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1 INTRODUCTION

1.1 PURPOSE

Themission of the Bureau of Ocean Energy ManageniB@EM)a bureau othe U.S.
Department of the Interioris to manage development ofrlifed States (L5) Outer Continental
Shelf(OCSgnergy mineral and geologicalesources in an environmentally and economically
responsible wayBOEM oversees the developmentadfshore energy, includingonventional
energy(i.e.,oil and gaspn the OC&ndmanages access to marine mineral resources on the
OCHe.g, sand and gravél

This documentompilesinformation that describes thbiological resources of th@ulf region
andthen explorestheseNS & 2 dgblder&hail@erability toBOEMregulatedactivitiesthat are
associated with the exploration and development of oil andagyasmarine mineralsThis
background report may inform futungotential impactr 3 a SaayYSy da 2 fsuchh9aQa |
as thoseprepared under the National Environmental Policy Act (NE&Awell ashose

prepared to supporenvironmental consultations (e.gonsultations required under the
Endangered Species Act [ESA] BtaginusonStevens Fishery Conservation and Management
Act[MSA). It may also inform other future internal and external efforts to describe Gulf
habitats and associated biological resources, including outreach processes wittient@ral
agencies andribal governmentsimportantly, this document does not replace the NEPA
process or obligations to constiterein. BOEMwill usethis documentonly as amore indepth
and technical referenceesourcefor other relevantdocuments

Chapter 2of this document desdoesthe environmental setting of the @, including a
discussion of the geology, physical oceanography, and other major drivers that shapdfthe G
ecosystemChapter 3ncludesa characterization of the biological resources of thdfGThese
biological resources includmastal pelagic, and benthic habitats amdsociateccommunities
followed bythe individual organism groups fishesand invertebrates, sea turtles, marine
mammalsandbirds.

The vulnerability assessmef@hapter 4 evaluates thaeasonablyforeseeableroutine and
accidentaimpactproducing factors (IPF&pom BOEMregulatedoil and gas and marine
mineralsactivitiesin the Gulffor eachrelevantbiological resourceAn IPFsan outcome of a
proposedBOEMregulatedactivity thatmightdirectly or indirectly affect resources, particularly
those that are vulnerable due to their biologieald physicakensitivities For a list of IPFs
included in this analysiseeSection4.1.1. Routineactivitiesgenerally occur on a regular basis
and are the expected result OEMregulated activilesor associated actiongccidental
events do not occur onrg regular basis during a BOE®Qulated activityare unauthorized,
andor are unintentionaln nature. Thoughindustry practices and government regulations
minimizeassociatedisks, the potential for oil spills and other accidental events still exists.
Accidental events artherefore alscexamined separatelyfrom the routine IPFsTypes of
accidental evert includereasonablyforeseeablespills of fuel, crude oil, or other chemicals
resulting from accidentsveather eventsandcollisions as well as their response procedures
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(Antoine et al. 1974)Physiographic subprovinces include the Teb@ssiana Shelf, the Texas
Louisiana Slope, the Rio Grande Slope, the Mississippi Fan, the Sigsbee Escarpment, the Sigsbee
Plain, the MississipgAlabamaFlorida Shelf, the MississipflabamakFlorida Slope, the Florida

Terrace, the Florida Escarpment, and the Florida Plain. Overall, sediment supply exceeds the
subsidence rate, resulting in progradation of the shelf magifartin 1978; Ewing and

Galloway 2019)Other prominent canyons inale the Mississippi Trough, Green Canyon, and
Keathley Canyon.

Warm, tropical waters enter the @ between the Yucain Channel and Cuba, circulate through
the basin clockwise in the Loop Currefno(n more information, se&ection2.1.2), and exit via
the Florida Straits where they form the Gulf Stream. The Mississippi River dominates the
terrestrial drainage system in the nogm Gulf into whichtwo-thirds of the U.S. watershed
drain.

2.1.2 Physical Oceanography

Currents
Loop Current

The Loop Current, the dominant circulation feature in théfGenters through the Yucan
Channel and exits through the Florida StréseseFigure3-1). The sill depth at the Florida
Straits is about 700 m (2,300 ft); the effective sill depth at the Ymc@hannel is nearly
2,000m (6,560 ft(Badan Jr. et al. 2009)vVater masses in the Atlantic Ocean and Caribbean
Sea that occur at greater depths cannot enter théfGrhe Loop Current is part of the western
boundary current system of the North Atlantic. This is the principal current and source of
energy for the circulation in theu#. The Loop Current has a mean area of 142,000(Bf
million acreqac]) but it is not constan{Hamilton et al. 2000)it may be confined to the
southeastern @lIf, but it can extend well into the northeastern or norttentral Gulf, with
intrusions of Loop Current water northward and on to the West Florida H¥iekiovich 2005;
Hamilton & al. 2019) Closed rings of clockwisetating (i.e.,anticyclonic) water, called Loop
Current eddies (LCESs), separate from the Loop Current at interv@& bionths(Vukovich
2005; Hamilton et al. 2019These LCEs are also called waore eddies because they
surround a central core of warm Loop Current water. The Loop Current usually penetrates
about as far north as 27°N latitude justfore shedding an LO& ukovich 2005; Lugbernandez
et al. 2016)

Currents associated with the Loop Current and its eddies extend to at least depths of
800m (2,624ft), the sill depth of the Florida Straits; and geostrophic shear is observed to
extend tothe sill depth of the Yucah Channel. These features may have surface speeds of
1.5m/second(s) (Cooper et al. 1990; Hamilton et al. 201®he average diameter of waroore
eddies is about 200 km (124 mi), and they may be as large as 400 km (249 mi) in diameter.
Warm-core eddies can have life spahsit canpersist for up to about ayear(Elliott 1982;
Vukovich 2012)therefore, their effects can persist at one location for long penod&eks or
even monthge.g., Vukovich 2012\fter separangfrom the Loop Current, these eddies often
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translate westward across theu@ at a speed of about 5 km/day (3 mi/day) (range 1

20km/day [0.6;12.4 mi/day]). The LCEs decay and generate secondary cyclones and
anticyclonegScience Applications International Corporation 1989)nteractions with

boundaries, ring shedding, and rinigg interactions. Consequently, theulsis typically

populated with numerous eddies, which are interacting with one another and with the margins
(Science Applications International Corporation 1989; Hamilton and Lee.2005)

Coldcore cyclonic (counterclockwise rotatingasses of cold watgeddies have been observed
in the Qulf. Theseaddiesare coldcore because they surround a centnahssof seawater that is
cooler and fresher than adjacent watefleir gclonic circulation is associated with upwelling,
which brings cooler, deeper water towards the surface. A cyclone will form north of an LCE
encountering northern GIf bathymetry because of o8helf advectior{Frolov et al. 2004)
Cyclones are also associated with the p.@urrent(Schmitz Jr. 2005mall cyclonic eddies
around 5@100 km (362 mi) in diameter have been observed over the continental slope off
LouisiangHamilton 1992) These eddies can persist B®&kmonths or longer and are relatively
stationary.

Near the bottom of the Loop Current, velocities are low and uniform in the vertical although
with bottom intensification, a characteristic tdpographic Rosshyaves (TRWSs). This indicates
that the Loop Current is a source of the TRWSs, which are a major component of deep
circulation below 1,000 m (3,281 ft) in this part of theli&Science Applications International
Corporation 1989; Hamilton 1990; Sturges et al. 20B4rhange of surface and deep water
occurs with descent of surface water beneath thep&urrent in the easternu and with the
ascent of deep water in the northwesterrutwhere LCEs spin dowWelsh and Inoue 2000)
TheSturges et al. (2004hodel suggests a surprisingly complex circulation pattern beneath
LCEs, with vortekke and wavdike features that interact with the bottom topograplfyelsh

and Inoue 2000p ¢ KSaS Y2RSt TFTAYRAY 3a (1990BtergdeRayion afa (0 Sy (
observations. Occasionally, currents have been directly measured at abyssal depths exceeding
3,000m (9,843 ft) in the GIf. The major lowfrequency fluctuations in velocity of these

currents in the bottom 1,00€2,000 m (3,2846,562 ft) of the water columhave the

characteristics of TRWs. These long waves have wavelengthsq@506km (98155 mi),

periods greater than 1@ays, and group velocities estimated at 9 km/day (5.6 mi/day). They are
characterized by columnar motions that are intensified near the seafloor. They move westward
at higher group velocities than the translation velocity g6 &m/day (24 mi/day) that is

typical of anticyclonic eddies. The Loop Current and LCEs are thought to be major sources of
these westward propagating TR\{isamilton B90; Oey and Zhang 2004; Johnson Exley et

al. 2022) These TRWs transition from short to longer period in going from east to west over the
CGulf basin, probably because of bottom slope and regional bathymetric conditidmsohue et

al. 2008)

Deepwater Currents

In general, past observations of currents in the deepwatdf ave revealed decreases in
current speed with depth. During late 1999, a limited number of {sigbed current events, at
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times approaching 10€entimeter km|/s (39 in/s), were observed at depths exceeding 1,500 m
(4,921ft) in the northern @IfO | | YAt G2y YR [dzZA2nCSNYIFYRST Hnannwm
Furrows oriented nearly parallel to depth contours have been observed in the region of 90°W.
longitude just off the Sigsbee Escarpment and near the Bryant Fan, south of Bryant Canyon,
from 91° to 92.5°W. longitude. Depths in those regions range fron02®3,000 m (6,562 to
9,843 ft). It is hypothesized that nebottom speed of currents responsible for the furrows

that are closest to shore might be &én/s (20in/s), possibly in excess of 100 cm/s (39 in/s), and
that these currents may be oriented along isobaths and increase in strength toward the
escarpment. These currents might be sporadic or gpasnanent. Mean deep flow (~2,000 m
[~6,562 ft]) around the eges of the @lf circulates in a cyclonic (i.e., counterclockwise)

direction (Sturges et al. 20047 net counterclockwise circulation pattern was also observed at
abou 900-m (2,953ft) depth around the borders of theu (Weatherly 2004)In deep water,
several oil and gas operators have observed very-bpged currents in the upper portions of

the water column. These higépeed currents can last as long as a day. Such currents may have
vertical extents of less than 100 m (328 ft), ahdyt generally occur within the depth range of
100¢300m (328,984 ft) in total water depths of 700 m (2,297 ft) or less over the upper
continental slope. Maximum speeds exceeding 1500 in/s) have been reported. The
mechanisms by which these currents are generated may include motions derived from the Loop
Current and associated eddies. These motions may be due toesttilyor slopeshelf/eddy
interaction, internal and inertial wavenotions, instabilities along eddy frontal boundaries, and
biases in the data record related to instrument limitatiqg@sMarco et al. 2004)

The major largescale permanent circulation feature present in the western and cenudli&
an anticyclonic (clockwisetating) feature oriented about EN&SW with its western extent
near 24°N latitude off Mexicd.houghearly studies debatedhether LCE®r wind stress curl
was the primary source of energy for the featuagecent study suggests both mechanisms
contribute (Elliott 1982; Sturges et al. 1993; Olvéhado et al. 2024 5turges et al. (1993)
argued that wind stress curl over the westé®alf is adequate to drive an anticyclonic
circulation with a western boundary currer8turges et al. (1993pund annual variability in the
wind stress curl corresponding to the strongest observed boundary current in July and the
weakest in October. Based on stuipft data, Sturges et al. (1993¢ported that the maximum
northward surface speeds in the western boundary current were3Rsm/s (1Q12 in/s) in
July and about 5 cm/s (2 in/s) in October; the northward transport was estimated to vary from
2.5t0 7.5 ni¥/s. Sturges et al. (1993pasoned that the contribution of LCEs to driving this
anticyclonic feature must be relatively small. Others have attributed the presence of a
northward flow along the western @ boundary to ringslopering interactiongVidal et

al. 1999)

Episodic wind eventfrom storms ould intensifycurrents in the deepwateregiors of theGulf.

The initial currents give rise toertial oscillationswhichdecreag inamplitudes lastfor up to
10 daysandare superimposedn longerperiod signalgCox et al. 2010)
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On-Shelf Processes

Atmospheric interactions fromatd fronts, as well as diurnal and seasonal cycles of heat flux at
the air and sea interface, affect surface water temperatures. However, water at depths greater
than about 100m (328 ft) remains unaffected by surface boundary heat flux. Water

temperature is greater than air temperature at the air and sea interface during all seasons.
Frontal passages over the region can cause changes in temperature and velocity structure in the
upper layers, specifically increasing currentesgls and variability. These fronts tend to occur

with frequencies from 3 to 10 dayw¢atherbandfrequency). In the winter, the shelf water is

nearly homogeneous due to wind stirring and cooling by fronts and winter storms.

Continental shelf waves may propagate along the continental sltyzsre the transition

zone between the shallow continental shelf and deep ocefathe Gulf. These are long waves

like TRWSs, but their energy is concentrated along a sloping bottom with shallow water to the

right of the direction of propagation, and SOl dzaS 2F (KA & O2yaiN} Ayd=
sloping bottom topography. Cold water from deeper-sifielf regions moves onto and off the
continental shelf by crosshelf flow associat with upwelling(water travelingonto the

shallowshelf)and downwellingwater travelinginto deeperareag processegNowlin Jr. et al.

2000)

A class of energetic surface currents previously unreported in thiewasfound over the

Texas and Louisiana shelves during the Terassiana Shelf Circulation and Transport Process
program of the early 1990¥Nowlin Jr. et al. 1998July 1992 observations in 200 (6561t)

water depth offshore of Louisiana were of maximum amplitudes @68Gm/s (1627 in/s) at

a depth of 12 m (39 ft) during conditions of light winds. The period of diminished amplitudes
followed an atmospheric frontal passage. Thase nearcircular, clockwiseotating

oscillations with a period near 24 hours. They seem to be an illustration of thermally induced
cycling(DiMarco et al. 2000n which higkamplitude rotary currents can exist in thin mixed
layers typical of summer. By contrast, December 1992 measurements evidence no such
behavior. Many examples of such currents, in phase at distinct locations, exist for the Texas
Louisiana shelf and, by imgdition, farther offshore. Currents at a depth of 1 m (3 ft) have been
observedto reach 100 cm/s (40 in/s).

Innershelf currents on the Louisiafieexas continental shelf flow in the downcoast (south or
west) direction during noisummer months, reversing tapcoastflow in the summer

(Cochrane and Kelly 1986; Nowlin Jr. et al. 1988r shelf currents are primarily wind driven
and are also influenced by river outflow and buoyancy forcing from water discharged by the
Mississippi, Apalachicola, Tombigbee, Alabama, and other rivers in the ristpdeling results
show that the spring and fall reversals in alongghttow can be accounted for by local wind
stress alonéCurrent 1996)Monthly averaged alongshore currents on the outer shelf are
upcoastin the mean but showed no coherent pattern in the annual signal. These currents were
not often in the same alongshore direction at different ouséelf locationgNowlin Jr. et al.

1998) Mean crosshelf geostrophic transport observed at the Louisidxas shelf break was
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offshore during the winter (particularly in the upper 70 m [230 ft] of the water column) and
onshore during the summédCurrent and Wiseman Jr. 2000)

Circulation on the continental shelf in the northeasteralias been observed to follow a
cyclonic pattern, with westward alongshore currents prevailing on the inner and middle shelf
and opposing alongshore flow over the outer shelf and sl@eoks and Darnell 199Nean
circulation on the West Florida inner shelf tends to be along the coast towards the southeast
during the winter and reverses to be along the coast towards the northwest during the
summer. These seasonal means in flow direction are because of thenodwf seasonal local
winds and heat flux fing.Midshelfflow (around the 58m [164t] isobath) can be in the
opposite direction from inner shelf flow on the broad, gently sloping West Florida shelf because
of the partial closure imposed by the Florida Keys to the sio, he nearshore regions are
influenced by freshwater outflow from rivers and estuariBsiring the spring and summer,
Mississippi River water is advected onto the West Florida shelf at tiexesuse of strong
currents along the shelf breaBometimesreshwater from the Misssippi River isntrained by
the Loop Current as welWeisberg et al. 2005)

Extremes in water mass propdres are closely associated with specific density surfaces.
Summer heating and stratification affect continental shelf waters in thk (@zwonkowski et

al. 2018) Salinity is generally lower nearshore, although freshwater from the Mississippi River
and other rivers occasionally moves into outer shelf watBtgosurface waters derive from
outside the @ilf and enter from the Caribbean Sea through the Yac&hannelAt depths

below about 1,800m (5,906 ft), horizontal distribudns of temperature and salinity within the
Gulf are essentially unifornfNowlin Jr. 1972)

Tropical Stormsand Cyclones

Severe weathecan influencehysical oceanographic processsuch aseasurface
temperature(SST,)irculation andwave dynamicsTropical cycloneknown as hurricanes,

that impactthe Gulforiginate over the equatorial portions of the Atlantic Ocean, the Caribbean
Sea, and th&ulf. The peak season fordpicalcycloness between June and Novembedn
average froml991 to 2020, the Atlantic has had about 14.4 named storms a&churricanes
annually Data from 1950 to 280 show that97 percentof hurricane seasons had moreath

two hurricaneger yearthat affected the Qulf (Klotzbach et al. 2025The Yucain Channel is

the main entrance of Atlantic storms into theuli and a reduced translation speed ovearliG
waters leads to longer residence times in this basin.

Tropical cyclones can result in extreme waves and cause currents with speedg 50 6h/s
(40¢59 inch [in])/s) over the continental shelveBrooks (1983; 1984heasured the effects of
such phenomena down to depths of 700 m (2,297 ft) over the continental slope in the
northwestern @ilf. Tropical gclonescan trigger a series of internal waves with near inertial
period. Waves as high as 28 m (91 ft) were measured under Hurricani [R@d4as itpassed
through the northeasterrGulfas a categoryg storm(Wang et al. 2005)Tropical cyclones may
develop or migrate into the @f during the warmer monthand carrapidly intensify(Liu et al.
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2025) These storms may affect any area of thdf@nd substantially alter the local wind
circulation around themTropicalcycloneactivity may also lower offshore salinity through
freshwaterinput fromterrestrial sources

Primary Production

Phytoplankton, photosynthetic and typically unicellular organisms, are the primary fixers of
organic matter that support the Gulf LME. They produce the bulk of organic matter in marine
ecosystems. Key physical and chemical variables of phytoplankton graskdde nutrient (e.qg.,
nitrate, phosphate, and silicate) supply and composition, irradiance/turbidity, temperature,
salinity, mixed layer depth, stability/stratification, and horizontal and vertical advection and
diffusion. These in turn affect key ecglo variablesincluding biomass (e.gjgment and

carbon), growth rates, loss rates (edeath, grazing, sinking, and advection), photosynthetic
parameters, and phytoplankton community composition.

Nitrate is the primary limiting nutrienin the Gulffollowed by phosphatéRowe 2017)Ninety
percent of the water and most of the terrestrdaburced nitrate and phosphate into theuls

come from the Mississippi and Atchafalaya Rivers. Seasonal variability in river flow causes
significant fluctuations in nutrient fluZhao and Quigg 201,4)nd peak nutrient input generally
occussin the springlLohrenz et al. 1997Yhe nutrientrich Mississippi River plume in the notth
central Gulf is an area of conderable new primary production, with productivity greatest in the
low-salinity surface layer. The upper 10 m (33 ft) of the plume may account for up to 11 percent
of the total surface productivity in theu® (Wawrik et al. 2003)

Thoughgrowth-limiting nutrients are sourcegdrimarilyfrom rivers, most of the nutrient flow

into the Qulf enters and exits via the Florida Straifairner and Rabalais 2019 addition to
nutrient flux from the Mississippi and Atchafalaya Rivers, primary productivity is affected by
outflow from coastal lagoons and small rivers, cyclonic eddies along the continental margins,
and winddriven upwellinglsummarized in MulleKarger et al. 1991)

Primary productivity varies in theuB, from eutrophic coastal and estuarine waters to the
oligotrophic deep ocean. Production on the shelf off the Mississippi River and within estuaries
is approximately 300 grams carbon pet/year (r). On the shelf, at a distance from the
Mississippi and Atchafalaya Rivers or where upwelling is sparse, production is approximately
200 grams carbon pan?/yr. Production is much lower in the surface waters over the deelp G
basin. Therefore, primary production in thell&is dominated by processes along the margins

of the QulIf (Turner and Rabalais 201®jot spots of primary productivity characterized by
relatively high biomass of phytoplankton, zooplankton, and micronekton do occur seaward of
the shelf break due to freshwater entrainment, crasspycnal mixing, and mesoscale
divergencgBiggs and Ressler 2001)

Physical and chemical processes in tléf &ffect the LME on several spatial and temporal
scales. For example, logrm changes in biologic processeach as seasonal variations in
rates occur over relatively large spatial scales. Alternatively, areas of mixing can produce high
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biologic variability over smaller spatial scales in relatively short periods of time (days).
Influential processes occur at larger scales including locaD(kn 1¢6 mi), mesoscale (k0
300km; 6¢186 mj), and synoptic (10£10,000 km 186;6,214 m). Locaiscale processes include
small river and estuarine outflow (e.g., Apalachicola River), wave effects on mixing, and
nearshore (i.e.¢coastal) circulation features. Mesoscale processes include tidal mixing,
upwelling, meteorological forcing (e.gvind and cdd storms), regional circulation, internal
waves, topographic effects, larger rivers (e.g., Mississippi, Atchafalaya, and Mobile Rivers),
fronts, and Loop Current circulation featur@su et al. 2021)Synoptiescale processes include
seasonal variations in solar and atmospheric conditions and Loop Current excursions. The
interaction of thesananyprocesses makes it difficult to understand the control of primary

production, tease out trends, and relate to any species or habitat responses to such production

(Lohrenz et al. 1999)

ClimateRelated Factors

The increasing concentration of greenhouse gases in the atmosphere is advancing\ptsnet

LIK& AAOlIfX OKSYAOIfX YR 0A2ft23A0Ft OKIFy3Sa

elsewhere. The thregaseghat havethe most impact are carbon dioxide, metharad

nitrous oxice. Broadly, possible impacts include temperature and rainfall chamigasg sea
levels and changes to ocean conditions, such as ocean circulation patterns and storm
frequency(Intergovernmental Panel on Climate Change 20TAgse changes may affect
marine Gilf ecosystems by increasing the vertical stratification of the water column, shifting
LINBE RAAUGNROMzIAZ2YZ AYLI OGAyYy3I O2 Y LISLédmiote v >
et al. 2006) Such modifications could result in ecosystem regime shifts as the productivity of
the regional ecosystem undergoes various downstream changdedeia nutrient inputs and
coastal ocean processéBoney et al. 2012)

Temperature increases the atmosphere and ocedrave the potentialto influence hurricanes
(tropical cyclonesand extreme weather events in theus and the potential oil spill risk
associated with themScientisthavepredictedanincrease in the frequency and intensity of
storms(Intergovernmental Panel on Climate Change 2@itf) increasing temperaturesn the
Gulf, highintensity storms coupled with the highest rates of dewelrise in the US.(Lindsey
2020)contribute to coastal flooding anerosion, damage coastal infrastructure, and degrade
coastal habitatsThe Gilf is prone to extreme storm events. As reported by NOAA in the 2023

by

Iy R

Atlantic Hurricane and Climate Change State of the Science Fact Sheet, observations since the

1980s show that here has been an increasing trend in the intensity and rate of intensifichtion
tropical cyclones observed for the North Atlantic basin, which includes the Atlantic Ocean,
Caribbean Sea, and theuls(Deehan et al. 2024However, evidence for the future

continuation of any increasing trend is much weaker, partly due to observed data limitations
(Deehan et al. 2024 According to NOAAhoughgreenhouse gamduced warming may have
affected Atlantic basin hurricane activity, a detectable greenhouse gas influence on hurricane
activity in the North Atlantic basin has not been identified with high confidéN&AA 2012b;
Bruyere et al. 2017; Knutson et al. 2021; Deehan et al. 20249 makes estimations of future
climate impacts on hurricane intensity uncertain at the current timfddsg more observational
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dataisneeded for a robust analysis, and before drawing any conclusioost how climate
induced changes to the frequency and intensity of hurricanes may impact oil spill risks over the
long term in the @lIf. Fragile marine ecosystems like coral reefs are directly damagsddby
storms, while other sensitive aredike seagrass bedmay experience indirect impacts from
increased water turbidity and nutrient runoff. Storm impacts on coastal communittesd be
exacerbated if shoreline vegetation istlol$ is possibléhat the trend of increasing storm
intensity could continue asicreases in temperaturmay make the GIif more favorable for
stronger storms. However, there is also evidence to suggesténgperature increasebave
already increased storm intensity in thellsas much as #vould for the foreseeable future
Currently there is no evidence to suggest that storm intensityld drop across the @f in the
near future.

Warming ocean and coastal temperatures can push species to the edge of their optimal
temperature ranges. The collective range shifts by individual species could result in broad
changes to marine ecosystems, with unpredictable consequei@sey et al. 2012;
Karnauskas etal. 2013) LJ2f SgF NR aKAFd Ay OS NlarmenbceanJSOA Sa .
temperatures have caused severe bleaching in-teelding corals, and this is expected to
continue in future yearg§intergovernmental Panel on Climate Change 20Zdyplankton may
serve asentinel species fancean temperaturdecause they are shetived and particularly
sensitive to changes in water temperature, making them tightly coupled to environmental
changegqRichardson 2008yarmng waters can affect the timing of annual everstsch as
plankton blooms, migration, and reproduction in some species, potentially disrupting predator
prey relationships, with cascading effects throughout the food (ditah et al. 2018)

l RRAGAZ2YIE OFNb2y RAZEARS Ay (KS 9 NIKQa | {Y?2
marine life. As seawater absorbs carbon dioxide, it becomes more acidic, a phenomenon known

a4 a20StyYy | OARATAOFGAZ2Yy d¢é ¢ KScluhgiuSateansa | YR &
foraminiferans, and coccolithophores, are made from calcium carbonate, which dissolves in

acid. Increased seawater acidity makes it more difficult for these organisms to build and

maintain their shells and exoskeletons and may havepkdl impacts on individuals and
populations(Fabry et al. 2008; Doney et al. 2008creasedseawateracidity is also a challenge

for both shallow and deepwater coral spechecause oflecreasing calcification rates or even

dissolving exoskeletor{®oney et al. 2009; Thresher et al. 20XB§ean acidification can also

affect the growth and physiology of fishes at different history stages. Larval stages may be

the mostvulnerable(Llopiz et al. 2014)putit is not well understood whether fish canapt to

new environmental conditionfshimatsu et al. 2008Jinally,ocean acidification wouldffect

not only the success of some specigésvould also impact oceanic carbon sequestration, as

some calcifying planktonavea crucial role in the global carbaycle(Hofmann and

Schellnhuber 2009)Changes to the global carbon cycle could lead to additional impacts on

habitats and food webs, potentialtyiggering largeiscale ecosystem responses.

All of the impacts described above can have cascading effects on marine ecosystems because
they may act additively or synergistically with other stressors, including those introduced by oll
and gas activitiefDoney et al. 2012)n the open waters of the @f, SSTsea surface height
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3 RESOURCE DESCRIPTIONS

3.1 INTRODUCTION

Chapter 3describes the biological resourcasd habitatsof the Qulf region. Eaclsection

provides information about the ecology, status, and trends of a given biological resource. In this
document, most animal or plant types are discussed at a general level where appropriate.
Specific species are mentioned when relevant, especially thosénévat a protected status or

are commercially important. In these cases, their common name is used in the main body of the
text. For a table of common and scientifiames of organisms that appear in the teamdtheir
relevant protective statusseeAppendixA.

3.2 COASTAHABITATS ANGOMMUNITIES

The Gilf coastline span2.623 km {,630 mi) from the southern tip of Texas to the Florida Keys
and contains more than 750 bays, estuaries, andestbary systemgJSEPA 201 Figure3-1).
Coastal habitatsyhichinclude shallownearshore(e.g., sand banks and shoalsoreling(e.g.,
beach dune,barrier islang, and estuaringe.g., salt marsh, submerged aquatic vegetation
[SAV]mangroves, oystereefs tidal flats) habitat, provide critical nursery groungd$oraging

areas spawningareas andor protectivecoverfor numerousmarinespeciesSaltwater

marshes, saltwater mangrove swamps, and «vegetated areas (e.g., sand bars, mudflats, and
shoals) are the most commoruEcoastal habitat§Dahl and Stedman 2013 the Gulf region,
most coastal waters are designated as essential fish habitad;(E€¢$ection3.5).
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2024) Wetlandscanfunction asbuffers againststormsdue totheir frictional resistance that
absorbs wave energy, reduces wave amplitude, and slows the forward motsaumges
thereby reducingmpactson inland ecosystem@&ngle 2011)Coastal wetlandprovidedirect
human value by minimizing upland erosion, protecting property and infrastructure, and
supporting the tourism, hunting, and fishing sectors of the economy.

Northern Qulf wetlandsprovidehabitat fora large and diverse group of resident plants,
invertebrates, fishes, reptiles, birds, and mammalsis include&ey foraging and resting areas
for more than 40Gpecief birds(FWS 2013¢)ncluding ESAisted species like the Eastern
black railand whooping craneéSome ESAsted species, such as the Cape Sable seaside
sparrow, may spend all their life stages in coastal marsiesland environments aralso
particularly vital nursery grounds for many econontlicanportant fish and shellfish juveniles.

Althoughwetlandshelp mitigate theimpactsof manyenvironmentalstressorsthey are
vulnerable tosevere mtural and anthropogenic stresso@nd along-term trend of wetland
losshas been observediong thenorthern Gulf regionThese losses are attributed to the
effects of severe coastal storms, natural and induced land subsidencie\&aise, and the
construction of levees and other water management measures along the MississippHgiver.
of the total wetlands loss in the U.S. is concentrated in Florida, Texas, California, and Louisiana.
Artificial flood controls (e.glevees) have reduced the natural riverine input to most of thef,G
resulting in a decrease in the sediment loads and nutrients needed for wetland sKegzl
1989; Ko and Day 2004tAdditionally, the creation of channels and canaften resulting from
oil and gas industry activés, cancausesaltwater intrusion, which calead tofreshwater
marshdegradation(Ko and Day 2004b)

Marsh erosion, in conjunction with natural subsidence of the uncompacted deltaic sediments in

the region, contributes to somefthe highest rates of relative sdavel rise in the U.YNOAA

2025) Sealevel rise results in marshlam®bnvertingto open water at staggering ratesge

Figure3-2). In some areas of theuB, artificial hydrologic modifications and coastal

RSOPSt 2LIYSy i AYLISRS GKS FoAfAGe 2F g@oddy yRa (2
2004)contributes to an overall loss of intertidal coastal habitat in the rediovasivenutria

alsograze on wetland vegetatigexacerbaing ongoing erosion, land loss, and saltwater

intrusion. These rodentare native to South Americand wereintroduced to the Gulf Coast in

the 1940dor the fur trade theyare now foundn all five Gilf Coasttates.

