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1 INTRODUCTION

The Endangered Species Act of 1973, as amended (ESA; 16 U.S.C. 1531 et seq.) establishes a
national program for conserving threatened and endangered species of fish, wildlife, plants, and
the habitat they depend on. Section 7(a)(2) of the ESA requires Federal agencies to insure that
their actions are not likely to jeopardize the continued existence of threatened or endangered
species or adversely modify or destroy their designated critical habitat. Federal agencies must do
so in consultation with National Marine Fisheries Service (NMFS) for threatened or endangered
species (ESA-listed), or designated critical habitat that may be affected by the action that are
under NMFS jurisdiction (50 C.F.R. 8402.14(a)). If a Federal action agency determines that an
action “may affect, but is not likely to adversely affect” ESA-listed species or designated critical
habitat and NMFS concurs with that determination for species under NMFS jurisdiction,
consultation concludes informally (50 CFR §402.13(c)).

Section 7(b)(3) of the ESA requires that at the conclusion of consultation, NMFS provides an
opinion stating whether the Federal agency is able to insure its action is not likely to jeopardize
ESA-listed species or destroy or adversely modify designated critical habitat. If NMFS
determines that the action is likely to jeopardize listed species or destroy or adversely modify
critical habitat, NMFS provides a reasonable and prudent alternative that allows the action to
proceed in compliance with section 7(a)(2) of the ESA. If incidental take of an ESA-listed
species is expected, section 7(b)(4) requires NMFS to provide an incidental take statement (ITS),
which exempts take incidental to an otherwise lawful action, and specifies the impact of any
incidental taking, including necessary or appropriate reasonable and prudent measures (RPMSs) to
minimize such impacts and terms and conditions to implement the RPMs. NMFS, by regulation,
has determined that an ITS must be prepared when take is “reasonably certain to occur” as a
result of the proposed action (50 C.F.R. §402.14(g)(7)).

The Federal action agency for this consultation is the United States (U.S.) Department of Energy
National Energy Technology Laboratory (henceforth referred to as DOE). The DOE is proposing
to partially fund the University of Texas at Austin (UT) to conduct a marine geophysical

(seismic) survey in the northwestern Gulf of Mexico in late fall (October or November) of 2023.

This formal consultation was conducted and this opinion and ITS were prepared by NMFS,
Office of Protected Resources, ESA Interagency Cooperation Division (hereafter referred to as
“we”) in accordance with section 7(a)(2) of the ESA (16 U.S.C. 1536 (a)(2)) and associated
implementing regulations at 50 C.F.R. 88402.01-402.17, and agency policy and guidance.

In August 2019, the USFWS and NMFS (i.e., the Services) enacted a series of regulations that
modified how the Services implemented the ESA. On July 5, 2022, the United States District
Court for the Northern District of California issued an order vacating the 2019 regulations that
were revised or added to 50 C.F.R. Part 402 in 2019 (“2019 Regulations,” see 84 FR 44976,
August 27, 2019) without making a finding on the merits. On September 1, 2022, the U.S. Court
of Appeals for the Ninth Circuit granted a temporary stay of the district court’s July 5, 2022
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order. On November 14, 2022, the Northern District of California issued an order granting the
government’s request for voluntary remand without vacating the 2019 regulations. The District
Court issued a slightly amended order 2 days later on November 16, 2022. As a result, the 2019
regulations are in effect and we are applying the 2019 regulations here. For purposes of this
consultation, we considered whether the substantive analysis and its conclusions regarding the
effects of the proposed action articulated in the opinion and incidental take statement would be
any different under the pre-2019 regulations. We have determined that our analysis and
conclusions would not be any different.

This document represents the NMFS ESA Interagency Cooperation Division’s opinion on the
effects of these actions on threatened and endangered species and critical habit that has been
designated for those species (Section 6) in the action area. A complete record of this consultation
is on file electronically at the NMFS Office of Protected Resources in Silver Spring, Maryland.

1.1 Background

Marine seismic surveys have occurred in every ocean basin and ESA section 7 consultations
have been completed for them in waters off the U.S. in the Pacific and Atlantic Oceans, Gulf of
Mexico, Gulf of Alaska, Caribbean, and Arctic and Antarctic waters. The DOE is proposing to
fund UT’s seismic survey in the northwestern Gulf of Mexico, off the coast of Texas. Data
collected from this project will characterize the upper ~1 km (~0.62 mi) of the geologic
subsurface. These data will then be used for field validation of monitoring, verification, and
accounting technology of sub-seabed carbon storage. In conjunction with this action, UT, on
behalf of itself and DOE, requested an Incidental Harassment Authorization from the NMFS
Permits Division to authorize incidental harassment of small numbers of marine mammals under
the Marine Mammal Protection Act, should this occur during the survey. Because the Incidental
Harassment Authorization will not authorize take of ESA-listed marine mammals, that action is
not included in this opinion. Previous ESA section 7 consultations that addressed seismic surveys
around the world, including those of substantially higher energy than this proposed survey,
determined that the authorized activities were not likely to jeopardize the continued existence of
proposed or ESA-listed species, or result in the destruction or adverse modification of designated
critical habitat, when applicable.

1.2 Consultation History

We were given the consultation by our Southeast Regional Office (SERO). Our communication
with the NMFS SERO and DOE regarding this consultation is summarized as follows:

e OnJanuary 11, 2023, SERO received a request from DOE for ESA section 7 consultation
for a proposed seismic survey in the northwestern Gulf of Mexico in the fall of 2023.

e On March 27, 2023, SERO received a revised request for consultation and draft
Environmental Assessment from DOE.

e OnJuly 17, 2023, SERO transferred the consultation to the NMFS ESA Interagency
Cooperation Division.

11



DOE UT Seismic Survey Gulf of Mexico Tracking No. OPR-2023-00050

e OnJuly 21, 2023, we provided DOE with questions on their draft Environmental
Assessment. DOE provided responses to our questions on July 27 and July 28, 2023.
DOE declined to conference on the proposed North Atlantic DPS of green turtle and
Rice’s whale critical habitat.

e OnJuly 28, 2023 we determined that there was sufficient information to initiate formal
consultation with DOE. We provided DOE with an initiation letter on August 1, 2023.

2 THE ASSESSMENT FRAMEWORK

Section 7(a)(2) of the ESA requires Federal agencies, in consultation with NMFS, to insure that
their actions are not likely to jeopardize the continued existence of threatened or endangered
species; or adversely modify or destroy their designated critical habitat.

“Jeopardize the continued existence of”’ means to engage in an action that reasonably would be
expected, directly or indirectly, to reduce appreciably the likelihood of both the survival and
recovery of an ESA-listed species in the wild by reducing the reproduction, numbers, or
distribution of that species” (50 C.F.R. §402.02).

“Destruction or adverse modification” means a direct or indirect alteration that appreciably
diminishes the value of critical habitat for the conservation of an ESA-listed species. Such
alterations may include, but are not limited to, those that alter the physical and biological
features (PBFs) essential to the conservation of a species or that preclude or significantly delay
development of such features (50 C.F.R. §402.02).

The final designations of critical habitat for various species used the term primary constituent
element or essential features prior to 2016. The critical habitat regulation revisions (81 FR 7414,
February 11, 2016) replaced this term with physical and biological features (PBFs). The shift in
terminology does not change the approach used in conducting a “destruction or adverse
modification” analysis, which is the same regardless of whether the original designation
identified primary constituent elements, PBFs, or essential features. In this opinion, we use the
term PBFs to mean primary constituent elements or essential features, as appropriate for the
specific designated critical habitat in the action area.

An ESA section 7 assessment involves the following steps:

Description of the Proposed Action (Section 3): We describe the proposed action and the
avoidance and minimization measures that have been incorporated into the project to reduce the
effects to ESA-listed species and designated critical habitat.

Potential Stressors (Section 4): We identify and describe the stressors that could occur as a result
of the proposed action that may result in effects on the physical, chemical, and biotic
environment within the action area.

Action Area (Section 5): We describe the action area with the spatial extent of those stressors
caused by the proposed action.

12
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Endangered Species Act-Listed Species and Designated Critical Habitat Present in the Action
Area (Section 6): We identify the ESA-listed species and designated critical habitat that are
subject to this consultation because they co-occur with the stressors produced by the proposed
action in space and time.

Species and Critical Habitat Not Likely to be Adversely Affected (Section 7): During
consultation, we determined that some ESA-listed species and critical habitat that occur in the
action area were not likely to be adversely affected by the stressors produced by the proposed
action, and we detail our effects analysis for these species and critical habitats.

Species Likely to be Adversely Affected (Section 8): During the ESA section 7 consultation
process, we identify the ESA-listed species that are likely be adversely affected. In this section,
we describe the status of ESA-listed species that may be adversely affected by the proposed
action.

Environmental Baseline (Section 9): We describe the environmental baseline, which refers to the
condition of the ESA-listed species in the action area, without the consequences to the ESA-
listed species caused by the proposed action. The environmental baseline includes the past and
present impacts of all Federal, State, or private actions and other human activities in the action
area, the anticipated impacts of all proposed Federal projects in the action area that have already
undergone formal or early section 7 consultation, and the impact of State or private actions
which are contemporaneous with the consultation in process (50 C.F.R. 8402.02).

Effects of the Actions (Section 10): Effects of the action are all consequences to ESA-listed
species that are caused by the proposed action, including the consequences of other activities that
are caused by the proposed action. A consequence is caused by the proposed action if it would
not occur but for the proposed action and it is reasonably certain to occur. Effects of the action
may occur in time and may include consequences occurring outside the immediate area involved
in the action (50 C.F.R. 8402.02). The effects analysis is broken into analyses of exposure and
response. To characterize exposure, we identify the number, age (or life stage), and gender of
ESA-listed individuals that are likely to be exposed to the stressors and populations or sub-
populations to which those individuals belong. We also consider whether the PBFs of designated
critical habitat will be exposed. This is our exposure analysis. We evaluate the available evidence
to determine how individuals of those ESA-listed species are likely to respond given their
probable exposure. We also consider how the PBFs of designated critical habitat exposed to
stressors from the proposed action will respond. This is our response analysis.

Cumulative Effects (Section 11): Cumulative effects are the effects to ESA-listed species and
designated critical habitat of future state or private activities that are reasonably certain to occur
within the action area (50 C.F.R. 8402.02). Effects from future Federal actions that are unrelated
to the proposed action are not considered because they require separate ESA section 7
compliance.

13
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Integration and Synthesis (Section 12): In this section we integrate and synthesize the analyses in
the opinion to summarize the consequences to ESA-listed species and designated critical habitat
under NMFS’s jurisdiction.

With full consideration of the status of the species and the designated critical habitat, we
consider the effects of the actions within the action area on populations or subpopulations and on
PBFs of designated critical habitat when added to the environmental baseline and the cumulative
effects to determine whether the action would reasonably be expected to:

e Reduce appreciably the likelihood of survival and recovery of ESA-listed species in the
wild by reducing its numbers, reproduction, or distribution, and state our conclusion as to
whether the action is likely to jeopardize the continued existence of such species; or

e Appreciably diminish the value of designated critical habitat for the conservation of an
ESA-listed species, and state our conclusion as to whether the action is likely to destroy
or adversely modify designated critical habitat.

The results of our jeopardy and destruction and adverse modification analyses are summarized in
the Conclusion (Section 13). If, in completing the last step in the analysis, we determine that the
action under consultation is likely to jeopardize the continued existence of ESA-listed species or
destroy or adversely modify designated critical habitat, then we must identify reasonable and
prudent alternative(s) to the action, if any, or indicate that to the best of our knowledge there are
no reasonable and prudent alternatives (50 C.F.R. §402.14).

In addition, we include an ITS (Section 14), if necessary, that specifies the impact of the take,
RPMs to minimize the impact of the take, and terms and conditions to implement the RPMs
(ESA section 7(b)(4); 50 C.F.R. 8402.14(i)). We also provide discretionary Conservation
Recommendations (Section 15) that may be implemented by the action agency (50 C.F.R.
8402.14(j)). Finally, we identify the circumstances in which Reinitiation of Consultation is
required (Section 16; 50 C.F.R. 8§402.16).

To comply with our obligation to use the best scientific and commercial data available, we
collected information identified through searches of Google Scholar, literature cited sections of
peer reviewed articles, species listing documentation, and reports published by government and
private entities. This opinion is based on our review and analysis of various information sources,
including:

e Information submitted by the DOE;

e Government reports (including NMFS biological opinions and 5-year reviews);
e NOAA technical memorandums;

e Monitoring reports; and

e Peer-reviewed scientific literature.

These resources were used to identify information relevant to the potential stressors and
responses of ESA-listed species and designated critical habitat under NMFS’s jurisdiction that
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may be affected by the proposed action to draw conclusions on risks the action may pose to the
continued existence of these species and the value of designated critical habitat for the
conservation of ESA-listed species. Collectively, we consider the foregoing to comprise the best
scientific information available for this biological opinion.

3 DESCRIPTION OF THE PROPOSED ACTION

“Action” means all activities or programs of any kind, authorized, funded, or carried out, in
whole or in part, by Federal agencies (50 C.F.R. §402.02).

The proposed action addressed by this consultation is DOE’s proposal to fund UT to conduct a
seismic survey in the northwestern Gulf of Mexico in fall of 2023.

The DOE has a continuing need to fund research that meets their vision to deliver integrated
solutions to enable transformation to a sustainable energy future. The seismic survey will be used
to fulfill a research project under the DOE funding opportunity announcement for “Development
of Technologies for Sensing, Analyzing, and Utilizing Novel Subsurface Signals in Support of
the Subsurface Technology and Engineering Crosscut Initiative,” which has undergone the DOE
merit review process and meets the agency’s mission to drive innovation and deliver solutions
for an environmentally sustainable and prosperous energy future.

The information presented here is based primarily on the draft Environmental Assessment
provided by the DOE (DOE 2023) as part of their initiation package.

3.1 Seismic Survey Overview and Objectives

Researchers from UT, with funding from the DOE, propose to conduct a marine seismic survey
to validate novel dynamic acoustic positioning technology for improving the accuracy in time
and space of HR3D marine seismic technology. The main goal for the seismic survey proposed
by Principle Investigator Dr. T. Meckle is to collect data using HR3D marine seismic technology
to interpret the upper ~1 km (~0.62 mi) of the geologic substrate. In particular, the collected data
will be used for field validation of monitoring, verification, and accounting technology of sub-
seabed carbon storage. This will help identify offshore carbon sequestration potential in the Gulf
of Mexico.

The proposed survey will take place in the Gulf of Mexico, off Texas, in the fall of 2023. DOE
and UT determined fall to be the most feasible time for the proposed survey due to favorable
weather conditions, operational requirements, availability of the researchers, and because it does
not coincide with sea turtle nesting season in the Gulf of Mexico when sea turtle densities are
highest. The survey will occur over 10 days (7 days of seismic acquisition, 3 days of transit to
and from either the Port of Galveston or the Port of Freeport). The survey area is located at
approximately 28.9-29.1°N and 94.9-95.2°W, within Texas state waters and within the U.S.
Exclusive Economic Zone. The survey will occur offshore of San Luis Pass (the southern tip of
Galveston Island, Texas) 22 km (~13.67 mi) northeast of Freeport, Texas, ~3 km from shore, and
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encompass an area of 222 km? (~85.71 mi?). Water depths of the survey area are no deeper than
20 m (~65.6 ft). The closest approach to shore would be 3.2 km (~2 mi).

3.2 Research Vessel Specifications

The airguns and hydrophone streamers will be towed by a single source vessel, the R/V Brooks
McCall, or similar vessel, owned by TDI-Brooks. TDI-Brooks has over 25 years of chartering
vessels and the R/V Brooks McCall operates primarily in the Gulf of Mexico and U.S. East
Coast. The R/V Brooks McCall has a length of ~48.5 m (~159 ft), a beam of ~12.2 m (~40 ft),
and a maximum draft of ~3 m (~9.8 ft). Its maximum speed is 11 kts (~20.4 km/h); however,
during the seismic survey, the vessel will travel at ~4-5 kts (7.4-9.3 km/h). The R/V Brooks
McCall propulsion system uses 3 Detroit 1692 diesel engines, each of which produces 700 hp.
The maximum continuous power is 2,100 hp. The R/V Brooks McCall can hold ~238 m®
(~62,872 gal) of fuel and will use low-sulfur fuel.

The research vessel will be self-contained, UT researchers and technicians, and the ship’s crew,
will live aboard the R/V Brooks McCall for the entirety of the seismic survey. The R/V Brooks
McCall has a maximum capacity of 32 persons. All waste will be retained and returned to shore,
rather than being appropriately disposed of at sea. The R/V Brooks McCall will also serve as the
platform for protected species observers (PSOs), from which they will visually monitor the
surrounding area for protected species.

3.3 Airgun Description

The R/V Brooks McCall will tow up to 2 Generator-Injector (Gl) airguns. A 2 Gl airgun source
was chosen by DOE and UT to be the lowest practical source that could meet the scientific
objectives. An airgun is a device used to emit acoustic energy pulses downward through the
water column and into the seafloor. It generally consists of a steel cylinder that is charged with
high-pressure (compressed) air. The release of the compressed air into the water column
produces a pressurized air bubble, which produces a sound wave. The sound wave propagates
outward, reflecting or refracting off the seafloor and subsurface. That reflected or refracted
signal is detected by the receiving system (usually towed behind the vessel) and then analyzed
later on a computer. A Gl airgun is slightly different in that it has 2 independent air chambers
within the same cylinder casing: the Generator, which generates the primary pulse creating the
main air bubble, and the Injector, which injects air into the main air bubble, causing it to collapse
quickly. This improves data quality because the quick collapse of the main air bubble reduces
bubble oscillation and leads to a cleaner acoustic signal.

