turtle restoration activities
in the landscape of other sea turtle recovery efforts and ongoing threats. New and
coordinated data sets on sea turtle abundance will assist in the evaluation of DWH NRDA
restoration efforts, as well as providing support for a comparison between abundance and
key sea turtle threats in select areas of the GoM.

6.3 Emerging Technologies

Emerging technologies are those that have shown potential to collect relevant
demographic data in locations other than the GoM or for wildlife other than sea turtles,
but are either still in a developmental stage, or are too costly or not widely available in
their current form. For the purpose of this Plan, such emerging technologies include the
use of UAVs, environmental DNA (eDNA), and tag technology. Each of these is further
detailed below.

Other emerging technologies not discussed below include satellite developments and
autonomous underwater vehicles (AUVs). Lower-orbiting satellites and other National
Aeronautics and Space Administration (NASA) satellite sensor developments may be
useful for future Gulf-wide sea turtle or sea turtle habitat monitoring. This field is extensive
and quickly evolving so the reader is referred to the NASA earth missions website for its
latest developments.? Similarly, AUVs may be utilized in the future as technology
advances to cover larger distances in relatively clear water and could potentially cover
greater depth ranges than other methods. However, as of now, the initial investment in
equipment for this method is high and outweighs the benefits.

2 https://science.nasa.gov/earth-science/earth-missions-future

48


https://science.nasa.gov/earth-science/earth-missions-future

A Comprehensive Plan for In-water Sea Turtle Data Collection in the US Gulf of Mexico

6.3.1 Uncrewed Aerial Vehicles

Use of UAV technology (also referred to as drone technology) has been used increasingly
over the last decade in wildlife surveys (Jones et al. 2006; Rees et al. 2018) to estimate
abundance, distribution, and density (Schofield et al. 2019). Other information such as
behavior, habitat use, climate change, and complementary biologging techniques can
also be gathered from UAV surveys (Schofield et al. 2019).

One of the key benefits of using UAVs is that they can be an effective tool for surveying
relatively large areas of inshore bays and estuaries (Rees et al. 2018). Surveying large
areas was historically costly, but with UAV technology large areas can be surveyed
without as many resources or time required. Sites that may be difficult or dangerous to
access from land may also be more easily accessible via UAV (Chabot and Bird 2015).

High-definition video and photo imagery can be collected by UAVs that can be launched
from a variety of locations (Ballorain et al. 2016). Visual data for sea turtle observations
can be georeferenced from time-synced GPS records and video footage, which can then
be used for abundance estimations (Fuentes et al. 2015; Sykora-Bodie et al. 2017). This
method is already being used for nearshore sea turtle density estimations (Sykora-Bodie
et al. 2017). Habitat use can also be assessed using georeferenced records and video
footage. These high-definition videos can also aid in public outreach and engagement
(Rees et al. 2018) as previously used satellite imagery often has comparatively coarser
resolution (Kuenzer et al. 2014) and visually appealing images can more easily capture
the interest of stakeholders (Rees et al. 2018).

Technological advances in UAV software and hardware capabilities are ongoing and
expected to improve in the future (Rees et al. 2018). Although the use of UAVs can
provide high resolution viewpoints for in-water surveys, it should be noted that UAV use
is most effective in clear water. Use of UAVs for sea turtle monitoring is not as effective
in turbid waters that reduce visibility in recorded footage. Other potential complications
with UAV technology include potential local airspace restrictions, battery life restricts flight
times and distances, and significant file storage is required to maintain high-resolution
imagery (Rees et al. 2018). As such, UAV surveys are not a suggested primary sampling
method at this time. As the technology continues to advance, UAV use may become a
more valuable method of sea turtle data collection in the future. The SC suggests
potentially using this methodology in the future for small-scale sampling and for sampling
in bodies of water close to shore to capture areas not easily viewed via traditional aerial
surveys. Additionally, UAV surveys could be useful along with other observation methods
such as side-scan sonar (Maki et al. 2020).