In coastal Louisiana and Texas, oil, gas, and groundwater extractions have contribated! to
subsidence and relative séavel rise(Dahl and Stedman 2013hfrastructure development for
offshore oil and gas activities (e.g., the construction of canals through wetlands) may also
contribute to coastal land log3 urner 1987; Turner and Cahoon 1988888b;1988c; Ko and
Day 2004b; USACE 20040 estimated 15,000 kif®,321 mi)of oil and gas pipelines cross
Louisiana wetlands and approximately 50,000 oil and gas production facilities are located in
coastal LouisiandJSACE 2004)

Resource Descriptions 20






Biological Environmental Background Report

Louisiana contains about 37 percent of the estuarine herbaceous marshes in the conterminous
U.S.(Couvillion et al. 20139ndsupports the largestommercial fishery by weight in the

lower 48 StategNMFS 2024bFrom 1932 to 2016 ouisiandost approximately,833km?
(1,866.63mi?) of land(Couvillion et al. 2017Yhis accouns for about 90 percent of the total

coastal wetland loss in the continental U\8ith a current loss rate of.52km?/yr (0.59 m#/yr)

(Zou et al. 2024However this rate isa significantimprovement from thel08.8 knd/yr (42

mi?/yr) rate experienced during the late 1960&nety-five percent of continudandlossis

through subsidence, saltwater intrusion, and other factors. Separating the causes of such land
loss is difficult, but one study estimated that the total of direct and indirect impacts from OCS
oil- and gagrelated activities from 1955 to 1978 accounted &to 17LISNOSy i 2 F [ 2 dzA & 2
total wetland losqTurner and Cahoon 1988a; 1988c; 1988b)

Estuarine wetlands are common in Mississjppih marshes around Mississippi Sound &tsd
associated bays ocaumgin discontinuous bands. The most extensive coastal wetland areas in
Mississippi occur in the eastern Pearl Ribelta near the Louisian®ississippi border and in

the Pascagoula RivBelta area near the Mississippiabama bordefWallace 1996; Mississippi
Department of Marine Resources 1999; Couvillion et al. 20011999, Mississippi had
approximately 64,000 ac (25,900 ha) of vegetated coastal wetlidsissippi Department of
Marine Resources 1999he Mississippi Department of Environmental Quaéstimates doss

of 4,047 ha 10,000 agof wetlands in the 60 years from 1947 to 2007ississippi Department

of Environmental Qualit2016)

Most coastal wetlands in Alabama occur on the Mobile River Delta or along the northern
Mississippi Soundthough! f | 6 F YI Q& KAaU02NAO O2ladlt oSGt yR
extentis considered to havehanged very little between 1974 and 20llis et al. 2011)

At one timeFlorida wetlandsvere estimated to encompass over 8.1 million (2® million ag.
However, havindgpeen converted through draining, dredging, filling, and flooding until 1996,
approximately 4.6 million hélL1.4million a9 remain(Dahl 2005)Wetland loss rates as high as
29,137 hayr (72,000ac/yr) occurredfrom the mid1950s to the miel970s, declimgto 2,023
halyr (5,000 a¢yr) from 1985 to 1996 (nearly §fercentrate decline) due to increased
regulations and the elimination of incentives for wetland draindgere recently Florida has
experiencedhe highestrate ofwetland loss among state®,319 ha/yr §,730ad yr) (Zou et al.
2024) Despiteaccounting for onl percentofthey I G A 2 y Q& (e i 2 Nde®hdg®R | NB |
lossrepresentsmore than20 percentof the total U.S. wetland logZou et al. 2024 ou et al.
(2024)suggesthis lossmay be linkedo the & (i I sighificant population growth, which is
three times theU.S. average per yearoupledwith a demand for nevinousing which is more
than two times theU.S. average.

In recognition of the ongoing and projected patterns of coastal land loss, several programs have
been established for the conservation, protection, and preservation of coastal &t8asCEas

- yEGA2YyFE LRt AO& ¥ Zhkboalpizhe goficiiis tb Bakarice viefflandg SG f | Y R
development with wetland mitigation and restorations efforts, so that the total acreage of
wetlandswithin a watershedand or drainage basin does noecreasebut rather remains
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constant or increaes In response to Hurricanes Katrina and Rawell as other events,

federal state, and local agencies are engaged in ongoing efforts to restore and protect the Gulf

I 2FadQa yI GdzNI f | FiRe XAZYE dZA BN IR IN®@ S Y/SR/IG&DG | £ t NP {
Restoration Authority has secured roughB.®billion in state andfederal funding fooover 140
restorationprojectsandbenefitted over22,584ha (55,807a¢) of coastal habitaf{Louisiana

Coastal Protection and Restoration Authority 20Z3)me of these restoration efforts use sand
RNBR3ISR FTNRY (KS MarihdMinér&sRBgdam.Ahe RésOuece and

Ecosystems Sustainability, Tourist Opportunities, and Revived Economies of the Gulf Coast
States Act (RESTORE Act), passed in 2012, dedicates administrative and civil penalties from the
Deepwater Horizonil spill to be used for the restoratioand protection of the Gulf Coast

region. It also established Centers of Excellence for science, technology, and monitoring.
Collectivelythese efforts are making some headway at restoring coastal habitats and may be
reducing rates of coastal land loggesently however, these efforts are not sufficient to

reverse the current and projected trends for land loss along the Gulf Goaastal and

estuarine habitat acreageould likely continue to decline, particularly in Louisiana, due to

global sedevel rise and subsidenc&he shoreline surrounding the Mississippi River Delta is
expected to continue to erode, as agricultural, residential, and commercial development
persists(Boesch et al. 1994; Day Jr. et al. 2000; Day Jr. et al.. Z@%}ors that lead to the
degradation or loss ofvetlands willput additional stress othe associatedbiota, including

estuarine fish, shellfish, and birds.

3.2.2.1 Salt Marsles

Coastal salt marshes are one of the most productive ecosystartesms ofprimary
production rate of organic matter production per unit surface area per unit tiffie

Gulf contains the largesextentof salt marsh in North Americaith the majority in the
northermn Gulf regionThe current arebestimate of salt marsh in the Gulf regiorbi38,637 ha
(1,331,001a0) (Thorhaug et al. 2019%alt marshes are domantalongnorthern Gulf shorelines
from Nueces Bay, Texas to north Tampa Bay, FloFluzr high primary productivitgupports
invertebrate detritivoresomnivores that provide an important link to highkavelconsumers
These highly productive ecosystefusctionasnursery habitatsoffering essentialesources
for many estuarine specidbat transitionto marine habitats as adul{&iegler et al. 2021palt
marshvegetationin the eastern @lf isdominated byJuncus roemerianug/hile salt marsh
west of the Pearl Riveat the MississippLouisiana border is dominated 9partina alterniflora
S. patensandDistichlis spicataMarshes further west in Texase primarilydominated byS.
alterniflora.

Hydrology is one of the most important factardluencingcoastal wetland function and
sustainability The hydroperioddefined byRozas (1995)efers tothe duration, frequency, and
depth of flooding of the intertidal salt marsh surfat¢edirectly affects the ability of nekton to
accessntertidal areas within the salt marsiindalso indirectlyinfluenceshabitat useby
alteringvegetation structurghroughzonation(Ziegler et al. 2021%alt marshes show strong
zonationbased on elevation and tidalundation resulting in what is termed théhighe¢ and
dowe marsh The bw marshis regularly floodedtidally inundated once or twice a daySecies

Resource Descriptions 23



Biological Environmental Background Report

richnesss relatively low in the low marsindsometimes monospefit. In contrast, the igh
marshis irregularly floodedsometimes onlgluringspring tides or extremeind tides.
Vegetation within he high marshalthough more diversthan the low marshis less diverse
than freshwater marsh habitaf’he highest elevations afsalt marsh can develop into
hypersaline salt pareitherdevoid of vegetation oconsisting oktunted halophytesSalt
marshescanhavea relativelyhigh infaunal and epifauthapecies diversity compared to
freshwater marshesvhichalsodemonstratestrong zonation based oglevation andidal
influence(Mendelssohn et al. 1993%alt marshes also suppdrigh nekton densities, including
recreationally and commercially important crustacean and fish spékielweg et al. 2020)
When salt marsh is presemekton tend tobe foundconcentratal nearthe marsh edgéi.e.,
interface of the marsh shoreline and open watemjh abundance decreasg farther into the
marshinterior or out into adjacent open watetHowever trends foredge versus interior malns
or nearby open water habitaiseappear to bevariable andspeciesspecificfor fish(Hollweg et
al. 2020)

In the northern @ilf, the plant specie®hragmites australiicommon reed)nhabitsmarsh
areasfrom Texas to Floriddn the last few decade®hragmiteshas expandednto areas
affected by tidal restrictions, habitat modification, and disturbarBecausehe species can
form large, dense, monotypstands outcompeing other salt marstspeciesit hasbeen
identified as a potential species of concern that caaltdr ecosystem servicés.g., habitat for
birds, fish) Thisspecies can cause a decrease in plant diversity, changes in soil properties,
salinity levels antbpographic relief obhorelines, marshesand wetlandghrough its
aggressive colonizatiasf shoreline and shkdw areas(VelezGavilan 2024)Thoughit is not
typically regardedhs a serious threat to other plant speciessitisted asninvasive or noxious
weed in various LS.states This is due to its ability tisplace native marsh plasitparticularly
in the easternU.S, where it is considered a serious weétbwever,Phragmiteshas alsobeen
recognizecashavingan important role in stabilizing soils andntributingto secondary
production, providing habitat and food for a variety of fish, crustaceans, and aquatic
invertebrates(Gucker 2008; Mendelssohn et al. 201Sinhce 202, Phragmiteshas exhibitecan
extensive dieback in the Lower Mississippi River Dedaulting in concerns of potenti&nd
loss(ElseyQuirk et al. 2024; Lee et al. 2024)

3.2.3 Mangroves

Mangrove habitatan be found from Texas to Florida along the northeatf, @andCf 2 NXA Rl Q&
a2dziKgSaid O2Fald adzZll2Nlia 2yS 2F (Madgraye NI RQa
swamps are named after the dominant vegetation, the-salkrant mangrove tree. In the

continental U.S., only three species of mangrove esast; black, and white mangroves.

Mangroves provide habitat for a wide diversity of animals, including fish, oysters, shrimp, and
other invertebrates, which subsequently support wading biraddigans, and the ES&ted

American crocodileTheyare alsovital nursery grounds for many fisipecies. Mngroves

stabilize shorelinegunctionas storm buffersandregulateturbidity by filtering upland runoff

and trapping watetborne sediments and debritikemarshhabitat, mangrovegrovide direct

Resource Descriptions 24









Biological Environmental Background Report

1 Enhancing water qualitthrough thefiltering of phytoplankton, detritus, bacteria,
and contaminants;

1 Preventing coastal erosiofe.g.,mitigatingthe impacts ofboat wakes); and

1 Functioningas sentinels for environmentdisturbance (e.g., contaminatioyolety
et al. 2014)

Eastern oysters typically have an elongated shape, with a rounded and asymmetricdltshell.
are broadcast spawners, meaning they release eggs and sperm into the water column, where
fertilization occursOnce the fertilized eggs hatch, the larvae seekand attach themselves to
hard substratg I LINR OS&aa | y Bdtlyabibti& andiiotciactorSinflEyca their
growth, leading to considerable individual variation depending on environmental conditions
(Hajovsky et al. 2021Younger oysters tend to have a wider, more circular shell, while older
oysters become more elongated, with most growth occurringpnaside. The unique variation
in shape ad characteristics dEastern oysters could serve as useful variables in assessing
population structures within reef communiti€blajovsky et al. 2021Reef characteristicsuch
as adjacent habitat, connectivity, redundancy, complexity, and water quaffgct associated
oyster reef assemblageln addition, he cycle of oyster recruitment, growth, death, and
degradation createa succession of available benthic habitedr examplerelict oyster reefs
can create habitat that providaefuge from predation and substrate for ef@ying by mobile
organismgqTolley and Volety 2005\ synthesis of studidsund that115 fish and 41 decapod
crustacean specieme known tainhabitoyster reefs in northern @f estuariesLa Peyre et al.
2019)

Eastern gsters are sensitive to decreasediieshwater input, changes in pH, andjrohg the

larval stageturbulenceand light.In the Big Bend region of Florida, evidence suggests reef loss
from reduced survival and recruitment is primarily a result of decreased freshwater input,
AYONBI AaAy3 GKS NBSTaQ 0Odeve/rBe@eadvdyktalizdlifsternsg | &S
oystersarevulnerable to changes in pigarticularly decreaseawat hinder the formation of

calcium carbonate shel(8eniash et al. 2010; Tomanek et al. 2011; Boulais et al. 2017; Osborne
et al. 2022)Wheeler et al. (2017g@xaminecdthe effectsof light onEastern oysteldarvaeand
foundthat larvae exhibited a distinct increase in dive frequency and speed in exploratory helical
swimming behavior when in the presenegglight. Thissuggests that light encourages

swimming behavior modes lilexploration settlement, and predatoavoidance Artificial

lighting, then,could influence behavioral changeshastern oyster larvaewith potential

implications forarval survivorship and settleme(#Vheeler et al. 2017)

Oyster reefs are sensitive to damage and impairm@&otcombat the loss of oyster reefs
restoration efforts have becometagh priority throughout the Gulf and have prompted
research in the following areagl) identifying suitable habitat based on water quality,
ecological, and physical drivefg) determining larval behavior, growth and survival under
various environmental condition§3) advancing oyster hatchery technology while prioritizing
sustainability; and4) improving water quality and suppant research for oyster management
and restoration activitie§Spies et al. 2016; La Peyre et al. 2021; Wiesenburg et al. 2021; The
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Shoalsan be usedo provide sediments fonourishmentof the coastlingDavis 2017; Xu et al.
2024)andalso act aspawning sites for some demersal and schooling planktivorous fishes. In
addition, juvenile reef fislfe.g, lane snapper, rock seabass, dwarf sand perch, sand perch, red
snappe) have been documented in surveyksand shoals off Louisiana and Texadicating

that these areapotentially provide important nursery habitat analpossiblelink between
estuarine and offshore habita{®ickens and Taylor 2020)

3.2.8 Beaches and Barrier Islands

Sand beaches provide several key services, incliidibgat; sediment storage and transport
wave dissipation and buffering during storssenic vistas and recreatipgroundwater
filtration; nutrient mineralization and recyclinghaintenance of biodiversity and genetic
resourcescarbon transferand functional links between terrestrial and marine environments
(Defeo and McLachlan 2003phed S I O$udati€al zonethe area above the high tide linis,
where wrack commonly accumulatassupports impatant prey resources for higher trophic
levels(Dugan et al. 2003)'he intertidal zongthe area between the high and low tide linesa
more dynamic environmerthan the supratidalvith a higher invertebrate biomag&faffaelli et
al. 1991; Colombini and Chelazzi 2003; Janssen and Mulder@gapjisng species
considered tolerant to disturbanc@ichel et al. 2017)

Beaches in the @f regionprovide important nesting habitat for several species of sea turtles
(Section3.60 > Ay Of dzZRAYy 3 YSYLIQA NARf Ses>  zsa@m&KSH RX
and Holzwart 2017Beaches in the northernu® also provideamportant habitat for

overwintering shorebirddancluding ESAisted piping plovers and rufa red kn&tor more

information about sea turtles and birds in the Gulf, Seectiors 3.6 and3.8, respectively.

Barrier islands are preseatongmore than half of thenorthern Gulf coastline(BOEM 2015)
and protect the mainland from shoreline erosion by reducing wave aéktmrton 2003; Rosati
2009) Barrier islandsare critical stopover areas for numerous migrating biesh&l are

important habitat for nesting and wintering birdSéction3.8). Barrier islands also provide
habitat for sanddwelling crustaceans (e.g., mole crabs, ghost shrandclams) andgmall
burrowing mammals (e.g., beach migedrabbits)(Britton and Morton 1989)

3.2.8.1 Beach Mice

Beach micare nocturnal herbivores that forage on sea oats and beachgrass, occasionally
consuming invertebratesTheyare restricted to the coastal barrier sand dunes along coastal
Alabama andhe Florida panhandI¢Ehrhart 1978; Moyers 1998pptimal beach mouse habitat
is a heterogeneous mix of interconnected habittitat includefrontal dunes, scrub (tertiary)
dunes farther inland, and interdunal areas between these dune habitats. Beach mice dig
burrows mainly in the frontal dunes and interior scrulnég where the vegetation provides
suitable cover for avoiding predatof®od storage andprotection frominclement weather
conditions.
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3.2.9 Environmental and AnthropogeniStressors
3.2.9.1 ClimateRelated Factors

Ocean acidification from increasedrbon dioxideabsorption or sulfur and nitrogen deposition
can impact pH levels, resulting in potential physiological effecteng organismand
alterations to food web dynamid#/ai and Chen 2024 he changes may act additively or
synergistically with other stressors and have speaes stagespecific effectsOcean
acidification can hinder the growth of calcium carbonate shells in shellfish, although responses
can vary among and within specigsborne et al. 2022T heEastern oyster Crassostrea
virginicg may beparticularly vulnerable under prediction scenari@sborne et al. 2022)
causing concern for the function of this important benthic habftaimingorganismin coastal
areas of the @If. Compared to other regions, the pH of coastalf@atershasnot yet
decreased significantlyt is expected that the @f regionwill not experience acidified coastal
waters until after 2099Ekstrom et al. 2015Hypoxia and riverine inputanexacerbate local
oceanacidification(Melzner et al. 2013; Ekstrom et al. Z)And may contribute to lower pH
values.

As global temperatures increaggacies melt andaccelerate sedevelrise. Rising
temperatures also causghanges in precipitation, evaporation, and river discleahg
conjunction with land subsiden¢ckargelydue togroundwater withdrawal sealevelrise is of
significant concern to the coastal environments of ti@thern Gulf (Kolker et al. 2011,
Dangendorf et al. 2023 oastal flooding and saltwater intrusion can cause shifts in community
composition, possibly resulting in severe vegetation loss from the sudden shift of
environmental conditions. For example, after Hurricane Harvey, patterns of massio#f die
events ofS.alterniflora, a saltmarsh grassiere observed due to the sudden conversion of a
vegetated marsh to mudflat or open watétagg et al. 2021The use ofiving shorelineshat
incorporate natural habitats (e.g., oysters, marsh3tead ofarmoredshorelines (e.qg., rip rap,
sea walls, bulkhead#)at cannot adapt to changes in sea leMsghs been proposed as a
potential option for mitigatingfailing infrastructure and restamng habitat function in response
to sealevelchangeand coastal erosio(Barry et al. 2025)

3.2.9.2 Disease

Physical ad chemical factors (e.g.ugophicationand associated loWQ) can contribute to
stress ad lead todiseaseandor parasitesusceptibilityin coastal organismgecause
significantstress can affedtostresistanceDiseasesnd parasitic infections the Gulf are
typicallyrestricted to certain geographic areasare speciesspecfic (e.g., catfish dieff of
1996) tending to exist at low levels in species populatisnsost cased~ew diseases cause
mass mortalityOverstreet and Hawkins 2017)

Harmful algal blooms (HAB®)cur when toxiproducing algae growxcessivelandcan cause
mortality in coastafishes and invertebratewhentoxins are ingestedia transferencecross
gillsor through ingestionHABs ofthe toxic dinoflagellateKarenia brevisalso known as red
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Debris such aswrdles and otheplastics candegrade and become microdebris (e.g.,
microplastics, <5 millimetersnm [0.2 inches in] in size), which can be ingested foarine
organisms Negative effects of microdebris ingestion include physical damage (e.qg., internal
abrasions, gastrointestinal blockages) and exposure to organic pollutants, toxins, or foreign
microbes that adhere to the debris surface and lead to decreased growth,degtion, and
survival. Effectare speciesspecific and lifestage dependent, with a possible trend found for
decreasing exposure to microdebris with distance from shiw@strade and Hernandez 2023)
Industrialized bayalong the northern @GIf appear to have higher microplastics levels than the
open ocean likely due to the proximity of microplastic sources (e.g., plastic manufacturing
facilities)(Grace et al. 2022)

Anthropogenic sources of metals include fossil fuel and waste bummimgng and ore
processingchemical productiopand agricultureMetalsfrom terrestrial sourcege.g.,
smokestack emission, motor vehicle exhaust, and volatilization of pesficicetransferredo
coastal and estuarine water primarilgroughrunoff and atmospheric depositiob. h ! ! Q&
Mussel Watch Programmonitors coastal watersn the northern Gilf for chemical contaminants
and biological indicators of water qualitBased or2022results most metalsmonitored
including copper, lead, mercury, tiand zinghavenot displayedany indication of increasing or
decreasindgrendson a regional scale since 1986 contrast,cadmium has shown a potential
decrease, andrsenic and nickelppear to be increasin@lthough arsenic levelgmain
relatively low Nickel does not appear tindergo biomagnificatiom the food chain and there
are nocurrent U.S. éod and Drug Administration safetigvels for nickel in fish and shellfish
(Dampier et al. 2022)

In terms oflegacyorganic contaminan® b h! | Qa a dza & Sdundihhtdr@akic t N2 I NI Y
contaminant compound groupsncludingbutyltins, chlordanes chlorpyrifos,
dichlorodiphenyltrichloroethan€DDT), dieldrins,endosulfanshexachlorocyclohexanenirex,

polycyclic aromatic hydrocarborfBAH$, polychlorinatedbiphenyls(PCB} have been

decreasingvith one exception, chlorobenzenasTerrebonne Ba\ake BarreLouisiana

Chlorobenzenes are organic halogen compounds meproductslike degreasers and

biocides, andtheir prevalencean production hagdecreased since 196Generally, hey

evaporate rapidly into the air or are broken down by bacteria dachotbioaccumulaten the

food chain.Thedecreasing regional trends contamination show the effects of loigrm

monitoring and regulationéSwam et al. 2024)

Coastal water eutrophication can result frarganic matterderivedfrom rivers and watershed
runoff due to either point sourceg.g., industrial plantsseptic systemsjr nonpoint discharges
(e.g., ageulture). When presenteutrophication can cause mortalitp marine organisms
throughoxygen depletiorfi.e., hypoxia)toxinexposure (e.gHAB$, and/or throughan

A Y R A @sustelatibilitpta pedation while Il. TheGulf DeadZone on the OC$s one of the
largest coastal hypoxic zones in the wollds an area thateceives high freshwatetischarge
from the nutrientrich Mississippi and Atchafalafvers, stimulaing phytoplankton growth

and a stratified water colum(e.g., stratified temperaturand/or salinity) Phytoplankton not
incorporated intothe food weh andthe generatedecal matter sink tothe bottom waters
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Freeswimming pelagic organisms are generally less susceptible to hypoxia than benthic
organisms as they can detect and actively avoid hypoxic wétenwell and Simpson 1994or
example, aerial surveys conducted®saig etal. (200) Yy RA O G SR G KIF G f 233 SNK!
ridley sea turtles appeared to alter their habitat usage to avoid hypoxic bottom waters in
Mississippi, Alabama, and Texas where they normally feed on benthic inverte(8ateger

1991; Plotkin et al. 1993%imilarly,Zhang et al. (2009bserved low fish biomass in hypoxic
waters, with fish tending to aggregate horizontally at the edges of hypoxic areas and directly
above severely hypoxic bottom waters. Ladtory and field testing have demonstrated

profound negative effects of hypoxia on fish reproduction and developrii#ft 2009) and

some mobile pelagic species may be more vulnerable than otRerexampleGulf menhaden
were 72 percentof the total biomass killed over a §&ar period along the Texas coastline,

which was largely attributed to hypox{@hronson and Quigg 200&)verall, the effects of

hypoxia on pelagic habitatzye stratified and seasonal, correlating with oxygeepleted waters
presentin the lower water column, particularly during summer months. The negative effects on
pelagic species appear to be speespgcific with many showingaturalbehavioral alterations

to avoid lesgavorable environmental conditions.

3.3.1.2 Anthropogenic Structures and Activities

Various anthropogenic structures and activities in the neritic province become habitats of their
own, as well as community influences within pelagic ecosysté&msexample the commercial
shrimp trawlingindustry is known to alter bottlenose dolphfhorenz 2015and pelagic fish
feeding behavior (e.g., sharks, blackfin tuna, and yellowfin tuirteg.bycatch thrown
overboard from the shrimp trawling industry has become a food source for pelagic
communities(Lorenz 2015)Additionally, sounds from anthropagnic sources have added an
abiotic component to the ambient pelagic soundscap@ichis the combination of biological,
physical, and humanentered sounds. The introduction of anthropogenic sounds into the
pelagic soundscape may result in a multitude of negative effeatsh as the masking of
biologically significant sounds. For more information on the possible effiegtsound has on
pelagic habitats and communitiesgeSection4.3.2

Oil and gasgrelated infrastructure in the coastal northerru(e.g., platforms in coastal

waters) has altered pelagic habitats by creating vertical structure throughout the water column
in an environment that otherwise would have none. Further, infrastructure occurs where the
water bottom ismademostly of soft sediments, creating opportunities for hdettom

habitats to existFor more information on the possible effec¢teat offshore habitat

modification has on pelagic habitateeSection4.3.5 These structureattract several types of
fauna, including sea turtles, marine mammals, and seafditady by providing foraging
opportunities(Lohoefener et al. 1990; Gitschlag et al. 1997; Ronconi et al. 2015; Todd et al.
2020) Studies havénvestigatedthe possible benefit of artificial structures, like standing oil and
gas platforms, asefugia from hypoxic conditioria the Gulf (Egerton et al. 2021; McLean et al.
2022; Yu et al. 2023; Fortune et al. 2024)
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Connectivity with areas adjacent to and within thelf@lepends on pelagic larval transport by
surface currents. Most @f hard bottom benthic communities are diverse and characterized by
high species richness and low abundance, while soft bottom communities are characterized by
low species richness and high abundance. Suspension feeders are generally most abundant in
high-energyenvironments, and deposit feeders are most abundant iném&rgy environments

in areas with finggrained, muddy sedimen{$Snelgrove 1999)

Regular or chronic anthropogenic activities impact and influence the formation, composition,
and persistence of benthic habitats and communities. Anthropogenic activities inuliie G
region that can alter the natural formation of benthic communities include terrestrial
agriculture, hydrological control systems (e.g., river levee systems), coastal development, oll
and gas infrastructure installatipnse,and removal bottom fishing, artificial reef installation,
commercial shipping (e.challast water dislsarge and shipwrecks), and dredging.

3.4.1 Shallow Water (<300 nm984ft)
3.4.1.1 ShallowCoral Reefs

The @ilf shallowwater reefs occupy rough,640 kn? (1,019 mf) of the entire Gif (<0.2

percentof the area), with the largest distribution along the Florida cq@sinnell Jr. et al.

2007) TheGulfshallowwater coral reefs are less abundant than other areas (e.g., the
Caribbean) but are widely distributed from the Florida Keys to the Flower Garden Banks
(located113¢185 km[70¢115 mi] off the coast of Texas and Louisiana). Coral reefs are widely
recognized as important marine ecosystems; the inherent structure of coral reefs leads to high
productivity and biodiversity. Corals and the reefs they form provide key ecosystem fusjctio
including coastal protection from storms and erosion, habitat, grasing and nursery

grounds for numerous fishes, as well as human ecosystem functions like tourism, fishing and
recreation, and even a source of new medicines.

Corals in the @f that are protected under the ESA include those listedppendixA.

Distribution of those listed species within the U.S. Exclusive EconomidEZeAganges from

Florida to the Flower Garden Banks National Marine Sanctuary and the U.S. territories of Puerto
Rico, U.SVirgin Islands, and Navassa Island. Critical habitat was designated for the elkhorn and
staghorn coral species by NMFS in 2008 and includes four counties in Florida (i.e., Palm Beach,
Broward, MiamiDade, and Monroe Coumts), as well as the U.S. territories of the U.S. Virgin
Islandsite., St.John St. Thomasand St. Croix), and Puerto R{@ FR 26852Flkhorn and

staghorn corals are one of the most important coral species in the Caribbean and can form
dense groups, or thickets, in very shallow watditseir global population was decimated by

disease in the early 1980s to the point that oBlgercent of the former abundances of elkhorn

and staghorn exist todaNOAA 2025; NOAA Fisheries 2025n)

On August 9, 2023, critical habitat was designated for five species of corals (Caribbean boulder
star coral, lobed star coral, mountainous star cgpdlar coral, and rough cactus coral) in
Florida, Puerto Rico, the U.S. Virgin Islands, Navassa Island, dfidwlee Garden Banks
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Hydrographic processes structure the continental shelf ecosystem by transporting and
distributing sediment and organic primary production from the coastal zone and water column.
Recruitment of organisms to a particular area is linked to hydrological fl@mergy and

material. The largest inflow of material to thailBbasin is associated with mixing due to winter
cold fronts, fluvial outflow, and coastal primary production. In théf Gommercial bottom

trawling significantly contributes to the rate otitrient remineralization through mechanical
turbation (Briones 2004)

The ratio of production to biomass is high compared with temperate and cold marine systems
due to the high metabolic rates of organisms. Abundance, biomass, and community
composition vary with distance offshore and the proximity to rivers, estuaries, aags,

lagoons, as well as fossil hydrocarbon expulsions and density of offshore oil and gas
infrastructure(Briones 2004 )For a discussion of fish and invertebrate biomass in thi,Gee
Chapter3.5.

On continental shelf sofbottom sediments dominant components of the benthic community

are invertebrates and demersal fishes. Six common and abundant phyla in benthic communities
in the Qulf include polychaete worms, pericaridean and decapod crustaceans, echinoderms,
mollusks, nematodes, and hydroi(Briones 2004; Rowe 2018pecies richness is generally

lower compared to coastal ecological zones.

{FYR akK2lfa YlI& NBLNBaSy(l aK zbotorhtedgioastoftieT o0 A 2 RA
CGulf and may provide refuge for benthic organisms during periods of hypoxic conditions

(Dubois et al. 20090n the Ship Shoal sand bank, high benthic microalgal biomass suggests

that benthic primary production contributes to the local food web and is an important

ecosystem component onuB sand shoal¢Grippo et al. 2009Macrofaunal communitiegary

across shoajawith sand percentageeingthe most influentialenvironmental parameter

(Dubois et al. 2009; Gelpi Jr. 201R)versity and abundance increase sediment grain size

decreases antlottom-water DOincreases The most common species on sand shoals are

polychaetes and crustaceaBubois et al. 2009pand they serve as a spawning ground for blue
crabs(Gelpi Jr. 2012)

The @ilf annually develops an extensive seasonal hypoxic zone west of the Mississippi Delta
during the late spring and summer. Hypoxic conditions are defined as water mass&Qwith
concentrations lower than thg/L In2024 this dead zone measured #365km? (6,705 mi?),

the twelfth largest on recordThe fiveyear averagaize of the hypoxic zone6s967 knt (4,298
mi?). (NOAA 2024)Hypoxic zones are caused by terrestrial runoff, nutefedt algal growth,

and subsequent bacterial decomposition, resulting in near seafloor oxygen levels too low to
sustain most marine life and causing habitat loss, sublethal stress, and/or death. The
persistence of hypoxic zones leads to a metazoan community with anaerobic conditions that
significantly change the benthic ecosystem. The extent of hypoxic zones varies over the course
of their duration due to water column mixing by wind and storm eveimshe Gulf, the
persistence of the hypoxic zone into early fall depends on the breakdown of vertical
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The midshelf banks are found in water depths less than 80 m (262 ft) and have a retjef of 4
50m (13164 ft). Identified midshelf banks include 32 Fathom, Stetson, Claypile, Coffee Lump,
Sonnier, and Fishnet. All are outcrops of bedded Tertiary limestones, sandstones, claystones,
and siltstones associated with salt domes. Claypile, Sonnier, and Stetsks damtain the
MilleporaSponge Zone. The crests of the other midshelf bang&svithin the Antipatharian

Zone. The effects of the bottom nepheloid layer are more pronounced on midshelf banks

than on shelfedge banks, likely due to both shallower water depth and lower réRekzak

et al. 1990)

Stetson Bank is incorporated into tR&SBNM&nd is, therefore, the most studied and
monitored of the midshelf banks. It contains claystone pinnacles runningnesstfor 457 m
(1,500 ft), with a relief gfon averagel7 m (% ft) below the sea surface. The bank is
dominated by sponges, algae, afivé¢ coral with outcroppings ofenRay Star Coraind
hermatypic coralgHickerson et al. 2012pince monitoring began at Stetson Bank, the benthic
community has transitioned from MilleporaSoonge dominantommunity to an algasponge
community(Nuttall et al. 202Q)

3.4.1.4.2 South Texas Banks

The South Texas banks are primarily drowned Pleistocene coralgalFegiieg-12)
(Berryhilldr. et al. 1976; Bright et al. 197@hey are found at depths between 50 and 80 m
(164and 262ft) and have relief up to 20 m (66 ft). They are located within & toid
high-energy environment characterized by high turbidity and sedimentation.

The shallowest portions of all South Texas banks are occupied by community assemblages
similar to the Antipatharia@one found on midshelf bank&ezak et al. 1990The most
well-studied of the South Texas banks is Southern Bank, located approximately 55 km (34 mi)
east of Corpus Christi on the edge of the continental shelf with a maximum relief of 22 m
(72ft). Twohundred and sixtynine species have been reported at Southern Bank, almost half
are annelid wormsnd 16 percent are polychaetes. Twelve pent®f identified species are

bony fishes. The lack of intensive benthic surveys makes it difficult to generalize about the
community structure of the South Texas banks, but a survey of the existing literature (as of
2013) indicates that Annelida, Chordasad Mollusca are the most common phylsash et
al.2013)
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The PinnackeTrend is afforded special avoidance protectionB EMwith regard to OCS
activities.