Each Gl airgun will have a volume of ~1,721 cm? (105 in®), for a total possible discharge volume
of ~3,441 cm® (210 in®). The airguns will be towed 2 m (~6.6 ft) apart and at a depth of 3 m
(~9.8 ft). Airguns will fire at a shot interval of 12.5 m or ~41 ft (~5-10 s). Total firing pressure
of the airguns would be approximately 2,000 psi. During firing, a brief pulse of sound (~0.1 s) is
emitted, and airguns would be silent during the intervening periods. Airguns will be operated 24
h a day during the survey, excluding transit time to and from the port and the survey area (a total
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of approximately 168 h of airgun operations) and any unscheduled shutdowns. The total distance
the seismic source would be towed while active during the survey is 1,704 km (~1,058.8 mi). See
Table 1 for specifications of the 2 Gl airgun source.

Table 1. Specifications of the 2 Gl airguns to be used by the Research Vessel
Brooks McCall during the seismic survey in the Gulf of Mexico

2 GI Airgun Specifications

Energy Source — Number of Airguns 2 Sercel Gl aiguns (105 in® each)
Firing pressure of 2,000 psi
Source Output (Downward) Peak-to-Peak = 239.6 dB re 1 pPa m [rms]
0-to-Peak =233.8 dB re 1 pPa m [rms]

Position 2 string, in-line

2 m apart
Tow Depth 34m
Air Discharge Volume Approximately 210 in®
Dominant Frequency Components 0-188 Hz
Pulse Duration Approximately 0.113 s
Shot Interval Approximately 12.5 m or 5-10 s

in®=cubic inches, psi=pounds per square inch, dB=decibel, pPa=micro Pascal, rms=root mean square, m=meters, Hz=Hertz

The receiving system consists of 4 solid-state (solid flexible polymer, not gel or oil filled)
hydrophone streamers. Each hydrophone streamer is 25 m (~82 ft) long and will be spaced 10 m
(~32.8 ft) apart (i.e., the total spread of the hydrophone streamers will be 30 m or ~98.4 ft).
Hydrophone streamers will be towed at a depth of 2 m (~6.6 ft). The towed hydrophone
streamers receive the returning acoustic signals and transfer the data to an onboard processing
system. The UT Gulf Coast Carbon Center designed and built GPS receivers, which can be used
to accurately position the receivers on the hydrophone streamer and the acoustic source (airguns)
via tail buoys. The turning rate of the R/V Brooks McCall will be limited when towing the
airguns and hydrophone streamers.

3.4 Conservation Measures

DOE and UT plan to implement conservation measures (i.e., mitigation [during pre-survey
planning and operations], monitoring, and reporting measures) to reduce the likelihood of
adverse effects to ESA-listed species and their designated critical habitat from their proposed
action. Mitigation is a measure that avoids or reduces the severity of the effects of the action on
ESA-listed species. Monitoring is used to observe or check the progress of the mitigation over
time and to ensure that any measure implemented to reduce or avoid adverse effects on ESA-
listed species are successful.
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In the draft Environmental Assessment provided by DOE, DOE and UT have considered
mitigation and monitoring measures implemented during previous seismic surveys (including
past NMFS Permits Division Incidental Harassment Authorizations and I1TSs) and recommended
best practices in Simmonds et al. (2014), Wright (2014), and Dolman and Jasny (2015). They
have incorporated the following mitigation and monitoring measures into the proposed action
based on the above sources:

e Exclusion and buffer zones;

e Shutdown and ramp-up procedures;

e Vessel-based monitoring by NMFS-approved PSOs;
e Additional measures considered; and

e Reporting.

Details on the above conservation measures are in the sections below.
3.4.1 Exclusion and Buffer Zones

DOE and UT will implement exclusion and buffer zones around the R/V Brooks McCall to
minimize any potential adverse effects of sound from the 2 Gl airguns on ESA-listed species.
The exclusion zone is the area within which an occurrence of an ESA-listed species triggers a
shutdown of the airguns. This reduces the exposure of ESA-listed species to sound levels that
would be expected to have adverse effects on the species or habitats. The buffer zone is an area
beyond the exclusion zone that will be monitored for the presence of ESA-listed species that may
enter the exclusion zone. In the past, NMFS required a 100 m (~328.08 ft) exclusion zone and a
100 m (~328.08 ft) buffer zone for low-energy seismic surveys. Thus, DOE and UT will
establish and monitor a 100 m (~328.08 ft) exclusion zone and a 100 m (~328.08 ft) buffer zone
beyond the exclusion zone.

3.4.2 Shutdown and Ramp-Up Procedures

Shutdown of the airguns is the immediate deactivation of all airguns. Shutdown will occur if an
ESA-listed species is observed within or approaching the 100 m (~328.08 ft) exclusion zone.
Any PSO on duty will have the authority to delay the start of seismic survey activities or to call
for a shutdown of the airguns if an ESA-listed species is observed within the exclusion zone.
When a shutdown is called for by a PSO, the airguns must be immediately deactivated and any
dispute regarding a PSO shutdown must be resolved only following deactivation. Following a
shutdown, airgun activity will not resume until the ESA-listed species has cleared the exclusion
zone.

The animal will be considered cleared from the exclusion zone if:

e It was visually observed to have left the exclusion zone, or
e It was not seen within the exclusion zone for 15 min (for sea turtles).

A ramp-up will begin by activating a single Gl airgun and adding the second Gl airgun 5 min
later. During ramp-up, PSOs will monitor the exclusion and buffer zone, and, if an ESA-listed
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species is observed within or entering the exclusion zone, a shutdown will be implemented. If an
ESA-listed species has not cleared the exclusion zone described in the shutdown procedures, a
ramp-up will not occur.

A ramp-up will be implemented if a shutdown lasts 30 min or longer, as long as PSOs have
maintained constant visual observation and no ESA-listed species were observed within the
exclusion zone. A ramp-up will also be implemented if a shutdown is less than 30 min and PSOs
have not maintained constant visual observation. If a shutdown lasts longer than 30 min and
PSOs have not maintained constant visual observation, PSOs will monitor the exclusion and
buffer zones for 30 min before ramp-up begins.

3.4.3 Vessel-Based Visual Monitoring

Visual monitoring of the exclusion and buffer zone is intended to establish and, when visual
conditions allow, maintain zones around the sound source that are clear of ESA-listed species,
thereby reducing the potential for adverse effects.

Visual monitoring requires the use of trained PSOs to scan the ocean surface visually for the
presence of protected species (e.g., marine mammals, sea turtles, and fish). The area to be
scanned visually includes primarily the exclusion zone, within which observation of certain
protected species requires shutdown of the airgun array, but also the buffer zone. The buffer zone
means an area beyond the shutdown zone to be monitored for the presence of protected species
that may enter the shutdown zone.

Three independently contracted PSOs will be onboard the survey vessel during all seismic
survey operations. During daytime, PSOs will scan the area around the vessel systematically
with reticle binoculars (e.g., 7x50 Fujinon), Big-eye binoculars (25x150), and with the naked
eye. No nighttime visual monitoring will be conducted. PSOs will have rotating shifts to allow
for at least 1 observer (2 observers are recommended, although there will be times [e.g., breaks,
meal times] when only 1 observer will be on duty) where to monitor for protected species.

3.4.4 Reporting

A monitoring report will be provided to NMFS. This comprehensive report detailing all seismic
survey activities and monitoring results will be provided to NMFS ESA Interagency Cooperation
Division within 90 days of the completion of the seismic survey.

4 POTENTIAL STRESSORS

The proposed action involves multiple activities, each of which can create stressors. Stressors are
any physical, chemical, or biological entity that may induce an adverse effect either in an ESA-
listed species or their designated critical habitat. During consultation, we deconstructed the
proposed action to identify stressors that are reasonably certain to occur from the proposed
action. These can be categorized as pollution (e.g., exhaust, fuel, oil, and trash), vessel strike,
visual and acoustic disturbance (research vessel, airguns, and hydrophone streamers), and
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entanglement and/or interaction with towed seismic equipment (airguns and hydrophone
streamers).

Below we provide information on the effects of these potential stressors. The proposed action
includes several conservation measures (Section 3.3) that are designed to minimize effects from
these potential stressors. Although these conservation measures are important and we expect
them to be effective in minimizing the effects of these potential stressors, they do not completely
eliminate the stressors. We treat them as part of the proposed action and fully consider them
when evaluating the effects of the proposed action.

4.1 Pollution

Operation of the R/V Brooks McCall may result in pollution from exhaust, fuel, oil, and trash.
Air and water quality are the basis of a healthy environment for all species. Emissions pollute the
air, which could be harmful to air-breathing organisms and lead to ocean pollution (Chance et al.
2015; Duce et al. 1991). Emissions include carbon dioxide, methane, nitrous oxide, and other
fluorinated gases that can deplete the ozone, affect natural earth cycles, and ultimately contribute
to climate change (see https://www.epa.gov/ghgemissions/overview-greenhouse-gases for
additional information). Pollutants in discharges of gray water and wastewater from the research
vessel can degrade habitat for marine life.

Release of marine debris such as paper, plastic, wood, glass, and metal associated with vessel
operations can also have adverse effects on marine species by risk of entanglement or ingestion
(Gall and Thompson 2015). While lethal and non-lethal effects to air-breathing marine animals
are well documented, marine debris also adversely affects marine fish (Gall and Thompson
2015).

4.2 Vessel Strike

Transit of any vessel in waters inhabited by ESA-listed species carries the risk of a vessel strike.
If an animal is struck by a research vessel, it may experience minor, non-lethal injuries, serious
injuries or death.

The probability of a vessel strike and associated response depends on the size and speed of the
vessel, as well as the distribution, abundance, and behavior of the species. Vessel strike risk in
sea turtles is not as well understood as it is in marine mammals. However, vessel strike is still
considered a significant threat to sea turtles, which generally swim slower than other mobile
marine species. Vessel strike is of particular concern for sea turtles occupying shallow coastal
waters with high recreational boat density (Fuentes et al. 2021). Evidence of vessel strike has
been documented in stranded and dead sea turtles in the Gulf of Mexico and U.S. Atlantic
Ocean, as well as internationally (Barco et al. 2016; Denkinger et al. 2013; Foley et al. 2019;
Hazel and Gyuris 2006; Reneker et al. 2018; Sobin and Tucker 2008; Tomas et al. 2008). Based
on behavioral observations of green turtle avoidance of a small vessel (6 m in length), green
turtles may be susceptible to vessel strikes at speeds as low as ~2 kts (4 km/h; Hazel et al.
2007a).
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ESA-listed fishes considered in this opinion are elasmobranchs (e.g., sharks, rays, skates, and
sawfish), which spend at least some time throughout their life in the upper portions of the water
column where they may be susceptible to vessel strike.

4.3 Visual and Acoustic Disturbance

The proposed action will produce different sounds (vessel noise, noise from seismic survey
equipment) that may produce an acoustic disturbance or otherwise affect ESA-listed species
(e.g., auditory injury, changes in hearing ability, masking of important sounds, behavioral
responses, and physical or physiological responses). The presence of the research vessel and
towed seismic survey equipment may also produce a visual disturbance that may affect ESA-
listed species.

The research vessel associated with the proposed action may cause visual or auditory disturbance
to ESA-listed species that spend time near the surface of the water. There have been limited
studies on how sea turtles and fishes respond to vessel presence; however, avoidance behaviors
(i.e., diving, swimming away) have been documented in green turtles and fish exposed to an
approaching vessel (Brehmer et al. 2019; De Robertis and Handegard 2013; Hazel et al. 2007a).
For elasmobranchs in particular, it is uncertain how they may or may not be disturbed by vessel
presence and noise. However, they are able to detect particle motion (the movement of the
water), and in addition to visual cues, are able to sense an oncoming vessel and move away.

Documented behavioral changes in sea turtles and fishes due to seismic survey noise include
avoidance, habituation, dive/startle responses, higher levels of stress hormones, and disrupted
schooling of fish (DeRuiter and Larbi Doukara 2012; McCauley et al. 2003a; Nelms et al. 2016;
Weilgart 2018). Loggerhead and green turtles displayed avoidance behavior such as faster
swimming speeds, changes in swimming direction, and rapid dives in response to airgun noise
(DeRuiter and Larbi Doukara 2012; McCauley et al. 2003a). For some species of shark,
behavioral changes have been documented in response to the presence of loud and high intensity
sound sources (Klimley and Myrberg 1979; Myrberg et al. 1978) and in the presence of
artificially generated sound (Chapuis et al. 2019). In a study off Australia, some acoustically
tagged sharks displayed possible avoidance to seismic survey operations (i.e., changing their
swimming speed during seismic survey operations or changing their diel movement patterns
post-survey) but others moved in and out of the area and even into the seismic survey area
(Bruce et al. 2018). However, other studies show that some shark species may be attracted to low
frequency pulsed sounds (Myrberg 2001). Thus, noise from both the research vessel and airguns
remains a potential stressor associated with the proposed action.

4.4 Gear Entanglement and Interaction

The towed seismic equipment (i.e., airguns and towed hydrophone streamers) may pose an
entanglement risk to ESA-listed species. Entanglement can result in injury or death of ESA-listed
species. Sea turtles that are entangled in gear may starve from restricted movement, be injured
from line or rope leading to lacerations and amputations, and may die from
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drowning/asphyxiation or even exertional myopathy, a muscle disease resulting from strenuous
exercise or exercise under extreme stress (e.g., Duncan et al. (2017); Hamelin et al. 2017;
Phillips et al. 2015). Injury and death from entanglement have been documented during all life
stages of ESA-listed sea turtles (Duncan et al. 2017).

Entanglement of elasmobranchs is relatively understudied compared to marine mammal and sea
turtle entanglements; however, studies have documented entanglement in both sharks and rays
(see Parton et al. 2019 for a review). Entanglement in elasmobranchs can also result in injury,
including laceration and abnormal anatomical development, and mortality (Afonso and Fidelis
2023).

Though unlikely, the towed hydrophone streamer could come in direct contact with ESA-listed
species and sea turtle entanglement has occurred in towed gear from seismic survey vessels. For
example, a National Science Foundation-funded seismic survey off the coast of Costa Rica in
2011 recovered a dead olive ridley turtle (Lepidochelys olivacea) in the deflector foil of towed
seismic equipment; it is unclear whether the sea turtle became lodged in the deflector foil pre- or
post-mortem (Spring 2011).

5 ACTION AREA

Action area means all areas affected directly, or indirectly, by the Federal action, and not just the
immediate area involved in the action (50 C.F.R. §402.02).

The proposed DOE action will occur at approximately 28.9-29.1°N and 94.9-95.2°W, within
Texas state waters and within the U.S. Exclusive Economic Zone (Figure 1). Tracklines could
occur anywhere in the proposed survey area (Figure 1), with ~222 km (~138 mi) of tracklines
surveyed in one day, and a total of 1,704 km (~1,058.8 mi) of seismic acquisition.

The action area also includes all areas where stressors from the proposed action could occur:
transit routes from the Port of Galveston or Port of Freeport and areas to which the sound from
the airguns would travel (the ensonified area). It is difficult to measure the entire area that would
be ensonified by the airguns, because to do so would require information on the ambient, or
background, noise levels in the proposed survey area and then calculating at what distance from
the source vessel the sound from the airguns would be similar to ambient noise levels. Ambient
noise level measurements are difficult to find for a specific area because they can vary based on
location, time, and environmental conditions such as water depth, wind, rain, sea ice coverage,
and presence of vocalizing marine species (Hildebrand 2009a; Wenz 2005). However, as an
alternative, sound propagation loss was estimated using a spreading loss equation to the 120 dB
level. The 120 dB level is a lower threshold than any threshold used by NMFS to estimate
acoustic impacts to ESA-listed species (see Summary of Endangered Species Act Acoustic
Thresholds at https://www.fisheries.noaa.gov/national/marine-mammal-protection/marine-
mammal-acoustic-technical-guidance), meaning that it is a conservative estimate of how far we
would expect the sound from the airguns to travel and still have some effect on ESA-listed
species. The distance to the 120 dB level based on the estimate source level of 2 Gl airguns is
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78-123 km or ~48.5-76.4 mi (M. Lusk, DOE, pers. comm to E. Chou, NMFS ESA Interagency
Cooperation Division, July 27, 2023). This is less than approximately half the distance of
trackline the research vessel would survey in 1 day.