For additional information on different designs of UAVs and their potential use in sea turtle
surveys, refer to the following peer-reviewed literature: Rees et al. (2018), Bevan et al.
(2018), Hensel et al. (2018), Schofield et al. (2019), and Dickson et al. (2022).

6.3.2 Environmental DNA

DNA that can be found in the environment (water, soil, sediment, snow), originating from
organismal cellular material such as skin, saliva, urine, or feces is referred to as eDNA
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(Farrell et al. 2022). This emerging methodology is increasingly being used to sample for
the presence of aquatic organisms as DNA rapidly diffuses from its source in the
environment allowing for detection of aquatic organisms’ presence anywhere in a
traversed waterbody even when the actual animal is not visible or present at the time of
survey (Rees et al. 2014). This survey methodology is rapid and allows for non-invasive
sampling.

Currently, the use of eDNA to sample sea turtles is hampered by numerous practical
challenges. Although this methodology has been applied in recent years to detect
freshwater turtles (Davy et al. 2015; Adams et al. 2019), freshwater turtle eDNA sampling
often involves relatively enclosed or non-tidally influenced small bodies of water whereas
sea turtles in the GoM are traversing a much larger body of water subject to regular
flushing via currents and tides. Further, eDNA may suffer from high false negatives (i.e.,
failing to detect a sea turtle when it is present). For example, Rees et al. (2014) were
unable to detect green sea turtle eDNA in a controlled tank of water regardless of the
confirmed presence of the turtle. Recognizing the complexities and limitations in sea turtle
eDNA research, Harper et al. (2020) tested for green sea turtle presence in both an
aquarium and natural habitat setting. Results showed that methods must be adapted for
different species’ biological considerations; researchers suggested collecting samples
from deeper depths to improve detection frequency for green sea turtles to be consistent
with habitat preferences and typical behavior. Harper et al. (2020) concluded that eDNA
could be a useful tool to monitor green sea turtles with more refinement of the
methodology.

In the future, this methodology is likely to become more widely used and could be
complementary to other survey methods. For example, when sea turtles are not visually
observed during transect surveys, eDNA sampling could enhance understanding of a
sampling location and its potential for sea turtle presence (Farrell et al. 2022). Sampling
via eDNA techniques is expected to continue developing rapidly and may be a useful tool
for Gulf-wide surveys in the future. However, as the technology currently exists, eDNA
research largely focuses on presence/absence as opposed to abundance.

6.3.3 Satellite Tag Size

Satellite tags that provide appropriate dive and behavior data can inform in-water survival
through known-fate survival methods. Pop-up satellite archival tags (PSATSs) have been
used to estimate survival of pelagic juveniles greater than 40 cm SCL (Sasso and Epperly
2007; Swimmer et al. 2014); however, using these methods to collect the data necessary
to assess mortality events of surface pelagic or neritic juveniles most common in the GoM
(15-27 cm SCL; Witherington et al. 2012) would require development of smaller towable
archival tags than are currently available. The primary limitation of using current towable
tags (such as a mini PSAT or SPLASH™ tag) on sea turtles is that satellite tag size
restricts them to use on sea turtles approximately 30 cm SCL or greater.

Small location and temperature recording tags directly attached to the carapace have
been used to track movements of small pelagic juvenile turtles. Mansfield et al. (2012)
were able to successfully identify an appropriate method for satellite tag attachment to
neonate sea turtles, and researchers in 2014 provided the first successful long-term
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satellite tracking data for neonate loggerhead turtles (from 11-18 cm SCL) in the Atlantic
Ocean using 0.5-gram solar-powered satellite transmitters (Mansfield et al. 2014). These
small solar-powered satellite transmitters were used in subsequent studies in 2017 and
2021 (Mansfield et al. 2017, 2021).