One welistudied PinnacleTrend feature is known as 36 Fathom Ridge, which is approximately
250 m (820 ft) wide and extends noftiouth for 1,000 m (3,280 ftl.he36 Fathom Ridge rises

from 90 to 64-m (295 to 213+t) water depth. Community structure on different parts of the
feature is variable. Sessile organism density is dependent on the location, relief, and orientation
of the substrate. At the base surface recruitment is low, likely dusutéace erosion and

sediment turbidity. The vertical wallseadensely populated witsun Cup Coralhich is the
dominant species. Several species of soft coraisiathesspp.,Wire CoralandEllisellasp.),
ahermatypic stony corals, and comatulid crinoids are present. Horizontal surfaces recruited the
same community as the vertical walls; however, biotic cover is increased. Overall, the number
of fish on these features appears to be Ifllhhompson et al. 1999%ince 2010, research has

also been conducted on the Pinnaglerend reefsAlabama Alps, Roughtongue, and Yellowtall
(Boland et al. 2017)

Other morphologic configurations of hard bottom habitat east of the Mississippi River Delta
include flattop reefs, patch reefs, redike mounds, and isobath parallel ridges. i reefs

are broad, approximately 1,000 m (3,280 ft) wide, 15 m (49 tieight, and steegsided,

located in the westentral Gulf at approximately 8ém (262ft) water depth. Patch reefs are
mostly mushroom shaped and approximately 10 m (328 ft) across at the same depth range as
flat-top reefs. Reefike mounds are located ahg the western rim of De Soto Canyon, are

about half the height of flatop reefs andare 1@;70 m (38230 ft) across. Isobath parallel

ridges are up to 100 m (328 ft) wide and several kilometers long with seaward facing
escarpments. Isobath parallel ridges are found in slightly shallower water thaoglagpatch,

and reeflike moundgsummarized in Schroeder 2000)

3.4.1.5 Eastern @lIf Coral Reef Systems
3.4.1.5.1 Florida Middle Ground

Hermatypic coral reefs form from the midshelf to the upper slope within the photic zone off the
coast of Florida. The Florida Middle Ground is a complex of carbonate banks in approximately
45-m (148ft) water depth, with approximately XA5 m (3249 ft) of relief. It trends
north-northwest, parallel to the platform margin, and the trend is approximately 60 km (37 mi)
by 15km (9 mi). It was formed by a mix of carbonate production, climate andesehchangs,

and physical oceanographic procesfdme etal. 2008)

The flora and fauna of the Florida Middle Ground are eurythermic andargosedof a mix
of tropical and temperate species. Common tropical species indilatdspiny sea urchin,
thorny oyster, fire coraland fire worm Recruitment of tropical species is from local sources
and larval delivery via the Loop Curréhee et al. 2002; Hine et al. 2008he five most
abundantfish speciesare purplereef fish yellowtail reef fish slippery dick, striped parrot fish,
and coc@a damselfish(Coleman et al. 2().

Resource Descriptions 59



Biological Environmental Background Report

Octocorals are the most ubiquitous organisms on Florida Middle Ground reef structures. The
are four primary faunal zones with characteristic coral assembl@gemm and Hopkin977)
MuriceaDichocoenigPorites(26¢28 m [8%92 ft]) on horizontal platformsDichocoenia
Madracis(28¢30 m [92;98 ft]) along the slope margins and horizontal platforidd]epora

(31¢31 m [9&102 ft]) on the upper levels of the slope; aRtilleporaMadracis(31¢36 m [10Z;

118 ft]) along middles and lower levels of the slope.

In the southeast corner of the northerru@ are other important coral reef bank systems. Along
the south Florida margin are three small carbonate banks, which form the western extent of
the rimmed marginand which define the Florida Keys: Dry Tortugas; Tortugas Bank; and

w A f Buén® &he Dry Tortugas supports sandy cays and shallow coral reefs.

3.4.1.5.2 Drowned Shoreline Reefs

Coral reefs are also found on drowned intact shoreline formed from rocky substrate and
uncemented sedimenfLocker et al. 1996 A prominent example off the coast of Florida in the

Gulf is Pulley Ridge, an approximately 300 (186mi) multiple ridge complex in approximately

65 m (213ft) water depth. The southernmost 30 km (19 mi) contains submerged barrier island
FTSEHOdINBa gAGK 0SIFOK NAR3ISEE NBOINWSR aLmnidas
Geologically, Pulley Ridge is a young, sjoawing reef systenfHine et al. 2008)Pulley Ridge is

the deepest, lightdlependent coral reef on the U.S. continental shelf. The southern portion of
Pulley Ridge supports a coralline algaeal dominant reef. The northern portion of Pulley

Ridge lacks the macroalgae found fartherthoand supports a heterotrophic, octocoral

dominant community.

In the aphotic zone, the west Florida slope also supports ahermatypic coral reef species at
approximately 550 m (805 ft) (Newton et al. 1987)

Corals experience stress or mortality when water temperatures exceed or drop below tolerance
ranges or when sufficient light is not present, due to depth change or water turbidity, for
photosynthesis by symbiotic zooxanthellae to take place. Naturallyrongustressors to coral

reef communities include hurricanes and strong storm events that cause direct physical damage
and increased coastal runoff and invasive species, including theRladdc lionfish, which was

first observed in th&GBNM$ 2011. Br example, in 2005, Stetson Bank was subject to a
bleaching event following Hurricane Rita and increased nutrient loading from associated
terrestrial runoff(DeBose et al. 2008n 2016, there was a localized mortality evanthe
FGBNMSResearch suggests that low oxygen concentratidosnston et al. 2019kwy higher

water temperaturegJohnston et al. 2019&) combination with other factors were the cause of
this bleaching event.

Trends in seawater temperature from 1990 to 201#FGB and WFG@Rlicatethat ocean
temperatures aFGBNM®ave been rising over the past three decaddshnston et al. 2021)

The mearsea surface salinitffuctuated considerably at both banks in 2019. Salinity data
collected at both banks slightly varied. However, the salinity measurements recorded at depth
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were within the acceptable limits for coral reefs in thvestern AtlantiqJohnston et al. 20217
probable source of lowsalinity water within theebanks is a nearshore rivgeawater mix from
the Mississippi and Atchafalaya Rivetsnmer et al. 2010)

Throughout 2023, corals in Stetson Bank were exposed to prolonged high temperatures in July
and August, possibly contributing tee sporadic occurrences of bleaching accounting for 16.4

to 7.6 percentof corals exhibiting signs of bleachif@Connell et al. 2024 orals observeih

the FGBNM8&ave historicallexhibited low incidence of coral disease and bleachinglong

term monitoring of theEFGB and WFG®RBsidentified diseaselike lesionson seven coral
specieqJohnston et al. 2023; Johnston et al. 2024)ismonitoring report observed coral
bleaching/paling to be less thanp2rcentin 2022, howevetrendsof increasingseawater
temperature from 1990 and 2022uggespossible bleaching events in the futu®enetic

evidence from twdndangered coral specie®(bicellaspp.) atEFGBndicates that hyposaline
surface conditions due to the passage of Hurricane Harvey in 2017 is linked to sublethal stress
related to the redox state and mitochondrial function in benthic invertebrgWsight et al.

2019) Anthropogenic stressors include hook and line fishing, scuba diving, pollutant discharge,
oil- and gagrelatedactivities, and illegal fishing and anchorifitjckerson et al. 2012)

3.4.2 Deep Water (>300 m [98ft])
3.4.2.1 SoftBottom Communities

The deep sea is the largest ecosystentanth includingwithin the Gulf. When compared to
habitats at higher latitudes or those in upwelling areas, it is typically oligotroph&variety of
different habitats and temporal variati@in the deep sea, including within theull deep-sea
basin,contribute to itsbiodiversity(Ingels et al. 2016)

Softbottom communities are composed of several size classes defined by required sampling
regimes: microbiota (<fnicrometer B Y; 0.00004 inbacteria and archaea to 40 ¥ 0.0016 in
OLINRGA&GAB0T ;0008106 i 5062y Yf0.0Diy MmN Y+ ONB F L @DLInto 6 H p N
p n n ; 00%in; megafauna (>1 cn@.4 in); and demersal fishe§or a discussion of sizdass
biomass and community structureee Rowe (2017 he richness of diversity of metazoan and
microbial organisms is greater than all other biomggh diversity in community composition
controlled by surface water productivity and physical miXiRgx and Etter 2010; Zinger et al.
2011)
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The deep water of th&ulf is divided into seven bathymetric zones, each wiglown
characteristic faunal assemblages:

1 SheltSlope Transition Zone (1&460 m [4921,476 ft]) ¢ Demersal fish are
dominant, many reaching their maximum populations. Aster¢sgs stars)
gastropods, and polychaetes are common.

1 Archibenthal Zone, Horizon A (4710 m [1558¢2,428 ft]) ¢ Demersal fish are less
abundant than in the SheBlope Transition Zone but are a major constituent of the
faung along with gastropods and polychaetes. Sea cucumbers are more numerous.

1 Archibenthal Zone, Horizon B (€850 m [2543¢3,117 ft]) ¢ There is a major
change in the number of species of demersal fish, asteroids, and echinoids, which
reach maximum populations. Gastropods and polychaetes are numerous.

1 Upper Abyssal Zone,(D0c2,000 m [3281¢6,562 ft]) ¢ The number of fish species
declines while the number of invertebrate species increases. Sea cucumbers and
galatheid crabs are common.

1 Mesoabyssal Zone @0¢3,000 m [7546¢9,843 ft]) ¢ Hsh species are few.
Echinoderms dominate the megafauna.

1 Lower Abyssal Zone,2®0¢3,800 m [10,49812,468 ft])c A large asteroid
Midgardia xandarogno common name)s the most common megafaurf@owney
1972)

1 Benthic Zone This includes tk seafloor and the water immediately above it.
Characteristic fauna is dependent on environmental regime.

Macrofauna and megafauna appear to have a parabolic pattern of diversity along depth
gradients, with the highest diversity present in intermediate depthsQB@ m [~§562ft]), and
diversity in community composition is likely related to productivity, competition, and predation
relative to depth(Rex 1981)Thoughthe majority of corals in th&ulf are found on hard
substrate, sea pens, cup corals, and bamboo corals are found thatdm sediments,
occasionally in high abundance over large af&eallawg et al. 1988; Rowe and Kennicutt Il
2009)

3.4.2.2 Hard Bottom Coral Communities

Hard substrate is found throughout the deep waters of Géf and ismade upof either

exposed bedrock or relict authigenic carbonate coral (Beboks et al. 2016Both hard and
soft-bodied corals colonize deepwater substrate. Associated sessile and mobile benthic
megafauna include sponges, anemones, echinoderms, crustaceans, and demersal fishes. Field
data suggest that the extent of deepwater hdydttom habitat is large and thdhe diversity of

corals and sponges is hi¢Boland et al. 2017)
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Naturally occurring methane hydratesayinfluence the morphology and characteristics of
chemosynthetic communitie€Sassen 1998The dynamics of hydrate alteration could play a
major role in the release of hydrocarbon gases to fuel biogeochemical processes and influence
community stabilityMacDonald 1998Precipitation of authigenic carbonates and geological
instability may alter surface seepage patterns and available substrates; however, similar
chemosynthetic communities typically reoccupy sites pesinerecovery(Powell 1995)

Chemosynthetic invertebrates also are found in association with shipwrecks iruthé@&

20th century, the most commercially important bulk commaodities shipped from thiéagser
deep water were perishable organic goods including cattle, indigo, and cochineal from New
Spain and Mexico; cotton, sugar, and rice from the Mississippi Valley; and sugar, tobacco, and
coffee from Cuba. The decomposition of these cargos within tssals may provide a source
of energy for the chemosynthetic organisms similattte hydrocarbon seep&aporaso et

al. 2018) For example, on thiree early 19h-century MonterreyShipwrecks in the Keathley
Canyon area, living chemosynthetic tube worms wierend growing within the woody pulp of
the hull and the remains of the cargénd, in anore recent example, on the early tGcentury
steam yachtAnong which sank in 1944 in the Mississippi Canyon area, chemosynthetic
tubeworms were found growing in boxes of potatoes within the hold.

3.4.3 Environmental and Anthropogenitressors
3.4.3.1 Fisheries Interactions

Benthic ecosystems in the Gulf are home to a variety of commercially and recreationally
important species that inhabit the seafloor. Species like shrimp, crabs, and various marine fish
species rely on the diverse habitats within the benthic zone, inclubngl reefsand soft-

bottom areas. Fishing practices, particularly bottom trawling and dredgangsignificantly

impact benthic communities by disturbing the seaflodhcommon majoiimpact of fishing on
benthic habitats is the loss of habitat complexitausedy the alterationor removal of

geological and biogenic structur@Srabowski et al. 2014These practices may cause ldegm
ecosystem degradation, reduce habitat complexity, and negatively affect the health of benthic
environments.

Fishing activities have a range of effects on mahialeitats, depending on factors such as the
spatial extent of fishing, the level of fishing effort, and the type of gear used. Mobile fishing
gear(e.g., trawl netshas raised concerns due to its largeale impact on fishing grods, its
ability to modify substrates, disturb benthic communitiesd remove nontarget specieis
environmental and fishing pressures have increased, the development of new gear and
navigation aids has enabled access to presip unexploredegions of the OCS, slope
submarine canyons, and seamounts. These areas have been subjected to the ohjbattsm
trawling and dredging.

The extent of the effects in benthic habitats depends on several factors, inclining
configuration of the gear, towing speed, water depth, and the type of substrate being disturbed
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(National Research Council 2002he direct impactef trawling and dredging include the loss
of erect and sessile epifauna, the smoothing of sedimentary bedfpameduction in bottom
roughnessand the removal of taxa that provide structural habit@tabowski et al. (2014)
conducted a comprehensive evaluation of fishing gear on benthic hakitat$oundthat
benthic substrate habitats were mosgtinerableto impacts from hydraulic dredging and
slightly less vulnerable to those from trawling and sgatloedging Additionally,  was found in
this study thatbenthic habitats were least vulnerable figed fishing gearsrawl gear can
crush, bury, or expose marine flora and fauna, leadingredaction of structural diversity
(Auster and Langton 1999 dditionally, fishing gear that disturbs the sediment surface can
alter sediment grain size, suspesédiments, and influence sediment transpprbcesses
(Kaiser et al. 2003)

The alteation of sediment on the seaflodras a variety of effectimcludingreleasing nutrients

held in the sediment; exposure of anoxic layers; release of contaminants; increasing biological
oxygen demand; and smothering of feeding and respiratory or(faamette 2001; Kaiser et

al. 2003) Bottom trawling and dredging can also resuspend and bury biologicallyabtg/c
organic material, disrupting nutrient flow within the food w@ldayer et al. 1991)Disturbance

in shallow waters, including the resuspon causedby benthic disturbing fishing gearan

affect nutrient cycling and potentially lead to shifts in the abundance and typeacfoalgae
(Barnette 2001)

The recovery rates of benthic habitatepend on factors such as the type and extent of habitat
alteration, the frequency of disturbancesmpared to naturathangeshabitat characteristics,
and the life history traits of the speci@s/olved.Recovery timesanvary based on the
intensity and frequency of the disturbance, the spatial scale of the affected aneathe
physical characteristics of the habitat, including sediment type and hydrodynamics. A
meta-analysis byCollie et al. (2000pund that reovery in biogenic (structurally complex)
habitatsis likely tohave the longest recovery timeecause ofthe permarence of the
disturbance In contrastdue to theirhigh recovery ratemobile sand sedimertommunities
canwithstand 2;3 incidents of physical disturbancesr year without significant changesor
some benthic habitats, physical disturbances frioattom-disturbing fishing geazan have
long-lasting effectsAreas subjected to more frequent trawlimgd dredgingan exceed a
threshold above which a disturbance can result in observable;tiemy ecological effects
resulting in longer recovery times

3.5 HSHESANDINVERTEBRASE

Thissectiondescribes the fish and invertebrate communities present throughout thié. G
Additionaldetails are provided for species of ecological and economical (commercial and
recreational) significance. For the purposes of this document, these resources are divided into
coastal and oceanic waters with subcategories used to distinguish zones. A discussiomof EFH
the Qulf, as well aghreatened andndangeredish and invertebratespecies is included in this
chapter. Theemphasiswithin each sectiomwill be on the northern @GlIf § KSNX . h9aQa
regulated OCS activities occur.
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The Gulf has a taxonomically and ecologically diverse assemblage of fishes and invertebrates
due to its unique geologic, oceanographic, and hydrographic featseeChapter2).

Currently, it is estimated thate Gulf contains1,541 fish species in 73f&nera, 237 families,

and 45 ordergFelder and Camp 20Q%ifty-one of these species are sharks and 42 are rays and
skates(Ward and Tunnell Jr. 201 Many fish species the Gulfaretargeted commercially and
recreationally Examplesncludered drum, black drum, spotted seatrout, southern flounde
tarpon, cobig groupers, snappers, jacksiggerfish, hogfish, tilefish, mamnahi, mackerels,
cobia,tunas, marlin,sailfish, ancgharks

Over 13,000 species mivertebratesin 46 phylaare found in the @If (Felder and Camp 20Q9)
ThesencludeAnnelida (segment worms), Crustaceag(,amphipods, copepods, crabs,
shrimp),Cnidaria €.g.,corals, anemones, hydroids, jellyfish), Dinoflagellata (protists),
Echinodermatad.g.,sea stars, sea cucumbers, sea urchins, sand dollars, brittle stars),
Foramnifera (amoeboid protists), Mollusca.§.,chitons, snails, bivalves, cephalopods), and
Porifera (spongespamong othersinvertebrates targetd commercially antbr recreationally in
the Qulf includebrown, white andpink shrimp, blue cratstone crabspinylobster,bayscallop,
and Eastern oyster

Similar to fishes found along the U.S. Atla@east from Cape Hatteras,okth Carolina,to

Cape Canaveralldfida, northern Gulf fishes are generally considered to be warm temperate
(Carolinian)Sherman et al. 1991Conversely, theoutherlywaters of the continental shelf in
the northern Gilf contain tropical fish species, which can be found occupying hard bottom
habitats (e.g., natural banks and artificial reefs). These species likely originated from the
southern, tropical waters of the @f and beyondand werecarried north via the Loop Current.
Many of these tropical fishes and invertebrates, along with other endemic speceegear
round residents in the northern@. Somelargepelagic species found in the northernl&
(e.g.,whale sharksgiant manta ray, and bluefin tunagcur seasonally and are highly
migratory.However, continued satellite tagging efforts in the northemf@&ave indicated that
some adult highly migratory species (e.g., blue marlin and yellowfin tuna) exhibit more
residency than previously assum@ifeng et al. 2009; Kraus et al. 2011)

The spatial and temporalistribution of fshesand invertebratesn the Qulf is shaped by a
combination ofreproductive behaviorpntogenetic(e.g., development from egg to adult)
habitat shifts, trophic dynamics, oceanographic procesand other factorsFor many species,
eggs and larvaare pelagic andretransported viawind, tides, and oceanic currente(g.,the
Loop Current and associated squiff eddies)throughout the GulfThis igrue evenfor many
specieswith limited mobility as adults (includirthose attachedo or primarily livngin the
benthos such asponges, corals, anemones, oysters, barnacles, bleramédsilefish), as
pelagic larval stages help facilitate dispergathe north-central Gulf, adjacent to Mississippi
River plume waters hie larvae of billfish and swordfi§Rooker et al. 2012ps well as
phytoplankton, copepods, and other pelagic fish larflaghrenz et al. 1990; Dagg and
Whitledge 1991; Govoni 199@re found in higher densés within frontal zones proximal to
the Loop CurrentUpon development, somfishes and imertebratessettle into benthic or
coastal habitats, while others remain in the pelagic environmiabitat requirements can
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Classification Taxonomic Group Common Name
Vertebrate Rachycentridae cobia
Vertebrate Carcarhinidae requiem sharks
Vertebrate Sphyrnidae hammerhead sharks
Vertebrate Megalopidae tarpon

Zooplankton

oPlanktort refers to all plants and animals that drift with the currents in marine and freshwater
environments, and is divided into phytoplanktani¢roscopic, primarily photosynthetic

organism$ and zooplanktong.g.,microscopia@animals). Zooplanktoimclude organisms that

spend their entire lives living within the community of plankton (e.g., dinoflagellates and
copepods), as well as the eggs and larvae of pelagic and demersal fish and invertebrates. Most
of the eggs and larvae present within zooplankton commasitiill eventually recruit to other
habitatsupon developmentAn innumerable quantity of fish and invertebrate species inhabit

the Gulf zooplankton communities. Three taxonomic groups will be described fuiitkeethe
Dinoflagellata, Copepoda, and larval fish and invertebrates. §achphasimportant roles in

marine food web dynamics and ecosystem functionality in coastal pelagic waters.

Dinoflagellates (i.e., Dinoflagellata) are an extremely diverse and ubiquitous phyla of protists
that typically dominate plankton assemblagdsong et al. 2010pinoflagellate species can be
phototrophic (producing food through photosynthesis), heterotrophic (obtaining nutrients by
consuming other organisms), or xatrophic @ble to photosynthesize and ingest other food
sources)Some dinoflagellates form symbiotic relationships with corals (colloquially known as
zooxanthellae)andothers are parasiticat a variety of marine creatures, including other

protists, copepods, cnidarians, crustaceans, and(fxats 1999)Other species can produce
YSdZNRP(i2EAyaxy OldzaAy3a (KS aNBR (ARS¢ LKSy2z2yYSy?
poisoning(Jeong et al. 2010Y hese events all have ecological and socioeconomic
consequences iulf coastal waters. The input of excess nutrients into coastal pelagic waters is
thought to be a main driver in the increase of dinoflagellates during these events. Because both
copepods and larval fish are known to consume dinoflagell@éesecker and Govoni 1984;

Schultz and Kigrboe 20Q%hey can act as pathways for these toxins and other anthropogenic
inputs (e.g., PAHS).

Copepods (i.e., Copepoda) are small, aguatic crustaceans thairemegthe most numerous
metazoan groups in marine ecosyste(iisirner 2004)and theyhavepivotal roles in marine
food webs as predatorprey, andparasitesMany copepod taxa are parasitic, internally or
externally infecting fisesand invertebratesOthersare considered to besither predominately
herbivorous oromnivorous (Kleppel 1993)feeding on detritusphytoplankton and other
metazoans (e.g., dinoflagellataad other copepods)ard theyare particularly prevalent in
coastal waters where nutrients from ladzhsed inputs cause phytoplankton bloor@pepods
are prey for a plethora of adult and larval fesand invertebratesand theirseasonal
abundances in the norther@ulf, in a responsdo Mississippi River plume waters in the spring
and summelDagg and Whitledge 1991kelyhavean important role in the reproductive
strategies of fisesand invertebrates in the region.
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Larval fish and invertebrates are another key component of coastal pelagic zooplankton
communities in theGulf becausehey are predators of lower trophilevel organisms (e.g.
phytoplankton, dinoflagellatesand copepods) and are prey for many others (e.g., other larval
fish and invertebrates, tunicateandcnidarians). In the norther@ulf, estuarinedependent

fish and invertebrates (e.g., blue crabs, penaeid shrimps, Atlantic croaker, spotted seatut,
red drum) will typically spawaffshorein coastal waters, likely timing these events to facilitate
the transport and retention of larvae into estuarine, nursery habitatgczkowskshultz et

al. 1990) In contrast, the larvae ahanyoceanic fish and invertebrates the northernGulf can
be found in association with convergence or frontal zones, whicleagelycreated when
freshwaterfrom the MississippAtchafalayaRiversystemsencountes dense saltwater from

the continental shelf, effectively concentrating phytoplankton, copepadsl, larvagGovoni et
al. 1989; Lohrenz et al. 1990; Dagg and Whitledge 1991; Rooker et al. R6d 2)ore
information, seeSection3.3.

Menhaden

Menhaden are small, planktivorous fish in the family Clupeidadare highly prevalent in the
northern Gulf, particularly off the coasts of Louisiana and Missisgipssuy 1983; Southeast
Data Assessment, and Revi@@11) Theyrepresent a taxa of small, schooling fishes that link
lower trophiclevel (e.g., plankton) and higher tropHevel (e.g.pther fishes angharks)
organismsMenhadenlikely influence the population dynamics of many predatory fish
speciesn the northernGulf (e.g.,blacktip sharks, king mackerels, Spanish mackexets,ed
drum) (Sagarese et al. 2016; Chen 20THree species occum the Gulf: finescale yellowfin;

and Gulfmenhaden Gulf menhaden are numerically dominate compared to the other species
andrepresentroughly 99percentof the menhaden species captured commercially
(Ahrenholz1981) They are euryhaline, meaning thegn tolerate a range of salinitieshich
allows them tainhabit both nearshore marine and estuarine wateeulf menhaden are
estuarinedependent,andtheir larvae are released offshore during spawning events between
September to Apri{VanderKooy and Smith 2002nd eventually recruit to inshore nursery
habitats (e.g., estuaries and riverff)ey stay in these habitats until they reach adulthood and
migrate back offshore. Females reach sexual maturity betwleand 2years old or when they
reach a approximate forkength of150 mm(5.9 in (Lewis and Roithmayr 1981)

Coastal Pelagic Sharks

TheGulf waters are home to a diverse assemblage of coastal pelagic sharks, with varying spatial
and temporal distributionge.g, there are variations in dominant species between the northern
and southern regionsAlong southwest Florida, the most common coastal pelagic sharks
encountered are bonnethead, blacktip, blacknose, and lemon shiarkise northerrmost

region of theGulf, populations are dominated by Atlantic sharpnose, followed by blacktip,
finetooth, and bull sharkg$Parsons and Hoffmayer 200 oastal shark®iaymigrate from

inshore to offshore waters response tseasonal temperature variatiorfsloffmayer et

al. 2006; Parsons and Hoffmayer 2007; Chen 200h@se seasonal habitat shifts are not as

likely where seasonal temperature fluxes are generally less draf@ten 2017)Some coastal
pelagic sharks, like the sandbar shark, are known to leav&ulfeand travel into the Atlantic
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(Parsons and Hoffmayer 200¥)oung of the year and neona®f someshark species (e.qg.,
Atlantic sharpnose, blacktip, finetooth, bull, scalloped hammerhead, spinner, and sandbar
sharks) have been foungsingcoastal habitatssuch as barrier islands, bagsd estuaries

along the coasts dhe northern Gulf states from Texas to the Florida Panhandle, indicating
their likely importance as nursery habitgtSarlson 1999; Neer and Thompson 2004; Parsons
and Hoffmayer 2007; Froeschke et al. 2010)

Shark species in theulf are managedoy NMFS as part of the Atlantic Highly Migratory Species
(HMS).Sharksare separated intdour management unit1) smallcoastal; (2)argecoastal;

(3) pelagic and(4) prohibited species Small coastalsharks include bonnetheadatlantic
sharpnose, blacknosand finetooth sharks.argecoastalsharks include blacktip, bull, great
hammerhead, lemon, sandbar, scalloped hammerhead, silky, smooth hammerhead, spinner
nurse,and tiger sharksPelagic sharkimcludeblue, porbeagle, thresher, shortfin mako, and
oceanic whitetip shark$rohibited species include whale, basking, stger, bigeye sand

tiger, white, dusky, night, bignose, Galapagos, Caribbean reef, narrowtooth, longfin mako,
bigeye thresher, sevengill, sixgill, bigeye sixgill, Caribbean sharpnose, smshlitdiin mako,

and Atlantic angel sharks.

Sharks are high trophievel predators whdnaveimportant roles in marine food webs. By
exerting topdown control over prey species, they can significantly alter community structures
(Heupel et al. 2014Consequently, the largsecale removal of shark species, particularly large
sharks, has been suggested to result in trophic cascades througiotep effects(Stevens et

al. 2000; Myers et al. 20070hey are particularly vulnerable to overfishingcause ohspects

of their life histories such as slow gmwth, late sexual maturation, and the production of a
relativelysmall number of offspringompared to other fishege.g.,less than 50 offspring per
single reproductive everfor many speciegjp to a maximum o800for whale sharks
[Cortes200Q).

3.5.1.2 Coastal Demersals

Coastal demersal figlsand invertebratesiseprimarily benthic substrates or are associated
with structure (natural ohumanmade)extending from the nearshore to waters over the
continental shelf The coastal waters of the northe@ulf are mostly lowrelief, softbottom
habitat (e.g., sands, silts, muds, and claysijt benthic hard bottom antluman-made
structuresare scattered throughoutSome species are primarily found oegther soft or hard
bottom habitats, whereas others can be founsingboth (Table3-4). Species attracted to
structure, such as reef fish, can be fowsingnatural hardbottom substratesas well as
artificial reefs. These assemblages include economically important regédisih as snappers
and groupers. A few ecologically and economically important representatives of coastal
demersal fish and invertebrates will be discussed in more detail b@lewshellfish,red drum,
shappers, groupers, and jacks)
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spans. For example, under optimal conditioBsstern oysters in soméulf bays can become
sexually mature jusiour weeks after settlemen{vVanderKooy 2012)nd produce millions of

eggs throughout a spawning season (i.e., spring, summer, and fall). Similarly, penaeid shrimps
grow quickly, typically reaching sexual maturity afteB months(Tunnell Jr. 2017Yhey can
produce hundreds of thousands of egbat can be released several times throughout a
spawning season (March through Septembandthey typically live less thatwo years. The
adaptations of these animals to produce such large quantities of eggs throughout a spawning
season gives them an advantage in terms of resiliency to natural and hoaused
perturbationscompared toslow-growing animals who produce only a few, wedveloped

offspring.

Commercially valuable shellfish species in the north@rti facemanynatural and
anthropogenic threatsNatural perturbationssuch as seéevel rise and tropical storms
threaten coastal and estuarine habitat¥arming waters along coastlines are expected to
affect the distribution of parasites, pathogens, and invasive spéblascogliese 2008)
Increases in human populations, particularly near coastlines, brings threats of ongoing
development and habitat loss, freshwater input from diversions, ovedsing and
land/marinebased pollutants.

RedDrum

Red drum are an estuarirgependent species of fidlound throughoutestuaries and

nearshore and offshore habitats in theils They are an important secondary consumer in
shallow, coastal habitats, assisting in the regulation of primary consumer populaffensare
alsoimportant to coastal economidsecausehey form a widely popular and lucrative
recreational fisheryRed drunmusea variety of demersal habitats throughout their lives (e.qg.,
bays, artificial reefs, seagrass beds, estuarine passes,latsddoastal beacheand nearshore
shelf watersChen 2017)Males and females typically form large spawning aggregations in
estuarine passes where they release eggs and sperm into the water column. Female red drum
can releaselp to 2 million eggs in a season (generally between August and Octdlies)eggs
hatch within 2436 hours and are eventually carried Vides andcurrentsinto estuarine
nurserygrounds Juveniles spend their early lives witkistuariesfeeding on a variety of small
prey items including copepods, mysid shrimp, polychaetes, bivalves, and ampHhipads and
Avault Jr. 1975; Peters and McMichael Jr. 198R)enile red drum typically exhibit very little to
no movement between estuaries or regiofiduBose et al. 2024Adultred drumare

generalists and have been found to forage on a variety of both fish and invertebratespody
as mollusks, crabs, shrimpenhaden, anchovies, pinfish, spahd Atlantic croake(Boothby
and Avault Jr. 1971; Scharf and Schlight 208@ijle gowth rates and age at sexual maturity
have been found to vary by location and styey can generally be described as growing quickly
during thar first few years then reaching a marked slowdoflforch 200Q)Recent findings
have suggested that both sexes reach sexual maturity around 3 yegiBeridetts et al. 2019)
In the GQulf, red drum live approximately 30 yeasome individualseach over 4@DuBose et

al. 2024) Red drum are not considered as resilient as other species with shorter life spans.
Reddrum stocksare currently undergoing overfishing in LouisigiiuBose et al. 2024butare
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stablein Florida(Addis 202Q)Texas hastockedhatcheryrearedred drumin their coastal bays
since the 1980s

Shappers

In the Gulf, there are 1§17 specie®f snapper (family Lutjanida#) six generamany of which

are targeted in both commercial and recreational fisheries (e.g., queen snapper, mutton
snapper, cubera snapper, gray snapper, dog snapper, lane snapper, yellowtail snapper,
vermilion snapperand red snapperRed snapper are arguably one of the most valuable and
soughtafter sport fish in theGulf because of their popularity as a food fiSthoughsnappes

vary in their life history attributes, they are oftéaund in association with reefs, hard bottoms,
or artificial substrates as adult3uveniles of many species (e.gaygsnapper and goliath

grouper) are often found in shallow, inshore areas associated with seagrass beds, mangroves,
and inshore reefsSome species, like red snappealsousesoft-bottom habitats (e.g., sands
and/or muds) as both juveniles and adults, where they feed on sand mudassociated fishes
and invertebrategGulf of Mexico Fishery Management Council 1981; Geary et al. 2007; Wells
et al. 2008)

Red snhapper can be found in coastal waters throughouGhiéand are particularly prevalent

in the northernCGulf from Texas to Florida. They grow rapidly in their fli@{years of life,

reaching sexual maturity at relatively young ages (betwkand2 years) when considering

their long lifespans (over 50 yeaf§¥yoods et al. 2001; Gallaway et al. 200®]Jults spawn

offshore over the continental shelf and upper continental slope over sand and mud bottoms
between April to May and September to October, with the higlspstwningabundances

occurring in the norther@aulf off central and western Louisiarf@€ollins et al. 2001; Chen 2017)
Severabpecief snapperdorm temporaryspawningaggregationsvhere manyindividuals,
includingother specieqe.g.,jacks),spawntogether. These fish spawning aggregations (FSAS)

F OG & &LINE RdAzOU A Gractindanyfothel mdrige $pedes Wha com&iSthesd i {
locations to reproduce, feed on spawning fish, or feed on nutriesit egggGruss et al. 2018)
Thoughsome snapper and grouper species form resident spawning aggregations, others
formtransient spawning aggregations (TSAS) in which adults travel outside of their home ranges
to a small number of specific locations within a restricted period of {i@wiss et al. 2018)

TSAs may be the only opportunity for participating individuals to reproduce, which m8Res T
particularly vulnerable to anthropogenic impag@riss et al. 2018pat may cause temporary

or permanent disruptions to spawning aggregations.