The action area would not extend beyond the total area shown in Figure 1 (survey area in the red
box). We do not anticipate any effects outside the area shown in Figure 1.
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Figure 1. Map of the Department of Energy National Energy Technology
Laboratory and University of Texas at Austin’s proposed seismic survey in the
Gulf of Mexico off Texas (DOE 2023)

6 ENDANGERED SPECIES ACT-LISTED SPECIES AND DESIGNATED CRITICAL
HABITAT IN THE ACTION AREA

This section identifies the ESA-listed species and designated critical habitat that potentially
occur within the action area (Table 2) and thus may be affected by the stressors introduced to the
action area by the proposed action.
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Table 2. Endangered Species Act-Listed threatened and endangered species and
designated critical habitat that potentially occur in the action area

Species

ESA Status Critical Habitat

Recovery Plan

Marine Reptiles

Green Turtle (Chelonia
mydas) — North Atlantic
DPS

T-81FR 20057 63FR 46693* and

88 FR 46572
(Proposed)

10/1991 — U.S. Atlantic

Hawksbill Turtle
(Eretmochelys imbricata)

E—-35FR 8491 63 FR 46693*

57 FR 38818

08/1992 — U.S. Caribbean,
Atlantic, and Gulf of Mexico

Kemp’s Ridley Turtle
(Lepidochelys kempii)

E —35FR 18319 - --

03/2010 — U.S. Caribbean,
Atlantic, and Gulf of Mexico

09/2011

Leatherback Turtle
(Dermochelys coriacea)

E—-35FR 8491 44 FR 17710 and

10/1991 — U.S. Caribbean,

/7 FRA4170*

Atlantic, and Gulf of Mexico

Loggerhead Turtle (Caretta
caretta) — Northwest
Atlantic Ocean DPS

T -76 FR 58868 79 FR 39855

74 FR 2995

10/1991 — U.S. Caribbean,
Atlantic, and Gulf of Mexico

01/2009 — Northwest Atlantic

(Carcharhinus longimanus)

Fishes
Giant Manta Ray (Manta T-83 FR 2916 - - 10/2019 (Qutline)
birostris)
Oceanic Whitetip Shark T-83FR 4153 - - 9/2018 (Outline)

ESA= Endangered Species Act, T=Threatened, E=Endangered, FR=Federal Register, DPS=Distinct Population Segment, * =

critical habitat not in action area

7 SPECIES AND DESIGNATED CRITICAL HABITAT NOT LIKELY TO BE
ADVERSELY AFFECTED

NMFS uses 2 criteria to identify the ESA-listed species or designated critical habitat that are not
likely to be adversely affected by the proposed action, as well as the effects of activities that are
consequences of the Federal agency’s proposed action. The first criterion is exposure, or some
reasonable expectation of a co-occurrence, between 1 or more potential stressors associated with
the proposed activities and ESA-listed species or designated critical habitat. If we conclude that
an ESA-listed species or designated critical habitat is not likely to be exposed to the proposed
activities, we must also conclude that the species or critical habitat is not likely to be adversely
affected by those activities. The second criterion is the probability of a response given exposure.
An ESA-listed species or designated critical habitat that co-occurs with a stressor of the action,
but is not likely to respond to the stressor, is also not likely to be adversely affected by the
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proposed action. We applied these 2 criteria to the ESA-listed species and designated critical
habitat in Section 6 and we summarize our results below.

The applicable standard to find that a proposed action is not likely to adversely affect (NLAA)
ESA-listed species or designated critical habitat is that all of the effects of the action are
expected to be discountable, insignificant, or wholly beneficial. Discountable effects are those
that could occur while an ESA-listed species is in the action area, but because of the intensity,
magnitude, frequency, duration, or timing of the stressor, exposure to the stressor is extremely
unlikely to occur. Insignificant effects relate to the size or severity of the impact and include
those effects that are undetectable, not measurable, or so minor that they cannot be meaningfully
evaluated. Insignificant is the appropriate effect conclusion when species or critical habitat will
be exposed to stressors, but the response will not be detectable outside of normal
behaviors/habitat function. Beneficial effects have an immediate positive effect without any
adverse effects to the species or habitat.

This same decision model applies to individual stressors associated with the proposed action. For
stressors that meet these criteria for wholly beneficial, discountable, or insignificant, the
appropriate conclusion is NLAA.

In Section 7.1, we evaluate the proposed action’s stressors (Section 4) that are not likely to
adversely affect ESA-listed species and designated critical habitat. In Sections 7.2-7.4, we also
identify the ESA-listed species and designated critical habitat that are not likely to be adversely
affected by all stressors from the proposed action.

Stressors that may affect, but are not likely to adversely affect the ESA-listed sea turtles, fishes,
and designated critical habitat considered in this opinion (see Table 2) include pollution, vessel
strike, vessel noise and visual disturbance, and gear entanglement and interaction. The following
sections describe how we reached our effects determinations for these stressors.

7.1 Stressors Not Likely to Adversely Affect Species or Designated Critical Habitat

Stressors that may affect, but are not likely to adversely affect the ESA-listed sea turtles, fishes,
and designated critical habitat considered in this opinion (see Table 2) include pollution, vessel
strike, vessel noise and visual disturbance, and gear entanglement and interaction. The following
sections describe how we reached our effects determinations for these stressors.

7.1.1 Pollution

Pollution in the form of exhaust, fuel or oil spills or leaks, and trash or other debris resulting
from the use of the research vessel as part of the proposed action could result in impacts to ESA-
listed sea turtles, fishes, and PBFs for the Northwest Atlantic Ocean Distinct Population Segment
(DPS) of loggerhead turtle designated critical habitat.

Exhaust (i.e., air pollution, including carbon dioxide, nitrogen oxides, and sulfur oxides) from
the research vessel would occur during the entirety of the proposed action (transit and
operations), and could affect air-breathing ESA-listed species such as sea turtles. The R/V
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Brooks McCall (or similar vessel) uses low-sulfur fuel (sulfur content between 0.1 and 1.5 m/m
%). It is unlikely that exhaust resulting from the operation of the R/V Brooks McCall (or similar
vessel) will have a measureable effect on ESA-listed sea turtles given the relatively short
duration of the seismic survey (10 days) and the brief amount of time that sea turtles spend at the
water’s surface. In addition, due to the relatively large size of the action area and overall small
contribution of air emissions from the R/V Brooks McCall (or similar vessel) compared to all
ocean-going vessels in the action area, we expect that potential effects to ESA-listed species
from vessel exhaust during the proposed action is immeasurable. For these reasons, the effects
that may result from exhaust on ESA-listed sea turtles, fishes, and the Northwest Atlantic Ocean
DPS of loggerhead turtle designated critical habitat are insignificant.

Discharges into the water from the research vessel (e.g., wastewater, leakages of fuel or oil) are
unlikely, and effects of any spills to ESA-listed sea turtles, fishes, and designated critical habitat
for the Northwest Atlantic Ocean DPS of loggerhead turtles will be minimal, if they occur at all.
The potential for fuel or oil leakages is extremely unlikely. The R/V Brooks McCall has not had
a spill in over 5 years. DOE and UT will dispose of all project-related wastes in accordance with
international, U.S. state, and federal requirements. In particular, for a vessel that remains close to
shore, as the R/V Brooks McCall will in the proposed seismic survey, all waste will be retained
onboard and returned to shore rather than appropriately disposed of at sea. Thus, we expect the
risk from fuel or oil spills, leaks, and waste, on ESA-listed sea turtles, fishes, and the Northwest
Atlantic Ocean DPS of loggerhead turtle designated critical habitat to be extremely unlikely to
occur and thus discountable.

Trash or other debris resulting from the proposed action may affect ESA-listed sea turtles, fishes,
and designated critical habitat. Any marine debris (e.g., plastic, paper, wood, metal, glass) that
might be released would be accidental. The gear used in the proposed seismic survey may also
result in marine debris if lost at sea. However, because the potential for accidental release of
trash or loss of gear is extremely unlikely to occur, we expect that the effects from debris on
ESA-listed sea turtles, fishes, and the Northwest Atlantic Ocean DPS of loggerhead turtle
designated critical habitat are discountable.

For the reasons stated above, we conclude that pollution by vessel exhaust, waste, fuel or oil
spills or leaks, and trash or other debris, may affect, but is not likely to adversely affect ESA-
listed species and designated critical habitat in the action area.

7.1.2 Vessel Strike

While vessel strikes of sea turtles and fishes during the seismic survey are possible, we are not
aware of any definitive case of a sea turtle or fish being struck by a vessel associated with
seismic surveys. While the risk of vessel strike to sea turtles is of particular concern in shallow
coastal waters (Fuentes et al. 2021), we believe vessel strike to be extremely unlikely due to the
general expected movement of sea turtles and fishes away from or parallel to the research vessel,
as well as the relatively slow speed of the research vessel. The research vessel used for the
proposed seismic survey will be traveling at a relatively slow speed (~4-5 kts [7.4-9.3 km/h])
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during airgun operations, with a maximum transit speed of 11 kts (~20.4 km/h), thereby reducing
the potential for vessel strike. We also expect vessel strike risk to ESA-listed elasmobranchs
considered in this opinion to be extremely unlikely because they are able to detect approaching
vessels, through visual cues or hearing, and move away. Elasmobranchs are able to detect
particle motion, especially in shallow water, and are able to move quickly to avoid vessel strike
(Myrberg 2001; Popper and Hawkins 2016).

In addition to the rationale above, adherence to conservation measures such as vessel-based
visual monitoring of exclusion and buffer zones, is expected to further reduce the likelihood of
vessel strikes of ESA-listed sea turtles and fishes. We expect that vessel strikes to ESA-listed sea
turtles and fishes in the action area are extremely unlikely to occur, and the effect is therefore
discountable. We conclude that vessel strike may affect, but is not likely to adversely affect
ESA-listed species.

7.1.3 Vessel Noise and Visual Disturbance

The research vessel to be used for the proposed seismic survey may cause visual or auditory
disturbance to ESA-listed species that spend time near the surface or upper parts of the water
column, such as sea turtles and fishes. Visual and auditory disturbance may also affect the PBFs
for loggerhead turtle designated critical habitat, particularly important species in Sargassum
habitat (i.e., copepods that make up the PBF for available prey). Vessel noise and visual
disturbance may disrupt species’ behavior resulting in avoidance when a vessel moves towards
them. However, it is difficult to distinguish whether these responses are caused by the physical
presence of a vessel, the underwater noise generated by the vessel, or an interaction between the
two.

The research vessel’s passage past ESA-listed sea turtles or fishes would be brief, and not likely
to significantly impact any individual’s ability to feed, reproduce, or avoid predators.
Conservation measures proposed by DOE and UT (e.g., shutdown and ramp-up procedures, and
vessel-based visual monitoring) will also minimize the risk of noise from the airguns. In
addition, sea turtles are most likely to habituate to the vessel noise, and were observed to be less
affected by vessel noise at distances greater than 10 m or ~32.8 ft (Hazel et al. 2007a). The
relatively slow traveling speed of the research vessel would also reduce underwater noise (Kite-
Powell et al. 2007; Vanderlaan and Taggart 2007).

Regarding impacts on the PBFs for the Northwest Atlantic Ocean DPS of loggerhead turtle,
impacts of vessel presence (visual and auditory, though most scientific literature is focused on
the auditory impacts) on prey species such as copepods are largely unknown. Some studies have
shown vessel noise to elicit anti-predatory defense behavior and a reduction in egg production
and size of copepods (Aspirault 2019); however, other studies have shown a lack of response in
zooplankton (Prosnier et al. 2022; Sabet et al. 2019).

Because the potential visual and auditory disturbance from the research vessel is expected to be
nearly undetectable, or so minor that it cannot be meaningfully evaluated, we expect that this risk
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to ESA-listed sea turtles, fishes, and the Northwest Atlantic Ocean DPS of loggerhead turtle
designated critical habitat is insignificant. Therefore, we conclude that vessel noise and visual
disturbance may affect, but is not likely to adversely affect ESA-listed species or designated
critical habitat.

7.1.4 Gear Entanglement and Interaction

The towed seismic survey equipment (airguns and hydrophone streamers) may pose a risk of
entanglement and interaction to ESA-listed sea turtles and fishes. Although the towed seismic
survey equipment could come in direct contact with an ESA-listed species, resulting in
entanglement or interaction, we expect this to be extremely unlikely. The airguns and towed
hydrophone streamers are rigid and, as such, are not expected to encircle, wrap around, or, in any
other way, entangle any ESA-listed sea turtles or fishes considered in this opinion. Furthermore,
we expect sea turtles and fishes to avoid areas where the airguns are actively being used,
meaning they would likely avoid the towed hydrophone streamers as well. Instances of
entanglement and interaction of ESA-listed species in towed seismic survey equipment are
unknown to us. Based upon the material of the gear, the conservation measures that will be
implemented by DOE and UT (e.g., vessel-based visual monitoring, exclusion and buffer zones),
and the extensive deployments of this type of equipment with no reported entanglements or
interactions, we find the probability of adverse impacts to ESA-listed sea turtles and fishes from
this stressor to be extremely unlikely to occur, and any effects are discountable. Therefore, we
conclude that gear entanglement and interaction may affect, but are not likely to adversely affect
ESA-listed sea turtles and fishes.

7.1.5 Potential Stressors Considered Further

The remaining potential stressor that may affect ESA-listed species and designated critical
habitat within the action area is the sound produced by the 2 Gl airguns. This stressor associated
with the proposed seismic survey may affect ESA-listed species and designated critical habitat.
ESA-listed species and designated critical habitat that are not likely to be adversely affected by
this stressor are evaluated in the sections below. ESA-listed species that are likely to be
adversely affected by this stressor are further analyzed and evaluated in Section 10.

7.2 Elasmobranchs

ESA-listed elasmobranchs considered in this opinion (giant manta ray and oceanic whitetip
shark) may be exposed to and be able to detect sound generated by the 2 Gl airguns used in the
seismic survey. Elasmobranchs are able to detect particle motion, rather than sound pressure,
because they lack a swim bladder like most teleost fish (Myrberg 2001; Popper and Hawkins
2016). They use their inner ears and lateral line, which is capable of detecting relative motion
between the body’s surface and the surrounding water, to detect nearby (generally within 2 body
lengths) sound sources (Popper et al. 2014a). Given their assumed hearing range, elasmobranchs
are anticipated to be able to detect the low-frequency sound from the airguns, if exposed.
However, the duration and intensity of low-frequency sound sources and implementation of
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conservation measures (e.g., shutdown and ramp-up procedures, vessel-based visual monitoring)
will likely minimize the effect of airgun noise on elasmobranchs. Furthermore, elasmobranchs
generally are not considered especially sensitive to sound (Casper et al. 2012).

For some species of elasmobranchs, behavioral changes have been documented in response to
the presence of sound. A study on southern stingrays in a very shallow (35-75 cm depth) ocean
net pen (5x5 m), observed changes in swimming behavior in response of low-frequency tones
(50-500 Hz) at 140 dB re 1 pPa in females, and 160 dB re 1 pPa in males (Mickle et al. 2020).
Some species of sharks also temporarily changed their behavior in response to loud and high
intensity sound sources (Klimley and Myrberg 1979; Myrberg et al. 1978) and in the presence of
artificially generated sound (Chapuis et al. 2019). In a study off Australia, some acoustically
tagged sharks displayed possible avoidance of seismic survey operations (i.e., changing their
swimming speed during seismic survey operations or changing their diel movement patterns
post-survey) but others moved in and out of the area and even into the seismic survey area
(Bruce et al. 2018). Other studies show that some shark species are attracted to low-frequency
pulsed sounds (Myrberg 2001). Pulsed sounds are not unlike the sound from airguns, and a
review of sound effects on fishes concluded that the relative risk of elasmobranchs exhibiting a
behavioral response, injury, or mortality to impulsive sound sources was low (Popper et al.
2014a).

The precise expected response of ESA-listed elasmobranchs to low-frequency acoustic energy is
not completely understood; however, given the signal of the airgun sound and level of exposure
to the signal, we do not expect a measureable response. The most likely response of ESA-listed
elasmobranchs exposed to the airguns, if any, would be minor temporary behavioral changes in
orientation to the sound source, none of which would be detectable outside of normal behavioral
responses or result in adverse effects to the individual. Therefore, the potential effect of the
airgun noise on ESA-listed elasmobranchs is considered insignificant. We conclude that noise
from the airguns may affect, but is not likely to adversely affect ESA-listed elasmobranchs (giant
manta ray and oceanic whitetip shark).

7.3 Hawksbill Sea Turtle

The ESA-listed hawksbill turtle may occur in the action area and may be affected by sound
generated by the 2 Gl airguns used in the seismic survey. The hawksbill turtle is generally found
throughout the tropics and subtropics, including coastal and pelagic areas, in the Atlantic, Indian,
and Pacific Oceans (NMFS 2013). Hawksbill turtles nest at low densities throughout the
southern Gulf of Mexico (April-September; Cuevas et al. 2019) and wider Caribbean region
(Piniak and Eckert 2011), with infrequent nesting in southern Texas (Eckert and Eckert 2019;
Valverde and Holzwart 2017). Based on telemetry data compiled by The State of the World’s
Sea Turtles (SWOT 2022) and sightings recorded in the Ocean Biodiversity Information System
Spatial Ecological analysis of Megavertebrate Populations (OBIS-SEAMAP) database,
hawksbill turtles are rare in the northern Gulf of Mexico. For hawksbill turtles, the DOE effects
determination was may affect, likely to adversely affect. However, based on the best available
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science, summarized above and in the DOE’s draft environmental assessment (DOE 2023), it is
extremely unlikely that the proposed seismic survey will overlap with hawksbill turtles. In
addition, the closest OBIS-SEAMAP record of a hawksbill turtle to the proposed survey area is
~200 km (~124 mi) south, off Corpus Christi, Texas, and only one other sighting has been made
off Texas, in deep water (Halpin et al. 2009). Because of the low probability of occurrence of
hawksbill turtles in the action area, the potential of exposure to effects from the airgun noise is
extremely unlikely to occur and thus discountable. Therefore, we conclude that DOE and UT’s
seismic survey may affect, but is not likely to adversely affect ESA-listed hawksbill turtles.