Historically, data collected in offshore environments for early sea turtle life stage have
been limited due to associated logistics and cost, and no satellite tagging efforts for early
life stage turtles have been published within the GoM to date. However, smaller tags are
likely to continue being developed and are expected to be more widely used, which would
allow for additional tracking data collection and allowance for survival estimate data to be
collected for small sea turtles in the GoM.
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7.0 Conclusions

This Plan addresses information gaps identified after DWH, with objectives set forth by
the DWH NRDA Trustees. As such, this Plan is a guide for collecting biologically and
statistically robust, in-water sea turtle data in a comprehensive, coordinated, and
standardized fashion within the US GoM. The four main objectives of this Plan, as outlined
in Section 1, are as follows:

e Identify and characterize biologically and statistically appropriate in-water sea
turtle data collection and analyses to measure population change, including vital
rates, abundance, distribution, and other demographic data.

e Provide a roadmap for the collection of data to inform sea turtle management and
assess restoration efforts in the GoM.

e Recommend a comprehensive, coordinated, and standardized evaluation of the
status and trends of sea turtle populations in the GoM.

e Identify processes needed for successful implementation of this Plan, including
protocols for in-water sea turtle data management, and partnerships.

Successful implementation of this Plan will be reflected by an increased understanding of
changes in populations of sea turtles inhabiting the GoM. Depending on magnitude of
change, spatiotemporal variation, and the life stage measured, these changes may
require decades of monitoring to reach biologically and statistically measurable
significance. If guidance in this Plan is followed, these efforts will aid in designing
restoration projects, assessing long-term effectiveness of restoration activities, and
producing abundance and distribution baselines for sea turtles across the GoM.

Although there is considerable published information on sea turtle presence and
distribution within the GoM, there are important spatial gaps, gaps in data detail, and likely
biases for a regional sampling effort. Because long time-series are often needed to detect
sea turtle population change, much of the historical monitoring in the GoM will be critical
to understanding changes in GoM populations. However, this record is not complete and
detailed enough to guide a statistically robust, Gulf-wide, in-water monitoring study
design.

The SC proposes that an effective, Gulf-wide, in-water monitoring study design will
require a long-term, phased, and adaptive approach to the collection of in-water sea turtle
data. Phases would include:

e Phase 1: Exploration and identification of a limited number of prioritized sites in
neritic waters in the US GoM.
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e Phase 2: Continued monitoring of effective Phase 1 index sites and site
refinement, based on initial results and sampling considerations per Phase 1, in
the US GoM.

e Future In-Water Plan Considerations to include Monitoring non-US GoM waters.

7.1 Next Steps

For the Plan to be successful, the LCE will need to collaborate with partners to develop
an Implementation Plan, commit to frequent and effective communication and data
sharing (with securities in place for holders of the data), recruit data holders to participate,
and commit to periodic scientific and administrative review of progress and results.
Partners critical to this success will include holders of historical data sets; researchers
with active monitoring projects willing to collect data in a manner as outlined in this plan;
researchers willing to commit to long-term monitoring; permitting agencies; and
administration of project-network monitoring, data management, data analyses,
communication, and facilitation.

The SC acknowledges that this effort is a large undertaking, that funding will be a major
component of future studies, and that overall goals will need to be prioritized accordingly.
After the LCE has been identified, funding has been secured, and researchers are
recruited, the SC recommends reviewing this Plan to flesh out Phase 1 methods. This
discussion should include identifying specific locations for sampling, data to be collected,
and anticipated modeling to be completed. A discussion of how results will then be used
to plan and implement Phase 2 should follow.

Proper analysis of data collected is another key step in the implementation of the methods
outlined in this Plan. Some of the suggested statistical methods are more advanced and
require specific skills and expertise, which may necessitate collaborations with statistical
consultants or academic groups.

The implementation of this Plan is expected to aid in filling the existing data gap; however,
the SC recognizes that there may be unpublished literature that addresses some of the
recommendations included within this Plan. The sharing (i.e., publication) of data
collected is key to assist the scientific community in furthering knowledge of sea turtles in
the GoM as a whole.
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