Red snhappelarvae are planktonic and remain as ichthyofauna for approximately 30 days.
Larvaeare transported via currentso shallow sandyandmuddy nearshore habitatsefore
eventually moving intanore structured habitats andeeper waterwith development Their
dispersakan be highly influenced by topograplbarriers(e.g., Mississippi River Delta, Beto
Canyon, and the Apalachicola Peninsula) and-gffiaddies associated with the Loop Current
(Johnson and Perry 201@enetic studies have indicated the likelihood of metapopulations for
the Gulf red snapper stockhe general assumptiorsthe existence of two primary suftocks
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within the region (an eastern and a western stock separated roughly by the Mississippi River)
(Southeast DataAssessment, and Revi@@18)

The most recent stock assessment reg@outheast DataAssessment, and Revi@@18)
indicated that red snapper overfishing is not occurring, but it has not yet recovered to the
Gulf-wide rebuilding targetthe Gultwide rebuildingtarget was 2percentand, as of 2018, the
spawning stock biomass was Rérceni). This is a sign that steps to manage overharvesting,
which is theprimarythreat to red snapper in th&ulf, are seeing evidence of success.

Groupers

Fishes of the family Serranidae (subfamily Epinephelinae) are found in both the tropical and
subtropicalGulf waters and consist of commonly known groupers, rock hinds, and seabasses.
They are slovgrowing, latematuring, longlived demersal fish. Like snappers, groupers are
structure-oriented, generally associating with hard or rocky bottoms and reefs (both natural
andhumanmade) 6eeSection3.4). Groupers are typically solitary fish except for the

formation of occasional spawning aggregatigdeemstra and Randall 1993)hey are top

level predators in hard bottom, reef ecosystems feeding on a variety of prey,itechsding
fishes, crustaceans, and cephalopgbdeemstra and Randall 1998)onsequently, theprave
important functionsin food web dynamics.

Because o8 NP dzipdpwekitg¥or sportfishingand human consumptigrcommercial and
recreational fisheries exi$or groupers lending to their considerable economic value
throughout theGulf. Qurrently the Gulf Council maagesl5 speciesand they have been
divided into shallowwater and deepwater grouper complexgSoutheast DataAssessment,
and Review2006) Shallowwater groupers include red grouper, gag grouper, black grouper,
scamp, yellowfin grouper, yellowmouth grouper, rock hind, and red hind. The deepwater
groupers include snowy grouper, yellowedge grouper, speckled Wadsaw grouper, and
misty grouper. Both Nassau grouper and goliath grouper are marsgatately and are
prohibited from being harveste@Chen 2017)

Generally, grouper display spawning aggregatisrisch are temporary gatherings of large
numbers of grouper for spawning at specific times and places. These FSAs have been observed
forming near outer reef edges and either vertical (pinnacles) or horizontal discontinuities
(promontories) in bottom struatre (Kobara et al. 2013nd in less than 200 656 ft) water

depth (Helies et al. 2016)0ften, reef species such as snapper and jack species will be observed
with grouper in the same FSHeyman et al. (@19)concludes that shelf edges and ridges are

the most suitable habitat preference for the group FSA of snapper, jacks and groupies
midshelf obstructions are the preferred habitat for goliath grouper. Grouper spawning seasons
canpersistfrom 3 months (Nassau grouper) to as long as 12 months (yellowmouth grouper)
with varying seasonality, showing no consistent pattern except for peak spawning season
during the summer months (Jugaugust)(Heyman et al. 2019)
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speciesgag groupers form spawning aggregations offshore in wiinten late January to
mid-Aprilin the Gulf along the continental shelf. Females spawn multiple times per season
releasing between 60,000 and 1.7 million eggs each time they sffasutheast Data
Assessment, and Revi€@21; NOAA Fisheries 2025i)venile gag groupers find sheltar
seagrasses, mangroves, and oyster reefs before migrating offshore

Jacks

Jackgfamily Carangidagyre a large family of predatory marine fishesattsupportcommercial
andrecreationalfisheries in theGulf, accounting for up to percentof the annual marine

finfish landings due to their value as baportfish and food(Mohan et al. 2017)Four species

of jacksare managed by th&ulf Counciinder theReef Fislirishey Management Plarthe
greater amberjackesser amberjack, almaco jack, and the banded ruddedstkccur
worldwide and arefound throughout tropical and temperate waters, occupyprgnarilythe
epipelagiovater column (upper 200 n656 fi). They are broadcast spawneisome species
spawn in offshore, pelagic wateasid others spawn closer to shore. For most species, the
spawning season is fairly loagdgenerally peakduring the summer month@ayetano and
Honebrink 200Q)Spawning in the ik has not been documented for most species but appears
to occur repeatedly and periodicayhresher 1984)Many species (e.g., greater amberjack,
almaco jack, banded rudderfish) have young that associate with p&agjassum whereas
others (e.g., crevalle jack) can be found in nearshore and inshore brackish waters over muddy
bottoms, sandyottoms, and seagrass bedBattillo et al. 1997)Juvenile and podarvd jacks

in the northernGulf were documented to have a higher abundamcareas with lower

salinities, yepreferences folSSTandsea surface heighwere found to bespeciesand life

stage specificThis highlights atrong correlation between physical oceanographic features and
distribution ofjacksin the Gulf. For some species, like the greater amberjack, schooling
behavior aroundsargassundecreases as they mature, and there is a shift from inhabiting
pelagic habitats to demersal habitgfdOAA Fisheries 2025ddults and suadults are

typically found in association thi structured habitats (e.g., natural hard bottoms and artificial
reefs), and some populations liue particularlocationsthoughothers are thought to migrate

and use a variety of habitats and areas throughout the YR&AA Fisheries 2025d}reater
amberjacks are commonly targeted by fishers in Gudf where the stock is currentlysted as
overfished by NOAA Fisheries.

3.5.2 Oceanic Fisksand Invertebrates

oOceanic watersare defined here as those waters seaward of the continental shelf, although
oceanographic features and storms can cause these waters to intrude over themmader

shelf. Just as oceanic waters can traverse the continental, sloeffo oceanipelagic fauna,

such asHMS(e.qg., tunas, oceanic sharlks)dbillfish). Commercial longline catches, recreational
fishing surveys, and a growing number of independent research efforts insksgepelagic
habitats inform much of what we know about the distribution and abundance of oceanic
pelagic species.

Resource Descriptions 78






Biological Environmental Background Report

have limited connectivity with deeper waters. Several ¥albwn highly migratory species

such adunas,marlin, sailfishand swordfishare also epipelagidble3-5), manyof which are
YFEYylF3SR 6@ bacC{Q | A3Kfte& aA3INI dh2 N®rnafiond® OA Sa al y
Commission for the Conservation of Atlantic Tunas. The lower section of the epipelagic zone

has a distinct fauna, consisting of the poorly known oarfishes and its relatives, in addition to

fishes with great depth ranges such as tunas sndrdfishegMcEachran and Fechhelm 1998)

Adult driftfishes are generally found at depthsidging the lower epipelagic and upper

mesopelagic zones. At night, the epliagic zone receives an influx of animals from the meso

FYR oFGKeLIStFaIAO0 RSLIIKAZ (y26y a GKS ayeoazs
come to feed Sutton et al. 1998 Conversely, large epipelagic fisich as whale sharks

(Tyminski et al. 201%nd bluefin tungTeo et al. 2007)are known to migrateverticallydown

to the deepsea zones (>200;656ft).

Tunas (Genu$hunnus

Tunag(family Scombridagare aguably one of the most ecologically important, widely
occurring, and economically valuable ocegoétagic fishes in th&ulf. They include bluefin
tuna, yellowfin tuna, blackfin tuna, bigeye tuna, albacore tuna, little tunny, and skipjack.
Yellowfin tuna are the most commercially and recreationally valuable tuna species@ulthe

Like all tung, yellowfin tuna can maintain a body temperature higher than that of surrounding
water, allowing them to use their muscles more efficiently and therefore swim more quickly
with little expenditure of energy. This makes them depel predators in th&ulf, particularly

in the northernGulf where they are primarily capture@eo and Block 2010yeak spawning of
yellowfin tuna in thenorth-central Gulf occurs from May to AugugPacicco et al. 2023)
Yellowfin tuna fecundity increases more rdgith larger females, which are capable of
spawning daily during peak montfRacicco et al. 2023)

The spatiotemporal distribution of yellowfin tuna in thel@s closely linked to the mesoscale
structure and dynamics of the water colurflRamirezaMendoza et al. 2024Areas with
moderateto high salinity (2836 practical salinity unitsgsul), SSTabove 29 C(84 °F, deeper
thermoclines,and proximity to fronts associated with mesoscale oceanographic features such
as the Loop Current, wartore eddies, and discharges from the Mississippi Atchafalaya River
Systemappear toyield preferred habitatdor yellowfin tuna(Cornic and Rooker 2021; Ramirez
Mendoza et al. 2024Watersdeeper than J000 m(3,281 fj) and off the midwestern

continental shelf, highly influenced by upwellifayorable winds over the shelf and slope from
April and Augustare also favorabl@RamiezMendoza et al. 2024)

Hectronic tagging efforts have shown that adult yellowfin tuna intloethern Gulf may exhibit
more retention (i.e., longer residence times) than previously assuivwahg et al. 2009;
Hoolihan et al. 2014; Franks et al. 2Q0Mhich maybe relatednot onlyto the high productivity
associated with the Mississippi Ri\gelta, but also tathe extensive network of oil and gas
structures.Price et al. (2022)sed acoustic transmitters on deepwater oil and gas structures to
track tagged yellowfin in the Gulf and found that yellowfin interacted with deepwater oil and
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gas structures in a mannsimilarto how they interact with fish aggregating dees and other
geographical features. Oil and gas structures may be used as meeting points, landmarks, and
stopovers within a movement corridofhe northern Gulhas been found to be amportant
foraging area for yellowfin tunayhile it also proviégsoptimal conditions fofarvalgrowth and
survival due to its high values of chloropkey/land intermediate salinitied.eAlvarado et

al. 2021) Elevated nitrogen levels nearaMississippi Rivgolume (including those from
anthropogenic sourcesuch as livestock production, treated wastewater, and manure) also
support the retention of adult yellowfin in this region.

Althoughyellowfin tunahave distinct spawning areas (i.e., Gulf of Guinea, southeastern
Caribbean Se& ape Verdeandthe Gulf[of Americd) and apparent heterogeneity in their
distributions, they are currently considered to be a single stock for the eAtleatic

(International Commission for the Conservation of Atlantic Tunas 2B8bt®ker et al. (2023)
identified a high level of mixing of yellowfin tuna from nursery origins inGh#[of Americ3,
Caribbean Sea, Cape Verde, and the Gulf of Guemeghasizing the complexity of the stock
structure and population connectivity of yellowfin tuna. Recruits from the Caribbean Sea were
found to be important to both fisheries in the Gulf and the Mitdantic Bight{Rooker et al.

2023) Additionally, transAtlantic migrants were identified in U.S. waters from nurseries in the
Gulf of Guinea and the Cape Verde. Comparison of yellowfin tuna in the Gulf and Atlantic has
shown further support of no significant differences among fishes fiteetwo areas. An age,
growth, and mortality study of yellowfin in the Gulf and Atlantic found no significant differences
in mean length at ag@Pacicco et al. 20217 his study analyzed otolith samples from 3,443
yellowfin tuna collected in the western Atlantic and Gulf between 2004 and 2017, revealing a
significant increase in longevity (~%.&ars), with the oldest individual estimated to be 18 years
old. The size distribution of individuals in the Gulf ranged frong6ZB1 mm 25¢78 in(males,
females, and unknown sex), with little variation from the Atlantic population which ranged
from 601,481 mm(24¢58 in).

Bluefin tuna are the largest of the tuna species and an economically valuable sport and food
fish worldwide. Genetic and tagging studies have indicated that two separate stocks in the
Atlantic existand they are defined by their spawning grounds in Guéf (western stock) and
Mediterranean Sea (eastern stock), respecti@pck et al. 2005; Boustany et al. 2Q08)the
northern Gulf, the bluefin tuna spawning grounds are located far offshore in deep water,
particularly in the waters west of the Loop@nt, and spawning typically occurs from mid

late May(Brothers et al. 1983; Block et al. 200B6ike yellowfin tuna, bluefin have been shown
to use mesoscale oceanographic features (e.g., anticyclonic veartncoldcore eddies) in the
northern Gulf as likely nursery habita{€ornic et al. 2017along withother highly migratory
species (e.g., billfish and swordfigRooker et al. 2012)

Blackfin tuna aramong the mostabundanttuna speciesn the Gulf, yetbasicinformation
about theirlife historyremainslimited. Theyare the smallest of the tunas, aracouned for
morethan 80percentof tuna larvaein a longterm, fishery independent study conductedthre
Gulf (Gutierrez et al. 2024¥5enerally plackfintunalarvae have a high metabolic demand for
fast growth and increasd prey availabilityoften results in higher larval survi@ornic and
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Rooker 2018)Blackfin tundarvaeare faund to be more abundant in areas influernidey
freshwater inflows, where intermediate salinity levels {3@ psu) and elevatedutrient levels
from riverine discharges create favorable conditio@ernic and Rooker (2018)ggest thathe
distribution and abundance of blackfinna larvaeare stronglyinfluenced by warm
temperatures such as the Loop Current and waoore eddieswhich offerfavorablethermal
conditions andabundantpreyresoures. Gutierrez et al. (2024)sed an otolithkbased aging
methodto estimate the agegrowth, and mortality relationshipf 393blackfin tuna in theGulf
(84 females, 270 males, and 39 unknown sa) determined thathey exhibit slower growth
and a shorter mean length at adulthood compared to other tuna species

3.5.3 DeepSea Fisbsand InvertebrategMeso- and Bathypelagic Zones)

Much of what is known of deepea (over 200 n656 ff) mese and bathypelagic fauna in the
Gulf comes from a combination of trawl surveysmotely-operatedvehicle ROV footage, and
gut content analyses. These efforts have discovered assemblages of fistvartebrates
(Figure3-15) that are so diverse and abundahtt the Gulf was classified as a unique
biogeographic ecoregioim comparison to nearby oceanic regions such as the Caribbean and
Sargasso Sea in the western AtlaBatton et al. 2017)For example, deepwater pelagic
surveys conducted since th@eepwater Horizooil spill resulted in the collection of

794 mesopelagic and bathypelagic fish species, rankingitiieas having one of the four most
speciose oceanic ichthyofaunas in the wd@ditton et al. 2017)Althoughit is not an
exhaustive list, Tablei Sutton et al. (2017ncludes many of the fish and invertebrate taxa
that have been documented at various depths within the mesal bathypelagic zones the
Gulf.
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Contrary to previous thought, many of these species conduct major vertical migrations and are
not necessarily confined to particular depth zorfeseb 1986)For example, sampling in the

Gulf and several regions in the Atlantic revealed tladtthe 234 fish species collected in the
bathypelagic zone (3200 m 3,281 f), between 66 and 7gercentwere also collectedt

shallower depthsn the mesopelagic zone (D0 m 3,281 f) (Sutton 2013)However, some
taxaappear to becharacteristic of certain zoseand exhibit limited vertical migratiqidutton

2013) Some of the trends in physical and behavioral characteristics of these taxa are discussed
below with specific examples @ulf fish and invertebrate species incorporated as appropriate.

3.5.3.1 Mesopelagics

Many of the fish and invertebrate species living primarily in the mesopelagic zone undergo
DVMto the epipelagic zone at night where they feed on planktSalvanes and Kristoffersen
2001; Widder 2010; Bianchi et al. 20118)the northernGulf, the majority of these organissn

are located between 45and550 m(1,476 and 1,804 fjuring the day and rise to the surface

at night to feed(Kaltenberg et al. 2007)n response, mangpipelage predators (e.g., fish,

squids, nighforaging seabirds, and marineammals) have adapted to take advantage of these
migrations(Spies et al. 2016 herefore DVMs contribute to the transfer of energy from deep
sea ecosystems to surface waters and vieesa. East of the Mississippi River, daily variability in
DVMsintensify from autumn to springwith changes in structurever the coursef days to

weeks in association with onshore and offshore currents, lunar variability, cloud cover, and the
passage of harmful algal bloortRarra et al. 2019)

In waters where the mesopelagic zossubdivided into upper and lower zones (around 600
700 m 1,962,297 f), mesopelagic fishes inhabiting the upgenetend to have reflective
sides and large ventral photophores used to avoid predgtioenton et al. 1985Fishes
commonly collected in the upper mesopelagic zone include lanternfishes, bristlemouths
(a.k.alightfishes), hatchetfishes, bacudinasand small escolgiSutton 2013)Fishes in the
lower mesopelagizone aregenerally less reflectivand this trend continues with depth.
Commonly found species the lowerzone include dragonfishes, ridgeheads, dsep smelts,
bristlemouths, lanternfish, hatchetfishes, and pelagic €8lgton 2013)The larvae of many of
these taxa can be found in the upper 10Q328 ft) of the epipelagic zongassa and
Kawaguchi 2006; Hsieh et al. 20aAd in association with Loop Current frontal zones in the
Gulf (Richards et al. 1993)

Some of the most abundant and ecologically significant of these taxa i@ulliare the
lanternfish Myctophidag. They are one of the major migrating taxa between mesal
epipelagic zones and play important ecological roles as predators of zooplankton sy as
for a variety of predators in the epipelagic zqi@artner Jr. 1993; Catul et al. 201They have

a lifespan of approximatelycd years, which is relatively short compared to many demersal
species (some recorded to live >100 yeéiRs)ede 2017)and they produce relatively few eggs
(100:2,000 per spawnjCatul et al. 2011)n addition to fish, invertebrates of the mesopelagic
zone also fulfill similar ecological roles.
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There are many ecologically significant taxa of invertebrates present in the mesopelagic zone
and, like fish, they alsmnigratevertically throughout the water column, contributing to the
transfer of energyThey include many taxa of crustaceans (e.g., copepods, decapod shrimps,
mysids, ostacods, and amphipods), gelatinous organisms (e.g., tunicates, siphonophores, and
ctenophores), cephalopode.@.,squids and octopus), and polychaete wor{8pies et al.

2016) Cephalopods are particulgrimportant in mdwater ecosystems of théulf as both
predators and preyJudkins and Vecchione 202@)eyare known to be the primary prey of
sperm whales in th&ulf (Baumgartner et al. 2001 hrough stable isotope stomach content
analyses(McClainCounts et al. 201 fpundthat invertebrates such as copepods and
gelatinousorganismge.g., salps and pteropodajeimportant components of mesopelagic fish
diets.

3.5.3.2 Bathypelagics

The bathypelagic zone is one of the largest and least understood biomes on the planet.
sunlight penetragsits depths, and there is a walbcumented logarithmic decline of food

energy with increasing depttHaedrich 1996; Angel 1997; Sutton 20113)e sparseness of

prey, increased water pressures, asolsenceof sunlight may all contribute to the general
decrease in musculoskeletal robustness of fishes observed with increasing(8aptanes and
Kristoffersen 2001)0ther morphological adaptations ingle a reduction in relative eye size;

the loss or reduction of photophores; a transition to black, brown, or red pigmentation versus
silvery; and the reduction or loss of swbtadders(Marshall 1979; Sutton 2013)s a result of

the environment and their adaptatiods Yl y& FTAaK Ay GKAA& 12yS KI @S
hunting strategies in which they use bioluminescent lures to attract prey and mates. Despite its
extreme environmental characteristics, the upper bathypelagic waters are rich in biodiversity.

Midwater trawl surveys obathypelagt organisms in the Atlanti©ceanhave shown that

depths around 00 m(3,281 ft) which is the border of the mesopelagic and bathypelagic
zones, often contain the maximum species richness of both gedggic and megabenthic
fauna(Angel 1997)This finding was corroborated by a 1980s Minerals Management Service
survey of deegsea communities in th&ulf (Pequegnat 1983)wherefish diversity irthe
mesopelagic zonmcreaseddownto 950 m(3,117 f) water depth andsteadilydecreased
throughthe bathypelagic zone, with a drastic drbplow 2,300 m(7,546 fj) water depth More
recent midwater trawl surveys in the easte@ulf between 1000 and 3000 m(3,281 and
9,843ft) have found that approximately Sfercentof the catch consisted of bristlemouth
fishes, followed byophogastrid (17.®ercen and decapod shrimps (Pérceni (Burghart et

al. 2010) Gut content analys of these organisms revealed that both the bristlemouth fish and
lophogastrid shrimps primarily consumed smaller prey items like copepods and ostracods,
whereas one family of decapod shrimps (Oplophorided)primarily on relatively large fish
(Burghart et al. 2010)n general, their findingisuggest thathere waslittle overlap in fish and
invertebrate diets in the bathypelagic zone, with the majority showing a partitioning of food
resources.
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While many of the fish species present in the bathypelagic zonalsabe found inthe
mesopelagizone(i.e., lanternfishes, dragonfishes, hatchetfishes, and bristlemouitsie is

still a unique assortment of fishes that are typically only found at these depths. I@utfie

these include ceratioid anglerfishes, whalefishes, and tubeshou(deitey et al. 1989; Pietsch
and Sutton 2015; Novotny 2018oth anglerfishes and whalefishes haxibitedextreme
examples of sexual dimorphism, in which feenale is extremely large in comparison to males
(Johnson et al. 2009; Pietsch and Sutton 201Bijs may perhaps be an attempt to perpetuate
their speciesby investing the majority of their biomass in females, facilitating greater fecundity
(Sutton 2013)Like the mesopelagitshes the larvae of many bathypelagic fishes can be
foundin surface waters (<20@; 656 ft), where they have a higher likelihood of survival
(Ahlstrom 1969)

Similar to fish, many of the same taxa of invertebrates are found in both the+aado
bathypelagic zones (i.e., crustaceans, cephalopods, gelatinous organisms). However, some taxa
in this zone, such as species of lophogastrid, mysid, and decapod shHrampsa higher

proportion of individuals that brood their eggs compared to mesopelagic populatigurghart

et al. 2007) This may be an adaptation to an environment in which pelagic larvae have less
access to food and are not as likely to sun{Barghat et al. 2007) Although thegreatest

number of individual cephalopods has been documented in the mesopelagic zone, 95 percent
of oceanic cephalopod species in the north@ulf can be found spending a portion of their

time migrating through or living within the upper bathypelagic zone (1Q(ED0 m; 3,28¢

4,921 ft)(Judkins and Vecchione 2020Qastly, gelatinous zooplankton in the bathypelagic zone
may play an important role in deegea ecologySutton 2013)In the easterrGulf, they have

been found tobe prey for decapod shrimgBurghart et al. 201nd are likely prey for other
fauna in this zone (e.qg., bathypelagic fishes).

3.5.4 Essential Fish Habitat andSAListedThreatened and Endangered Species

Thissectiondescribes EFH, the process by which it is designatethow it ismanaged ESA
listed Threatened andEndangered species of fish and invertebrates present inGhié are also
discussed, with an emphasis on the north&uf.

3.5.4.1 Essential Fish HabitdEFH)

Federally managed fishes and invertebrates in the Gulf inchediedrum, reef fish (Bspecies),
coastal migratory pelagic fishes (3 species), coratag®es), shrimps (4 species), spiny lobster,
stone craband highly migratory specieS3species)Most of these managed species have

portions of their range and associated habitats that have been recognized by Congi$ds,as
defined asi K 2 & S and $ulisBataiecessaryo fishfor spawning, breeding, feeding or

ANE g G K ( A16VIS.C.BM etsdy.; NMFS 2000MFS works with th&ulf Council

to designate EFH using the best available scientific information and may update designations as
more informationis gatheredPursuant to Section 305(b) of thSA(NMFS 2007 federal

agencies are required to consult with NMFS on any action that may result in adverse effects to
EFHNMFS published the final ru(67 FR 2343jnplementing the EFH provisions of tRESA
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NassauGrouper

Nassau grouper are lodyed, moderately sized serranid fish that were listedlaatened

under the ESA in 2016. They inhabit shallow coastal water habitats as juemien

migrate to deeper waters as adulisid aregenerally associat with highrelief coral reefs or
rocky substrates in clear waters. Their current distribution includes Bermuda and Florida,
throughout the Bahamas and Caribbean §g¢aemstra and Randall 1993)hey have been
documented in theGulf but are generally replaced by red grouper in the easteuif in areas
north of Key West and the Tortugas. They are considered rare or transient in the northwestern
Gulf along Texadut a first sighting of a Nassau grouper was made inrRGB8NMh

September 2006Foley et al. 2007NMFS designated critical habitat for Nassau grouper under
the ESA in 20289 FR 126\While a few locations are in the Dry Tortugas and Florida Keys,
many of the critical habitat locatiorese largely outside the Gulbif southeastern Floridand

in the Caribbea) Designated criticdtabitat for Nassau grouper within the Gulf can be seen in
Figure3-17.

OceanicWhitetip Shark

The oceanic whitetip shark is a large, pelagic requiem shark species that was listed as
Threatened under the ESA in 20The oceanic whitetip shark is broadly distributed in tropical
and subtropical open ocean waters globally, typically found offshore near continental shelf
edges or around islands in depths greater than 18404 {t), and from the surface to at least
152 m (499 ft) deptifYoung and Carlson 202@ceanic whitetipsvere oncecommon,but
populations have decreased substantially over the years due to bycatch in longline fisheries and
direct fisheries for the finfish tradén the Gulf, Baum and Myers (2004w estimated that
oceanic whitetip sharks have declined by ovep8écentbetween the 1950s and late 1990s.
Like other sharks, oceanic whitetips arenerally consideredulnerable to overexploitation
because of their life histories, which are characterized by a late age at maturity and low
fecundity(Musick et al. 2000)

GiantManta Ray

¢CKS IALYG YIFEydl NI gwith @awingspah of@2t8l8 2D ). GiantNA Sa i NI
mantaraysare slowgrowing filter feeders that are globally distributed and highly migratory.

However, tagging efforts in the southe@ulf (i.e., Yucan peninsula) have indicated that

regional populations likely exist with a degree of site fid€karshall et al. 2011; Graham et

al. 2012) They have low fecundity, birthing only one or two live young eteRyears

(Marshall et al. 2011)'hey are most often reported in coastal areas and continental shelves

in association with seamounts and upwelling evef#taderson et al. 2011; Couturier et al.

2011) Over half (6percenty 2 F (G KS 3IALF Yy (G YI ydohfinedtbtBeQa & dzA G o0 f
continental shel{<200 m 656 ftdepth) and the inner continental slope of titgulf(Rome

Curiel et al. 2022)n the northwesternGulf, a prevalence of juvenile manta rays has been

found at theFGBNMSsuggesting that the banks maynctionas nursery habitats for this

specieqChilds 2001; Stewart et al. 2018)
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Queen Conch

The quieen conch is a large gastropod moktisat can be found in the subtropical waters of
Bermuda and in tropical to subtropical waters throughout the Caribbean aitfci iGcluding the
FGBNMS. As juveniles, they are usually found in association with seagrassshadislts, they
aremost often found on sandy algal flats, but can also be found over gravel, coral rubble,
smooth hard coral, and beach rock bottoNOAA Fisheries 2025na@ndare generally not
found in waters deeper thaBl m(70ft). Thoughqueen conch hae a long spawning season,
they reproduce through internal fertilization and must be near a mate to reprodtt@AA
Fisheries 2025m)nakingthem more vulnerable to anthropogenic impacts that reduce the
numbers of individuals in a population. In March 2024, NOAA Fishisted the queen conch
asThreatened throughout its range under the E®A FR 11208Yhe queen conch ialsolisted
under Appendix Il of CITES, meaning it is considered a species that cauledtened with
extinction if trade is not closely controlled. Within the FGBNM& gueen conclihas been
documented at the WFGB, EFGB, and Stetson Bank. During 2006, three juveniles were observed
at Stetson Bank along with 27 adults, indicating a potential recruitment event to the bank
(NOAA Fisheries 2025m)

3.5.4.4 ESAListedEndangered Species

Smalltooth Sawfish

Smalltooth sawfish belong to the subclass Elasmobranghichincludes shark, skateand

rays. Although they more closely resemble sharks, they are ttagis gills and mouths are

found on the underside of their bodies. Their name comes from their distinct rostrum, a long,
flat snout resembling a saw. They live in shallow, tropical seas and estuaries. Historically they
rangedfrom Texas to New Yo(4 FR 45353however, populations became so depleted they
were listed agndangered under the ESA in Z)0heir declings due to habitat loss and
degradationandbeing taken as bycatch in a variety of commercial and recreational fisheries.
The most recent encounter data and research suggest that a resident, reproducing population
of smalltooth sawfish existnly in southwest FloridéSimpfendorfer and Wiley 2005As such,
critical habitat designations for this species were created and include the Charlotte Harbor
Estuary Unit and the Ten Thousand Islands/Everglades#signated critical habitat for
smalltooth sawfisttan be seen ifigure3-17.

3.5.5 Fishand InvertebrateBioacoustic

The following sections discuss the importance of sound to fishes and invertelfrsieand
invertebratehearing anatomy, how different hearing groups are classited potential
impactsfrom introduced anthropogenic soundSiven the limited body of research available,
these sections present current knowledtmat includesinformation on species that may not
occur within the Gulbut offer relevant biological and ecological insights.
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3.5.5.1 The Importance of Sound tBishesand Invertebrates

Many fishes and invertebrates produce sounds for basic biological functions like attracting a

mate and defending territory. Sound production in fishes has evolved at least 33 times

throughout evolutionary time, and the majority of rdiyined fishes are lidy capable of

producing soundgRice et al. 2022Fish may produce sounds through a variety of mechanisms,

such as vibrating muscles near the swim bladder, rubbing parts of their skeleton together, or
snapping their pectoral fin tendor{tadich and BasX¥)11; Rice et al. 2022%imilarly, many

YENAYS AYyOSNISONI GS& LINPRdAzOS &a2dzyRaz NI y3IAy3
(Johnsonetal. 1947) 2 & LAy & f (Paiek 08202 a MF A & & KNA Y LI & NHzY «
(Staaterman et al. 2011yome sounds are also produced as -@imductof other activities,

such as the scraping sound of urchins feeqRadford et al. 20088) Y R S @Sy | a 02 dza3K
sound made when scallops open and close their sfll$orio et al. 2012)

Some specieslo not appear to produce sounds, but still have acute hearing (e.g., the goldfish),
which has ledcientiststo surmise that animals glean a great deal of information about their
SYGANRYYSyYyil UGKNRdAZAK | O02dzaid A O 0OdzS &ay 2009AlNE OS a &
the sounds in a given environmefftiological, geophysical, and anthropoggmake upthe

G a 2 dzy R @ifahondgiet al. 2011Boundscapes naturally vary over space and time, and

there is increasing evidence that som&hfiand invertebrate species can distinguish between
soundscapes of different habitafe.g., Radford et al. 2008b; McWilliam and Hawkins 2013;
Kaplan et al. 2015)n fact, some pelagic larvae may use soundscapes as a cue to orient towards
suitable settlement habita¢Simpson et al. 2005; Montgomery et al. 2006; Radford et al. 2007;
Vermeij et al. 2010; Lillis et al. 20X%)to induce molting into their juvenile forn{killis et al.