7.4 Designated Critical Habitat — Loggerhead Turtle Northwest Atlantic Ocean Distinct
Population Segment

On July 10, 2014, NMFS and the U.S. Fish and Wildlife Service (USFWS) designated critical
habitat for the Northwest Atlantic Ocean DPS of loggerhead turtles along the U.S. Atlantic and
Gulf of Mexico coasts (79 FR 39856; Figure 2). The Final Rule designated 5 different units of
critical habitat, each supporting PBFs for loggerhead turtles. These units include nearshore
reproductive habitat, winter area, Sargassum, breeding areas, and migratory corridors. In total,
the designated critical habitat is composed of 38 occupied marine areas and 1,102.4 km (685 mi)
of nesting beaches. Loggerhead designated critical habitat occurs within the action area;
however, only the Sargassum unit overlaps with the action area. PBFs for Sargassum habitat
include: 1) areas where there are concentrated components of the Sargassum community in water
temperatures suitable for optimal growth of Sargassum and loggerhead inhabitance; 2)
Sargassum in concentrations that support adequate prey abundance and cover; 3) available prey
and other material associated with Sargassum habitat; and 4) sufficient water depth and
proximity to available currents for offshore transport, foraging, and cover for post-hatchling
loggerheads.
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Figure 2. Designated critical habitat for the Northwest Atlantic Ocean Distinct
Population Segment of loggerhead sea turtles

The entire proposed survey area (222 km? or 85.7 mi?) overlaps with Sargassum habitat. The
proposed seismic survey may affect the third PBF of Sargassum habitat: available prey and other
material associated with Sargassum habitat including, but not limited to, plants and
cyanobacteria and animals native to the Sargassum community such as hydroids and copepods.
We found very little information regarding airgun noise impacts on hydroids, although Solé et al.
(2016) observed acoustic trauma in true jellyfish when exposed to low-frequency sounds. There
was also little information on airgun noise effects on copepods in the action area; however,
evidence indicates that seismic airguns may lead to a significant reduction in zooplankton
(McCauley et al. 2017). McCauley et al. (2017) found that the use of a single airgun with a
volume of 150 in® led to a decrease in zooplankton abundance by over 50% and a 2 to 3-fold
increase in dead adult and larval zooplankton when compared to control scenarios. Copepods, an
abundant zooplankton species, in particular experienced a 50% reduction in abundance around
509-658 m (1,670-2,159 ft) from the airgun (McCauley et al. 2017). However, Fields et al.
(2019) observed limited effects on Calanus spp. (a genus of copepod) mortality within 10 m
from an airgun source (4,260.6 cm? or 260 in®), and no measureable effects at distances greater
than 10 m. At distances within 5 m (16.4 ft) from the airguns, Fields et al. (2019) observed
significantly higher immediate mortality (within 1 h after exposure) in copepods exposed to the
airgun noise compared to the control. Mortality 1 week after exposure to the airguns was 9%
higher than controls in copepods placed 10 m (32.8 ft) from the airgun blast but was not
significantly different from the controls at a distance of 20 m (65.6 ft) from the airgun blast.
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McCauley et al. (2017) noted that, for seismic activities to have a significant impact on
zooplankton at an ecological scale, the spatial or temporal scale of the seismic activity must be
large in comparison to the ecosystem in question. In particular, 3-D seismic surveys, which
involve the use of multiple overlapping tracklines to extensively and intensively survey a
particular area, could be of concern McCauley et al. 2017. In part, this is because, for such
activities to have a measurable effect, they need to outweigh the naturally fast turnover rate of
zooplankton McCauley et al. 2017.

Given the results from each of these studies, it is difficult to assess the exact effect seismic
airguns may have on the instantaneous or long-term survivability of hydroids or copepods that
are exposed. The majority of copepod prey available to loggerhead sea turtles in Sargassum
habitat are expected to be near the surface (Witherington et al. 2012), but the results of
McCauley et al. (2017) provide little information on the effects to copepods at the surface
because their analyses excluded zooplankton in the surface bubble layer. Nonetheless, given that
airguns primarily transmit sound downward, and airguns associated with the proposed action will
be towed at depths between 3—4 m (9.8-13.1 ft), we expect that sounds from seismic airguns will
be relatively low at the surface and, as such, would affect copepod prey in Sargassum critical
habitat less than that reported in McCauley et al. (2017). We also anticipate that seismic survey
operators will actively avoid Sargassum patches within the action area because Sargassum may
get tangled in the towed seismic equipment and propellers, and could damage the seismic
equipment. Further, the proposed survey will be temporary (7 days of seismic acquisition),
overlap a relatively small portion of Sargassum (222 km? or 85.7 mi2) habitat, and is not likely to
have significant effects on zooplankton given the high turnover rate of zooplankton.

In summary, while the proposed seismic survey may temporarily alter copepod abundance in
designated loggerhead Sargassum critical habitat, we expect such effects to be insignificant
because 1) most copepods will be near the surface where sound levels from seismic airguns are
expected to be relatively low, 2) seismic survey operators will actively avoid Sargassum patches,
and 3) the high turnover rate of zooplankton will minimize any effects. Therefore, we find that
the proposed action may affect, but is not likely to adversely affect designated loggerhead
Sargassum critical habitat.

8 SPECIES LIKELY TO BE ADVERSELY AFFECTED

This section identifies and examines the status of ESA-listed sea turtles that are expected to be
adversely affected by sound generated by the airguns from the proposed action’s seismic survey
activities. The status includes the existing level of risk that the ESA-listed species face, based on
parameters considered in documents such as recovery plans, status reviews, and ESA-listing
decisions. The species status section helps to inform the description of the species’ current
“reproduction, numbers, or distribution,” which is part of the jeopardy determination as
described in 50 C.F.R. 8402.02. More detailed information on the status and trends of these
ESA-listed species, and their biology and ecology can be found in the listing regulations and
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critical habitat designations published in the Federal Register, status reviews, recovery plans,
and on these NMFS websites: https://www.fisheries.noaa.gov/species-directory/threatened-
endangered. One factor affecting the range-wide status of sea turtles and marine habitat at large
is climate change. The localized effects of climate change in the action area are discussed in the
Environmental Baseline (Section 9).

8.1 Green turtle — North Atlantic Distinct Population Segment

The green turtle was listed under the ESA on July 28, 1978 (43 FR 32800). The species was
separated into two listing designations: endangered for breeding populations in Florida and the
Pacific coast of Mexico and threatened in all other areas throughout its range. On April 6, 2016,
NMFS listed 11 DPSs of green turtles as threatened or endangered under the ESA (81 FR
20057). The North Atlantic DPS of green turtle is listed as threatened. The North Atlantic DPS
of green turtle is found in the North Atlantic Ocean and Gulf of Mexico (Figure 3).

10N
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Figure 3. Map of geographic range of the North Atlantic distinct population
segment of green turtle, with location and abundance of nesting females
(Seminoff et al. 2015)

8.1.1 Life History

Green turtles have a circumglobal distribution, occurring throughout nearshore tropical,
subtropical and, to a lesser extent, temperate waters. Females lay their eggs on coastal beaches
where the eggs incubate in sandy nests. Mating occurs in waters off nesting beaches. Females are
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usually 20 to 40 years at first reproduction. Green turtles lay an average of three nests per season
with an average of 100 eggs per nest. The remigration interval (i.e., return to natal beaches) is 2—
5 years for females. Males are known to reproduce every year (Balazs 1983). In the southeastern
U.S., females generally nest between June through September, and peak nesting occurs in June
through July (Witherington and Ehrhart 1989). During the nesting season, females nest at
approximately 2-week intervals, laying an average of 3—4 clutches (Johnson and Ehrhart 1996)
of approximately 110-115 eggs. Eggs incubate for approximately 2 months before hatching.
Nesting occurs primarily on beaches with intact dune structure, native vegetation and appropriate
incubation temperatures during summer months.

After emerging from the nest, hatchlings swim to offshore areas and go through a post-hatchling
pelagic stage where they are believed to live for several years. During this life stage, green turtles
feed close to the surface on a variety of marine algae and other life associated with drift lines and
debris. This early oceanic phase remains one of the mostly poorly understood aspects of the life
history of green turtles (NMFS and USFWS 2007a). Green turtles exhibit particularly slow
growth rates of about 1-5 cm (0.4-2 in) per year (Green 1993; McDonald-Dutton and Dutton
1998), which may be attributed to their largely herbivorous, low-net energy diet (Bjorndal 1982).
At approximately 20-25 cm (8-10 in) carapace length, juveniles leave the pelagic environment
and enter nearshore developmental habitats such as protected lagoons and open coastal areas rich
in seagrass and marine algae. Growth studies using skeletochronology indicate that green turtles
in the western Atlantic Ocean shift from the oceanic phase to nearshore developmental habitats
after approximately 5-6 years (Bresette et al. 2006; Zug and Glor 1998). Within the
developmental habitats, juveniles begin the switch to a more herbivorous diet, and by adulthood
feed almost exclusively on seagrasses and algae (Rebel 1974), although some populations are
known to also feed heavily on invertebrates (Carballo et al. 2002). Adult green turtles exhibit site
fidelity and migrate hundreds to thousands of kilometers from nesting beaches to foraging areas.
Green turtles spend the majority of their lives in coastal foraging grounds, which include open
coastlines and protected bays and lagoons. Adult green turtles feed primarily on seagrasses and
algae, although they also eat jellyfish, sponges, and other invertebrate prey. Green turtles mature
slowly, requiring 20 to 50 years to reach sexual maturity (Chaloupka and Musick 1997; Hirth
and USFWS 1997).

8.1.2 Population Dynamics

Accurate population estimates for marine turtles do not exist because of the difficulty in
sampling turtles over their geographic ranges and within their marine environments.
Nonetheless, researchers have used nesting data to study trends in reproducing sea turtles over
time. Worldwide, nesting data at 464 sites indicate that 563,826-564,464 female green turtles
nest each year (Seminoff et al. 2015). A summary of nesting trends and nester abundance is
provided in the most recent status review for the species (Seminoff et al. 2015), with information
for the North Atlantic DPSs.
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The range of the North Atlantic DPS extends from the boundary of South and Central America,
north to Nova Scotia/Newfoundland, and east across the Atlantic Ocean to the western coasts of
Africa and Europe (Figure 3). In the waters of the U.S. Atlantic Ocean and Gulf of Mexico,
green turtles are distributed throughout inshore and nearshore waters from Texas to
Massachusetts. Principal benthic foraging areas in the southeastern U.S. include Aransas Bay,
Matagorda Bay, Laguna Madre, and the Gulf inlets of Texas (Doughty 1984; Hildebrand 1982;
Shaver 1994), the Gulf of Mexico off Florida from Yankeetown to Tarpon Springs (Caldwell and
Carr 1957; Carr 1984), Florida Bay and the Florida Keys (Schroeder and Foley 1995), the Indian
River Lagoon system in Florida (Ehrhart 1983), and the Atlantic Ocean off Florida from Brevard
through Broward Counties (Guseman and Ehrhart 1992; Wershoven and Wershoven 1992). The
summer developmental habitat for green turtles also encompasses estuarine and coastal waters
from North Carolina to as far north as Long Island Sound (Musick and Limpus 1997). Additional
important foraging areas in the western Atlantic Ocean include the Culebra archipelago and other
Puerto Rico coastal waters, the south coast of Cuba, the Mosquito Coast of Nicaragua, the
Caribbean Sea coast of Panama, scattered areas along Colombia and Brazil (Hirth 1971), and the
northwestern coast of the Yucatan Peninsula.

Compared to other DPSs, the North Atlantic DPS of green turtle exhibits the highest nester
abundance, with approximately 167,424 females at 73 nesting sites (Figure 3; Seminoff et al.
2015). Eight of the nesting sites have high levels of abundance (i.e., >1,000 nesters), located in
Costa Rica (Tortuguero), Mexico (Campeche, Yucatan, and Quintana Roo), U.S. (Florida), and
Cuba (Seminoff et al. 2015). All major nesting populations demonstrate long-term increases in
abundance (Seminoff et al. 2015).

Tortuguero, Costa Rica is by far the predominant nesting site, accounting for an estimated 79%
of nesting for the DPS (Seminoff et al. 2015). Nesting at Tortuguero appears to have been
increasing since the 1970’s, when monitoring began. For instance, from 1971-1975 there were
approximately 41,250 average annual emergences documented and this number increased to an
average of 72,200 emergences from 1992-1996 (Bjorndal et al. 1999). Troéng and Rankin
(2005) collected nest counts from 1999-2003 and also reported increasing trends in the
population consistent with the earlier studies, with nest count data suggesting 17,402—37,290
nesting females per year (NMFS and USFWS 2007a). Modeling by Chaloupka et al. (2008)
using data sets of 25 years or more resulted in an estimate of the Tortuguero, Costa Rica
population’s growing at 4.9% annually.

In the U.S., green turtle nesting occurs along the Atlantic coast, primarily along the central and
southeast coast of Florida (Meylan et al. 1994; Weishampel et al. 2003). Occasional nesting has
also been documented along the Gulf Coast of Florida, Georgia, North Carolina, and Texas
(Meylan et al. 1995). Modeling by Chaloupka et al. (2008) using data sets of 25 years or more
resulted in an estimate of the Florida nesting stock at the Archie Carr National Wildlife Refuge
growing at an annual rate of 13.9% at that time. Increases have been even more rapid in recent
years. In Florida, index beaches were established to standardize data collection methods and
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effort on key nesting beaches. Since establishment of the index beaches in 1989, the pattern of
green turtle nesting has generally shown biennial peaks in abundance with a positive trend during
the 10 years of regular monitoring. According to data collected from Florida’s index nesting
beach survey from 19892022, green sea turtle nest counts across Florida have increased
dramatically, from a low of 267 in the early 1990s to a high of 40,911 in 2019. Similar to the
nesting trend found in Florida, in-water studies in Florida have also recorded increases in green
turtle captures at the Indian River Lagoon site, with a 661% increase over 24 years (Ehrhart et al.
2007), and the St Lucie Power Plant site, with a significant increase in the annual rate of capture
of immature green turtles (straight carapace length < 90 cm) from 1977 to 2002 (3,557 green
turtles total; M. Bressette, Inwater Research Group, unpubl. data; Witherington et al. 2006).

Differences in DNA of green turtles from different nesting regions can indicate different genetic
subpopulations (Bowen et al. 1992; Fitzsimmons et al. 2006). For example, the North Atlantic
DPS of green turtle has a globally unique haplotype, which was a factor in defining the
discreteness of this population. Evidence from mitochondrial DNA studies indicates that there
are at least 4 independent nesting subpopulations in Florida, Cuba, Mexico, and Costa Rica
(Seminoff et al. 2015). More recent genetic analysis indicates that designating a new western
Gulf of Mexico management unit might be appropriate (Shamblin et al. 2016). Although green
turtles may nest in different regions, individuals from separate nesting origins are commonly
found mixed together on foraging grounds throughout the species’ range. For example, in the
South Atlantic DPS, genetic analysis of green turtles on the foraging grounds off Ubatuba and
Almofala, Brazil show mixed stocks coming primarily from Ascension, Suriname and Trindade
as a secondary source, but also Aves, and even sometimes Costa Rica (North Atlantic DPS)
(Naro-Maciel et al. 2007; Naro-Maciel et al. 2012).

Within U.S. waters, individuals from both the North Atlantic DPS and South Atlantic DPS can
be found on foraging grounds. While there are currently no in-depth studies available to
determine the percent of North Atlantic DPS and South Atlantic DPS individuals in any given
location two small-scale studies provide an insight into the degree of mixing on the foraging
grounds. An analysis of cold-stunned green turtles in St. Joseph Bay, Florida (northeastern Gulf
of Mexico; North Atlantic DPS) found approximately 4% of individuals came from nesting
stocks in the South Atlantic DPS (specifically Suriname, Aves Island, Brazil, Ascension Island,
and Guinea Bissau; Foley et al. 2007). On the Atlantic Ocean coast of Florida (North Atlantic
DPS), a study on the foraging grounds off Hutchinson Island found that approximately 5% of the
green turtles sampled came from the Aves Island/Suriname nesting assemblage, which is part of
the South Atlantic DPS (Bass and Witzell 2000). All of the individuals in both studies were
benthic juveniles. Available information on green turtle migratory behavior indicates that long
distance dispersal is only seen for juvenile green turtles. This suggests that larger adult-sized
green turtles return to forage within the region of their natal rookeries, thereby limiting the
potential for gene flow across larger scales (Monzon-Arguello et al. 2010). Currently, there is no
indication that South Atlantic DPS turtles occur off Texas (northwestern Gulf of Mexico).
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8.1.3 Vocalization and Hearing

Sea turtles are low frequency hearing specialists, typically hearing frequencies from 30 Hz—-2
kHz, with a range of maximum sensitivity between 100-800 Hz (Bartol et al. 1999a; Lenhardt
1994, 2002; Moein Bartol and Ketten 2006; Ridgway et al. 1969). Piniak et al. (2016) found
green turtle juveniles capable of hearing underwater sounds at frequencies of 50 Hz—1,600 kHz
(maximum sensitivity at 200400 Hz). Hearing below 80 Hz is less sensitive but still possible
(Lenhardt 1994). Based upon auditory brainstem responses of green turtles have been measured
to hear in the 50 Hz-1.6 kHz range (Dow et al. 2008), with greatest response at 300 Hz
(Yudhana et al. 2010); a value verified by Moein Bartol and Ketten (2006). Other studies have
similarly found greatest sensitivities between 200-400 Hz for the green turtle with a range of
100-500 Hz (Bartol and Ketten 2006; Ridgway et al. 1969) and around 250 Hz or below for
juveniles (Bartol et al. 1999a). However, Dow et al. (2008) found best sensitivity between 50—
400 Hz.