2013; Stanley et al. 2015)he unique acoustic signatures of marine hatstprovide vital

information to the range of species that reside within and around them.

Compared taheir understanding omarine mammals, scientists have only scratched the
surface in understanding the importance of sound to the vast number of extant fish and
invertebrate species. Yenderwater sound is vitally important to their basic life functions, such
ascommunicaing, finding a matedetectingprey andpredators, and selectinghabitat (Popper

and Hawkins 2019Y he abilityof fishes and invertebratet® detect components of marine
soundscapesould be adversely affected by the additiohnoise from anthropogenic activity.

3.5.5.2 Hearing Anatomy

All fishes and invertebrates can sense the particle motion component of a sound wave (for
information about particle motion, seAppendixB). The inner ear of fishes is similar to that of
all vertebrates. Each ear has three otolithic end organs, which contain a sensory epithelium
lined with hair cells, as well as a dense structure called an ot{@libper et al. 2021)As the
backand-forth particle motion moves the body of the fish (which has a density similar to
seawater), the denser otoliths lag behind, creating a shearing force on the hair cells, which
sends a signal to the brain via the auditory nefivay and Popper 200 article motn also

can occur through substrate vibration, and sediment dwelling specebelieved to be able to
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detect particle motion over a greater distance via the substrate, because vibrations propagate
further than waterborne particle motion(Williams et al. 2021)Animals that cadetectonly

particle motion or substrate vibration are likely to detect sounds only within a few wavelengths
of a sound source, where the particle motion component of a sound wave is donflack

1983; Kalmijn 1988; Popper and Hawkins 2018)

In addition to particle motion detection, a shared trait across all fishes, some species (typically
NEFSNNBER (2 a4 aKSENAY3I EALISOAlIf AadlG@Eayand NB | f &
Popper 2000)Special adaptations of the swim bladder (e.g., anterior projections, additional gas
bubbles, or bony parts) bring it close to the ear; as the swim bladder expands and contracts due
to the change in pressure, particle motion within the body of the fistdsea signal to the ear
(Popper et al. 2021 Heaing specialization is not limited to features that enhance hearing
sensitivity or bandwidth (frequency), and may include adaptations for better signal
discrimination, sound localization, and detection of signals among masking sounds, among
others. Most haring specialists can typically detect a broader range of acoustic frequencies (up
to 3c¢4 kilohertz kHZ) (Wiernicki et al. 2020; Lucke et al. 2024t a few species can detect

sounds beyond that rang@opper et al. 2021A few species in the herririgmily can detect
ultrasonic (>20 kHz) soun{igann et al. 2001)but this is considered to be very rare among the
bony fishes. Another important distinction for species that do possess swim bladders is whether
GKS agAY o0f ! RRS NJspedies with bpBryswvim dladbledss Odn 2eleddpressure
via a connection to the gut, while those with closed swim bladders can only release pressure
very slowly, making them more prone to injury when experiencing rapid changes in pressure
(Popper et al. 2019)t should also be noted that hearing sensitivity can change with lage

some speciedike black sea bass, thess distancdetween the ear and the swim bladder in

smaller fish can mean that younger individuals are more sensitive to sound than older fish
(Stanley et al. 2020)n other species, hearing sensitivity seems to improve with age
(Kenyon1996)

Invertebrate bioacoustics is a rapidly expanding field of rese@ohmandeau Associates
Inc.2012; Mooney et al. 2016; Popper and Hawkins 20li8g elasmobranchs and other fishes
considered to be hearing nespecialists, marine invertebrates lack a-jiiied bladder and are
thus unable to detect the pressure changes associated with sound waves. However, all
cephalopodsandsome bivalves, echinoderms, and crustaceans have-bBksastructure that
develops during the larval stage called a statoaybich includes a mineralized mass (statolith)
and associated sensory ha{esg., crustaceans in Edmonds et al. 2088atocysts, which are
similar to fish ears, act like accelerometers: a dense statolith sits within a body of hair cells, and
when the animal is moved by particle motion, it results in a shearing force on the hair cells
(Budelmann 1992; Mooney et al. 2010) addition to statocysts, some invertebrates have
epidermal hair cells which help them detect particle motion in their immediate vicinity
(Budelmann 1992; Kaifu et al. 2008pmparable to lateral lines in figfcCormick 2011)
Similarly, decapods have sensory setae on their fBdpper et al. 2001)ncluding on their
antennae which may be used to detect kk@quency vibrationgMontgomery et al. 2006)The
research thus far shows that the primary hearing range of most pasticigon sensitive
organisms is below 1 kHRopper et al. 2021)
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and invertebrates is critical for understanding the broad range of impacts, especially on
important biological processes such as reproduction, larval development, and recruitment
(Carroll et al. 2016)t is important to note that unlike mammals, whose hair cells do not
regenerate, fishes are able to regrow hair cells that die or become dan{&gedin 1981)This
makesit unlikely that they could experienqgegermanentthresholdshift (PTS)an irreversible

loss of hearing due to hair cell loss or other structural damage to auditory ti€Saesders et

al. 1985; Henderson et al. 2008nhere argherefore no thresholds focused explicitly on
auditory injuryfor fishes However, fishes do experientemporarythresholdshift (TTS$, a
relatively shortterm, reversible loss of hearing following noise expog@@uthall et al. 2007;
Finneran 2015)often resulting from hair cell fatigu&aunders et al. 1985; Yost 20008hen

very close to impulsive sound sources or explosibsisescould experience barotrauma, a

term that refers to a class of injuries ranging from recoverable bruises tmatgmage (which
could ultimately lead tanortality) (Stephenson et al. 2010; Popper et al. 20¥dhen the

air-filled swim bladder inside the body of the fish quickly expands and contracts due to a rapid
change in pressure, it can cause internal injuries to the nearby tigsladgorsen et al. 2011)
The greater the difference between the static pressure at the site of the fish and the positive
and or negative pressures associated with the sound source, the greater the risk of
barotrauma. This means thanhpulsive sounds like those generated by impact gileing or
seismic airguns may present a risk of injury due to the rapid changes in acoustic pressure
(Hamernik and Hsueh 1991)

For marine invertebrates, exposure to ndald highamplitude sound may cause anatomical
damage and behavioral responses, although research outside of saisguosources is

limited (Carroll et al. 2016)A review byCones et al. (2022howed that data from comparable
studies of similar sound types and characterizations provide evidence that acoustic impacts to
bivalves tend to be more severe with increasing received ledéigquel et al. (202&)entified
significant differences between the auditory thresholds of juvenile an@gulbgiant scallops,

with juveniles being more sensitive, suggesting ontogenetic differences in hearing sensitivity.
Giant scallop auitbry thresholds below 508ertz (H2 were quantified using particle

I OOStSNIXGA2Yy YR 0SKIFE@A2NIf NBalLRyaSaT GKS
stronger valve closures occurred with exposure to lower frequencies and higher sound levels
(Jézéquel et al. 2022pamage to invertebrate statocysts has been observed as a result of
sound exposure, but it is unclear whether the hair cells can regenerate, like they do in fishes
(Solé et al. 2013; Solé et al. 201Fyrthermore, most studies to date lefocused on low
frequency sound; however, a playback study using-fighuency stimuli (10§200 kHz

sweeps) was reported to elicit a noiseluced physiological stress response in black sea urchins
(Vazzana et al. 2020As with marine mammals, continuous, lowevel sources (e.g., vessel
noise) are unlikely to result in auditory injury but could induce changes in behavior or acoustic
masking. Generally speakifggcauseparticle motion is most relevant within a few

wavelengths of a sound source, impafttsm underwater noise on marine invertebrates is

likely to occur over very small spatial scagldsck 1983; Kalmijn 1988; Popper and Hawkins
2018)
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appropriate than the current SPL criterion of 150 re 1 pPa. Studies on spawning Atlantic cod
showed no substantially altered behavior when exposed to distant seismic airguns at received
levels between 115 and 148 re 1 pPaMcQueen et al. 2022However, the same fish

species were observed to decrease their activity levels and increase swimming depths when
exposed to marine vibrator noise at the same exposure lgtQueen et al. 2024 he

authors suggest that the cod were probably more likely to is¢tudbed by continuous sounds

than intermittent sounds. Finalljpecausemost species are more sensitive to particle motion

and not acoustic pressure, the criteria should, at least in part, be expressed in terms of particle
motion. Overal| until there is further empirical evidence to support a different criterion, the

150 dB re 1 uPa SPL threshold remains in place as the interim metric that regulatory agencies
have agreed upon.

3.5.6 Environmental and Anthropogenitressors
3.5.6.1 Noise

The potential sources of underwater noise from ABOEM activities that may impact fishes

and invertebrates include noise from natufalg., winddriven waves and animal sounds) and
anthropogenic sources (e.gessel noise fromommercial shippingndfishing inshore

dredging and coastal constructiprOfthese,the most widespread and persistent source is

vessel noise. A description of the relative presence of vessel noise in the Gulf soundscape can
be found inSection3.7. The most likely effects ofstant and/or chronic vessel noiseowid be
behavioral changes or acoustic masking.

Avoidance of vessels and vessel noise has been observed in several pelagic, schooling fishes,
including Atlantic herringvabg et al. 2002 Atlantic codHandegard et al. 2008)nd others
(reviewed inDe Robertis and Handegd2013 and Pieniazek et a[2023). Fish may dive
G26FNR GKS aSIFt22NE Y2@S K2NAIT 2y Gl e 2dzi
(De Robertis and Handegard 201Bhese types of changes in schooling behavior could render
individual fish more vulnerable to predatiomtare unlikely to have populaticlevel effects. A

body of recent work has documented other, more subtle behaviors in response to vessel noise,
but has focused mainly on tropical regdvelling fish. For example, damselfish antipredator
responsegSimpson et al. 2016; Ferrari et al. 20a8) boldnesgHolmes et al. 201 &eem to
decrease in the presence of vessel noise, while-gaarding behaviors seem to increase
(Nedelec et al. 2017)here is some evidence of habituation, thoulyledelec et al. (2016)

found that domino damselfish increased hiding and ventilation rates after two days of vessel
sound playbacks, but responses diminished after one to two weeks, indicating habituation over
longer durations. Subtle changes to social behaviors and commuoricasither than dramatic
effects such as injury or mortality, aienportant for evaluating the potential consequences of
noise on reproductive success and species survival. Data from a playback study on African
cichlids showed that when exposed to pure tones of 10€PH#z, the fish were less likely to
interact with one another in territorial, courtship, or reproductive interactions, and females had
a lower incidence of spawning and reduced hearing capabilities tharexposed animals

(Butler and Maruska 2020)
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It is possible that vessel noise could induce physiological stress or lead to acoustic masking in
fishes. Several studies have shown an increase in cortisol, a stress hormone, after playbacks of
vessel nois¢Wysocki et al. 2006; Nichols et al. 2015; Celi et al. 20L6)pther work has

shown that the handling stress of the experiment itself may induce a greater stress response
than an acoustic stimulu$arding et al. 2020; Staaterman et al. 20Z)e cavitation of vessel
propellors produces lorequengy, nearly continuous sound that is audible by most fishes and
invertebrates and could mask important auditory cues, including conspecific communication
(Haver et al. 2021; Parsons et al. 20&kanley et al. (201 @emonstrated that the

communication range of both haddock and cod (species with swim bladders but lacking
connections to the ear) would be significantly reduced in the presence of vessel noise, which is
frequent in their habitat in Cape Cod B&jeira et al. (2021fpund a reduction in acoustic

energy of meagre chorusing, as well as a reduction in the ability to discriminate conspecific calls
during the passage of a ferryboat, suggesting a significant masking effect of vessel noise which
could impact spawning behavifvieira et al. 2021)Generally speaking, species that are

sensitive to acoustic pressure would experience masking at greater distances than those that
are only sensitive to particle motioRogers et al. (2028nd Stanley et al. (201 %heorize that

fish may be able to use the drtional nature of particle motion to extract meaning from short
range cues (e.g., other fish vocalizations) even in the presence of distant noise from vessels.

The great diversity of aquatic invertebrates, compounded by a relative lack of research on
vessel noise specifically, makes it difficult to draw broad conclusions about effects on this
taxonomic group. However, a metmalysis was conducted IDavies et al. (20249
AYO@SAaGA3ILGS K26 RAFTFSNBYG 02dzadA0 adAYdzZ A Ay
physiology. The authors looked at 50 species being studied under a range of experimental
conditions with four sound types: anthropogenic, environmentahtisgtic, and music. The

authors concluded that anthropogenic and synthetic sounds had detrimental effects on the
animals that were exposed, while environmental sounds had slightly beneficial effects on their
behavior(Davies et al. 2024)n a laboratory playback studyutland et al. (2023xposed

three life stages of hummingbird bobtail squid to 15 minutes of vessel sound at 150 dB re 1 pPa,
resulting in TTS and a decrease in ventilation rate for alitfges, which recovered in two

hours. Some crust@ans seem to increase oxygen consumpfmabs: Wale et al. 2018y

show increases in some hemolymph (an invertebrate analog to blood) biomarkers like glucose
and heatshock proteins, which are indicators of str¢sginy lobsters: Filiciotto et al. 2014)

Other species (American lobsters and blue crabs) showed no difference in hemolymph
parameters but spent less time handling food, defending food, and initiating fights with
competitors(Hudson et al. 2022)0ne study examined the impacts of noise orotootor

activity of burrowing animals and showed that to some extent, noise changed the way they
mediate sediment dynamid$olan et al. 2016)Vhile there does seem to be some evidence

that hearing, certain behaviors, and stress biomarkers in invertebrates could be negatively
affected by vessel noise, it is difficult to draw conclusions from much of thishemduset is

limited to the laboratory, and in most cases, particle motion was not measured as the
relevantcue.
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3.5.6.2 Coastal Development and Lighting

Coastal development, which includes beachfront construction of homes, hotels, restaurants,
harbors, and roads is a substantial contributor to coastal lancanskor modification not
associated witBBOEMregulatedactivities. These developments can indirectly affectetsdnd
invertebrates through modification and/or loss of preferred hahitaith similar effects to

those described latefor BOEMregulatedactivitiesunder Section4.5.4 Coastal Land
Use/Modificationand Section4.5.3 Bottom Disturbance

Artificial lighting from norBOEMregulatedactivities(e.g.,from privately owned homedotels,
public fishing piers, restaurants, and industejated infrastructure such ashipping and
commercial fishery docks) creatighting conditions that would not naturally occun coastal
areas Thoughthe effects to fish and invertebrates are not well understood, some studies
suggest that artificial light can alter predatprey interactions and negatively impact
settlement site selection in coastal areas. Pathways to impact would be similar to those
described for BOEMegulated activities irbection4.5.7Visual and Lighting Impacts

3.5.6.3 Bottom Disturbance

The potential sources of bottom disturbance from AB@®EMactivitiesthat may impact fishes
and invertebrates include vessel and buoy anchoring, moorings, military operations, artificial
reef emplacement, dredgin@.g.,for canals and harbor®r the harvest of sediment resources
in statewatersfor beach restoration)trawling,andmass wastingOf these, coastal dredging,
either for new waterways or maintenance of existing waterways, is likelpdt®m-disturbing
activity most impactful to fishes andavertebrates Potential effects to fishes and invertebrates
are similar to those described fBOEMregulated bottomdisturbingactivities (e.g., physical
crushing and increased turbidjtgeeSection4.5.3Bottom Disturbance

3.5.6.4 Fisheries Interaction

Commercial and recreational fishing directly affect the abundances of fish and invertebrates in
the Gulf, although improvements in fishery management techniques and science have been
able to improve stock levels for many commercially and recreationally valuable syisiesal

gear typessuch as longlines (surface and bottom) and trawls (bottom and midwatemn)

result in the bycatch and mortality of many species that are important both ecologically as
predators and/or prey and socioeconomically (eigvepile red snapper, Atlantic croaker, and
bluefin tuna). This can result in potential damage to future ydasses, reduce prey

availability, and damage benthic habitat for maayif fish and invertebrate speciek.is likely

that a combination of factors including overfishing, bycatch in fishing gear, and other
anthropogenic factors contribute to declines in populatigpsamond et al. 2000)
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3.5.6.5 Vessel Strike

Vessel striketo fishes and invertebratesay result fromvessels not associated with
BOEMregulated activities, such @mmercial shipping, reeational boatingand fishing
commercial fishingand cruise shig. Thoughlarvalfish and inverébrates with limited mobility
mayexperience mortality from vessel striker may betemporarily displacedby vessel wake
the majority of the strike risk would be tlarge,surfacefeeding fishes such aghale sharks
The potential impacts would be similar to those from vessels associated with B&EMted
activitiesand can be found discussed in more detafbaction4.5.9.4 Strikes and Collisions

3.5.6.6 ClimateRelated Factors

Higher water temperatures associated with increasadbondioxidelead to sedevelrise, sea
ice loss, increased ocean stratification, deoxygenation and eutrophication of coastal waters,
and altered patterns of ocean precipitation, circulation, and freshwater iiponey et

al. 2012; Rodgers 202I)hese factorslisproportionately affectoastal areaswhich is
problematic for organisms such as shalaater corals. Impacts to coastal habitats (e.g., coral
reefs) have indirect effects to fish and investates that rely on andsethese habitats for
foraging, reproduction, shelter, and cleaning stations (e.g., sharks and\/égshing waters

can lead to changes in size structure, spatial range, and seasonal abundance of organisms; they
can alsaaffect the distribution of parasites, pathogerad invasive species, intensifying their
proliferation and expanding their rangé@slarcogliese 2008; Doney et al. 201Phe

introduction of nonnative species into thaulf is well documented and includes both aquatic
fish and invertebrates (g., Asian tiger shrimp and lionfish), which threaten ecosystems
through competition, habitat displacement, and/or predation of endemic species.

Potentialchanges to spawning and migration behaviorsighly migratory specieway also
occur(Muhling et al. 2011)Northward expansionsf tropical and subtropical fish species have
been observed in the @, which have potential to altethe ecology of existingcasystems
including food web and habitat interactioiisodrie et al. 2010; Fujiwara et al. 2019;
Purtlebaugh et al. 2020)

In addition to warming waters, excesarbondioxidein the atmosphere is absorbed by the
oceans, reducing ocean pH (i.e., ocean acidification) and carbonate ion concentrations, as well
as altering the levels of calcium carbonite saturation. Experimental evidence suggests that
changes in these levetsayimpair the ability ofcorals, calcareous phytoplankton, as welttses
ability oflarval mollusks and echinoderrs maintaintheir calcium carbonite skeletor{®rr et

al. 2005; HoegiGuldberg et al. 2017yvhich has negative implications for fish and invertebrate
habitat availability and trophic pathwayBoney et al. 2012)

Land losssealevel rise and major storm effectsanalter estuarineand coastahabitats which

support a wide variety of fishes and invertebrates at various life stdggmrtant recreational
and commercial fishes and invertebrat@scluding red drum, black drum, spotted seatrout,
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southern flounder, blue crab, and penaeid shrinyseestuarine habitats for somer all, of
their life cycle.

3.5.6.7 Disease

A variety of diseases impaftshes and invertebrates in theu. As describd in the previous

section, warming waters may increase the proliferation of pathogens and subsequent disease in
marine fishes and invertebrate®ne of the challenges gtetermining the degree and extent of
diseaseamongfish and invertebrates is thamnpactedindividualsmaybe more susceptibléo
predation leading to their mortality and thushaking the determination of disease prevalence
difficult to discern.Additionally,compoundedenvironmentalfactors may make it difficult to

attribute mortality solely to diseas@s is the case with harmful algal bloo(hAB) whichnot

only producetoxins but alsacauseoxygen depletionn the marine environmentOverstreet

and Hawkins 20175omediseasesnanifestthrough altered behavior, skin lesions, or other

visible abnormalities, whereas others may remain less detectable externally.

The most prevalentaxicalgae andheir associated toxins in theu® includeAlexandrium
monilatum(goniodomin A, Karenia brevigbrevetoxins)Karlodinium veneficurtkarlotoxins),
Prymnesium parvur(prymnesins), andkashiwo sanguinegurfactants) Cochlodinium
polykrikoidegichthyotoxins), and raphidophyte species suclCasttonella marina,
Heterosigma akashiw@nd Fibrocapsa japonicare other potential ichthyotoxic species
(Overstreet and Hawkins 201 Rarenia brevisauses probably the most wédhown HAB in the
GQIff 1y2edih R&§E @ ¢ K SatBggared Bycyidbination obptimal
environmental condition$or algal growth(e.g.,temperature, ligh}, andnutrient influxes
(particularly nitrogerand phosphorus Thesereddishbloomsmayresult in large mortalities of
fishandare also known to causespiratory irritation and contact dermatitis in humark3sh
may undergo mortality when their gilhcountertoxins (released wheK. brevigells lyse),
when they ingestdinoflagellate cells, or when they ingest ottmmtaminatedbiota (Overstreet
and Hawkins 2017 ontaminated fish magxhibit vigorous twisting/corkscrew swimming,
contractions, tail curvature, loss of equilibrium, slow and irregular opercular movements,
quiescence, and sudden convolution leadingrortality (KimmBrinson and Ramsdell 2001)

Fish mayhave lesiongoccasionallyNE F SNNBR (2 & AGaNBR a2NBEX adl A
NE iéasalresult of predator wounds, trawling or other fishing activities, undesirable water

quality, internal or external parasites, plasmid or viral infecti@amg] bacterial infections. These

lesions are particularly susceptible to newsacondarybacterial infectionVibrioand
Pseudomanamfections are most common, with several other tygesy.,Aeromonas

Flexibacteypresentin lower salinity conditioa In addition to visible lesionéish may exhibit
SE2LKGKI f YAl 6 NB m3adeisato incteridl iafection. @IS ¢ 0

exophthalmia mayesult from a variety of causeBacterial infections may result in rare but

large mortality eventgOverstreet and Hawkins 2017)

Viral infectiongseveral strainsinay result in lymphocystis fish whereinconnective tissue
cells in the skimypertrophy and result in large, tumorous growtihese growths may be
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external oroccurinternally on organs. Lyphocystis typically only affes a small number of
individuals, but a wide varietyrishes of the family Sciaenidae (drums) are most commonly
affected bylymphocystigOverstreet and Hawkins 201 Mhoughviruses may contribute to
large mortality eventsmortality may also be attributed tetress or some other condition.

Fungal infectionsnay also present as ulcerative skin lesionshes These lesions have been
observed irstriped mullet, silver mullet, black drum, sheepshead, and silver pé&tatre is less
known about fungal infections in the highsalinity offshore environmentalthough one study
suggested that a fungal infection identifiedtive swim bladder and kidney afred snapper
individual may have beescquired duringleflation of the swim bladdemuging ahypodermic
needle) afterfishingcapture(Oversteet and Hawkins 2017)

CGulf invertebrates also undergo a variety of disease stres$t@raeid shrimps can undergo
viral infectiongs more than 25 species of viruskave beerdocumented(Overstreet and
Hawkins 2017)Microsporidia, a phylum of unicellular spefi@ming parasites related to fungi,
also infect penaeid shrimps in the Gulf and can result in mass mortality e\@vesstreet
andHawkins 2017)Black gildisease which can be caused by a variety of sources including
chemical irritants, viruses, bacteria, and furigif mostly attributable tociliates presents as
darkened, damaged gill tissaad can causeortality eventsin penaeid shrimpg~or blue
crabs, kell diseasean a@curwhenbacteria or fungi gain entrance to shelsanifesing as
orange, brown, or black lesionStress from tbse lesions can prevent crabs from molting and
result in mortality.For Eastern oyster®erkinsus marinu@reviouslyknownasDermocystidium
marinum,2 NE T2 NJ aK2 NIi = & RS paragiici@ageit i thé@f. Sheihgaataf A Y LI O
P. marinusraries from location to location accordingfteshwater inflow,salinity,

temperature, genotype of the infectious agent, and possibly on interaction with specific
contaminantgOverstreet and Hawkins 2017; Silvy et al. 20ROjmarinusan causeeduced
feeding, growth, and reproduction in oysters and increase their vulnerability to predation.
Vibriobacteriais alsoknown to infect Easternysters anccancause larval mortalitgnd also
concentrate in adult tissues, posing a health risk for human consumfiverstreet and
Hawkins 2017)

3.5.6.8 Marine Debris Pollution, and Runoff

Marine debris, pollutionandrunoff from sourcesot associated with BOEXégulated
activitiesmay includefresh water, wastewater, stormwater runoff, ayr water from vessels,
chemical wastes, nutrients (e.g. nitrogen and phosphorus), dredged material, and other
materials (e.g., trash, including plasticEhese inputs can alter habitat suitability for fishes and
invertebrates Pathways to impact would be similar to those described for B@Eglated
activities and can be found discussed in more detdfidntion4.5.2 Discharges and Wastes
Section4.59.1 Accidental ReleaseandSection4.59.3 Marine Trash and Debris
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(Roberts et al. 2022Modeling results seemed to support surface use during fréorts

loggerheads and green turtles. The frontal surface useth@sghtto be associated with

increased productivity in these areéRoberts etal. 2028 ¢ KS f 233SNKSIFR FyR Y
times at surfaceare similar to numbers previously reported.

The northeastern Gf is an important foraging ground during the developmental stages for
both loggerheads and green sea turt{@gildermann et al. 2019 or instance, seagrass beds
provide foraging habitat for sea turtl§8Vard and Tunnell Jr. 201 Bargassunmats provide

food and protection from predation for a wide spectrum of fauna, including juvenile sea turtles
(Dooley 1972; Casazza and Ross 2@08)S Kl G OKf Ay3a 2F f233ISNKSIRZ
hawksbill sea turtles are thought to fisargassumrafts when seeking frontal zones

(predictable mesoscale [1@s 100sof km; 6.2to over 62 mj regions of persistent frontal

activity, i.e., Gulf Stream), tharse the habitat as foraging grounds and protection during their
LISt F3AA0 af 234l &Bingich turtedidghiirgs/aketsGrc@ s 1198F Costen
Clements et al. 1991; Witherington et al. 2012; Putman and Mansfield 2Bs) sea turtle
species move geographically, either seasonally or between nesting activities.

3.6.1 Loggerhead Sea Turtle

Loggerhead turtleare known for their large head and powerful jaws that enable them to feed
on hardshelled preysuch as whelks and condloggerheads are a large specis adultmay
weigh91¢159kg (200¢350Ibs), and havea slightly heartshapedcarapace length d3.76¢

1.06m (2.5¢3.5 ft) (NOAA Fisheries 2025fdults and sukadults typically hava pale yellowish
plastron and a reddishrown carapace covered mon-overlapping scutes that meet along the
seam lines. Hatchling loggerheaate mostly dark brown with a yellowighn plastronand
flippers with white to whitegray marginsLoggerheads go throughightdistinct life stagesThe
Recovery Plan for the Northwest Atlantic Population identiipdcificecosystemgor each

stage (1) egg (terrestrial zone), (2) hatchling stage (terrestrial zone), (3) hatchling swim frenzy
and transitionaktage (neritic zone), (4) juvenile stage (oceanic zone)\(Bhilestage feritic
zone), (6) adult stage (oceanic zone), (7) adult stage (neritic zone), and (8) nesting female
(terrestrial zone)NMFS and FWS 200Bpggerheads are lglived, reaching sexual maturity

at between 20 and 38 years of ggmd can live to 70at 80 years or moréNOAA Fisheries
2025))

Loggerhead turtles range from tropical to temperate regions globaity, nine DPSShe Gulf

is an important area for this species. Loggerheads are one of the most commonly occurring sea
turtle species in the @f, with critical habitatdesignations fobeaches and coastal waters in
Florida, Alabama, and Mississipigure3-18). Thenortheastern Gultoastline represents 90
percent of the nesting habitat for the Northwest Atlantic subpopulation of loggerhead turtle
(Ceriani and Meylan 2017)

In the Gulf, loggerhead turtles have beeaightedprimarilyin waters above the continental
shelf, although many surface sightings have occurred in the outer slope beyot¢DEm
(3,281ft) isobath. Sightings of loggerheads in waters above the continental slope suggest that
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they may be in transit through these waters to distant foraging sites or seeking warmer waters
during the winter. Although loggerheads are widely distributed during summer and winter,

their presence in surface waters above the slope is greater during m{idiglin and Hoggard

2000) Adult loggerheads are known to make extensive migrations between foraging areas and
nesting beaches. Duringpnnestingyears, adult females from U.S. beaches are distributed in
waters off the eastern U.SGulf, Bahamas, GreatéAntilles, and YucatdConant et al. 2009)

Loggerheads are the most observed turtle in FGBNMSmajority of sightingare at the EFGB
(Hickerson 2001)n 2000, a population of large juvenile loggerheads was documented residing
in and moving near theFGEBnd WFGBHickerson 2000Hatchlings and/or podtatchlings,

large juveniles, and adults are present at N&S (Hickerson 200Q)arge juveniles appear to

be the most common, while hatchlings and/or pésttchlings sometimes pass through on
Sargassunmats (Hickerson 2001FGBNMS reefs may pide a temporary residence for
juveniles approaching maturitys they prepare to move to adult feeding aré@sfice of

National Marine Sanctuaries 2008pggerheads use the shallow reef crest to rest and forage
on deeper areas of the re¢Hickerson 2000)They have been documented to show strong site
fidelity (Hickerson and Peccini 200Qpggerheads are typically observed in FGBNMS during the
late afternoon or night, resting under ledges or coral he@fice of National Marine

Sanctuaries 2008}-or instance, they have been obsahfeeding on sponges at Stetson Bank.
They have also been observed on the surface catching a bf@#tbe of National Marine
Sanctuaries 2008)

Loggerheads mate in late March through early June in the southeasteriiiiéymigrate to
their natal beaches to mattNMFS and FWS 2023he mean clutch size for loggerheads is
100126 eggs per nest, with an average of 4.1 nests/nesting individuals per nesting season
(Murphy and Hopkins 1984; NMFS 2Q013)

Benscoter et al. (2022)juantified the number of nesting loggerhead sea turtle females that
were <87cm (34 in)curved carapace length notch (GQLA CGh of >87 cn(34 in)has been
previously used as the size classification for reproducing females and is used in the estimates
provided in the Recovery Plan for the Northwest Atlantic Ocean popul @bdiFS and FWS
2008) Nesting loggerhead females were evaluated at three sites that represent different
segments of the Northwest Atlantic population: G8ibres, Alabama; Dry Tortugas National
Park; and Everglades National Park, which each represent an individual Recovery Unit (RU)
(Benscoter et al. 2022Yhe CGh of the smallessized nesting loggerhead females ranged from
74.0¢86.9 cm(29¢34 in). Thirteen percent of the loggerheads nesting on beaches at the three
sites were smaller than the standard size considered to be a reproductive female for this
species in this regiofBenscoter et al. 2022The smaller reproductive females behaved
differently thantheir larger counterparts; specifically, they exhibited shorter migration
distances and migrated along shallower depths compared to the larger (>8&¥4cm CCEn)
reproductive females. The authors hypothesize that the smaller sizes of nesting loggerhead
females in the three RUs in the Northwest Atlantic may be indicative of slower growth rates
and/or maturation at younger ages, which may represent a shouegnile stage for these
turtles.
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TheNorthwest Atlantic DPS nesting trerappears to be stable (i.e., not increasing or
decreasing) for over twenty yeafMFS and FWS 20238he nesting migration for an
individual female loggerhead is usually on an intervalc@f years, though it can vary frong
years(Dodd Jr. 1988)n the western Atlantic, loggerhead sea turtles nestantheastU.S.and
Wider Caribbean Region beach{®dMFS and FWS 202B) the Gulf, major nesting areas
include some coastal beaches in Mississippi, Alabama, arideézIReproductive adult females
return to their original hatching site to negh a studyby Ceriani et al. (2019hest counts from
1989 to 2018 were collected aore beaches representing the Peninsular Florida RU
(loggerheads originating from nesting beaches along the Fl@®largia border through
Pinellas County on the west coast of Florida, excluding the islands west of Key West, Florida
(NMFS and FWS 20G8)d the bulk of the NortherGulf RU.The esults of this study suggest
that despite the fluctuation in nest counts over this thigtgar period, a strong population
recovery has not occurred. Florida is considered to be the most impdadggerheachesting
area in the worldthe Florida Peninsula RMMFS and FWS 20G8)counsfor approximately
89 percent of all nesting effort in the Northwest Atlantic Ocean ([@Sani et al. 2019)

The Gulf of Mexico Marine Assessmétrbgramfor Protected Specieg§&soMMAPPS)athered
broad-scale information on the distribution and abundance of sea turtles ifahiéto inform
seasonallyand spatiallyexplicit density estimates for priority specidgsamont and Hart 2023)
For loggerhead turtles, GOMMAPPS found that turtle density was highest in shallow waters
near the shore in th@ortheasternGulfand centralGulf with a rapid decline in waters deeper
than 100m (328 ft) This study also revealedahSS$ influenced turtle densit{fl.amont and
Hart 2023) BeforeGOMMAPP Satellite tracking efforts with adult female loggerheadswed
that northern Gulf loggerheads exhibit relatively low nesting site fidelityotath within
(i.e.,inter-nesting and among (i.e., renigration) nestingseasongHart et al. 2013; 2014The
satellite-tracked females remained in the northern and northeastern Gulf during the-inter
nesting period, moving as far as 2,837 @v63 m) during that approximately twaveek

period and depositing successive nests that were more than 40@48hm) apart(Hart et

al. 2013) After completing the nesting season, all tracked females remained within theullf
most traveédto foraging locations isouthwest Florida and the northern GiHart et al.

2014) These foraging areas also have potentiabterlap with several anthropogenic activitjes
including shipping vessels, oil and gas platforms, shrimp trawlers, and deepwater aquaculture
(Hart et al. 2018; Farmer et al. 2022)

Loggerheadyvenile developmental habitat is in the open ocddiMFS and FWS 2023)
Offshore, they reside for months in the oceanic zonésangassunfloats, generally along the
Loop Current and the west coast of Floritkart et al. (2020and Sloan et al. (2022)entified

the Big Bend region off the northwest Florida coast as a crucialrgead foraging site for
migrating postnestingloggerheads from sever8IPS. The West Florida Shelf features highly
productive and biologically diverse marine habitats, which have become crucial foraging
grounds for this specig$iart et al. 202Q)This research suggests the importance of nearshore
habitats on the @If continental shelf, whicliunctionas longterm and yeasround foraging
hotspots for multiple sea turtle spes, indicating the significance of these areas as critical
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habitat (Hart et al. 2020jFigure3-18). Additionally, this study identified a range of individual
variation in home range size; larger home ranges were in greater water depths.

Foragindocationdepends on life stagand foraging strategfNMFS and FWS 202BEenthic
immature loggerheads foraging in northeastern U.S. waters are known to migrate southward in
the fall as water temperatures co@orreale and Standora 199&hd migrate northward in
spring.Juvenilesin neritic habitats commonly forage in nearshore coastal waters, coastal inlets,
sounds, bays, estuaridagoonsand along the continental shelf during the spring, summer,

and fall months from Cape Colllassachusettto Florida, and into the Gulf; during winter, they
are found off the coast from North Carolina to Flor{dMFS and FWS 2023)iveniles are
omnivorous theyforage on crabs, mollusks, jellyfish, and vegetation at or near the surface
(Dodd Jr. 1988)Suladult and adult loggerhead®rageprimarilyin coastalareasand typically

prey on benthic invertebrates, such as mollusks and decapod crustaceans in hard bottom
habitats.McClellan and Read (200/dund that the shift from oceanic to neritic (i,&oastal)

waters is complex and reversible; some move into coastal waters and then return to the open
ocean. Loggerheads originating from the western Atlantic nesting aggregations are believed to
lead a pelagic existence in the North Atlantic gyre fooag bhs €12 years, though there is

some variation in habitat use lgdividuals at all life stages.

A study byGarrison et al. (202@pund that loggerheads in the northeraulf were typically

found in shallow water in late spring/early summer, then migrated into deeper water during fall
and/or winter months. A broad range of habitats over the continental shelf serve as important
foraging habitats for loggerheads, which are residin limited areas for periods of several
months, primarily during cooler water periods from fall through winter. The spatial and
seasonal variation in loggerheads represents shift in habitats and behavioral modes across
seasons, with animals moving into deeper waters and spending progressively less time at the
surface during cooler month&arrison et al. 2020 he divesurface behaviors for loggerheads
indicated important seasonal, diurnal, and spatial effects on the time available at the surface.

Iverson et al. (2020Qyentified migration corridors of postesting female adult loggerhead
turtles in the Glf and Florida Straits, and overlaid the corridors on shipping density,
commercial line fishing, and shrimp trawling data. This yielded hotspots in the Florida Straits,
off the northwest Florida coast, and off the Tampa Bay coast. Loggerheads migrateiien ner
and oceanic waters, with some leaving Belf (Iverson et al. 2020 Neritic waters west of
Florida and in the Florida Straits were ob®=hto be highuse migration corridors, with

migration mainly occurring in July and August

In 2022, a mass mortality event for loggerhead sea turtles occurred in Texas, resulting in 441
recorded beackcast strandinggStacy et al. 2024)'his number represents only a fraction of

the at-sea mortality, suggesting that the total number of affected turtles may have been in the
hundreds or thousand&Stacy et al. 2024The recorded number of turtles stranded were found
in diminished nutritional condition, exhibiting signs of secondary infections and heavy
parasitism.Thoughvarious chronic conditions and intense parasitism accounteddweral
strandings, the majority could not be linked to any clear primary or underlying cébtey et
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al. 2024) By excluding other causes, environmental factors including degradation of habitat and
changes in prey availability were the primary considerations. The main potential contributing
cause of this mass mortality event was considered to be a limitatioroih fesources, as

evidenced by the nutritional deprivation consistent with clinical and postmortem findBigsy

et al. 2024) Additionally, the recovery of livetranded sea turtles with dietary support further
supported this conclusiortacy €al. (2024)ndicated that limitations in the abundance and
distribution of prey were due to the large hypoxic zddead zonejhat forms in the @lf each
summer(Section3.2.9and3.3.1.]). This zone reduces the levelsDin aquatic ecosystems
beyond what most species need to survive, significantly disrupting these ecosystems and
leading to increased mortality, reduced growth, diet shifts, and changes in migration patterns in
species affecte@Stacy et al. 2024 he firstpeakin loggerhead strandirgin Texas occurred in

the spring of 2022which does not correspond temporally or spatially with cold stunning

events

362 YSYLIQA wARfS@ {SI ¢dzNIf S

YSYLIQA NARf S@& (dzaNJifSa NB (kKSem@Egfint Saad 2F ¢
carapacdength and weighing32¢45 kg 70¢100lbsd ¢ KA & &ALISOASAQ O2f 2NJF G A
development from the qay-black dorsum and plastron of hatchlings, aygblack dorsum with

a yellowishwhite plastron as pospelagic juveniles, and then to the lighteagiolive carapace

and creamwhite or yellowish plastron of adult®NOAA Fisheries 202%) Y SYLIQ& NA Rf S@
have triangulaishaped heasd slightly hooked bealand shells that are typically as wide as they

are long. They are estimated to have a lifespan comparable to other sea turtle species, reaching
sexual maturity around 7 to 15 years of age and potentially living for at least 30(Yeatle

Expert Working Group 1998; NOAA Fislefe25g)

YSYLIQa NARfSe KFEoAadld O2yarada fINBSte 2F aly
less thar37 m (20 ft) deep, although they can also be found in deeper offshore waters.

YSYLIQa NARf S@& (dzaNIifSa INB 2yS 2F (K&ufy2ad 02Y
which istheir primary rangeHowever they are considered the most endangered sea turtle
speciegloballyp ¢ KS YSYLIQ&a NARf S@ GdzNIifS KFa | Y2NB N
stages relative to other sea turtle species. Datggssii K & YSYLIQA NARf Sé&a I N
coastal @lf areas and the northwestern Atlantic Ocean; seawater temperature influences their
distribution as this species is not cold water toleré@gren 1989; Renaud 1995; Renaud and

Williams 2005)

YSYLIQa N Rlimfed prad@rinétdiyd Westerés Gulf beachesnainly in
TamaulipasMexico(NMFS and FWS 201Blesting sites in the U.8clude primarily Texas,
andoccasionallyloridg Alabama, Georgia, South Caroliaad North CarolingNMFS and

FWX2015) Nearshore Gif waters likely provide important developmental habitat for juveniles.
Gredzens and Shaver (20200 &8 SNIWSR (KS F2N} 3IAy3d O0SKIFGAZ2NI 27
finding that they preferentially selected nearshore foraging areas in the northelin These

turtles demonstrated fidelity to these regions, migrating back to the same foraging sites they

had used previoushOgren (1989%uggested that the Gulf Coast, fromrPAransas, Texas, to
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Cedar Key, Florida, represents the primary habitastdadultY SY LJQ& NA Rt Seéa Ay Gf
Gulf. The Texakouisiana Shelf and off the Mississippi River Delta in the nortBgifrhave

0SSY ARSYGAFTASR I a KSIF@Afeée dzaSR FT2NrX3Ay3a | NBI
being observed along the Atlantic coasts of Florida and Gef®gelzens and Shaver 2020)

Juvenile angubadultY SYLJQa NARf Séa KIF@S 0SSy F2dzyR I f2y3
(Epperly et al. 200@nd in the @If (NMFS and FWS 2013}lantic juveniles andub-adults

travel northwardin the springas waters warnto feed in the productive, coastal waters of

Georgia through New Englantien returning southward with the onset of winter to escape the

cold (Ogren 1989; NMFS and FWS 20@s¢dzens and Shaver (202iggested that oceanic

circulation patterns may influence the dispersal ofdfdings, affecting where individuals

recruit to forage as adults. These circulation pattemmsy explain the preferential use of the
northernGulf® ! £ 2y 3 GKS [2dZAaAl Yyl O21adX AYYlF Gdz2NB Y€
nearshore waters during winter monti{€oleman et al. 2016)

tKS 2yfe KAaAaU2NRO ySadAy3a ardsSa T2N YSYLIQA NXA
of northern Mexico(Shaver etal. 2016y SYLJQad NA Rt Seéa ySaid Ay RIFeOAY
arribada) from April to July primarily at Rancho Nuevo, a stretch of beach in Miexibe,state

of TamaulipagNMFS and FWS 2015)atchlings leave the nest at night and actively swim

offshore into the anticyclonic Mexican Current and into the north@utf. Remigration of

females to the nesting beach varies from annually to every 4 years, with a mean of 2 years

(Turtle Expert Working Group 1998) ¢ KS Y SIy Of dziOK &AT S F2NJ YSYL
nest, with an average of 2.5 nests per female per seaBetween 1997 and 2009, the number

of nests observedlobally increased significantlseaching nearly 20,000 nest®rldwide,

compared to just 705 nests recorded in 1988°S 2018)rhis trend was also observed on the

Texas coast with an increase Y LIQ &  Nd\frarh @@E289 bgtBeen 1996 and 2012.

This increasing trendhowever, has not been long lastirgndsince 201Mhas beerfluctuating at

reduced level¢§NPS 2018)n the Gulf, juvenileandord dzo I Rdzf & YSYLIQa NRARRf Seé a
coastal regions. Little is known of the movements of the g@gthing, planktonic stage within

the Qulf, although model predictions suggest that they mostly remain in waters offshore of
Tamaulipas, MexicPutman et al. 2013)Studies have shown the pesatchling pelagic stage

varies from 1 to 4 years, and the benthic immature stage lasts 7 to 9 (®etmmid and Witzell

1997) Benthic immature turtles witla 20- to 60-cm (8- to 24-in) straightline carapace length

are found in nearshore coastal waters, includidgf and Atlantic estuaries.

The postpelagic stages are commonly found dwelling over erab sandy or muddy bottoms.

Juveniles frequent bays, coastal lagoons, and river mouths. Adults are usually confined to the

Gulf, though occasionally swim into the Atlantic along the BaStCoast(NMFS and FWS

2015) Pelagiga i  3S> yS2ylFdalf YSYLIQa N SufgsssusandlING & dzY | 6
associated infauna or other epipelagic species found in té(6WS 2015b)Stomach contents

2F YSYLIQa NRARf Sea |t 2 yedofapedloniinanseoNeatsBokelcrabs O 2 | & i
and mollusks, as well as fish, shrimp, and other foods considered to be shrimp fishery discards
(Shaver 1991)
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The northernGulfhas been recorded as a higise foraging areaforposf Sa G Ay 3 YSYLIQa
turtles, which haveshowed high fidelity to this are§Gredzens and Shaver 2020; Sasso et al.

2021; Shaver et al. 2022)eber et al. (20233onducted a stable isotope study to investigate

GKS FT2N)X3IAy3a SOz2f23& 2F YSYLIQa NARRfSe (dzaNIt Sa
dynamics of this species. The study revealed a significant difference in isotopic values between
smaller and lager size classes, imdting thatRA T F SNBy & a A1 Scdup@ditint SYLIQ& |
spatial and trophic niches. Larger turtles displayed a wider range of isotopic values, suggesting
greater plasticity in their foraging strategi@&/eberetal. 20230 Ly O2y G N} adz avYl f 1
ridleys, still in the juvenile stage, appeared to forage at lower trophic position compared to the

larger class size. This difference suggests that the two classes may prefer different prey items or
usedifferent habitat communities within the same foriag area(Weber et al. 2023)

A study byGarrison et al. (2026pund that dived dzNJF I OS 0 SKIF GA2NA F2NJ YSY
northern Gulfindicated important seasonal, diurnal, and spatial effectsime at surface

There was a significant interaction between season and day, indicating that the diurnal effects

were different among the different seasons. Most notably, during the winter and spring,

YSYLIQa NRARfSea aLlSyd I+ NBS Naylght Bodesddmparéd G A Y S

to night hours(Garrison et al. 2020puring tle summer, theime at surfacevas the same for

both day and night and was not significantly different during the fall.

Variation in dive behavior in sea turtles has been documented relative to bodyHazs

et al. 2004) Larger turtles may have greater lung capatigt mayallow them to remain

submerged longer and dive deeper than smaller turfldays et al. 2004passo and

Witzell(2006)founddl K & 2dz@Sy At S Y Stidui@rd IsMidR Fi@idaspeirty (G KS ¢
94 percentof their time submerged, which is a much greater proportion of time than was
R20dzYSY(iSR RdzZNAYy3 D2aa!tt{ F2NI 6KS NBtIlI GA@BSTt e
Gulf (54 percen) (Rappucci et al. 2023)he Terthousand Islands is a chain of islands and
mangroveislets along thesouthwest Florida coast characterized by shallow water and
softo2002Y KIOAGEFGAE 6KSNBIFa GKS YSYLQdandNA Rf S@ a
trackedprimarilyin deeper waters of the open Gulong with the habitat type, body size of
YSYLIQa NARf Se&@a RATTSNBoRMAPEERaHDEY et &l.d20RB)iedha G NI O
57.8 cm22.8 in range 40.867.8 cm 15.9;26.7 inCCL) and those trackedthre study bySasso

and Witzell (2006jmean 46.2 cml18.2 in range 40.254.1 cm 15.9;21.3 inCCL)

3.6.3 Green Sea Turtle

The green sea turtle is the largest of the hardshell marine tuntkétk, a typical adultveighing
136¢226.8 kg300¢350Ibs)andgrowing toa straight carapace lengthf 91¢122 cm(3¢4 ft)
(NOAA Fisheries 2025§reen sea turtles have a smoathrapace with four pairs of lateral (or
costal) scutesfive scutes running down the midddad a single pair of elongated prefrontal
scales between the eydBIOAA Fisheries 2025§reen turtleghat are found throughout the
CGulf belong to theNorth AtlanticDPSalong withother populationsound in the Caribbean and
North Atlantic Oceaif81 FR 20058; NMFS and FWS 200Wre are 1DPSlisted under the
ESAcovering over 80 countriaghere they nestind more than 14@ountrieswhere they live
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Green sea turtledive in nearshore tropical and subtropicahters where they generally feed on
marine algae and seagrassé&bey have specific foraging grounds and may make large
migrations between these forage et and nesting beaches

Green sea turtléoreeding seasonccursin late springn the nearshorewaters of the nesting
beachesMature femalegnigrate to returnto their natal beaches to nestypicallyoccurring
everytwo to five years while males are known to reproduexery yeaNOAA Fisheries

2025e) The complete nesting range of the green sea turtle includes sandy beaches of mainland
shores and barrier islands between Texas and North Carolina, and at the U.S. Virgin Islands and
Puerto RicdNMFS and FWS 199The two largest nesting populations are found at

Tortuguero, on the Caribbean coast of Costa Rica, and Raine Island, on the Pacibf Coast
Australia along the Great Barrier Re€&heCGulf coast and offshore water@re important

nursey habitasfor green turtles of Mexign origin.Shamblin et al. (202%pnnected

mitochondrial DNA markers between green turtle nesting populations and juvenile foraging
aggregations indicating that juvenile green turtles in Gadf were of Mexican originpossibly

from nesting populations from Campeche, ¥té, and Quintana Roo

Principal U.S. nesting areas for green sea turtles are in eastern Klehdwart and

Witherington 1992) Mean clutch size is highly variable among populations but averages about
110to 115eggs.Eggs incubate for approximately two months before hatchhtatchling green
sea turtles are approximatelycm (2 in) in length and weigh approximate®p gramgg)
(0.90uncegoz]). Survivorship at any nesting site is greatly influenced by the level of
anthropogenic stressors

The posthatchling, pelagistage individuals arthoughtto be omnivorougNMFS and
FWSX2007) Green sea turtles exhibit particularly slow growth rates of alib20c0.42 cm
(0.0&0.17 in)per year(Omeyer et al. 2017Dnce the juveniles readcpproximately20¢25cm
(8¢10in) carapace lengththey leave the pelagic habitat and travel to nearshore foraging
grounds such as protected lagooasid open coastal areas rich in sea grass and marine.algae
Green turtles spendhost of their lives in coastal foragjrareas where they consumenainly
marine algae and seagrateough some populations al$orage highly on invertebratsNMFS
and FWS 20078oastal foraging areasndoceanic habitats are used logeaniestage juveniles,
migrating adults, and, on some occasionsghsen turtlesforagngin the oceanic zoneNMFS
and FWS 2007)

Age at sexual maturitfor green turtlesis estimated to be between 20 and 40 yeasdthey

can livefor 70 years or moréNOAA Fisheries 2025&dult females migrate from foraging

areas to mainland or island nesting beaches and may travel hundreds or thousands of

kilometers each wafNMFS and FWS 200Fpraging has been observed during the inter

nesting period, with these sites typically located close to the nesting sites to minimize energy
expenditure(Sloan et al. 2022While in coastal habitaigjreen turtles exhibit site fidelity to
ALISOAFAO F2NIX3IAY3I YR ySadAaAy3d INRdzyRAI YR (K
displacedMcMichael et al. 2003; Hart et al. 201Bpraging areas along the northe@ulf

include shallow, coastal waters with sufficient benthic vegetation such as seagrass.
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Reproductve migrations of Florida green turtlés hotspot locations such as Cape Sable,

Florida Bay, and the Marquesas Khgse been identifiedThe core nesting areas leseagrass
beds, which alsfunctionas foraging sites when forage is availaBlesearch has identified
Ct2NARIFI Qa4 . A3 .SYyR NBIA2Y> | y2NIKSNYy DdzZ T
for green turtles during intenesting and foraging periods from their nesting beactist et

al. 2020; Sloan et al. 2022)

GoMMAPP&urtle tracking revealed use of nearshore northern Gulf habitat during the breeding
seasonthe use of migratory pathways that included stopover areas in seagrass habitat along
the easternGulf, and residence at foraging areas located primarily in the Florida(Kagsont

et al. 2023a)These sites have also been linkedexisting Marine Protected Areas (M§)A

MPAs for protected seagrass habitgtevideforaging resources during the inteesting, along
migratorypathways and at foraging home rangésamont et al. 2023a).amont et al. (2023a)
identified 23 MPAs that were usetliring migration in thenorthern Gulfduring green turtle
migration.

During migration, some turtles were observed visiting Cape Sable along their migration route
and othessremained in the area for longer periods of time before initiatmigration(Sloan et

al. 2022) Whileindividual behavior was observed during migration and nesting season, there
was a strong site fidelity to Cape Sable, identifying it as a core us¢€Sloaam et al. 2022)
Migration to core use areas were observed to occur in shallow waters close to the shoreline,
hypothesized to reflect the oceanic drift experienced by the individuals during their earlier
years as hatchling$Sloan et al. 2022)

3.6.4 Hawkshill Sea Turtle

Thehawksbill sea turtle ismall to medium sized, with adults weighithg;68 kg(100c1501bs)
and rangingg1¢107 cm(2¢3.5 ft) in carapace lengthlhe carapace of hawksbills typicdilys
seatededges with overlapping scutes consisting of irregatdor combinatiors of amber,
orange, yellow, red, blagknd brown(NOAA Fisheries 20250 ue to this coloration known as
G G 2 N B Stiadkéhills arallegallyhuntedfor their highly soughiafter shells. The plastron
of a hawksbill is typically yellow, and its head is elongated, tapering to a point, which gives it a
hawklike appearanceThis bealike mouth is specially adapted for feeding, allowlivayvksbills
to reach into crevices and spaces within coral reefs to find sponlgess primary food source
as adults, and other invertebratedawksbill turtleshave an unknown lifespan but are
estimated to live to 50 years onore andreach sexual maturitat 20¢35 years of age,
depending on resourcevailability(NOAA Fisheries 2025f)

In the continental U.S., hawksbill turtles have been documented alonBas$igoast as far

north as Massachusetts aradongall Gulf Coasdtates, though they are found primarily along
Florida and Texas. Hawksbills spend time in pelagic and coastabatasse a variety of

habitats during different stages of their life cycthis species is primarily tropical and
subtropica) inhabitingnearshore foraging grounds, especially healthy coral ré¢d¢@GAA

Fisheries 2025fHawksbill turtles can be found lag in nearshore habitats mithe g 2 NI RQa
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major oceansspecifically between the latitudes of 30 and 30S(NOAA Fisheries 20251)heir
movementpatternsare not fully understood, but its believedhawksbillscan be found in
coastal waters of more than 108 countriegusing a mixed migration strategfMFS and
FWS2013a)

Nesting occurs on sandy beaches throughout the tropics and subtropics in at least 70 countries.
Reproductive females undertake periodic (usuattyyannua) migrations to their natal beach to
nestevery 25 yeargNMFS and FWS 2013&)ovements of reproductive males are less
understood, though they are presumed to involve migrations to the nesting beach or courtship
stations along the migratory corridofhoughnesting occurs along the beaches throughout the

g 2 NI R Q dandh® @ dstyhésing occsron beahes of the Caribbean Sea, hawksbill nesting
is rareon northernGulf beachegMays and Shaver 1998; FWS 201bi&keother species of sea
turtles, hawksbills exhibit strong fidelity in their choice of nesting gidFS and FWS 2013a)
Females nest an average af53times per season, and the mean clutch size is 130@ddES

and FWS 2013apostnesting femalefiave beerpresumed to traveless than 20&m (124 m),
while othershave been documented migrating distances exceeding 00,243 mi\NMFS

and FWS 2013aJhroughout her lifetime, a female hawksbill turtle may lay between 9 and 60
clutches of eggdptaling 1,170 to7,800 egg¢éNMFS and FWS 2013a)

Hawksbils exhibit slow growth ratethat often varywithin and among populationsecause of
suchfactors agprey quality and abundance, foraging habitat, duration of foraging season,
population densityandresource competitioffNMFS and FWS 2013Hpwksbills growth rates
varydepending ortheir location, with growth rates of 24 cm(0.8¢1.6in) per year in the
Caribbeanwith other sites averaging over 5 qf@a in)per year(NMFS and FWS 2013&p
generate straight carapace length (S@t-a2ige and somatic growth datAvens et al. (2021)
conducted skeletohronical analysis fdrawksbillsstranded along U.S. coastlingdsiveniles
transitioned from oceanic to neritic habitat at3 years old and mean SCLs of28m (9¢9.4
in) (range 15.¢35.0 cm 6¢14 in). The estimated initial ages at maturation for this population
based on the initial nesting female SCLs, ranged frog@3 $eargAvens et al. 20215omatic
growth showed significant variation depending on size, age, and stratwiatjon, with no
notable association to sex or calendar year

The life history of hawksbills consists of a pelagic stage that lasts from the time they leave the
nesting beach as hatchlings until they are approxima2é430cm (7¢12in) in SCL{Meylan

1988; Bell and Pike 2012pllowed by a residency in developmental habitats (i.e., foraging
areas where immature individuals reside and grow) in coastal waters. As with most sea turtle
species, hatchlings and early juveniles are often found in association with oSsagassum
floats (NMFS and FWS 20134} older juveiles, they move nearshore for feeding habitat and
may associate with the same feeding locality for more than a de@ddsick and Limpus 1997)
Adult foraging habitat, which may or may not overlap with developmental habitat, typically
consists of coral reefs, although other hard bottom communities, and occasionally mangrove
fringed bays, may be occupiédMFS and FWS 2013bjawksbills show fidelity to their

foraging areas over periods up to several ydaes ) Dam and Diez 1998)heir diet is highly
specalized and consists primarily of sponges and macroglyd=S and FWS 2013@&he lack
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of spongecovered reefs and the cold winters in the northéealfmay prevent hawksbills from
establishing a substantial population in this area.

3.6.5 Leatherback Sea Turtle

Leatherback turtles arthe largest turtle in the world and the only species of sea turtle that lack
scales and a hard shell. Named for their tosghn, leatherback turtles are the most pelagic of
all sea turtlesand havethe widestdistributionrangeof any sea turtleLeatherbacksire
primarily black, with rubbery skin and pinkigtite coloring on its underside. The carapace of
this speciess made upof small, interlocking dermal bones benedkiick 3.8 cm(1.5 in

leathery, oilsaturated connectiveissues which rest on aupportive layer of connective tissue
and fat as well ashe deeper skeletonThe carapace featureseven ridgesunning its length
and tapers to a blunt poinfAn adult leatherback turtle can weigh anywhere fr840¢454 kg
(750¢1,000lbs)with a CCloften exceedind..5¢1.8 m(5¢6 ft). Another distinguishindeature of
this species is the length of its front flippers. Compared to other sea tutties front flippers
are proportionally longer, and their padd&haped back flippers contribute to a unique body
shape, specifically adapted for long distaf@eagingmigrations(NOAA Fisheries 2025h)

Leatherback distribution and nesting grounds are found in the waters of the Atlantic, Pacific,
and Indian Oceans; the Caribbean Sea; and te(8MFS and FWS 2013bhe leatherback is

the most abundant sea turtle in waters over the northemli®@ontinental slopgMullin and
Hoggard 2000)Leatherbacks appear to use the continental shelf and slope habitats iruthe G
(Collard and Ogren 1990)he area oMississippi Canyon to De Soto Canyon, especially near
the shelf edge, appears to be an important itabfor leatherbacks in the northernu® (Mullin

and Hoggard 2000).eatherbacks havieequentlybeen sighted in the Gf duringautumn,

summer, and winter(Mullin and Hoggard 2000; Sasso et al. 208a¥so et al. (202identified
leatherback turtle migration and foraging behavior during the autumn and winter months along
the west Florida continental shelf. Turtles migrating along the shelf appeared to forage while in
route; turtles migrating across the centr@ulffollowed more direct southward routes until
reaching the continental shelf in the southernlSasso et al. 202IJhese movement

patterns highlighted the passage between Cuba and theténaes a crucial migration corridor,
linking nesting beaches in Cerltemd South AmericatotheuB. TKS | NS Qa KA 3IK dzal
relevance to nesting sites make it an important region for leatherback migrédiasso et al.

2021)

GoMMAPPS®8bservedeatherback turtles during all seasons, but nearly all sightings in winter
and spring were east of the mouth of tivississippi RivefRappucci et al. 2023%ightings
usuallyoccured more frequently in offshore waters with lower chlorophgliconcentrations.
Leatherbacldensity was higher in offshore waters deeper thamb(L64 ft) (Rappucci et

al. 2023) The effect othe distarce from continental shelf edge shows higher density in the
middle of the continental shelf. TH&Seffect reflects the highedensitiesand wider

distribution throughout the area observed in the summer and fall with lower density in the
centralnorthern Gulfduring the winter(Rappucci et al. 2023J he regional easwest shelf
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factor indiated differencesn leatherback turtle densities between the areas east and west of
the mouth of the Mississippi River, with overall density being high#ére eastern area.

Evans et al. (2021pund that the Gilf is an importanidestinationfor leatherbackgrom the
Caibbean coasbf Central America with seasonal movements between -Huigg habitats within
the Qulf. Leatherbacks nesting alotige Caribbean coast of Costa Rica and Panama used four
distinctpassages to leave the Caribbean ,$sang habitats in botlthe tropical Gulf and
temperateNorth Atlantic Oceanleatherbacks useree primary areas within the @, all of
which are connected by a shared corridoortheagern Qulf along the panhandle side of
Florida south of Louisiana, and southerml@Gn the bay ofCampeche, MexicfEvans et al.
2021) Theuse ofthese corridorsand the primary driver to use th@ulf could be attributed to
the locations encountered by drifting hatchlings in the ocean cutr€he Caribbea@urrent
would be the first cuent that is strong enough tpush hatchling leatherb&s from their
nesting beaches along the Caribbean coast of Central America intathei&the Loop
Current, before traveling into thBlorth Atlantic OcearfEvans et al. 2021\ eatherbackare
known tobe suited to a wide range of temperaturefirough unique character traits that allow
them to live in cold waterallowingthem to travel further than any other sea turtle species
(NMFS and FWS 2013bhese character traits include a countercurrent circulatory system
(Greer et al. 19731 thick layer of insulating féDavenport et al. 2009yigantothermy
(Paladino et al. 1990and the ability to increase their body temperature through increased
metabolic activitiegBostrom et al. 2010)

Leatherbackgrow faster than hareshelled turtles andre a longived species (oves0years),
with an estimated age of sexual maturity reported at ab®¢20 years(Zug and Parham 1996;
NOAA Fisheries 2025hip the western Atlantic, female leatherbacks nest from the
southeastern U.S. (east coast of Florida) to southern Brazil and from Mauritania to Angola in
the eastern Atlantic OceafiNMFS and FWS 2013b; FWS 2QIH®Y frequently nest with up to
seven nests per year during a nesting season (Mardhltg and nest about every 2 years,
although nesting is rare oBulfbeachegqFlorida Fish and Wildlife Conservation Commission
2020) Female leatherbacks have been observed with fertilityujpto 25 yeargHughes 1996)
During each nesting, females may produce 100 or more eggs per (Bdbblz 1975)The eggs
require approximately 60 days of incubation.

Once the hatchlings emerge from the nest and leave the natal beach, little is known about the
juvenile life stageEggs typically hatch after 60 to 65 days. The hatchlings display stfiiieg

along the ridges of their backs and on the edges of their flippeegyharound 43¢57 g(1.5¢

2 0z), andmeasue approximatelys5¢8 cm (2¢3in) in length with front flippers that are as long

as their bodies. Hatchlings experanrapid growth, with reported rates ranging fradmig70.1

cm @.5¢27.6 in in length averaging an estimateg? cm (2.6 ir) per year(Jones et al. 2011)

While other sea turtle species remain in pelagic waters @ajassumthere are no records to

indicate this is consistent with leatherbacKse period from hatching to approximately 10

@8SIENB fIF0SNE 6KSYy FSYIFfSa NBGdzNY (2NBaéskSe y Sa i A
so little information is availabléCarr 1987)
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Adult leatherbacks forage in temperate and subpolar regions from 71°N to 47°S latitude in all
oceans and undergo extensive migrations between 90°N and 20°S latitude to and fiom the
tropical nesting beachg®NMFS and FWS 2013hgatherbacks forage widely throughout the
water column from the surface to great depths throughout tropical and temperate oceans
around the worldNMFS and FWS 2013bheir distribution appears to depend on distribution
of their prey,which consismostly of jellyfish and other pelagic gelatinous organisms, such as
tunicates(Eckert et al. 1989; Evans 200B)e northern Gulf has been recorded as a high
foraging area for leatherback turtlelsecausethey show high fidelity to this arg@&redzens and
Shaver 2020; Sasso et al. 2021; Shaver et al. 288alts have been tracked foraging in the
Gulf on cannonball jellies and moon jelli@@svans 2006 Additionally, plysical oceanic features
such agonvergenceones and eddielsavebeenidentified as key foraging aredsgcausehey
createconditions that concentrate leatherback préyasso et al. 2021Adult leatherbacks are
deep divers, with estimated dives to depths over 1,00Br2§1 f), but they may come into
shallow waters if there is an abundance of jelly{iEckert et al. 1989)

3.6.6 Sea Turtle Bioacoustics

As applicable, discussion of turtles outside of the Gulf OCS is included as a proxy for Gulf sea
turtles, representing the best available information at this time.