These hearing sensitivities are similar to those reported for 2 terrestrial species: pond and wood
turtles. Pond turtles respond best to sounds between 200—700 Hz, with slow declines below 100
Hz and rapid declines above 700 Hz, and almost no sensitivity above 3 kHz (Wever and Vernon
1956). Wood turtles are sensitive up to about 500 Hz, followed by a rapid decline above 1 kHz
and almost no responses beyond 3-4 kHz (Patterson 1966).

In the French West Indies, a recent study recorded vocalizations of free-ranging juvenile green
turtles (Charrier et al. 2022). Four main categories of vocalizations were recorded: pulses, low-
amplitude calls, frequency-modulated calls, and squeaks. Pulses (mono, doublet, triplets, and
multipulses consisting of an average of 5 pulses) had a main frequency around 1 kHz. Low-
amplitude calls consisted of croaks and rumbles. The frequency range for croaks was 725 + 330
Hz and the frequency range for rumbles was 323 + 94 Hz. Frequency-modulated calls were
either ascending, descending, or both, and ranged between 31-1,047 Hz. Squeaks were more
than 3 kHz. Received levels of all vocalizations ranged between 102-124 dB re 1 pPa (rms).

8.1.4 Status

Once abundant in tropical and sub-tropical waters, green turtles worldwide exist at a fraction of
their historical abundance, as a result of over-exploitation for food and other products. Globally,
egg harvest, the harvest of females on nesting beaches and directed hunting of sea turtles in
foraging areas remain the three greatest threats to their recovery. In addition, bycatch in drift-net,
long-line, set-net, pound-net, and trawl fisheries kill thousands of green turtles annually. Other
threats include pollution, habitat loss through coastal development or stabilization, destruction of
nesting habitat from storm events, artificial lighting, poaching, global climate change, natural
predation, disease, cold-stunning events, and oil spills. On a regional scale, the different DPSs
experience these threats as well, to varying degrees. Differing levels of abundance combined
with different intensities of threats and effectiveness of regional regulatory mechanisms make
each DPS uniquely susceptible to future perturbations. While the threats continue, the green
turtle appears to be somewhat resilient to future perturbations.
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Historically, green turtles in the North Atlantic DPS were hunted for food, which was the
principle cause of the population’s decline. Apparent increases in nester abundance for the North
Atlantic DPS in recent years are encouraging but must be viewed cautiously, as the datasets
represent a fraction of a green turtle generation, up to 50 years. While the threats of pollution,
habitat loss through coastal development, beachfront lighting, and fisheries bycatch continue, the
North Atlantic DPS of green turtle appears to be somewhat resilient to future perturbations.

8.1.5 Status in the Action Area

Green turtles nest throughout the Gulf of Mexico from May through September (Valverde and
Holzwart 2017). In the Gulf of Mexico, major nesting beaches are located in Mexico and Florida,
but there have been nesting females recorded on South Padre Island and Padre Island National
Seashore off the southern tip of Texas (Eckert and Eckert 2019; Seminoff et al. 2015; SWOT
2022; Valverde and Holzwart 2017). Telemetry data on green turtles recorded animals in waters
off Texas, as well as in the rest of the northern Gulf of Mexico; however, most records were in
the southern portion of the Gulf of Mexico, which is outside of the action area (SWOT 2022).
Dispersal modeling by Putman et al. (2020) indicates that hatchlings could occur throughout the
Gulf of Mexico, including the proposed survey area. There is one OBIS-SEAMAP record from
near the 20-m isobath more than 50 km southeast of the proposed survey area; this record is for
February (Halpin et al. 2009).

8.2 Kemp’s ridley turtle

The Kemp’s ridley turtle is considered to be the most endangered sea turtle, internationally
(Groombridge 1982; Zwinenberg 1977). Its range extends from the Gulf of Mexico to the
Atlantic coast, with nesting beaches limited to a few sites in Mexico and Texas (Figure 4).
Kemp’s ridley sea turtles have occasionally been found in the Mediterranean Sea, which may be
due to migration expansion or increased hatchling production (Tomas and Raga 2008). Juvenile
Kemp’s ridley turtles, possibly carried by oceanic currents, have been recorded as far north as
Nova Scotia. The species was listed as endangered under the ESA since 1970.
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Figure 4. Map identifying the range of the endangered Kemp'’s ridley turtle off the
U.S. coast

8.2.1 Life History

Kemp’s ridley turtles share a general life history pattern similar to other sea turtles. Females lay
their eggs on coastal beaches where the eggs incubate in sandy nests. After 45-58 days of
embryonic development, the hatchlings emerge and swim offshore into deeper, oceanic waters
where they feed and grow until returning at a larger size. Their return to nearshore coastal
habitats typically occurs around 2 years of age (Ogren 1989), although the time spent in the
oceanic habitat may vary from 1-4 years or perhaps more (TEWG 2000). Females generally
reach maturity at 12 years of age, but may range from 5-16 years. The average remigration is 2
years, although some animals nest annually. Nesting occurs from April through July in arribadas
(large aggregations) mainly on beaches in the Gulf of Mexico, but primarily at Rancho Nuevo,
Mexico. Historic records indicate a nesting range from Mustang Island, Texas, in the north to
Veracruz, Mexico, in the south. Kemp’s ridley turtles have also recently been nesting along the
Atlantic coast of the U.S., with nests recorded from beaches in Florida, Georgia, North Carolina,
South Carolina, and Virginia.
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Females lay an average of 2.5 clutches per season. The annual average clutch size is 97-100 eggs
per nest. The nesting location may be particularly important because hatchlings can more easily
migrate to foraging grounds in deeper oceanic waters, where they remain for approximately 2
years before returning to nearshore coastal habitats. Juvenile Kemp’s ridley turtles use these
nearshore coastal habitats from April through November, but move towards more suitable
overwintering habitat in deeper offshore waters (or more southern waters along the Atlantic
coast) as water temperature drops. Adult habitat largely consists of sandy and muddy areas in
shallow, nearshore waters less than 37 m (120 ft) deep, although they can also be found in deeper
offshore waters. As adults, Kemp’s ridley turtles forage on swimming crabs, fish, jellyfish,
mollusks, and tunicates (NMFS and USFWS 2011).

8.2.2 Population Dynamics

Of the sea turtles species in the world, the Kemp's ridley has declined to the lowest population
level. Nesting aggregations at a single location (Rancho Nuevo, Mexico) were estimated at
40,000 females in 1947. By the mid-1980s, the population had declined to an estimated 300
nesting females. Nesting steadily increased through the 1990s, and then accelerated during the
first decade of the 21% century. Following a significant, unexplained one-year decline in 2010,
Kemp’s ridley turtle nests in Mexico reached a record high of 21,797 in 2012 (NPS 2013). In
2013, there was a second significant decline, with 16,385 nests recorded. In 2014, there were an
estimated 10,987 nests and 519,000 hatchlings released from 3 primary nesting beaches in
Mexico (NMFS and USFWS 2015). The number of nests in Padre Island, Texas has increased
over the past 2 decades, with 1 nest observed in 1985, 4 in 1995, 50 in 2005, 197 in 2009, and
119 in 2014 (NMFS and USFWS 2015). Gallaway et al. (2013) estimated the female population
size for age 2 and older in 2012 to be 188,713 (SD = 32,529). If females comprise 76% of the
population, the total population of age 2+ of Kemp’s ridley turtles was estimated to have been
248,307 in 2012 (Gallaway et al. 2013).

Kemp’s ridley turtle nesting population was exponentially increasing (NMFS et al. 2011c);
however, since 2009 there has been concern over the slowing of recovery (Gallaway et al. 2016a;
Gallaway et al. 2016b; Plotkin 2016). From 1980 through 2003, the number of nests at 3 primary
nesting beaches (Rancho Nuevo, Tepehuajes, and Playa Dos) increased 15% annually (Heppell
et al. 2005); however, due to recent declines in nest counts, decreased survival at other life
stages, and updated population modeling, this rate is not expected to continue (NMFS and
USFWS 2015). In fact, nest counts dropped by more than a third in 2010 and continue to remain
below predictions (Caillouet et al. 2018).

Genetic variability in Kemp’s ridley turtles is considered to be high, as measured by
heterozygosis at microsatellite loci (NMFS and USFWS 2011). Additional analysis of the
mitochondrial DNA taken from samples of Kemp’s ridley turtles at Padre Island, Texas, showed
6 distinct haplotypes, with 1 found at both Padre Island and Rancho Nuevo (Dutton et al. 2006).
Additionally, the genetic diversity of immature Kemp’s ridley turtles foraging in the northern
Gulf of Mexico (along the Florida panhandle) closely correspond to that of nesting females in

40



DOE UT Seismic Survey Gulf of Mexico Tracking No. OPR-2023-00050

Rancho Nuevo, Mexico (Lamont et al. 2021). Despite recent declines in Kemp’s ridley turtle
populations, a recent study found that genetic diversity, as assessed through the mitochondrial
genome, has remained stable (Frandsen et al. 2020).

8.2.3 Vocalization and Hearing

As noted in Section 9.1.3, sea turtles are low frequency hearing specialists. Juvenile Kemp’s
ridley turtles can hear from 100-500 Hz, with a maximum sensitivity between 100-200 Hz at
thresholds of 110 dB re 1 pPa (Bartol and Ketten 2006).

8.2.4 Status

Kemp’s ridley turtles face many of the same threats as other sea turtle species, including
destruction of nesting habitat from storm events, oceanic events such as cold-stunning, pollution
(plastics, petroleum products, petrochemicals, etc.), ecosystem alterations (nesting beach
development, beach nourishment and shoreline stabilization, vegetation changes, etc.), poaching,
global climate change, fisheries interactions, natural predation, and disease.

The Kemp’s ridley turtle was listed as endangered in response to a severe population decline,
primarily the result of egg collection. In 1973, legal ordinances in Mexico prohibited the harvest
of sea turtles from May through August, and in 1990, the harvest of all sea turtles was prohibited
by presidential decree. In 2002, Rancho Nuevo was declared a sanctuary. A successful head-start
program has resulted in the re-establishment of nesting at Texan beaches. While fisheries
bycatch remains a threat, the use of sea turtle excluder devices mitigates take. Fishery
interactions and strandings, possibly due to forced submergence, appear to be the main threats to
the species. The Deepwater Horizon oil spill event reduced nesting abundance and associated
hatchling production as well as exposures to oil in the oceanic environment which has resulted in
large losses of the population across various age classes, and likely had an important population-
level effect on the species. We do not have an understanding of those impacts on the population
trajectory for the species into the future. The species’ limited range and low global abundance
make it vulnerable to new sources of mortality as well as demographic and environmental
randomness, all of which are often difficult to predict with any certainty. Therefore, its resilience
to future perturbation is low.

8.2.5 Status in the Action Area

In the northern Gulf of Mexico on the Texas coast, Kemp’s ridley turtles primarily nest at Padre
Island National Seashore, with a few hundred nesting attempts annually (Eckert and Eckert 2019;
NMFS et al. 2011a; Piniak and Eckert 2011; Shaver and Caillouet Jr 1998; Shaver et al. 2016;
SWOT 2022). Nesting has also been reported for the shoreline closest to the proposed survey
area (Eckert and Eckert 2019; NMFS et al. 2011a; Seney and Landry Jr 2008; Shaver et al.
2016). According to the Turtle Island Restoration Network, in 2023, there were 256 Kemp’s
ridley turtle nests on the Texas coast: 217 on North and South Padre Island and Padre Island
National Seashore, and 10 nests in the action area, between Freeport and Galveston

41



DOE UT Seismic Survey Gulf of Mexico Tracking No. OPR-2023-00050

(https://seaturtles.org/turtle-count-texas-coast/). The nesting season in the Gulf of Mexico is
April-July (Valverde and Holzwart 2017).

Satellite-tagged adult female Kemp’s ridley turtles from Padre Island National Seashore and
Rancho Nuevo showed post-nesting movements to foraging sites along the coast of the northern
Gulf of Mexico, including nearshore waters off Texas (Shaver et al. 2013). Foraging sites were
observed in water less than 26 m deep, averaging 33.2 km from shore (Shaver et al. 2013).
Similarly, Seney and Landry Jr 2008, 2011) noted that, during the nesting season, adult female
turtles tagged at Texas beaches typically stayed in nearshore waters of Texas, with core areas of
activity located within and near the proposed survey area; post-nesting turtles also spent time
within and near the proposed survey area during summer, but mainly foraged on the shelf off
Louisiana. Tagged juveniles showed a preference for tidal passes, bays, coastal lakes, and
nearshore waters, in water <5 m deep, particularly during the warmer months of May—October
(Seney and Landry Jr 2008; Valverde and Holzwart 2017). Tagged juveniles typically did not
occur in the proposed survey area. Several of the tracked adult turtles nested multiple times on
the coast of Texas in one season (Seney and Landry Jr 2008). Hart et al. (2018) also found that
post-nesting adult females satellite-tagged in the Gulf of Mexico foraged near the proposed
survey area off Texas, as well as most coastal waters along the northern and eastern Gulf of
Mexico. Based on telemetry data compiled by SWOT (2022), Kemp’s ridley turtle locations
were reported along the entire northern coast of the Gulf of Mexico, including Texas. Dispersal
modeling by Putman et al. (2020) indicated that hatchlings could also occur in the proposed
survey areas. There are numerous sighting records in OBIS-SEAMAP of Kemp’s ridley turtles in
the proposed survey area (Halpin et al. 2009).

8.3 Leatherback turtle

The leatherback turtle ranges from tropical to subpolar latitudes, worldwide (Figure 5). It was
first listed under the Endangered Species Conservation Act (35 FR 8491) and listed as
endangered under the ESA since 1973.
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Figure 5. Map identifying the range of the endangered leatherback turtle. Adapted
from Wallace et al. 2013

8.3.1 Life History

Leatherback turtles share a general life history pattern similar to other sea turtles. Females lay
their eggs on coastal beaches where the eggs incubate in sandy nests. While a robust estimate of
the life span does not exist, the current best estimate for the maximum age is 43 (Avens et al.
2009a). Age at maturity has been difficult to ascertain, with estimates ranging from 16-29 years
(Avens et al. 2009b; Spotila et al. 1996). On average, they reach maturity at approximately 20
years (Jones et al. 2011).

Females usually lay up 5-7 clutches (7—15 days apart) per nesting season (3—6 months generally
during the summer), with 20 to more than 100 eggs per clutch and eggs weighing greater than 80
g (0.17 Ibs) (Eckert et al. 2012; Eckert et al. 2015; Reina et al. 2002; Wallace et al. 2007). The
number of leatherback turtle hatchlings that make it out of the nest onto the beach (i.e., emergent
success) is approximately 50% worldwide (Eckert et al. 2012) and approximately 30% of the
eggs may be infertile. Eggs hatch after about 2 months (60-65 days; Eckert et al. 2015). Females
nest on sandy, tropical beaches at intervals of every 1-11 (average of 2-4) years (Eckert et al.
2015). Nesting females exhibit low site-fidelity to their natal beaches, returning to the same
region, but not necessarily the same beach, to nest (Dutton et al. 1999; Dutton et al. 2007).
Females have been observed with fertility spans as long as 25 years (Hughes 1996). Natal
homing, at least within an ocean basin, results in reproductive isolation between 5 broad
geographic regions: eastern and western Atlantic Ocean, Indian Ocean, and eastern and western
Pacific Ocean.

In the Northwest Atlantic Ocean, the sex ratio appears to be skewed toward females. Hatchling
sex ratios range from 30-100% females in Suriname, Tobago, Colombia, and Costa Rica (Dutton
et al. 1985; Godfrey et al. 1996; Mickelson and Downie 2010; Mrosovsky 1994; Patino-Martinez
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et al. 2012). The proportion of females documented in foraging individuals and strandings ranges
from 57-70% (James et al. 2007; Murphy et al. 2006; TEWG 2007), and the ratio of females to
males during an individual breeding season is thought to be closer to 1:1 (Stewart and Dutton
2014). Reports of nearshore and onshore stranding data from the Atlantic Ocean and Gulf of
Mexico coasts indicate that 60% of strandings were females (TEWG 2007). James et al. (2007)
collected size and sex data from large subadult and adult leatherback turtles off Nova Scotia and
also concluded a bias toward females at a ratio of 1.86:1.

Leatherback turtles migrate long, transoceanic distances between their tropical nesting beaches
and the highly productive temperate waters where they forage, primarily on jellyfish and
tunicates. These gelatinous prey are relatively nutrient-poor, such that leatherback turtles must
consume large quantities to support their body weight. Leatherback turtles weigh about 33%
more on their foraging grounds than at nesting, indicating that they probably catabolize fat
reserves to fuel migration and subsequent reproduction (James et al. 2005b; Wallace et al. 2006).
Sea turtles must meet an energy threshold before returning to nesting beaches. Therefore, their
remigration intervals (the time between nesting) are dependent upon prey availability foraging
success and duration (Hays 2000; Price et al. 2004).