3.6.6.1 The Importance of Sound to Sea Turtles

Thoughthe general importance of sound to sea turtles is not well understaagtowing body

of knowledge suggesthat sea turtles use sound in a multitude of ways. Sea turtles may use
sound for navigation, locating prey or preferred habitat, predator avoidance, and
environmental awarenesdiniak et al. 2016)rhey occupy different ecological niches
throughout their life cycle, each characterized by unique acoustic condifremsstudies

report sound production in sea turtles, despieS | { atzltyité Hear Sbunds in both air and
water. Cook and Forrest (200&)und that nesting leatherback sea turtles prodwsmind when
breathing in airthis work suggested the sound was agrpductof labored breathing rather
than a communication signal. Sea turtle embryos and hatchlings have been reported to make
airborne sounds, thought to be produced for synchronizing hatching and nest emergence
(Ferrara et al. 2014a; 2014P019;McKenna 2016; Monteiro et &2019) Charrier et al. (2022)
noted the production of 10 different underwater sounds in juvenile green sea tuntlesiding
those within and above the frequencymge of hearing reported for this species. A more
comprehensive understanding of sound production and hearing is needed in sea;tilmtles
growing available information thus far suggests sound may be important to these animals.

3.6.6.2 Hearing Anatomy

In general, sea turtle auditory perception is thought to occur through a combination of both
bone and water conduction rather than air conductiienhardt et al. 1983; Lenhardt et al.

1985) The outermost part of the sea turtle ear, or tympanum, is covered by a thick layer of skin
covering a fatty layer that conducts sound in water to the middle and inner ear. This is a
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roads and buildings where they may die from exposure, preddfirga et al. 2017pr
vehicles, or become trapped by obstacles.

3.6.7.3 Fisheries Interactions

Commercial fishing operations, such as shrimp trawl fisheries, often use equipment that may
threaten sea turtles through entanglement or ingestidalverde and Holzwart 201 #or
example, longline fishing practices, which typically target pelagic species, have been shown to
unintentionally hook sea turtles, sometimes killing them. Similar to commercial fishing,
recreational fishing also results in increased marine traffghifg line and gegnot BOEMor
BSEEegulated)that is not disposed of propsrican create hazards to sea turtles. Sea turtles
may suffer injury and death from these types of marine deNMFS released a report on data
collected by the Sea Turtle Stranding and Salvage Network from Alabama, Mississippi, and
Louisiana 201&2019(Howell et al. 2021Wellknown threats to sea turtles, such as
interactions with fishing gear (e.g., hooking, entanglement, and gastrointestinal injuries from
ingestion) and marine debris, were identified as being a cause of mortality.

Sea turtle bycatch occurs in theuly especiallfrom the longline fishery, and can be driven by

turtle density, fishing intensity, or botfLewison et al. 2014)-or example, the primary areas

dzZa SR o6& YSYLIQa NARf Se a 59fia depth) dvérlapawitritis: Niimpt Sa a
fishery(Renaud 1995; Shaver et al. 2018)major source of mortality for loggerhead and

YSYLIQa NRARRfSe@a Aa OF LI dACHllokeyIRet &.NBOG, Fppsfidand y & K N.
Teas 2002; Shaver et al. 201Gailouet Jr. et al. (1996@pund a significant positive correlation

between turtle stranding rates and shrimp fishing intensity in the northwes@uif The

YSYLIQa NARf S@ LRLz FGA2yS 06SOl1dzasS 2F AdGa RAAD
Turtles may be accidentally caught and killed in finfish trawls, seines, gill nets, weirs, traps,

longlines, and driftnet¢Brady and Boreman 1994; Epperly and Teas 2002)

According to NME2015,2019 stranding reporHowell et al. 2021 Imost half (49ercen)

of stranded sea turtleshowed no apparent outside abnormalitigbat resultedin the
conclusiorof suspected forced submergence due to sediment being found in the respiratory
tract and the high frequency of finfish ingestion when necropsies were performed. These
strandings exhibited strongonstantseasonal patterns, peaking during spring and continuing
during the summer, which is consistent with commercial fisheries who use trawls and purse
seines(Howell et al. 2021)

Historically, the shrimp trawl fishery haausedsea turtlebycatch(Benaka et al. 201@)nd

mortalities, though the implementation of turtle excluder devid@EDshas helped to reduce
mortality (Valverde and Holzwart 201 7o reduce fishery impacts to turtles, NMFS has

required the use oTEDsn southeast U.S. shrimp trawls since 1989 and has increased efforts
over the years for adequate protection to decrease the number of strandings. Since
implementing the required use dGiEDghroughout the shrimdishing industry, gear

improvements continue to be introduced. Florida and Texas have banned all but very small nets
in state waters. Louisiana, Mississippi, and Alabama have also placed restrictions on gillnet
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fisheries withinstate waters, such that minimal commercial gillnetting takes place in southeast
waters. Mortality rates have decreased since the implementation of regulations, though
because turtles mature slowly, populations are still recovefiraverde and Holzwart 2017)

3.6.7.4 Vessel Strike

Vessel strikes are a poorly studied threat to sea turddlssea turtles must surface to breathe,
and several species are known to bask at the surface for long periods, including loggerheads.
Although sea turtles can move somewhat rapidly, they are still vulnerable to strikes from
vessels that are moving at motiean 4 kmper hou (km/h) (2.5miles per hourinph]), which is
common in open watefHazel et al. 2007; Work et al. 201Hnzel et al. (200 Quggested that
green turtles may use auditory cuesr@act to approaching vessels rather than visual cues,
making them more susceptible to strike as vessel speed increases. Both live and dead sea
turtles are often found with deep cuts and fractures indicative of collision with a boat hull or
propeller(Hazel et al. 2007According tahe NMFS015 to 2019 stranding reporsea turtles
with significant trauma were the second most frequent category of strandingp€i&n) and
were most common among green sea turt{etowell et al. 2021)The foremost kind btrauma
documented was vessel strikes, which were frequently observed near areas with high vessel
traffic.

3.6.7.5 Climaterelated Factorsand Ocean Acidification

Coastal areasome ofwhichareimportant habitats for sea turtle nesting, are increasingly at

risk due to the impacts afsing global temperaturesvhichare projected to contribute to sea

level rise and increased storm surge activity, posing significant threats to nesting suitability and
reproductive succesdMorton 2003; Lyons et al. 2020)hese changes heighten the likelihood

of coastal flooding, erosion, and habitat degradat{®dorton 2003; Lyons et al. 2020)

(Section3.2). The frequency and intensity of storms, along with-t&ael rise,may inundate

and damage coastal and estuarine habitats, particularly affecting suitable nesting areas on
barrier islandgMorton 2003; Martins et al. 2022hough more data is needed to know if both
storm frequency and severity would increase

The combined threat of coastal erosion and development leads to narrower beaches, a
phenomenon known a&coastal squeeze(Mazaris et al. 2009; Lyons et al. 2020; 20232)
beaches become increasingly threatened by flooding and erosion, access to suitable sandy
nesting sites may diminiskemale sea turtles must locate sandy beach habitats to dig nests
and lay eggs in undisturbed areas throughout the incubation pdtigdns et al. 2022 he
selection of nest sites by nesting females is critical and gauifisantly influence the fate of

their offspring(Martins et al. 2022)Research indicates that nests located in areas with higher
moisture content are more susceptible to producing hatchlings with lower fitness, potentially
contributing to increased mortality rates among these hatchlings compared to those from drier
nests(Martins et al. 2022; Rivas et al. 20283 the threats of seevel rise and beach retreat
escalate, there is growing concern that females may nest at lower elevations and closer to th
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3.6.7.7 Marine Debris,Pollution, and Runoff

In the US, about 80 percent of marine debris washes into the ocean from-taas®d sources

and 20percent is from ocean sourcdSEPA 201 M ollutants released into streams, rivers,

bays and estuaries can enter the open ocean where they can stress marine life, including sea
turtles. Sea turtles are a lodyed species and can accumulate high concentrations of
chemicals throughout their lifetmes. Through their long migratory routes, sea turtles may be
exposed to and accumulate large amounts of pollutants frofieiht areas. Pollution,

including point and nonpoint discharges of metals and organic compounds, can degrade water
quality, as can contaminants in sediment if resuspended into the water by anthropogenic
activities, storms, or other events.

Some species show special sensitivity to different pollutant exposure, like green sea turtles, by
assaying immunological and physiological efféatseenzo 2023)In addition, plastics have been
found inside deceased sea turtl@Sregory 2009; Schuyler et al. 201®6pxins directly harm the
organisms that ingest thenandthey can also have impacts further up the food chain through
biomagnification(Gray 2002)Toxicity can vary with water quality and among spedibs.

toxicity of pollutantssinfluencedby several factors, such as the developmental stage, dietary
factors, physiology, and biochemical functions of sea turtles. Therefore, althougHdiging
benthic organisms may be the first to encounter toxic chemicals, these compounds can also
contamnate sea turtles.

HABs have been identified to impact sea turtle health and be influencedd®san temperature

(Nederlof et al. 2024)The commonly used terrred tidet refers to the HAB created by the
dinoflagellatesKarenia brevisthat produces neurotoxins referred to as brevetoxins

(Section3.2.9.2). HABs have been recorded occupying a wide range of distribution from Texas

G2 Fa FIFEN y2NIK I a b Rididy temperatdt@ndiaytiropagenic G £ | y G A O
stressors are believed to influence HABs in terms of frequency, distribution, duration, and

impact. For sea turtles, the primary threat from brevetoxwesnesfrom ingesting

contaminated sea water or from foraging on toXaden prey, such as seagrasses, crustaceans,

and fish. Some prey species can accumulate high concentrations of toxiesr itissues, which

may persist even after the HAB has dissipated. The effects of brevetoxin exposure in sea turtles
range from moderate to severe, with some cases leading to mor{@igglerlof et al. 2024)

Moderate symptoms include neurological effects, such as loss of muscle coordination, circling,
head bobbing, difficulty submerging, muscle twitching, and myoclonus. More severe cases are
characterized by lethargy, partial to complete paralysis, unrespensss, and seizures

(Nederlof et al. 2024)Sympoms such as loss of coordination, circling behavior, and difficulty
submerging canimpaaa S (G dzNJf SQa oAt AGe G2 F2NIF3IS | yR
paralysis compromise their swimming and breathing. Exposure to brevetoxins may also

heighten the risk of accidental motity through entanglement, boat strikes, and increased
vulnerability to predation due to reduced mobility.

Marine debris affects marine habitats and marine life worldwidangrily through
entanglement or ingestion (e.g., chokiri@all and Thompson 2015; Senko et al. 203én
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turtles, such as leatherbacks, juvenile loggerheads, and juvenile green turtles, which spend
significant portions of their life cycle in the pelagic environmeaheat or become entangled

in marine debris. Entanglement in marine debris can lead to injury, infection, reduced mobility,
increased susceptibility to predation, decreased feeding ability, fithess consequences, and
mortality (e.g., drowning) of sea turtlé&all and Thompson 2015; Senko et al. 2020)

If entangled and involuntarily submerged by nm& debris, the physiological stress the turtle

goes through can require additional time to rest and recover at the surface to replenish the
oxygen stores consumed whiltehad beeninvoluntarily submergedSenko et al. 2020Marine

debris found on beaches can block nesting attempts and impede hatchlings from reaching the
sea, potentially increasing their susceptibility to predat{®enko et al. 2020)

Schuyler et al. (201@yojected more than half (Sgercentd 2 F (G KS g2 NI RQa aSt
already ingested plastic material, finding that oceanicdifige sea turtles are at the highest

risk of marine debris ingestioRor sea turtles of all age classes, especially juveniles, ingestion

of plastic pollution can lead to impactions, obstructions, or perforations in the gut, resulting in
intestinal blockage and dietary dilution, which can impact feeding ability and causg amj
death(Senko et al. 2020Navarathna et al. (2023)entified microplastics in thetomach and
AyidSadAylt O2yGSyda 2F YSYLIQa NARESe &SI G dzNI
O2tf SOUSR |ft2y3 aAdaiaiaiLILIA Qamictpldsticsivere fodnd G KS ™
in the stomach contents, and more than 136 were found in the intestinal contents. These

findings suggest that sea turtles are ingesting microplastics directly or indirectly, likely through

the consumption of lower trophievel species such as crabs, other crustaceans, or fish,

possibly as a result of oppanistic feeding(Navarathna et al. 2023Becauseliere arefew

data on marine debris in theus, it is difficult to draw conclusions as to the precise extent of

the problem and its impacts on sea turtle populations.

3.7 MARINEMAMMALS

The marine mammal species found in the@rthern Gulfare diverse and distributed throughout
the Gulf waters. The GIfQa Y I NJA y $cludémeéniblerofithe taxonomic order Cetacea,
including suborders Mysticeti (i.e., baleen whales) and Odontoceti (i.e., toothed wreales),
the order Sirenia (i.e., manatee). There are species that have been reported tlbmakers
either by sighting or stranding that, due to their rarftye., uncommon in th&ulfand/or are

not included in the most recent NMFS regabiarine MammalStock Assessment Reports
[SARB, are not considered in this document. These species include: the blue whale; North
LGfEFYyGAO NARIKG 6KIFIEST FYR {26SNbeéeQa 06SIF]1SR 6K
the Qulf; and the humpback whale, fin whale, sei whale, and minke whale, all of which are
considered rare occasional migrants in thalf Twenty-one species of cetaceans and one
species of Sirenia regularly occur in thdf@nd are identified in the NMFSARgHayes et al.
2025)
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3.7.1 Distribution and Trends

Most marine mammal distributions vary widely across the north@uf, little is known about
S| OK abrd8didg éha@ c@lving groundsndany general patterns dbultwide movement.
Several species (i.Rjc&€&hale, sperm whale, and bottlenose dolphin) hgresumed
yearroundresident populations in th&ulf (Harrison et al. 2023; Hayes et al. 2029)e
distribution and abundance of cetaceans within the northeuif@ strongly influenced by
various mesoscale oceanographic circulation pattenmgother factorsthat influence
feedingbehaviors These patterns are drivegrimarily by river dischargengainlyfrom the
Mississippi River), wind stress, and the Loop Current and its derived circulation phenomena
(Chapter2). Marine mammals may focus their foraging efforts on these Jatayndant
locations to improve overall efficiency and reduce energy d@sley and Thompson 2010
addition, marine mammals may forage undgargassunmats due to the abundance of small
fishes that typically assemble thef@ooley 1972; Casazza and Ross 2@E)idedactors
influencing feeding behaviors, little is known about otfertors that may influence marine
mammal distribution in the norther@ulf.

There is little information on marine mammal use of or sightings within FGBNMS. Most marine
mammal species commonly found in the Gulf are not common in the vicinity of FGBNMS
(NOAA2012a) Beaked whales, Atlantic spotted dolphins, and bottlenose dolphins are found

within the coral cap region of the FGBNMS (up to 480 [f] deep)(National Ocean Service

2024) though observations have been rgi¢OAA 20128 ! £ 423X wA OSQa ¢gKI fSa
spotted dolphins may be found within FGBNMS.

3.7.2 Unusual Mortality Events

Under the Marine Mammal Protection AGVIMPA) an unusual mortality event (UME) is
RSTFAYSR | a al &GN} yRAY3 (KL Goffofany degriBeEmadoal S
L2 Lddzt F GA2Yy T | YR RSYI AcRaand ctose8 BMESs with upNdted LJ2 v &
information can be found at thBIOAA Fisheriesebsite information is generally updated
regularly Thereare currently no active UMEs the Gulf.

T A

R
So¢

3.7.3 ESAListed Marine Mammal Species

Two cetacean species, the sperm whale andwihle Q& regularly occur in theuB and are
listed asehdangered under the ESA. TRi®rida manatee, a subspecies of test Indian
manatee is listed asThreatened under the ESA and has designated critical habitbnida
(82FR 16668)The MMPA protects all marine mammals, regardless of ESA status. NMFS is
charged with protecting all cetaceans, while manatees are under the jurisdiction of the FWS.

3.7.3.1 CetaceansOdontocetes

The sperm whale is the largest toothed cetacean. It is found worldwide in deep waters between
approximately 60°N and 60°S latitufi&hitehead 2002)although generally only large males
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venture to the extreme northern and southern portions of their rarfgefferson et al. 2008b)

In the western North Atlantic, they range from Greenland to the CaribbeanT®eg.are widely
distributed throughout continental slope armteanic watersn the northern Gulf(Fulling et al.
2003; Mullin et al. 2004; Mullin and Fulling 2004; M&pndéey and Mullin 2006; Mullin 2007;
Garrison and Aichienger Dias 2020; Hayes et al. 2021; Rappucci et ainZiP8¢asons

(Mullin et al. 1994; Hansen et al. 1996; Mullin and Hoggard 2@@0)eep divers, sperm whales
generally inhabit oceanic waters at depths greater tha®00 m(3,280 f). Nonetheless, they

do come close to shore, where submarine canyons or other geophysical features bring deep
water near the coastJefferson etll. 2008b) The age distribution of theu® sperm whale
population is unknown, but they are believed to live at least 60 years.

NMFS considers sperm whales in thelfas a distinct stock in their Marine Mammal SAR
(Hayes et al. 2025)vhich was last updated in 2020 for sperm whdldayes et al. 2021and
research supports this distinction from the Atlantic and Caribbean s{dekgiet 2006; Gero et
al. 2007; Jochens et al. 200Begarding current population trenchére were no significant
differences between surveynducted in 2003, 2004, 2009, 2017, and 2(H8yes et al.
2021) No discernable seasonaigrations have beenlserved, though a range ofuz-wide
movements have occurredochens et al. 2008; Hayes et al. 202¢ status of sperm whales
in the northern Gulf, relative tooptimum sustainable populatiorOSP, is unknown(Hayes

et al. 2021) Thereis no statistically significant trend in population size for this stock in the
northern Gulf (Hayes et al. 2021)

The lowsalinity, nutrientrich water from the Mississippi River contributes to an enhanced
primary and secondary productivity in the nortlentral Gulf, which may explain the presence

of sperm whales in the arg®avis et al. 2000b; 2002; Jochens et al. 2008¢ continental

margin in the northcentral Gulf is only 20 kmX2 mi) wide at its narrowest point, and the

ocean floor descends quickly along the continental slope, reaching a dept@0tf m(3,281 ft)
within 40 km(25 mi) of the coast. This unigarea of the @GIf brings deepwater organisms

within the influence of coastal fisheries, contaminants, and other human impacts on the entire
northern Qulf (Davis et al. 2000bTonsistent sightings, satellite tracking, strandings, and
historical whale catches indicate that sperm whales occupy the nort@alithroughout all
seasons and that aggregations are commonly found in waters over the shelf edge in the vicinity
of the Mississippi River Delta, which &@®@0¢2,000 m(1,641;6,562 ft) deep, and represeat
resident population(Davis and Fargion 1996; Jefferson and Schiro 1997; Davis et al. 2000b;
Jochens et al. 2008)

Seasonal aerial surveys confedthat sperm whale sightings areore common during
summer(Mullin et al. 1991; Mullin and Hoggard 2000; Mullin and Fulling 2@Bdygh this
may be an artifact of movement patterns of sperm whales associated with reproductive
behavior, hydrographic features, or other environmental or seasonal fadB@sause of the
lack of adult males observed in thell it is not known whether females leave tllf to mate
or whether males sporadically enter the area to mate with fessalvhich would make this an
important area for sperm whale reproductioklullin et al. (2022gxamined the projected
movements of sperm whales identified in thell€xhrough the use of photo identificationia
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fluke photos Comparisons haveemonstrated individuals with movements of up to 6,200
(3,852 m) (Mullin et al. 2022)

Jatial density modeldevelopedirom the GOMMAPPStudy dataset showed spatial

distribution changes for sperm whales in thalf3Garrison et al. 2023bA notablechange was

an increase in sperm whatkensity in the centraGulf. During 2003, 2004, and 2009 surveys,
there were many spernwhale sightings in the northeasterruin waters with relatively high
chlorophylta contentand to the north of the Loop Current or a separated Loop Current eddy
(Rappucci et al. 2023puring the 2017 and 2018 GoMMAPSR®veys, waters with higher sea
surface height anomalgnd generally lower surface water productivity dominated tieethern

Gulf, and sperm whalsightings occurred primarily in the central and west&uif, and were

less frequent in theortheastern @lf. The selected spatial density model predicted higher
sperm whale densities mwaters with low surface velocity, less influenced by the Loop Current
or Loop Current eddiggRappucci et al. 2023Jhe positive effect dbSWwas primarily
associatedvith higher densities during summer months and the overall low density observed in
the winter. This model indicates that sperm whales occurred in highest densities in deeper
slope waters thatvere less influenced by the Loop Current or Loop Current eddies, and during
summer monthgFigure3-19) (Rappucci et al. 2023Jhe variability in the oceanographic
conditions in thenorthern Gulf betweenthe 2003;2009 and 20132018 surveys likely account

for the observed shifts in spatidistribution and lower sperm whale density in the

northeastern Gif.
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ALISNY oKIFfSQa @20t (XMakewnhdSidérdvd&aaRo2@el @St Ay 3
authors suggested that the time budget analysis can be used as an indicator to assess the
behavioral ecology of sperm whal@$ie studyalsofound that the northern @lf isan

important habitat for sperm whales, with the presence of a relatively consistent population
throughout the yea(Mathew and Sidorovskaia 2023)

Morano et al. (2020performed a largescale passive acoustic survey of sperm whales along the
easternCGulf continental shelf following th®eepwater Horizooil spill and response. Sperm
whales were shown to exhibit a seasonal occurrence pattern in the region, with seasonal
movements to other regions, which are likely not directly influenced by the oil spill. Seasonal
occurrence was shown to be highest during summer and lowest during winter. Results suggest
other factors (not theDeepwater Horizonil spil) influence sperm whale occurrende.

addition, Li et al. (2021analyzed passive acoustic datasets in the northeuti {Gm

approximately 1640, and 8&km (10, 25,and50 mj away from theDeepwater Horizonil spill

site. Data were collected 2007, 2010, 2015, 2016, and 2017. A comparison was made
between the abundances of spenvhales before and after the oil spill. The results show that
sperm whales were present in tliegion throughout the entire monitoring period during spill
cleanup. The results also indicatdtt the density of sperm whales at the site closest to the

spill increased between 2010 to 201&elydue to prey field recovery.

Sperm whalegrey on cephalopods (i.e., squid, octopi, cuttlefishes, and naufG)rison et

al. 2018) demersal fishes, and benthic invertebratdsfferson et al. 2008bLTephalopods are

the main dietary component of sperm whal@3avis et al. 2002; Garrison et al. 2018)

Postulated feeding and hunting methods include lying suspended and relatively motionless
near the ocean floor and ambushing prey, attracting squid and other prey to the white lining of
their mouths by disturbing bioluminescent orgamis around them to make their mouths more
visible or by stunning prey with ultrasonic sourfti®rris and Mohl 1983; Wiirsig et al. 2000b)
Evidence of ingested stones, sand, sponges, and othefaahitems suggests they forage on

or near theseafloor(Jefferson et al. 2008bA study byGarrison et al. (201&emonstrated

strong associations between mesoscale physical features, sperm whales, and their prey in the
Gulf. Further, squid biomass was found to be highest at intermediate depths, particularly
between 600 and 700 m (1,969 and 2,297 ft), that correspond to primary sperm whale feeding
depths(Garrison et al. 2018)

3.7.3.2 CetaceansMysticetes

The onlyresidentbaleen whale in the northern@ is thew A Onhaeipreviouslyreferred to

as theGulf of Mexica NB R S Q.&RecénKevifleBce shows that the population previously

1y26y a . NBERSQa GuKisdndwly idenfified sieiesydoBbhlde K vEnhlg,

wA OS Q486 BRA7M2X Rosel et al. 20R¢searcishows that they are geographically,
demographically, and genetically isolated from all other balaenopterid lineages, leading to their
recognition as separate speci@osel et al2021; Soldevilla et al. 2022in August 23, 2021,

NMFS published a direct final rule in thederal RegistgB6 FR 4702%) ¢ 9 Y R yYISNBR |y
CKNBFGSYSR 2AftREATS YR tflryidiaT ¢SOKYyAOFf [/ 2N.
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Balaenoptera riceiand the description of the listed entity to the entire species. The changes to

GKS Gl E2y2YAO0 Ot aaAFTAOIGAZ2Y YR y2YSy Ot | (dzNB
the ESA or any protections and requirements arising from its listing. Thisacdene effective

on October 22, 2021.

NMFS proposeih the Federal Registaf 2 RSaA 3yl 4dS ONRGAOFE KIFEOAGLH G
(88FR47453)(Figure3-20). Thecurrently proposedlesignation includes waters from the

100-m (328+t) isobath to the 40a@m (1,312ft) isobath in theGulf from the TexadMexico

border east to the boundary between the South Atlantic Fishery Manage@euncil and the

Gulf Council (50 CFR 600.105(c)) offlofida(88 FR 47453)

¢tKS wAalOSQa ¢KIfS A& FY2y3a (KS Y2ad KBy RMAYOSONS R
whalenorthern GulfMarine MammalSARwvas last updated in 2022 lyayes et al. (2023)

incorporating the data reported b§arrison et al. (2020Regarding current population

trend, there were no significant differences between surveys conducted in 2003, 2004, 2009,

2017, and 2018Hayes etal. 2028) ¢ KS & il (dza 2F wA QfF hative KI £ Sa A
to OSP, is unknowfHayes et al. 2023Yhere is no statigtally significant trend in population

size for this stockHayes et al. 2023)

CKS YI22NAGE 2F wAaOSQa ¢KIfS RSGSOGA2ya | NB f
continental shelf between roughly 16@nd 400m (328 and 1,312ft) depth; they have

beenless frequently detected in the western, central, and southern (&dfrrison et al. 2024b;

NOAA Fisheries 2026 dzZNA y3 @SaaSt adz2NBSeéa O2yRdz-OGSR FTNRY
primarily observed in the northeasteKaulf near the 220m isobath(Rappucci et al. 2023)

wAOSQa gKIfSa KFE@S fa2 0SSy 20/BSNIR2YR AN SRK S A
whale was observed in the westermulGnear the shelf break off the coast of Texas during a

summer 201&urvey(Rappucci et al. 2023n additiors Ay ! LINAf wHAawunX G662 wA
observed in the western @, 55nmi off the coast of Corpus Christi, Texasing an aerial

survey in April 2024NOAA Fisheries 2026 habitat suitability model developed Byarmer et

al. (2022)and adensity surface model developed Barrison et al. (2024ydicate suitable

wi 0SQa ¢gKI f S Gdficantindntalishelf hrehly/ Bredict&dlensities and occurrence

2T wAO0SQa oKIfSa NBY!Il AGlfhabita (RBndeliet al. g024) BaBisoNI y 2 NIi
et al. 2024b)

Additionalresearch has identifiedn expansion iwv A O S Q &uitabl habitat throughout the

Gulf, thoughsightingshave beerconcentratedpredominantly around the 20én (656-ft)

isobath in the nortleastern Gulf (Soldevilla et al. 2022b; Garrison et al. 202Zhgre have

0SSy |1 02dzaiA0 RSGSOGA2ya 2F wA OXdntial Gilfkwith S O  f
no observed seasonalifysoldevilla et al. 2022b; Soldevilla et al. 20P4&ssive acoustic

monitoring (PAMNB O2 NRSR wA OS Q afroma thid wieSern@uff &dnd the T | G A 2 y &
continental shelf break south of the FGBN#SGEiNnd WFGBsites both offshore the FGB

located off Louisiang)Soldevilla et al. 2022bDverlapping calls were recorded at both of the

FGBNMS sitgSoldevillaetal. 20229) ¢ KSNBE Yl & 06S FS6SNI 2NJ Y2NB 3
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whales in the northwester@ulf compared to the northeastern @ (Soldevilla et al. 2022p)

0K2dzZAK NB3Idzf | NJ 200dzNNBYy OS 2F wAOSQa Gdfkitest S O €

(Soldevilla et al. 2024%oldevillaetal. (2028 S 1 SOG SR wA BaQ dallsgdaroind 2 y 3

at the Highfrequency Acoustic Recording Pack&8geGHBsite. Additionally the longterm PAM

study, through identifying their call type& & ARSYGAFTASR (GKS FANRBRIG SOA
occurrence in Mexican waters, demoreging that this species has a transboundary range

including both U.S. and Mexican waters of tha@f@Soldevilla et al. 2024)

Rappucci et al. (2028)za SR wA O0SQa ¢KIfS |yR dzyARSYGAFASR 0o
surveys between 2003 and 2019 to develop a detection function because there was an

insufficient number of sightings during the GOMMAPPS surveys to derive a reliable detection
function. ThusRappuccietal. (2028 y Rt SR RSy aAideé IyR I 6dzyRI yOS
whales differently than for other @f cetaceans due to their limited distribution and rarity. The

aSt SOGSR aLXl GAlrf RSyaAde Y2RStf FTNRY (KS D2aal
was highest in shallow waters and with intermediate bottom temperatures betweelCa0d

19°C(50¢66 °H and intermediate surface chlorophydl concentrationgRappucci et al. 2023)

¢tKS O2YO0AYyl A2y 2F LKeaAOlt OKFINIOGSNRaGAOAZ
whales, occurred primarily in tlrenortheastern @lf habitat. There is some seasal variability

in predicted density associated with changes in water column characteli§#sison et al.

2023b; Rappucci et al. 2028esearch indicates that the locations of these sightings are linked

to specific environmental features, such as temperature and salinity, which are associated with

the upwelling of nutrientrich water from the shelf breafGarrison et al. 2024b)

wAOSQa gKIfSa |LIISIEN G2 T2 Nl 3c250md20Aty R0ffi KS RI @
water depth) on the upper continental slope of their northeastemif@abitat whereAriomma

bondi a schooling fistalso appears to primarily occ(iKiszka et al. 2023y A 0S Qa ¢ KI f S&a |
likely selective predators, mostly foraging on highergy content prey, particulari bondi
(Kiszkaetal.202®) h i KSNJ LINBe& GKI GO FNB NBtlFGA@Ste |6
to have a lesser contribution. A study Kgk et al. (2023uctionéi 33 SR (62 wA OSQ
collect information on diving kinematics and foraging behavior. It found that these whales
engagedmainlyin lungefeeding near the seafloor, and partially in the water column and at the
sea surface. This study alsalicatedthat bottom foraging occurregrimarily during the day

with prolonged surface resting at nighthere is limited research atittle information available

onthe feeding ecolog2 ¥ w A O Sp@réicularlybectiuSestrandings are extremely rare and
observing their foraging behavior is challengmegausehey do not forage at the surface

(Kiszka et al. 2023y he limited range fow A O S Q &andbtlielr freymakesthem particularly
sensitiveto environmental changedue toclimae-relatedfactors(e.g.,increased ocean
temperatures ocean acidificatiopas well asulnerable to anthropogenic disturbances such as
vessel traffi¢fishing gear, and offshore developméBection3.7.6).

dzy F
a ¢
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1 The Northwest Unit that occupies the Florida Panhandle south to Hernando County,
Florida(FWS 2014cManatees from the Northwest Unit are more likely to be seen
in the northernGulf, and they can be found as far west as Texas; however, most
sightings are in the eastefaulf (Fertl et al. 2005)

The Florida manatee has been documented all alondgahiein nearshore waters, typically less
than 4 m (13 ft) deep and within 1,000 mZ481 ft) of the shore(Slone et al. 2022 hey are
mostcommonly found along the Florida coast in the winter and may migrate as far as Texas in
the warmer seasons, typically inhabiting only shallow coastal marine, brackish, and freshwater
areas(O'Shea et al. 1995; Fertl et al. 200B)eferred coastal and riverine habitats (e.g., near

the mouths of coastal rivers) are used for resting, mating, and cal#WH 2001; 2007a)

Slone et al. (2022agged manatees in northwestern Florida, and manatees were tracked
traveling as far west as Lake Pontchartrain, Louisiana, and as far south esBamplorida.
Foraging areas were relatively shallow, mainly from 1285 m(8.82¢4 ft) at mid-tide. The
highest density of manatee resource use was close to wetlands and estuaries where foraging
resources are foundand resource use peaked in the sumr(felone et al. 2022 raveling
corridors were generally in depths greater than I8 ft), with highest traveling movement
rates inthe spring and fallManatees travelled more often within the intracoastal wateryway
where availabletather than the open GulfSlone et al. 2022)

Manatee movements in the northernuB are characterized primarily by their need to return to
protected warm water refuges in Florida each winter. This is realized by long migrations in the
ALINAY3A 6Saidol NR | g | Becadishibey haQd ligld\chIdRtoleRadice, Mdarktees S & @
are generally restricted to the inland and coastal waters of peninsular Florida during the winter,
where they shelter in or near sources of warm water (springs, industrial effluents, and

other warmwater sitesFWS 20012007a) Manatees are generalist feeders and are known to
consume more than 60 species of aquatic vegetation in marine, estuarine, and freshwater

habitats ultimately dependingn seagrasses and othaquatic or shoreline vegetation for

forage(FWS 2001)Seagrass beds provide foraging habitat for manaféésd and Tunnell Jr.