Unlike other sea turtles, leatherback turtles have several unique traits that enable them to live in
cold water. For example, leatherback turtles have a countercurrent circulatory system (Greer et
al. 1973), a thick layer of insulating fat (Davenport et al. 1990a; Goff and Lien 1988),
gigantothermy (Paladino et al. 1990), and they can increase their body temperature through
increased metabolic activity (Bostrom and Jones 2007; Southwood et al. 2005). These
adaptations allow leatherback turtles to be comfortable in a wide range of temperatures, which
helps them travel further than any other sea turtle species (NMFS and USFWS 1995). For
example, a leatherback turtle may swim more than 10,000 km (6,000 mi) in a single year
(Benson et al. 2007a; Benson et al. 2011b; Eckert 2006a; Eckert et al. 2006). They search for
food between latitudes 71°N and 47°S, in all oceans, and travel extensively to and from their
tropical nesting beaches.

While leatherback turtles will look for food in coastal waters, they appear to prefer the open
ocean at all life stages (Heppell et al. 2003b). Leatherback turtles have pointed tooth-like cusps
and sharp-edged jaws that are adapted for a diet of soft-bodied prey such as jellyfish and salps. A
leatherback turtle’s mouth and throat also have backward-pointing spines that help retain jelly-
like prey as water is expelled. Leatherback turtles favorite prey occur commonly in temperate
and northern or subarctic latitudes and likely has a strong influence on their distribution in these
areas (Plotkin 1995). Leatherback turtles are known to be deep divers, with recorded depths in
excess of 1 km (3,280.8 ft) for almost 90 min, but they may also come into shallow waters to
locate prey items. In the Atlantic Ocean, they are found as far north as the North Sea, Barents
Sea, Newfoundland, and Labrador, and as far south as Argentina and the Cape of Good Hope,
South Africa (NMFS USFWS 2013). In the U.S., important nesting areas include Florida, St.
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Croix, and Puerto Rico. Other islands of the Caribbean Sea south to Brazil and VVenezuela are
also important nesting areas in the Western Atlantic Ocean (NMFS USFWS 2013).

The survival and mortality rates for leatherback turtles are difficult to estimate and vary by
location. For example, the annual mortality rate for leatherback turtles that nested at Playa
Grande, Costa Rica, was estimated to be 34.6% in 1993-1994 and 34% in 1994-1995 (Spotila et
al. 2000Db). In contrast, overall survival rates for nesting females is relatively high at 85% (Pfaller
et al. 2018), with mean estimated annual survival rates of 70-99% in French Guiana (Rivalan et
al. 2005), 89% in St. Croix (Dutton et al. 2005), and 89-96% on the coast of the Atlantic Ocean
of Florida (Stewart et al. 2014), respectively. For the St. Croix population the average annual
juvenile survival rate was estimated to be approximately 63% and the total survival rate from
hatchling to first year of reproduction for a female was estimated to be between 0.4-2%
(assuming age at first reproduction is between 9-13 years; Eguchi et al. 2006). Spotila et al.
(1996)estimated first-year survival rates for leatherback turtles at 6.25%.

Migratory routes of leatherback turtles are not entirely known; however, information from
satellite tags have documented long travels between nesting beaches and foraging areas in the
Atlantic and Pacific Ocean basins (Benson et al. 2007a; Benson et al. 2011b; Eckert 2006a;
Eckert et al. 2006; Ferraroli et al. 2004; Hays et al. 2004; James et al. 2005a). Leatherback turtles
nesting in the northwest Atlantic Ocean move throughout most of the North Atlantic Ocean from
the equator to about 50°N latitude. Leatherback turtles nesting in Central America and Mexico
travel thousands of miles through tropical and temperate waters of the South Pacific Ocean
(Eckert and Sarti 1997; Shillinger et al. 2008). Data from satellite tagged animals suggest that
they may be traveling in search of seasonal aggregations of jellyfish (Benson et al. 2007b;
Bowlby et al. 1994; Graham 2009; Shenker 1984; Starbird et al. 1993; Suchman and Brodeur
2005). Overall, movements are largely dependent upon reproductive and feeding cycles and the
oceanographic features that concentrate prey, such as frontal systems, eddy features, current
boundaries, and coastal retention areas (Benson et al. 2011a).

8.3.2 Population Dynamics

Leatherback turtles are globally distributed, with nesting beaches in the Atlantic, Indian, and
Pacific Oceans. Movements of adults and sub-adults span across all major ocean basins and
range from equatorial waters to temperate high-latitude regions (Shillinger and Bailey 2015).
Leatherback turtles originating from the same nesting beach may forage in diverse and
geographically distant regions, with variance among individuals (Benson et al. 2011a; Eckert
2006Db; Eckert et al. 2006; Hays et al. 2006; Namboothri et al. 2012; Witt et al. 2011).
Conversely, leatherback turtles from different nesting beaches may move to the same foraging
regions as adults (Fossette et al. 2014). Patterns of leatherback turtle movements between nesting
beaches and foraging areas are complex, and appear to be linked to ocean currents that facilitate
hatchling dispersal (Gaspar et al. 2012) or adult movements throughout the oceans (Lambardi et
al. 2008). Adults are known to return to the same foraging areas after nesting (Seminoff et al.
2012), and hatchlings from different nesting beaches may reach the same foraging areas, creating
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a mosaic of overlapping population ranges. Wallace et al. (2010) identified 7 global regional
management units (subpopulations) by reviewing the genetic data available and performing a
spatial analysis of these genetic data combined with nesting, tagging, and tracking data, these
include: northwest Atlantic Ocean, southwest Atlantic Ocean, southeast Atlantic Ocean,
northeast Indian Ocean, west Pacific Ocean, and east Pacific Ocean.

Detailed population structure is unknown, but is likely dependent upon nesting beach location
and influenced by physical barriers (i.e., land masses), current systems, and long migrations. The
total index of nesting female abundance in the Northwest Atlantic Ocean is 20,659 females
(NMFS 2020b). Based on estimates calculated from nesting data, there are approximately 18,700
(10,000-31,000 nesting females) total adult leatherback turtles in the North Atlantic Ocean
(TEWG 2007). The total index of nesting female abundance in the Southwest Atlantic Ocean is
approximately 27 females (NMFS 2020b). The total index of nesting female abundance in the
Southeast Atlantic Ocean is approximately 9,198 females (NMFS 2020). The total index of
nesting female abundance in the Southwest Indian Ocean is approximately 149 females (NMFS
2020b). The total index of nesting female abundance in the Northeast Indian Ocean is
approximately 109 females (NMFS 2020b). The total index of nesting female abundance in the
West Pacific Ocean is approximately 1,277 females (NMFS 2020b). The total index of nesting
female abundance in the East Pacific Ocean is approximately 755 females (NMFS 2020b). The
total index of nesting female abundance is likely an underestimate because we did not have
adequate data from many nesting beaches, which have the potential for being unmonitored or
unidentified.

Declines in nesting can occur rapidly in populations of leatherback turtles. In the Pacific Ocean,
nesting has declined precipitously in recent decades (Benson et al. 2015). Aerial surveys of
nesting beaches in Mexico detected declines from 70,000 nesting females in 1982 to fewer than
250 in 1998, with an annual mortality rate of 22.7% (Spotila et al. 2000a). The Terengganu,
Malaysia nesting population was reduced to less than 1% of its original size between the 1950s
and 1995 (Chan and Liew 1996) and is now considered functionally extinct. Significant declines
in nesting have been documented for other nesting aggregations, such as Gabon, French Guiana,
and Indonesia.

Population growth rates for leatherback turtles vary by ocean basin. Leatherback turtles in the
Northwest Atlantic Ocean exhibit a decreasing nest trend at nesting beaches with the greatest
known nesting female abundance (NMFS 2020b). This decline has become more pronounced
(2008 through 2017), and the available nest data reflect a steady decline for more than a decade
(Eckert and Mitchell 2018a). Leatherback turtles in the Southwest Atlantic Ocean exhibit an
increasing, although variable, nest trend (nearly 5% average annual increase, with the largest
increase occurring in the past decade; NMFS 2020b). Leatherback turtles in the Southeast
Atlantic Ocean of the coast of Gabon exhibit a declining nest trend (8.6% annually) at the largest
nesting aggregation (NMFS 2020b). Leatherback turtles in the Southwestern Indian Ocean
exhibit a slightly decreasing nest trend at monitored nesting beaches off the coast of South Africa
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(NMFS 2020b). Leatherback turtles in the Northeast Indian Ocean exhibit a drastic population
decline with extirpation of its largest nesting aggregation in Malaysia (NMFS 2020b).
Leatherback turtles in the West Pacific Ocean exhibit low hatching success and a declining nest
and population trend (NMFS 2020b). Leatherback turtles in the East Pacific Ocean exhibit a
decreasing trend since monitoring began, with a 97.4% decline (depending on the nesting beach)
since the 1980s or 1990s (Wallace et al. 2013). Despite intense conservation efforts, the decline
in nesting has not been reversed as of 2011 (Benson et al. 2015).

Analyses of mitochondrial DNA from leatherback turtles indicates a low level of genetic
diversity, pointing to possible difficulties in the future if current population declines continue
(Dutton et al. 1999). Further analysis of samples taken from individuals from rookeries in the
Atlantic and Indian Oceans suggest that each of the rookeries represent demographically
independent populations (NMFS USFWS 2013).

Subpopulations are reproductively isolated with little to no gene flow connecting them.
However, within some subpopulations there is fine-scale genetic structure. Genetic analyses
using microsatellite data revealed fine-scale genetic differentiation among neighboring
subpopulations in the Northwest Atlantic Ocean including: Trinidad, French Guiana/Suriname,
Florida, Costa Rica, and St. Croix (Dutton and H. 2013). Tagging studies indicate individual
movement and gene flow among nesting aggregations.

In the Atlantic Ocean, equatorial waters appear to be a barrier between breeding populations. In
the northwestern Atlantic Ocean, post-nesting female migrations appear to be restricted to north
of the equator but the migration routes vary (NMFS USFWS 2013). Genetic studies support the
satellite telemetry data indicating a strong difference in migration and foraging fidelity between
the breeding populations in the northern and southern hemispheres of the Atlantic Ocean (NMFS
USFWS 2013).

8.3.3 Vocalization and Hearing

As noted in Section 9.1.3, sea turtles are low frequency hearing specialists. Dow Piniak et al.
(2012a)measured hearing of leatherback turtle hatchlings in water an in air, and observed
reactions to low frequency sounds, with responses to stimuli occurring between 50 Hz-1.6 kHz
in air, and between 50 Hz-1.2 kHz in water (lowest sensitivity recorded was 93 dB re 1 uPa at
300 Hz).

Leatherback eggs and hatchlings have been recorded producing sounds. Ferrara et al.
(2014)recorded sounds including pulses, sounds with harmonic and nonharmonic frequency
bands, sounds with frequency and amplitude modulation, and hybrid sounds with characteristics
of pulsed and harmonic sounds. Pulses, sounds without harmonically related frequency bands,
and sound with harmonic frequency bands were recorded in nests with both eggs and hatchlings.
These were produced at a frequency range of about 187.5-1,343.8 Hz, 282.2-1,640.6 Hz, and
119-24,000 Hz, respectively. All sounds were less than 0.5 s. McKenna et al. (2019) also
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recorded sounds (no pulses) of leatherback turtle hatchlings. Sounds were produced at an average
frequency range of 2.41 £ 3.02 kHz and average duration of 0.14 + 0.13 s.

8.3.4 Status

The leatherback turtle is an endangered species whose once large nesting populations have
experienced steep declines in recent decades. The status of the subpopulations in the Atlantic,
Indian, and Pacific Oceans are generally declining, except for the subpopulation in the Southwest
Atlantic Ocean, which is slightly increasing. Leatherback turtles show a lesser degree of nest site
fidelity than occurs with hardshell sea turtle species.

The primary threats to leatherback turtles include fisheries interactions (bycatch), harvest of
nesting females, and egg harvesting (NMFS 2020b). Because of these threats, once large
rookeries are now functionally extinct, and there have been range-wide reductions in population
abundance. Other threats include loss of nesting habitat due to development, tourism, vegetation
changes, sand extraction, beach nourishment, shoreline stabilization, and natural disasters (e.g.,
storm events and tsunamis) as well as cold-stunning, vessel interaction, pollution (contaminants,
marine debris and plastics, petroleum products, petrochemicals), ghost fishing gear, natural
predation, parasites, and disease (NMFS 2020b). Artificial lights on or adjacent to nesting
beaches alter nesting adult female behavior and are often fatal to post-nesting females and
emerging hatchlings as they are drawn to light sources and away from the sea. Ingestion of
marine debris (plastic) is common in leatherback turtles and can block gastrointestinal tracts
leading to death (NMFS 2020b). Climate change may alter sex ratios (as temperature determines
hatchling sex) and nest success, range (through expansion of foraging habitat as well as alter
spatial and temporal patterns), and habitat (through the loss of nesting beaches, because of sea-
level rise and storms). Oceanographic regime shifts possibly impact foraging conditions that may
affect nesting female size, clutch size, and egg size of populations. The species’ resilience to
additional perturbation is low.

8.3.5 Status in the Action Area

Nesting by leatherbacks in the Gulf of Mexico is generally less frequent than that of other sea
turtle species (Piniak and Eckert 2011). There is only occasional nesting in southern Texas at
Padre Island National Seashore, with no recorded nests in 2023 according to the Turtle Island
Restoration Network (Eckert and Eckert 2019; SWOT 2022; Valverde and Holzwart 2017).
Leatherback sea turtles satellite tagged at Panama nesting beaches traveled through the Yucatan
Channel into the Gulf of Mexico where they spent most of their time foraging, though there were
no foraging hotspots identified within the proposed survey area (Aleksa et al. 2018). One
satellite-tagged leatherback migrated adjacent to the proposed survey area, occupying coastal
waters off Texas from Galveston to Matagorda Bay (Aleksa et al. 2018). Based on telemetry data
compiled by SWOT (2022), leatherback turtle records were reported for waters off Louisiana,
but not Texas. In the OBIS-SEAMAP database, there is one record near the 20-m isobath
southeast of the proposed project area for August, and another record in shallow water <20 m
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deep off southern Texas (Halpin et al. 2009). Most other records are for deep offshore waters in
depths >1000 m (Halpin et al. 2009).

8.4 Loggerhead turtle — Northwest Atlantic Ocean DPS

Loggerhead turtles are circumglobal, and are found in continental shelf and estuarine
environments throughout the temperate and tropical regions of the Atlantic, Indian, and Pacific
Oceans. The species was first listed as threatened under the ESA in 1978 (43 FR 32800). On
September 22, 2011, the NMFS designated 9 DPSs of loggerhead turtles, with the Northwest
Atlantic Ocean DPS listed as threatened (75 FR 12598). The Northwest Atlantic Ocean DPS of
loggerhead turtles is found along eastern North America, Central America, and northern South
America (Figure 6).
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Figure 6. Map identifying the range of threatened Northwest Atlantic Ocean

distinct population segment of loggerhead turtle
8.4.1 Life History

Loggerhead turtles share a general life history pattern similar to other sea turtles. Females lay
their eggs on coastal beaches where the eggs incubate in sandy nests. The 8 stages of the life
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cycle and the ecosystems those stages generally use include: egg (terrestrial zone), hatchling
(terrestrial zone), hatchling swim frenzy and transitional (neritic zone), juvenile (oceanic zone),
juvenile (neritic zone), adult (oceanic zone), adult (neritic zone), nesting female (terrestrial zone)
(NMFS and USFWS 2008b). Loggerhead turtles reach sexual maturity between 20—38 years of
age, although this varies widely among populations (Frazer and Ehrhart 1985; NMFS 2001).
Mean age at first reproduction for female loggerhead turtles is 30 years. The annual mating
season occurs from late March through early June, and females lay eggs throughout the summer
months. Females lay an average of 4 clutches per season (Murphy and Hopkins 1984), and an
average remigration interval is 3.7 years (Tucker 2010). The annual average clutch size is 100—
126 eggs per nest (Dodd 1988). Eggs incubate for 42—75 days before hatching (NMFS and
USFWS 2008b). Nesting occurs on beaches, where warm, humid sand temperatures incubate the
eggs. Temperature determines the sex of the loggerhead turtle during the middle of the
incubation period.

The majority of nesting occurs at the western rims, concentrated in the north and south temperate
zones and subtropics, of the Atlantic and Indian Oceans (NRC 1990). For the Northwest Atlantic
Ocean DPS of loggerhead turtles, most nesting occurs along the East coast of the U.S., from
southern Virginia to Alabama. Additional nesting occurs along the northern and western Gulf of
Mexico, eastern Yucatan peninsula, at Cay Sal Bank in the eastern Bahamas (Addison 1997;
Addison and Morford 1996), off the southwestern coast of Cuba (Gavilan 2001), and along the
coasts of Central America, Colombia, Venezuela, and the eastern islands of the Caribbean Sea.
Non-nesting, adult females are reported throughout the Atlantic Ocean, Gulf of Mexico, and
Caribbean Sea. Little is known about the distribution of adult males who are seasonally abundant
near nesting beaches.

Habitat uses within continental shelf and estuarine environments vary by life stage. Loggerhead
turtles spend the post-hatchling stage in pelagic waters. The juvenile stage is spent first in the
oceanic zone and later in the neritic zone (i.e., coastal waters). Coastal waters provide important
foraging habitat, inter-nesting habitat, and migratory habitat for adult loggerhead turtles. Neritic
juvenile loggerhead turtles are omnivorous and forage on crabs, mollusks, jellyfish, and
vegetation at or near the water’s surface, whereas subadults and adults typically prey on benthic
invertebrates such as mollusks and decapod crustaceans in hardbottom habitats in coastal waters.

As post-hatchlings, loggerhead turtles hatched on beaches enter the “oceanic juvenile” life stage,
migrating offshore and becoming associated with Sargassum habitats, driftlines, and other
convergence zones (Carr 1986; Conant et al. 2009b; Witherington 2002). Oceanic juveniles grow
at rates of 2.9-5.4 cm (1-2 in) per year (Bjorndal et al. 2003; Snover 2002) over a period as long
as 7-12 years (Bolten et al. 1998) before moving to more coastal habitats. Studies have
suggested that not all loggerhead turtles follow the model of circumnavigating the North Atlantic
Gyre as pelagic juveniles, followed by permanent settlement into benthic environments (Bolten
and Witherington 2003; Laurent et al. 1998). These studies suggest some animals may either
remain in the oceanic habitat in the North Atlantic Ocean longer than hypothesized or they move
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back and forth between oceanic and coastal habitats interchangeably (Witzell 2002). When
immature loggerhead turtles reach 40-60 cm (15-24 in), they begin to reside in coastal inshore
waters of the continental shelf throughout the Atlantic Ocean and Gulf of Mexico (Witzell 2002).

After departing the oceanic zone, neritic juveniles in the Northwest Atlantic Ocean inhabit
continental shelf waters from Cape Cod Bay, Massachusetts, south through Florida, the
Bahamas, Cuba, and the Gulf of Mexico. Estuarine waters of the U.S., including areas such as
Long Island Sound, Chesapeake Bay, Pamlico and Core Sounds, Mosquito and Indian River
Lagoons, Biscayne Bay, Florida Bay, and numerous embayments fringing the Gulf of Mexico,
comprise important inshore habitat. Along the shorelines of the Atlantic Ocean and Gulf of
Mexico, essentially all shelf waters are inhabited by loggerhead turtles (Conant et al. 2009b).

Like juveniles, non-nesting adults also use the neritic zone. However, these adults do not use the
relatively enclosed shallow-water estuarine habitats with limited ocean access as frequently as
juveniles. Areas such as Pamlico Sound, North Carolina, and the Indian River Lagoon, Florida,
are regularly used by juveniles but not by adults. Adults do tend to use estuarine areas with more
access to the open ocean, such as the Chesapeake Bay in the mid-Atlantic Ocean. Shallow-water
habitats with large expanses of access to the open ocean, such as Florida Bay, provide year-
round resident foraging areas for significant numbers of female and male adults (Conant et al.
2009b).

Offshore, adults primarily inhabit continental shelf waters, from New York through Florida, the
Bahamas, Cuba, and the Gulf of Mexico. Seasonal use of shelf waters in the mid-Atlantic Ocean,
especially offshore of New Jersey, Delaware, and Virginia during summer months, and offshore
shelf waters, such as Onslow Bay (off the North Carolina coast), during winter months has been
documented (Hawkes et al. 2014; Hawkes et al. 2007). Satellite telemetry has identified the shelf
waters along the west coast of Florida, the Bahamas, Cuba, and the Yucatan peninsula as
important resident areas for adult females that nest in Florida (Foley et al. 2008; Girard et al.
2009; Hart et al. 2012). The southern edge of the Grand Bahama Bank is important habitat for
nesting on the Cay Sal Bank in the Bahamas, but nesting females are also resident in the bights
of Eleuthera, Long Island, and Ragged Islands. They also reside in Florida Bay. Moncada et al.
(2010)report the recapture in Cuban waters of five adult females originally flipper-tagged in
Quintana Roo, Mexico, indicating that Cuban shelf waters likely also provide foraging habitat
for adult females that nest in Mexico.

8.4.2 Population Dynamics

It is difficult to estimate overall abundance for sea turtle populations because individuals spend
most of their time in water, where they are difficult to count, especially considering their large
range and use of many different and distant habitats. Females, however, converge on their natal
beaches to lay eggs, and nests are easily counted. The total number of annual U.S. nest counts for
the Northwest Atlantic DPS of loggerhead sea turtles is over 110,000 (NMFS and USFWS
2023).
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In-water estimates of abundance include juvenile and adult life stages of loggerhead males and
females are difficult to perform on a wide scale. In the summer of 2010, NMFS’s Northeast
Fisheries Science Center (NEFSC) and Southeast Fisheries Science Center (SEFSC) estimated
the abundance of juvenile and adult loggerhead sea turtles along the continental shelf between
Cape Canaveral, Florida and the mouth of the Gulf of St. Lawrence, Canada, based on Atlantic
Marine Assessment Program for Protected Species (AMAPPS) aerial line-transect sighting
survey and satellite tagged loggerheads (NMFS 2011). They provided a preliminary regional
abundance estimate of 588,000 individuals (approximate inter-quartile range of 382,000
817,000) based on positively identified loggerhead sightings (NMFS 2011). A separate, smaller
aerial survey, conducted in the southern portion of the Mid-Atlantic Bight and Chesapeake Bay
in 2011 and 2012, demonstrated uncorrected loggerhead sea turtle abundance ranging from a
spring high of 27,508 to a fall low of 3,005 loggerheads (NMFS and USFWS 2023). We are not
aware of any current range-wide in-water estimates for the DPS.

Based on genetic analysis of subpopulations, the Northwest Atlantic Ocean DPS of loggerhead
turtle is further categorized into 5 recovery units corresponding to nesting beaches. These are
Northern Recovery Unit, Peninsular Florida Recovery Unit, Dry Tortugas Recovery Unit,
Northern Gulf of Mexico Recovery Unit, and the Greater Caribbean Recovery Unit (Conant et al.
2009a). An analysis using expanded mitochondrial DNA sequences revealed that rookeries from
the Gulf and Atlantic coasts of Florida are genetically distinct, and that rookeries from Mexico’s
Caribbean coast express high haplotype diversity (Shamblin et al. 2014). Furthermore, the results
suggest that the Northwest Atlantic Ocean DPS of loggerhead turtle should be considered as 10
management units: (1) South Carolina and Georgia, (2) central eastern Florida, (3) southeastern
Florida, (4) Cay Sal, Bahamas, (5) Dry Tortugas, Florida, (6) southwestern Cuba, (7) Quintana
Roo, Mexico, (8) southwestern Florida, (9) central western Florida, and (10) northwestern
Florida (Shamblin et al. 2012).

The Northern Recovery Unit, from North Carolina to northeastern Florida, is the second largest
nesting aggregation in the Northwest Atlantic Ocean DPS of loggerhead turtle, with an average
of 5,215 nests from 1989 through 2008, and approximately 1,272 nesting females per year
(NMFS and USFWS 2008c). The nesting trend from daily beach surveys showed a significant
decline of 1.3% annually from 1989 through 2008. Aerial surveys of nests showed a 1.9%
decline annually in nesting in South Carolina from 1980 through 2008. Overall, there is strong
statistical data to suggest the Northern Recovery Unit has experienced a long-term decline over
that period. Data since that analysis are showing improved nesting numbers and a departure from
the declining trend. Nesting in Georgia has shown an increasing trend since comprehensive
nesting surveys began in 1989. Nesting in North Carolina and South Carolina has begun to show
a shift away from the declining trend of the past. Increases in nesting were seen from 2009
through 2012.

The Peninsular Florida Recovery Unit is the largest nesting aggregation in the Northwest
Atlantic Ocean DPS of loggerhead turtle, with an average of 64,513 nests per year from 1989

52



DOE UT Seismic Survey Gulf of Mexico Tracking No. OPR-2023-00050

through 2007, and approximately 15,735 nesting females per year (NMFS and USFWS 2008b).
Following a 52% increase between 1989 through 1998, nest counts declined sharply (53%) from
1998 through 2007. However, annual nest counts showed a strong increase (65%) from 2007
through 2017 (FFWCC 2018). Index nesting beach surveys from 1989 through 2013 have
identified 3 trends. From 1989 through 1998, a 30% increase was followed by a sharp decline
over the subsequent decade. Large increases in nesting occurred since then. From 1989 through
2013, the decade-long decline had reversed and there was no longer a demonstrable trend. From
1989 through 2016, the Florida Fish and Wildlife Research Institute concluded that there was an
overall positive change in the nest counts, but the change was not statistically significant.

The Dry Tortugas, Gulf of Mexico, and Greater Caribbean Recovery Units are much smaller
nesting assemblages, but they are still considered essential to the continued existence of
loggerhead turtles. The Dry Tortugas Recovery Unit includes all islands west of Key West,
Florida. The only available data for the nesting subpopulation on Key West comes from a census
conducted from 1995 through 2004 (excluding 2002), which provided a range of 168 to 270
(mean of 246) nests per year, or about 60 nesting females (NMFS and USFWS 2007b). There
was no detectable trend during this period (NMFS and USFWS 2008b).

The Gulf of Mexico Recovery Unit has between 100 to 999 nesting females annually, and a
mean of 910 nests per year. Analysis of a dataset from 1997 through 2008 of index nesting
beaches in the northern Gulf of Mexico shows a declining trend of 4.7% annually. Index nesting
beaches in the panhandle of Florida has shown a large increase in 2008, followed by a decline in
2009 through 2010 before an increase back to levels similar to 2003 through 2007 in 2011.

The Greater Caribbean Recovery Unit encompasses nesting subpopulations in Mexico to French
Guiana, the Bahamas, and the Lesser and Greater Antilles. The majority of nesting for this
recovery unit occurs on the Yucatan peninsula, in Quintana Roo, Mexico, with 903-2,331 nests
annually (Zurita et al. 2003a). Other significant nesting sites are found throughout the Caribbean
Sea, and including Cuba, with approximately 250-300 nests annually (Ehrhart et al. 2003), and
over 100 nests annually in Cay Sal in the Bahamas (NMFS and USFWS 2008b). Survey effort at
nesting beaches has been inconsistent, and not trend can be determined for this subpopulation
(NMFS and USFWS 2008b). Zurita et al. (2003b) found an increase in the number of nests on 7
of the beaches on Quintana Roo, Mexico from 1987 through 2001, where survey effort was
consistent during the period. Nonetheless, nesting has declined since 2001, and the previously
reported increasing trend appears to not have been sustained (NMFS and USFWS 2008Db).

8.4.3 Vocalization and Hearing

As noted in Section 9.1.3, sea turtles are low frequency hearing specialists. Bartol et al. (1999Db)
reported effective hearing range for juvenile loggerhead turtles is from at least 250-750 Hz. Both
yearling and 2-year old loggerhead turtles had the lowest hearing threshold at 500 Hz (yearling:
about 81 dB re 1 uPa and 2-year olds: about 86 dB re 1 uPa), with threshold increasing rapidly
above and below that frequency (Bartol and Ketten 2006). Underwater tones elicited behavioral
responses to frequencies between 50-800 Hz and auditory evoked potential responses between
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100-1,131 Hz in 1 adult loggerhead turtle (Martin et al. 2012). The lowest threshold recorded in
this study was 98 dB re 1 uPa at 100 Hz. Lavender et al. (2014) found post-hatchling loggerhead
turtles responded to sounds in the range of 50-800 Hz while juveniles responded to sounds in the
range of 50 Hz—1 kHz. Post-hatchlings had the greatest sensitivity to sounds at 200 Hz while
juveniles had the greatest sensitivity at 800 Hz (Lavender et al. 2014).

8.4.4 Status

Based on the currently available information, the overall nesting trend of the Northwest Atlantic
DPS of loggerhead appears to be stable, neither increasing nor decreasing, for over 2 decades
(NMFS and USFWS 2023). Destruction and modification of terrestrial and marine habitats
threaten the Northwest Atlantic DPS of loggerhead. On beaches, threats that interfere with
successful nesting, egg incubation, hatchling emergence, and transit to the sea include erosion,
erosion control, coastal development, artificial lighting, beach use, and beach debris (NMFS and
USFWS 2023). In the marine environment threats that interfere with foraging and movement
include marine debris, oil spills and other pollutants, harmful algal blooms, and noise pollution
(NMFS and USFWS 2023).

8.4.5 Status in the Action Area

Loggerhead nesting occurs along the coast of Texas, including <25 crawls (nesting crawls,
including successful egg-laying and failed attempts, which can be 2 to 10 times higher than the
number of actual nests) near the proposed survey area (Eckert and Eckert 2019; SWOT 2022).
The nesting season for the Northwest Atlantic loggerhead DPS is from April through September
(NMFS and USFWS 2008a). Post-nesting adult female loggerheads satellite-tagged in the Gulf
of Mexico were found to forage near the proposed survey area off the coast of Texas, but most
foraging occurred east of Texas (Hart et al. 2018; Hart et al. 2014). Similarly, no post-nesting
movements of adult female loggerheads tagged off Florida were recorded off Texas, and most
foraging occurred east of Texas, off Louisiana, Mississippi, and Alabama (Girard et al. 2009).
According to the Turtle Island Restoration Network, no loggerhead turtle nests were recorded
near the action area in 2023 (https://seaturtles.org/turtle-count-texas-coast/). Dispersal modeling
by Putman et al. (2020)indicates that hatchlings could also occur in the proposed survey area, but
the greatest concentrations are expected to occur in the eastern Gulf of Mexico. There are
numerous loggerhead turtle records in the OBIS-SEAMAP database for waters <20 m deep in
the northern Gulf of Mexico, including near but not within the proposed survey area; two of
those records are for September and October (Halpin et al. 2009). In 2022, there was a record
number (441) of loggerhead turtle strandings in Texas, including near the proposed survey area
(see https://www.fws.gov/press-release/2022-09/sea-turtle-rehab-facilities-responding-
loggerhead-strandings-texas-coast and https://coast.noaa.gov/states/stories/stranded-
loggerheads.html). The cause of these strandings is unknown; however, NMFS noticed that
turtles are in diminished nutritional condition.
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9 ENVIRONMENTAL BASELINE

The “environmental baseline” refers to the condition of the ESA-listed species or its designated
critical habitat in the action area, without the consequences to the ESA-listed species or
designated critical habitat caused by the proposed action. The environmental baseline includes
the past and present impacts of all Federal, state, or private actions and other human activities in
the action area, the anticipated impacts of all proposed Federal projects in the action area that
have already undergone formal or early section 7 consultation, and the impact of state or private
actions which are contemporaneous with the consultation in process. The consequences to ESA-
listed species or designated critical habitat from ongoing agency activities or existing agency
facilities that are not within the agency’s discretion to modify are part of the environmental
baseline (50 C.F.R. 8§402.02). In this section, we discuss the environmental baseline within the
action area as it applies to species that are likely to be adversely affected by the proposed action.

A number of human activities have contributed to the status of populations of ESA-listed sea
turtles (North Atlantic DPS of green turtle, Kemp’s ridley turtle, leatherback turtle, and
Northwest Atlantic Ocean DPS of loggerhead turtle) in the action area. Some human activities
are ongoing and appear to continue to affect sea turtle populations in the action area for this
consultation. The following discussion summarizes the impacts, which include climate change,
sea turtle harvesting, vessel interactions (vessel strike), fisheries (fisheries interactions), pollution
(marine debris, pollutants and contaminants, hydrocarbons, noise [vessel sound and commercial
shipping, aircraft, seismic surveys, marine construction, active sonar, and military activities]),
aquatic nuisance species, and scientific research activities.

Focusing on the impacts of the activities in the action area specifically allows us to assess the
prior experience and state (or condition) of the threatened and endangered individuals that occur
in the action area that will be exposed to effects from the proposed action under consultation.
This is important because in some states or life history stages, or areas of their ranges, ESA-
listed individuals will commonly exhibit, or be more susceptible to, adverse responses to
stressors than they would be in other states, stages, or areas within their distributions. These
localized stress responses or stressed baseline conditions may increase the severity of the adverse
effects expected from the proposed action.

9.1 Climate Change

There is a large and growing body of literature on past, present, and future impacts of global
climate change, exacerbated and accelerated by human activities. Effects of climate change
include sea level rise, increased frequency and magnitude of severe weather events, changes in
air and water temperatures, and changes in precipitation patterns, all of which are likely to affect
ESA-listed species. NOAA’s climate information portal provides basic background information
on these and other measured or anticipated climate change effects (see https://climate.gov). This
section provides some examples of impacts to ESA-listed species and their habitats that have
occurred or may occur as the result of climate change in the action area.
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The rising concentrations of greenhouse gases in the atmosphere, now higher than any period in
the last 800,000 years, have warmed global ocean surface temperatures by 0.68-1.1°C between
1850-1900 and 20112020 (IPCC 2023). Over the last 100 years, sea surface temperatures have
increased across much of the northwest Atlantic, consistent with the global trend of increasing
sea surface temperature due to anthropogenic climate change (Beazley et al. 2021). Large-scale
changes in the earth’s climate are in turn causing changes locally to the northwestern Gulf of
Mexico’s climate and environment. Changes in the marine ecosystem caused by global climate
change (e.g., ocean acidification, salinity, oceanic currents, dissolved oxygen levels, nutrient
distribution, warming surface temperatures) could influence the distribution and abundance of
lower trophic levels (e.g., phytoplankton, zooplankton, submerged aquatic vegetation,
crustaceans, mollusks, forage fish), ultimately affecting primary foraging areas of proposed and
ESA-listed species including ESA-listed sea turtles in the action area. For example, ocean
acidification negatively affects organisms such as crustaceans, crabs, mollusks, and other
calcium carbonate-dependent organisms such as pteropods (free-swimming pelagic sea snails
and sea slugs). Some studies in nutrient-rich regions have found that food supply may play a role
in determining the resistance of some organisms to ocean acidification (Markon et al. 2018;
Ramajo et al. 2016). Reduction in prey items can create a collapse of the zooplankton
populations and thereby result in potential cascading reduction of prey at various levels of the
food web, including prey for sea turtles.

In addition to impacts on prey species, higher trophic level marine species’ ranges in the action
area are expected to shift as they align their distributions to match their physiological tolerances
under changing environmental conditions. For example, in the Gulf of Mexico, northward shifts
in seagrass-associated fish species occurred over a period where air and sea surface temperatures
increased more than 3°C (Fodrie et al. 2010). This northward shift has also been observed in
cetacean and sea turtle species in the North Atlantic Ocean. Chavez-Rosales et al. (2022)
identified a northward shift of an average of 178 km (~110.6 mi) when examining habitat
suitability models for 16 cetacean species in the western North Atlantic Ocean. Record et al.
(2019) also documented a shift in North Atlantic right whale distribution, based on a climate-
driven shift in their main prey source. Based on climate, energetics, and habitat modeling,
loggerhead and leatherback turtle distributions are expected to shift northward in the North
Atlantic Ocean so that animals can stay within the environmental characteristics of suitable
habitat (Dudley et al. 2016; McMahon and Hays 2006; Patel et al. 2021).

In addition to increased ocean warming and changes in species’ distribution, climate change is
linked to increased extreme weather and climate events including, but not limited to, hurricanes,
cyclones, tropical storms, heat waves, and droughts (IPCC 2023). Research from IPCC (2023)
shows that it is likely extratropical storm tracks have shifted poleward in both the Northern and
Southern Hemispheres, and heavy rainfalls and mean maximum wind speeds associated with
hurricane events will increase with continued greenhouse gas warming. These extreme weather
events have the potential to have adverse effects on ESA-listed sea turtles in the action area. For
example, in 1999, off Florida, Hurricane Floyd washed out many loggerhead and green turtle
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nests, resulting in as many as 50,000-100,000 hatchling deaths (see
https://conserveturtles.org/11665-2/). Hurricane Irma, also off Florida, washed more than half of
green turtle nests out to sea at the Archie Carr National Wildlife Refuge, and rescuers during
Hurricane Harvey dug up nests and incubated the eggs to save them from drowning (see
https://usa.oceana.org/blog/simple-solution-can-save-thousands-sea-
turtles/#:~:text=In%20Texas%2C%20hurricane%20Harvey%?20forced,t0%20save%20them%20f
rom%?20drowning.)

This review provides some examples of impacts to ESA-listed species and their habitats that may
occur as the result of climate change within the action area. While it is difficult to accurately
predict the consequences of climate change to a particular species or habitat, a range of
consequences are expected that are likely to change the status of the species and the condition of
their habitats, and may be exacerbated by additional threats in the action area.

9.2 Oceanic Temperature Regimes

Oceanographic conditions in the Atlantic can be altered due to periodic shifts in atmospheric
patterns. In the Atlantic Ocean, this is caused by the Atlantic Multi-decadal Oscillation, or North
Atlantic Oscillation. The North Atlantic Oscillation can alter habitat conditions and prey
distribution for ESA-listed species in the action area.

The North Atlantic Oscillation is a large-scale, dynamic phenomenon that exemplifies the
relationship between the atmosphere and the ocean. It is an alteration in the intensity of the
atmospheric pressure difference between the semi-permanent high-pressure center over the
Azores Islands and the sub-polar low-pressure center over Iceland (Stenseth et al. 2002). Sea-
level atmospheric pressure in the two regions tends to vary in a “see-saw’ pattern — when the
pressure increases in Iceland it decreases in the Azores and vice-versa (i.e., the two systems tend
to intensify or weaken in synchrony). A positive phase occurs when there is high pressure over
the Azores and low pressure over Iceland, and a negative phase occurs the difference in pressures
weakens (Taylor et al. 1998). The North Atlantic oscillation is the dominant mode of decadal-
scale variability in weather and climate in the North Atlantic Ocean region (Hurrell 1995).
However, the North Atlantic Oscillation also has global significance, as it affects climate over
Europe, North America, and even the Mediterranean Sea region, including sea surface
temperatures, wind conditions, salinity, sea ice cover, mixed layer depth, and ocean circulation
(Stenseth et al. 2002; Hurrell and Deser 2010; Curry and McCartney 2001; Greene and Pershing
2003; Pershing et al. 2001).

A strong association has been established between the variability of the North Atlantic
Oscillation and changes affecting various trophic groups in North Atlantic marine ecosystems
Drinkwater et al. 2003; Fromentin and Planque 1996. For example, the temporal and spatial
patterns of Calanus copepods (zooplankton) were the first to be linked to the phases of the North
Atlantic Oscillation Fromentin and Planque 1996; Stenseth et al. 2002. Such shifts in copepod
patterns have a tremendous significance to upper-trophic-level species, including the North
Atlantic right whale, which feeds principally on Calanus finmarchicus (Ganley et al. 2022;
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Greene et al. 2003; Record et al. 2019). Decadal climatic regime shifts have also been related to
changes in zooplankton in the North Atlantic Ocean Fromentin and Planque 1996, and decadal
trends in the North Atlantic Oscillation Hurrell 1995 can affect the position of the Gulf Stream
Taylor et al. 1998 and other circulation patterns in the North Atlantic Ocean that act as migratory
pathways for various marine species, especially fish (Drinkwater et al. 2003). Shifts in the North
Atlantic Oscillation have also been associated with shifts in the composition of fishery landings
in the Gulf of Mexico (Karnauskas et al. 2015) and shifts in loggerhead turtle sightings in the
eastern North Atlantic Ocean (Dellinger et al. 2022).

9.3 Sea Turtle Harvesting

Directed harvest of sea turtles and their eggs for food and other products has existed for years
and was a significant factor causing the decline of several species, including the green turtle,
Kemp’s ridley turtle, leatherback turtle, and loggerhead turtle considered in this consultation. In
the U.S., the harvest of nesting sea turtles and eggs is now illegal, and although there has been
recent documented harvesting in the eastern Atlantic Ocean (see https://www.justice.gov/usao-
sdfl/pr/poachers-93-protected-sea-turtle-eggs-sentenced-prison), there has been no documented
harvesting in Texas.

9.4 Vessel Interactions

Within the action area, vessel interactions pose a threat to ESA-listed sea turtles. Overall, the
action area has a great deal of vessel activity, from cargo and commercial shipping, to
recreational vessels, and cruise ships. Vessel interactions can come in the form of vessel traffic
(visual and auditory disturbance) and vessel strike.

Sea turtle vessel interactions are poorly studied compared to marine mammals; however, vessel
strikes have the potential to be a significant threat to sea turtles given that they can results in
serious injury and mortality (Work et al. 2010). Sea turtles can move somewhat rapidly but are
not adept at avoiding vessels that are moving at more than 4 km/h (2.6 kts); most vessels move
much faster than this in open water (Hazel and Gyuris 2006; Hazel et al. 2007b; Work et al.
2010). All sea turtles must surface to breathe and several species are known to bask at the sea
surface for long periods of time, potentially increasing the risk of vessel strike. Hazel et al.
(2007b) documented live and dead sea turtles with deep cuts and fractures indicative of a vessel
strike, and suggested that green turtles may use auditory cues to react to approaching vessels
rather than visual cues, making them more susceptible to vessel strike or vessel speed increases.
Stacy et al. (2020) analyzed Texas sea turtle stranding data for 2019, a year where sea turtle
strandings were more than 2 times above average based on statewide stranding numbers for the
previous 5 and 10 years, and analyzed causes of stranding by species and stranding zone. In the
stranding zones that overlap the action area (zones 18 and 19), vessel strike-type injuries were
the most common type of trauma observed in Kemp’s ridley, green, and loggerhead turtles
(Stacy et al. 2020). Approximately 71% of stranded green turtles and 61% of Kemp’s ridley
turtles studied had documented vessel strike injuries (Stacy et al. 2020).
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9.5 Fisheries

Fisheries constitute an important and widespread use of the ocean resources throughout the
action area. Fishery interactions can adversely affect ESA-listed sea turtles. Direct effects of
fisheries interactions on sea turtles include entanglement, tackle/gear injuries, and bycatch,
which can lead to fitness consequences or mortality because of injury or drowning. Indirect
effects include reduced prey availability, including overfishing of targeted species, and habitat
destruction. Use of mobile fishing gear, such as bottom trawls, disturbs the seafloor and reduces
structural complexity. Indirect impacts of trawls include increased turbidity, alteration of surface
sediment, removal of prey (leading to declines in predator abundance), removal of predators,
ghost fishing (i.e., lost fishing gear continuing to ensnare fish and other marine animals), and
generation of marine debris. Lost gill nets, purse seines, and long-lines may foul and disrupt
bottom habitats and have the potential to entangle or be ingested by sea turtles.

Fishing gears that are known to interact with sea turtles include trawls, longlines, purse seines,
gillnets, pound nets, dredges and to a lesser extent, pots and traps (Finkbeiner et al. 2011;
Lewison et al. 2013). Within the action area, both recreational and commercial fisheries occur in
Texas state waters. Lost traps and disposed monofilament and other fishing lines are a
documented source of mortality in sea turtles due to entanglement that may anchor an animal to
the bottom leading to death by drowning. Materials entangled tightly around a body part may cut
into tissues, enable infection, and severely compromise an individual’s health (Derraik 2002).
Entanglements also make animals more vulnerable to additional threats (e.g., predation and
vessel strikes) by restricting agility and swimming speed. The majority of ESA-species that die
from entanglement in fishing gear likely sink at sea rather than strand ashore, making it difficult
to accurately determine the extent of such mortalities.

Within the action area, fisheries-related injuries (hooking injuries, entanglement, and internal
injuries resulting from ingestion of fishing gear) were the second-most documented injuries in
sea turtles off Texas in 2019 (Stacy et al. 2020). Approximately 18% of green turtles and 22% of
Kemp’s ridley turtles studied had documented fishing-related injuries (Stacy et al. 2020).

Regulations that went into effect in the early 1990’s require shrimp trawlers in the Atlantic and
Gulf of Mexico to modify their gear with turtle excluder devices (TEDs), which are designed to
allow turtles to escape trawl nets and avoid drowning. Analyses by Epperly and Teas (2002)
indicated that, while early versions of TEDs were effective for some species, the minimum
requirements for the escape opening dimension were too small for larger sea turtles, particularly
loggerheads and leatherbacks. NMFS implemented revisions to the TED regulations in 2003 to
address this issue (68 FR 8456; February 21, 2003). Revised TED regulations in 2014 were
estimated to reduce shrimp trawl-related mortality by 94% for loggerheads and 97% for
leatherbacks (NMFS 2014). In 2019, a final rule was published (84 FR 70048) requiring TEDs
on skimmer trawls greater than 12.19 m (40 ft). The conservation benefit from the 2019 rule was
estimated to prevent bycatch of up to 801-1,168 sea turtles in Southeastern U.S. shrimp fisheries.
Furthermore, in 2021, NMFS introduced an advanced notice of a proposed rule to require TEDs
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on skimmer trawls less than 12.19 m (40 ft) operating in Southeast U.S. shrimp fisheries (86 FR
20475).

9.6 Pollution

Within the action area, pollution poses a threat to ESA-listed sea turtles. Pollution can come in
the form of marine debris and plastics, pollutants and contaminants, and noise pollution from
anthropogenic activities.

9.6.1 Marine Debris

Marine debris is an ecological threat that is introduced into the marine environment through
ocean dumping, littering, or hydrological transport of these materials from land-based sources or
weather events (Gallo et al. 2018). Sea turtles within the action area may ingest marine debris,
particularly plastics, which can cause intestinal blockage and internal injury, dietary dilution,
malnutrition, and increased buoyancy. These can result in poor health, reduced fitness, growth
rates, and reproduction, or even death (Nelms et al. 2016). Entanglement in plastic debris
(including abandoned ‘ghost’ fishing gear) is known to cause lacerations, increased drag (thereby
reducing the ability to forage effectively or avoid predators), and may lead to drowning or death
by starvation. Leatherbacks appear to be most susceptible to ingesting marine debris, particularly
plastic, which they misidentify as jellyfish, a primary food source (Mrosovsky et al. 2009;
Schuyler et al. 2014). There are limited studies of debris ingestion in sea turtles within the action
area; however, Plotkin et al. (1993) found that over half of the studied loggerhead turtles had
anthropogenic debris, mainly pieces of plastic bags, present in digestive tract contents. Plotkin et
al. (1993) attributed the deaths of 3 loggerhead turtles to debris ingestion, including 1 loggerhead
turtle whose esophagus was perforated by a fishing hook, 1 loggerhead turtle whose stomach
lining was perforated by a piece of glass, and 1 loggerhead turtle whose entire digestive tract was
impacted by plastic trash bags. Along the Texas coast just south of the action area, Howell et al.
(2016) found debris in over half of the stomach contents of juvenile green turtles. Elsewhere in
the Gulf of Mexico, debris such as plastic, fishing gear, rubber, aluminum foil, and tar were
found in green and loggerhead turtles (Bjorndal et al. 1994). At least 2 turtles died as a result of
debris ingestion, although the volume of debris represented less than 10% of the volume of the
turtle’s gut contents; therefore, even small quantities of debris can have severe health and fitness
consequences (Bjorndal et al. 1994).

Sea turtles can also become entanglement in marine debris, namely fishing gear, which was
discussed in Section 9.5.

9.6.2 Pollutants and Contaminants

Exposures to pollution and contaminants have the potential to cause adverse health effects in
ESA-listed cetaceans and sea turtles. Marine ecosystems receive pollutants from a variety of
local, regional, and international sources, and their levels and sources are, therefore, difficult to
identify and monitor (Grant and Ross 2002). Sources of pollution within or adjacent to the action
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area include agricultural and industrial runoff/dumping, and oil and gas exploration and
extraction, each of which can degrade marine habitats used by sea turtles.

Agricultural and industrial runoff into rivers and canals empty into bays and the ocean (e.g.,
Mississippi River into the Gulf of Mexico). Such runoff, especially from agricultural sources, is
nutrient-rich from fertilizers containing nitrogen and phosphorous, and can cause eutrophication.
Eutrophication occurs when an environment becomes nutrient-loaded, stimulating plankton and
algae growth. This can lead to algal blooms, which create hypoxic (low-oxygen) waters within
which most marine life cannot survive (also called “dead zones”™). In these hypoxic zones and
adjacent waters, pelagic marine life are displaced and many benthic organisms are lost (Rabalais
and Turner 2001). In the northern Gulf of Mexico, on the Louisiana and Texas continental shelf,
one of the world’s largest dead zones is an annual occurrence from late-spring through late-
summer (Rabalais et al. 2002), and could affect species and critical habitat in the action area. The
U.S. Environmental Protection Agency’s (EPA) annual summer measurements of the dead zone
were highest in 2002 and 2017, when the dead zone measured 8,494 mi? (~22,000 km?) and
8,776 mi? (~22,729 km?), respectively, which is larger than the state of Massachusetts (see
https://www.epa.gov/ms-htf/northern-gulf-mexico-hypoxic-zone). The most recent 5-year
average is 4,347 mi? (~11,259 km?).

Dumping of waste and sewage from shipping and ships used for coastal construction can also
contribute to nutrient-loading and coastal pollution. Adjacent to the action area, ships must pass
through the Houston Ship Channel, spanning from the Gulf of Mexico through Galveston Bay,
just north of the action area, to reach the Port of Houston. The Houston Ship Channel is the
busiest waterway in the U.S., with more than 8,300 large ships, 231,000 commercial small craft,
and 230 million tons of cargo a year (TDOT 2016). As a result, the action area contains major
shipping routes, increasing the risk for pollutants to enter the marine environment.

Chemical pollutants (e.g., DDT, PCBs, polybrominated diphenyl ethers, perfluorinated
compounds, and heavy metals) accumulate up trophic levels of the food chain, such that high
trophic level species like sea turtles have higher levels of contaminants than lower trophic levels
(Bucchia et al. 2015; D’ilio et al. 2011; Mattei et al. 2015). These pollutants can cause adverse
effects including endocrine disruption, reproductive impairment or developmental effects, and
immune dysfunction or disease susceptibility (Bucchia et al. 2015; Ley-Quifiénez et al. 2011). In
sea turtles, maternal transfer of persistent organic pollutants threatens developing embryos with a
pollution legacy and poses conservation concerns due to its potential adverse effects on
subsequent generations (Mufioz and Vermeiren 2020). Although there is limited information on
chemical pollutants in sea turtles in the action area, there are studies that have investigated heavy
metals, brevetoxins, and persistent organic pollutants in some sea turtle species in other areas of
the Gulf of Mexico and adjacent waters. Two studies have investigated heavy metals in Kemp’s
ridley, loggerhead, hawksbill, and green turtles off eastern Texas and Louisiana (Kenyon et al.
2001; Presti et al. 2000). Heavy metal (mercury, copper, lead, silver, and zinc) concentrations in
blood and scute (the scales on the shell, also known as carapace) samples increased with turtle
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size (Kenyon et al. 2001; Presti et al. 2000). After a red tide bloom near Florida’s Big Bend,
Perrault et al. (2017) found brevetoxins and heavy metals in Kemp’s ridley and green turtles.
Perrault et al. (2017) analyzed the turtles’ health relative to the presence of brevetoxins and
heavy metals, and found that the presence of toxic elements was related to oxidative stress,
increased tumor growth, decreased body condition, inflammation, and disease progressi