2017)

Manatees are vulnerable to various natural and anthropogenic threats. The most common

major threats to the Florida manatee are cold stress and watercraft colligt@ilsire to return

G2 CE2NARIFQA& ¢6FNY 41 0SNAR Ay (KS (Bogssartfetap 2 dzf R A
2003; Laist et al. 2013; Hardy et al. 2Q12)¥ring rescueWhen manatees experience

prolonged exposure to water temperatures below 68 °F (20 °C), they can develop a condition

called coldstress syndrome, which can be fathllardyet al. 2019) Manatees ardhreatened

due tohabitat loss and fragmentation and entanglements in fishing gear. Manatees are also
susceptible to pathogens or toxins (e.g., tetk events) OCS oiland gasrelatedactivities in

the Gulfare not likely to conflict with manatee movements or behavior due to the distance

from shore and water depthgreater thanwhere manatees would be foun@&lone et al. 2022)
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3.7.4 Other Protected Marine Mammal Species

Nineteen out of 20 toothed cetaceans (including beaked whales and dolphins) that regularly
occur in theGulf are not ESAisted. However, theMPAof 1972 protects all marine mammals.

3.7.4.1 CetaceansOdontocetes

The pygmy sperm whale and dwarf sperm whale, in the Family Kogiidae, have a worldwide
distribution in temperate to tropical water@ullin et al. 1991) They mainly feed on squid,

though they also eat crabs, shrimp, and smaller fi$fiirsig et al. 2000bDccurrencas

primarily in thenorthern Gulf along the continental shelf edge and deeper waters off the

continental shel{Mullin et al. 1991; Rappucci et al. 2028) sea, it is difficult to differentiate

dwarf sperm whales from pygmy sperm whales duét§ SA NJ aYl f f o62R& &A1 S |
OSKIF@A2NE G6KAES G0 GKS adaNFIF OST (KISONEBRIAKEEZ &A
(Rappucci et al. 2023p0MMAPPS modeling indiestthatKogiaspp.occur in highest densities

in deep slope waters that are less influedd®y the Loop Current or Loop Current eddiaer

surveys conducteduring 2003, 2004, 2®, 2017, and 2018Rappucci et al. 2023y erylittle is

known about the specieandmoststudieshave beerconductedon stranded individuals.

Inthe@lfz 6SF{SR 6KIFIftSaz Ay (GKS ClFYAfe& %BALKAARIFSZ
whales or are grouped into an undifferentiated complex because of their similarity in
appearance and potential identification errors. In the north@&uif, they are broadly

distributed in waters deeper thah,000 m(3,281 ft) over the lower slope and abyssal
landscapegDavis et al. 1998; Davis et al. 200@¢aked whales were seen in thalfGn all
seasons during GulfCet aerial surv@ysillin and Hoggard 2000$ightings observed through
two independent survey teamdentified bimodal depth distribution with highdensitiesin the
central and westeriGulf between the 1000 and 2000 m(3,281 t06,562ft) isobaths and in the
deeper waters of the centr&bulf (Rappucci et al. 2023)Vhen the models projected onto the
southern @ilf, high beaked whale densities are predicted in the soagternGulf in the

Yucaéin ard Florida Strait§Rappucci et al. 2023 eaked whale species that may occur within
the Qulf are usually observed singly or in small groups of individ(aé$ferson et al. 2008a)
There are no known beaked whale hot spots in @Guf (Wrsig 2017)As a group, they are
poorly studiedbecause of their low availabiligt the surface and the challenge of seeing them
at the surfacethoughthey are thought to be deejliving animaldecausehey feed on
deepwater cephalopods and fighefferson et al. 2008a; Wirsig 2017; Rappucci et al. 2023)

Three species d¥lesoplodorare known to occur in the @ based on sighting and stranding

data and are considered provisional stodkgrvais' beaked whale, Blainville's beaked whale,

YR / dz@A S NI AWUGIG ét 4. 2BD0bg\Kakirfg Bt al. 2014)2 s SND & Qa oSl 1 SR
considered extralimital in the@. DS NI A 4Q 0S|I { SR ¢ Klthough I LILIS| NB
sparsely, distribute@crossemperate to tropical watersvorldwide (Jefferson and Schiro

199790 . f I AY @Attt SQa oS|I | &duttamidrate 8nd irgpicaRwat@rd NA 6 dzi S R

worldwide, but it is not considered commd@Wirsig et al. 2000 / dzdA SNR& o6SIH {1 SR ¢
widely, though sparsely, distributed throughout temperate and tropical waters worldwide
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(Wrsig et al. 2000b)rhey are sighted in theuB in all seasons in water depths typically
greater than500 m(1,640 ft)(MazeFoley and Mullin 2006)

Fourteen members of the Family Delphinidae (dolphins) are known to occur @®uthe
Dolphins are often gregarious and commonly form aggregations that can range from a few to
several thousand individuals depending on the spe@égrsig et al. 2000b; Waring et al.
2016) Of the 14members, the bottlenose dolphin is the most common inhabitant of the
continental shelf and upper slope waters of the northemufBottlenose dolphins occur in a
diverse range of habitatgncluding within estuaries, shallow damental shelf waters, OCS
waters, and deep waters over the inner continental sl¢@arrison et al. 2024apssociated
with this diverse range of habitats is a diverse range of residency and movement patterns
observed among sympatric bottlenose dolphin populati@@arrison et al. 2024apolphins in
Barataria Basin in Louisiana were confirmed to be genetically differentiated from those in
adjacent coastal waterSpeakman et al. 2022yurther, genetically distinct stocks of
bottlenose dolphins were ideifted along the Texas coast, with a high degree of genetic
differentiation among adjacent stock&arrison et al. 2024a)

There appears to be multiple stocks of common bottlenose dolphins indhern Gulf: a

coastal stock (1667 m[52¢210 ft]) and an offshore stock (about 250[820 ft]) (Duffield et al.

1983; Hoelzel et al. 1998; Rosel et al. 2009; Rappucci et al. 2023; Garrison et al. Z024a)
coastal or inshore stocks are genetically isolated from the offshore stock. Inshore stocks are
further provisionally delineated into 31 bay, sound, and estuarine st&lesing et al. 2016)

The offshore stock of bottlenose délimshas beersighted in waters near a shelf break with
majority of sightings occurring in thertheastern Glf and in waters that are less influenced by
the Loop Current or Loop Current eddies. The inshore stock of bottlenose dolphins occurred
more frequently in areas with higher chlorophgliconcentrationswith lower densities further

from shore and in lower productivity areas. Density within this stock of bottledofghinwas

seen to decline rapidly in waters greater than 100388 ft)depth (Rappucci et al. 2023)
Additionally,Garrison et al. (2024&ssessed bottlenose dolphin stock structure in thdf @at
consists of a complex suite of oceanic, continental shelf, coastal, and estuarine stock along the
Texas coast. Results observed individuals in estuarine waters and in coastal waters identifying
two types of genetic markersuggesting that bottlenose dolphins in coastal waters of Texas

are genetically different from those in the Texas bays, sounds, and est(@eesson et al.

2024a)

Bottlenose dolphins are opportunistic feeders, foraging on a wide variety of fishes,
cephalopods, and shrimphile using a variety dechniques to detect, pursue, and capture
prey (Davis and Fargion 1996; Jefferson and Schiro 1997; Quigley et al. QoR®y et al.
(2022)documentedbenthicforagingbehavior oppotunistically of bottlenose dolphins in the
Barataria Basin in theorthern Gulfbetween 2010 and 2012ommon bottlenose dolphins
were observed engaging in a previously unidentified behavwwomed drilling ordrill feeding a
dolphin positions itself nearly vertically in shallow water and thrashes its flukes across the
surface, presumably enabling foraging for prey in the below subsfggley et al. 2022)
Most observations of drill feeding occurreéar the shorealong the interior of the barrier
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islands, such as Grand Isle and western Grand Terre Island, and near marsh islands in the
southwestern area of the estuaryhis behavior was not observed in the central, open water

arisSa 2F GUKS addzRe NBIFQa fFNBSadG gdrgedwd) 602 RAS

plumeswere observed across drilling observations, suggestpot@ntial association with this
behaviorand sediment typ&€Quigley et al. 2022prill feeding occurred during all seasons.

Mills et al. (2024pbserved thathe ship channel in Aransas Passctionsas a natural
bottleneck forprey species moving between theuslsand Corpus Christi Bahat may attract
and sustain bottlenose dolphins despite the threat of anthropogenic thrigatisis busy vessel
port. This study analyzed thelationshipamongbehavioral states and environmental and
geographical variablesverall identifying behavioral hotspot®espite thedaily anthropogenic
stressors, bottlenose dolphins seem to engagalimehaviorabktates closer tdeatures of the
industrialized area (i.e., deeply dredged chanpkisnanengineered seawalls) oveatural
features (i.e., mangroves, natural seagrass bé@dd)s et al. 2024)

Since 1987, cetaanstranding in Alabamahaveprovideddecadesf valuable insights into the
spatial temporal, and demographic patterns of strandings in this unique area, which connects
the eastern and westerCGulf coastlines (Russell et al. 2022\ ultiple distinct hotspots of

cetacean strandings in the nodttentral GIlf 6 S®3I d> | £ F 0 YI 0O;bdttlerdse 6 SSy
dolphinsarethe most reported(Russell et al. 2022)hese hotspots may be influenced siych
factors as batimetry, geography, human population density, and sources of mortality, such as
increased fishing activity. Changes in bathymatong coastlines, along with currents, riverine
discharge, and wind speed and direction, can all impact stranding patterns in specific ways
(Russell et al. 202Zurther analysis showed thaiottlenose dolphirstrandings were most
frequent in the spring (MaratMay).Females anduveniles were more likely to strand during

the calving season (JanugApril) compared to the nowcahing seasonpossibly due to

mortality events relatedo birthing or reproductive event@Russell et al. 2022)

Bloodgood et al. (2023)lentified cetacean strandinfrom 2015 to 2020n Alabamao
determine the cause of death bottlenosedolphinsdirectly following theDeepwater Horizon
oil spill. Human interaction i®ne of themain causeof mortality in marine mammalsnd
infectious diseasedike morbillivirusand Brucella are ongoingthreats for offshore cetacess in
the Gulf. Bloodgood et al. (2023)bserved 19 out of 108 bottlenose dolphstrandings resulted
in the presence of infectious diseasé&sof thosedolphin samplegsontainingBruella. This
studyindicated signs of endemicity of Brucella in cetaceans in th&tkat can ultimately

result in a decrease of reproductive success and subsequently affect population dynamics

A

¢CKS 1dftlFrydAO alLlRiadSR modthediolphyngspimnirdcipRing) strip&2 f LIK A Y

dolphin, and false killer whale are found in tropical to temperate watBtiyazaki and Perrin
1994; Perrin et al. 19944994b;Perrin and Gilpatrick Jr. 1994; Jefferson and Schiro 198@&)
Atlantic spotted dolphin is endemic to the Atlantic Océ€Berrin and Gilpatrick Jr. 1994;
Jefferson and Schiro 1997hey are one of the most commonly observed cetaceans in U.S.
continental shelf waters, including theus where the NortherrGulf Stock resideéViricel and
Rosel 2014)The continental shelf genetic cluster, one of four distinct clusters of the Atlantic
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spotted dolphin compriseghree groups: animals inhabiting shelf waters in the western North
Atlantic, the easterrzulf, and the westerrGulf (Viricel and Rosel 2014lhese dolphins

habitually occur in waters at or less than 200 m (65@vfiere most sightings have occurred in
100 m (328 ft) water depth contours, particularly off the Florida sfwffirsig 2017)They occur

as far north as 50°N latitude (though typically to about 40°N latitude) and about 25°S latitude.
Their general habitat range overlapgth that of continental slope bottlenose dolphins
(Wrsig2017)

Surveys conducted between 2017 and 2018 document the presenttantic spotted
dolphinsacross the continental shelf and oceanic wat@appucci et al. 2023yheywere
observed in all seasonigher densitiesvere typically found on the OCS near the shelf break
with high occurrences in the northeasterui south of the Florida Panhandle, where deeper
waters are located relatively close to shqRappucci et al. 2023)Vithin oceanic waters, the
Atlantic spotted dolphin was rarely observed in the shelf break waters afidindnern Gulf,

with additional sightings recorded in both the eastern and western regions aidht@ern Gulf
(Rappucci et al. 2023)he dolins of thegenusStenellaare not deep divers; they typically
feed within the top several 100 (328 ft)of the water surface, often on mesopelagic prey that
move towards the surface at nigbtvirsig 2017)Stenellids are highly social animals and are
often in groups of hundreds to thousands of animals, though group sizes can widely differ. In
addition, stenellids often occur in interspecies aggregati@arsig 2017)

Surveys conducted during 2003 to 2009 observed sightings of spinner dolphins and striped

dolphins in the centragéastern and northern @f, particularly in areas with a relatively high

chlorophylta content and north of the Loop CurrefRappucci etal. 2028) wA a4 2 Qa R2f LK
were observed more frequently in waters with intermediate surface chlorophyll levels, with

higher densities in the northern and southern portions of thdfGand some sightings

occurring in the Loop Current waters. This suggeststthatspecies inhabits a diverse range of

habitats across the continental slope of the northé&ulf (Rappucci et al. 2023)

CN} aSNRa R2f LIKAY KIFa | g2 NI Ryark RwnioXeddioNA 6 dzii A 2 v
wide variety of fishes, cephalopods, crustaceans, and benthic invertel2éesn et al. 1994a,;

Jefferson and Schiro 1997h the @ilf, they occur primarily along the continental shelf and

continental slopgMullin and Fulling 2004)r'he rougkoothed dolphin, striped dolphin,

spinner dolphin, and false killer whale can occur in deeper waters off the continental shelf

(Davis and Fargion 1996; Mullin and Fulkeg4)

The killer whale has a worldwide distribution from tropical to polar wa(dedferson and

Schirol1997) They feed on marine mammals, marine birds, sea turtles, cartilaginous and bony

fishes, and cephalopod8Virsig et al. 2000bBpecies including false killer whales, pygmy killer
whales,andmelolk S RSR ¢KI £ Sa o0aofl Ol FAaAKEVL 6SNB 2048
northern Gulf, with sightings primarilgoncentratedin the central and westerregions,

particularlyin deeper waters off the continentahslf (Davis and Fargion 1996; Rappucci et al.

2023) The melorheaded whale and pygmy killer whale have worldwide distributions in

subtropical to tropical water§lefferson et al. 1992jeeding on cephalopods and fishes
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(Jefferson and Schiro 199T)mited information is available on this combined group of species
because ofthe relatively small number of encounters and the lack of fit with dynamic
environmental parameters, likely reflecting the rarity of these speicidbe GOMMAPPStudy
(Rappucci et al. 2023)

The shortfinned pilot whale is distributeth tropical to temperate watersvorldwide (Jefferson
and Schiro 1997)They feed predominantly on squid, with fishes being consumed occasionally
(Wursig et al. 2000b)Aggregations of shoftnned pilot whales are commonly associated with
other cetacean specigdlazeFoley and Mullin 2006High densities o$hort-finned pilot
whalesare foundto occurprimarilyin inner continental slope waters of thrthwestern Gilf

that are less influenced by the Loop Current.oop Currenéddies. When the modedelected

in GOMMAPPS was appliedttee southern Gilf, it suggestd high densities of pilot whales
extending into the southwester@ulf and the Bay of CampecltiRappucci et al. 2023)

The pantropical spotted dolphin is considered the most common cetacean in the Gulf
(Wursig2017) These dolphins occur in tropical and subtropical waters from the equator to
approximately 40°N latitude and 30°S latitude. They occur on the upper slope in waters of
100m (328 ft), as well as their primary habitat, waters greater than 100 m (328 ft) and into the
open abyssal zone of the GIWUrsig 2017)They are found in large groups, often over 100
dolphins per group. They feed on mesopelagic and epipefalies, crustaceans, and squid, in
addition to surfacedwelling flying fishes in some are@&ursig 2017)

3.7.5 Marine Mammal Bioacoustics

As applicable, discussion of marine mammals outside of the Gulf is included as a proxy for Gulf
marine mammals, representing the best available information at this time.

3.7.5.1 The Importance of Sountb Marine Mammals

Marine mammals are highly dependent on acoustic cues as a primary means of communicating
and assessing their environment. Sound travels faster and farther in water (~1500 m/s
4,921ft/s) than it does in air (~350 m/&,148 ft/9, making this a reliable mode of information
transfer across large distances and in dark environments where visual cues are limited. Sound
plays an essential role in critical activities like breeding, navigating, avoiding predators,
foraging and maintaining social structure. Magmmammals glean information from a range of
acoustic signals, including ambient sounds produced on coral reefs, tHedguency rumble
associated with approaching storms, and the vocalizations of other marine fauna. Additionally,
toothed whalesuseecholocation clicks to navigate their surroundings and locate (W&dsen

and Surlykke 2013)

3.7.5.2 Hearing Anatomy

Like terrestrial mammals, the auditory anatomy of marine mammals generally includes the
inner, middle, and outer egiKetten 1994)Not all marine mammals have an outer ear, but if it
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is present, it funnels sound into the auditory pathway. The middle ear acts as a transformer,
filtering and amplifying the sound. The inner ear is where auditory reception takes place. The
key structure in the inner ear responsible for auditory perceptsthe cochlea, a spirshaped
structure containing the basilar membrane, which is lined with auditory hair cells. Specific areas
of the basilar membrane vibrate in response to the frequency content of the acoustic stimulus,
causing hair cells mapped tpexific frequencies to be differentially stimulated and send signals
to the brain(Ketten 1994)Thoughthe cochlea and basiliar membrane are well conserved
structures across all mammalian taxa, there are some key differences in the auditory anatomy
of terrestrialversusmarine mammals. Marine mammals have the unique need to hear in
aqueous environments. Amphibious marine mammals (including seals, sea otters, and sea lions)
have evolved to hear both in air and under water, and all except phocid pinnipedseiéernal

ear appendages. Cetaceans do not have external ears, do not héilkediexternal canals, and

the bony portions of the ear are much denser than those of terrestrial mamgidatsen 1994)

All marine mammals have binaural hearing and can extract directional information from sound.
However the pathway that sound takes into the inner ear is not well understood for all
cetaceans and may not be the same for all species. For example, in baleen whales, bone
conduction through the lower jaw and skull is likely to play a role in he@@ranford and Krysl
2015)transferring vibrations to the tympanic bullae, which each vibrate at different
frequencies. This is believed to be the way in which baleesmles experience directional
hearing(Morris et al. 2025)Odontocetes have a fdilled portion of the lower jaw which is

thought to funnel sound towards the eéisooney et al. 2012)Hearing tests have been

conducted on several species of odontocetes, while only two adolescent individuals of the same
baleen whale species (minke whale) have ever been tg$tedser et al. 2024)'herefore,

most understanding of baleen whale hearing comes from examining the ears of deceased
whales(Erbe et al. 2016; Houset al. 2017)

Many marine mammal species produce sounds through vibrations in their |fFyakel

2002) In baleen whales, for example, air in the lungs and laryngeal sac expands and contracts,
producing vibrations and sounds within the laryixankel 2002)Baleen whales produce
low-frequency sounds that can be used to communicate with other animals over great
distanceqClark and Gagnon 2002)ifferences in sound production among marine mammals
varies, in part, with their use of the marine acoustic environmenttfiewd whales hunt for

their prey using relatively higfiequency (10s of kHz) echolocation signals. To produce these

aAdylrfas GKSe KIFI@S | aLISOAIEfAT SR &G NHzO0GdzNB Ol

for sound production. When air passesdhgh the phonic lips, a vibration is produced, and the
melon helps transmit the vibration from the phonic lips to the environment as a directed beam
of sound(Frankel 2002)it is generally believed that if an animal produces and uses a sound at a
certainF NBlj dzZSy Oz Ada&a KSFENAy3d aSyariadragaite oAff
hearing range is likely much broader than this, as they rely heavily on acoustic inforgnation
beyond the signals they produce themselgisunderstand their environment.
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Pacific, and off the New Zealand coast. Other observed sounds include pulsed moans recorded

at frequencies ranging 1@900 Hz and discrete pulses at €000Hz, which were produced by
calves(Edds et al. 1993 he functions of these lofvequency sounds are unknown at this

time, but it is assumed they are used for communication. Currently, there is no direct
YSIF&adzNBYSYyG 2F FdzZRAG2NE GKNBakK2tftR F2NJ waOSQa

A study bySoldevilla et al. (2022ajsed sonobuoys and passive acoustic tagging to validate the
a2dz2NOS 2F LROGSYGAlLt OFft GelwlsSa FyR G2 OKI NI O
and acoustic surveys, acoustizected approaches were conducted to obtain visual

verifications ofsources of localized sounds. Of 28 acoudiiected approaches, 78ercent led

G2 aA3IKIGAYy3Ia 2F o0l fSY2LISNAR ¢KIfSaxs 2F gKAO
(Soldevilla et al. 2022a)longmoan cak, downsweep sequences, and tosalquences are

I 0 GNROdzil SR [basedwi theSeQriatchek A dotSriial new call type, the low
FTNEI|jdzSyOe R26yasSSLI aSljdzSyO0Ss Aa OKFNIOGSNAITS
(Soldevilla et al. 2022a)

Tenorio etal. (2023F 2 dzy R K I (i stuwdied¥ia RAMin th& orth&a&tern Gulf

produced a variety of vocalizations that could be used for individual identification and location

GNJF O1Ay3dd ¢KSasS @20t ATIGA2ya YIe |ftaz2 o6S dza$s
gKIFEfSa Ay | aLISOA T Xolnd to Népresent mainl) 8 Shallowswalers &d 6 S NS
their vocal activity increased during the winter mon{fi®norio et al. 2023)

The sperm whale is classified within the hfgéquency cetacean functional hearing group
(150Hz160 kHzZYNMFS 2024akEvidence suggests that the disproportionately large head of

the sperm whale is an adaptation to produce vocalizatidtsris and Harvey 1972 his

suggests that vocalizations are extremely important to sperm whales. The function of sperm
whale vocalizations is relatively wstudied(Weilgart and Whitehead 1997)ong series of
monotonous, regularly spaced clicks are associated wélifg and are thought to be

LIN2E RdzOSR F2NJ SOK2ft 20F A2y d { LISNY 6KIfSa |faz
to possibly convey information about the age, sex, and reproductive status of the sender
(Weilgart and Whitehead 1988)hese codabave distinct patterns and appear to be culturally
transmitted (Watkins and Schevill 1977; Whitehead and Weilgart 1991; Rendell and Whitehead
2001) Gulfsperm whalegomprisea distinct acoustic clamarely encountered outside of the
Gulf(Rendell and Whiteheed 2003; Gordon et al. 2008; Antunes 20@xoups of closely

related females and their offspring have gresipecific dialect¢Weilgart and Whitehead 1997)
Sperm whale vocalization and audition (i.e., sense of hearing) are important for echolocation
and feeding, social behavior and intragroup interactions, and maintaining social cohesion within
the group. Sperm whales produce powerful biological sound€hmlecate prey at long ranges,
though they reduce acoustic outputs by several orders of magnitudenwthey are about their

body length from their preyFais et al. 2016a)

Little is known about the hearing sensitivity of dwarf sperm whales and pygmy sperm whales
though they are classified within thesry-highfrequencycetacean functionahearing group
(200 HZ 165 kH2 (NMFES 2024aPulsed sounds with peak frequencies below 13 kHz have been
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recorded from pygmy sperm whal€Saldwell and Caldwell 198 @nd the anatomical and
physiological features of the dwarf sperm whale head have been shown to be consistent with
production of echolocation clicK€ranford et al. 1996; Goold and Clarke 20@8@)diograms

have been obtained for dwarf sperm whales and pygmy sperm wiidgway and Carder

2001; Cook et al. 2006; Finneran 2QaApugh data remain insufficient to ascribe avoidance
thresholds. It is possible that these species may be sensitiaemide range of sound
frequencies.

The Delphinids are considerégyh-frequency cetaceans with functional hearing of
approximately 150 HA60 kHANMFS 2024aBecausdhe delphinid auditory system has a
relatively poor response at the leWwequency endabout 110 dB re 1 pPa at 200 Hz, though

refer to Table 2 in Southall et al. 20@#)d increases in sensitivity toward the ultrasonic range,
there is a clear gradient of increasing sensitivity that exists over a broad frequency range up to
the frequency of peak sensitivity.

3.7.5.4 Potential Vulnerabilities Marine Mammalsand Underwater Sound

The importance of sound to marine mammals, consequently, means there is potential for
adverse effects from unwanted sounds, such as anthropogenic noise. Depending on the level of
exposure, the context, and the type of sound, potengifiectsof underwater sound on marine
mammals may include neauditory injury, auditory injury (e.g., permanent hearing loss),
temporary hearing loss, behavioral changes, acoustic masking, or increases in physiological
stress(OSPAR Commission 200Rch of theseffectsis dscussed below.

Non-auditory Injury. Nonauditory physiological injury is possible for very intense sounds or
blasts, such as explosions. This kindfédctis possibleonly during detonation of explosives in
decommissioning or in the rare caskoccurrence of unexploded ordnances. Although many
marine mammals are able to adapt to large changes in pregsuoch ady a deep foraging

divecthe shock waves produced by explosives expose the animal to rapid and great changes in
pressure These pressure changeause a rapid>@ansion of aHfilled cavities (e.g., the lungs)

for which there is no compensatioithis forces the surrounding tissue or bone to move beyond
its limitsandmay lead to tears, breaks, or hemorrhaging. The extent and severity to which such
injury will occur depends on several factors including the size of theséledrcavities,

ambient pressure, how close an animal is to the blast, and how large thed&strieran et al.
2017) In extreme cases, this can lead to severe lung darttegean directlykill the animal; a

less severe lung injury may indirectly lead to death due to an increased vulnerability to
predation or the inability to complete foraging dives.

Auditory Injury and Temporary HearingLogs ' v | YAYIl f Q4 F dzZRAG2NE &aSya
depends on the spectral, temporal, and amplitude characteristics of the s(@Riotardson et

al. 1995) When exposed to sounds of significant duration and amplitude (typically within close

range of a source), marine mammals may experience fndigced threshold shifts and

auditory injury (AUD INJ), which includes but is not limited to PTS. TTS oftéa fresulhair

cell fatigue(Saunders et al. 1985; Yost 2008hile experiencing TTS, the hearing threshold
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rises, meaning that a sound must be louder to be detected. Prolonged or repeated exposure to
sounds at levels that are sufficient to induce gWwi8hout adequate recovery timgcan lead to
auditory injury including PT{Southall et al. 2007; Finneran 201Research suggests that some
odontocete species may have mechanisms to selectively reduce their hearing sensitivity when
provided with a precursory cue that an intense sound is just about to arrive, which may help to
protect themselves from auditory injuior TT§Nachtigall and Supin 2013)

Behavioral ImpactsWhen exposed to underwater sound, marine mammals may show varying
levels of behavioral disturbance ranging from no observable response to overt behavioral
changes. They may flee from an area to avoid the noise source, change their vocal activity, stop
or change foraging behaviors, or change their typical dive or social behavior, among other
responsegNational Research Council 20038le implications of behavioral disturbance can
range from temporary displacement of an individual, togéerm consequences on a

population, such as a reduction in fitness related to decreased foraging success. Studies have
shown that noise level alone often fails to reliably predict behavioral responses because several
contextual factorsavea role in whether and how an animal will respaitichardson et al.

1995; Southall et al. 2007; Ellison and Frankel 2012; DeRuiter et al. 2013; Gomez et al. 2016)
Some of these factors includg) the exposure contexe.g., behavioral state of the animal,

habitat characteristic3, (2) the biological relevance of the sigif@lg., whether the signal is

audible, whether the signal sounds like a predat@®) the life stage of the animdk.g.,

juvenile, mother and calf(4) previousexperiencas of the animal(e.g., is it a novel sound

source, (5) sound propertiege.g., duration of sound exposure, sound pressure level, sound
type, mobility/directionality of the sourgeand(6) physical properties of the medium that may
affect how the sound propagatése.g., bathymé&y, temperature, salinity(Southall et al. 2021)

It is also possible that marine mammals may become habituated (show a reduced response) or
sensitized (show an increased response) when repeatedly exposed to dBejder et al.

2009) Over the course of a habituation process, individual tolerance levels will increase,
whereas tolerance levels will conversely decrease as individuals become sensitized to specific
stimuli (Bejder et al. 2009V ariability exists across species and among individugslting in
variable thresholds of disturbangsee Richardson et al. 1995; Gomez et al. 2016 for a review)
Because of these many factors, behavioral impacts are challenging to both predict and
measure this remains an active field of study in marine mammal bioacoustics.

Auditory Maskirg: Acoustic masking occurs when a sound signal that is of importance to a

marine mammal (e.g., communication calls, echolocation, and environmental sound cues) is
rendered undetectable because there is noise present in the same frequency band. In other

words, masking occurs when a noise source overlaps in time, space, and frequency with a signal
2T AYOGSNBald I yR 20 a0 dzNRiéhardsgh ettaly 1095 Clatk &t all 2000) A G &
Auditory masking may occur over larger spatial scales thare-nudsiced threshold shift or
0SKI@A2NYf RA&AGdz2NDFYyOS® alaliAy3a OFy NBRdAzOS |y
Fd 6KAOK AlG Oly STFSOGAGSte GNXyaYAl FyR NBOS
aLJ 0S¢ O6U0KS NI y ZQelevant agnlstic Oues from thedehwfoniReditll &

growing body of research is focused on the risk of masking from anthropogenic sources, the
ecological significance of masking, and what-amsking strategies may be used by marine
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mammals(Scheifele et al. 2005; Clark et al. 2009; Holt et al. 2009; Branstetter and Sills 2022)
This understanding is essential to fully address maskihiaAregulationo y 2 i dzy R S NJ
authority) or mitigation approacheéErbe et al. 2016)n the interim, most assessments only
consider the overlap in frequency between the sound source and the hearing range of marine
mammals.

Physiological stressThe presence of anthropogenic noise, even at low levels, can increase
physiological stress in marine mamm@lgright et al. 2007; Kight and Swaddle 20Fgr

example responses tetress mayhangevarious hormone levels (including cortisol,
corticosterone, aldosterone, catecholamines, reproductive hormones, thyroid hormones,
among others)Watt et al. 2021)andanimals may exhibit increased respiration rates, an
increase or decrease in heart rai/illiams et al. 2022)r changesi other bodily functions.

With prolonged stress from noisthese physiological changes may be tied to lower

reproductive rates or decreased fertility, compromised immune funcfRalland et al. 2012)

or disrupted metabolic regulatigieading to accelerated aging or slowed growth. It can be
difficult to observe or sample these responses in wild animals. Several methods have emerged
that allow for reliable measurements in marine mamm@dsint et al. 2014and may include
sampling through blood, saliva,utlber, feces, urine, or the blow produced by a whale, or
tagging animals with heart rate monito(Rolland et al. 2005)'he impact of physiological

stress on an individual or population can be exacerbated by other fastock as the age or
condition of the animal (e.g., undergoing stress during a critical life stage such as reproduction,
or while its health is already compromised) or its vulnerability from other stressors (e.g., food
scarcity, habitat loss).

The effects of anthropogenic sound on marine life have been studied for more than half a
century. In that time, it has become clear that this is a complex subject with many interacting
factors and extreme variability in response from one sound sourcedathanand from species

to species, and even within specigsg., individuals may have markedly different responses to a
similar exposure However,some general trends have emerged from this body of work. First,

the louder and more impulsive (sé@pendixB) the received sound is, the higher the likelihood
that there will be an adverse physiological effect, such as auditory injury or TTS. These impacts
generally occur at relatively close distances to a source, in comparison to behavioral effects,
masking, oincreases in stress, which can occur wherever the sound can be heard. Second, the
hearing sensitivity of an animal plays a major role in whether it will be affected by a sound or
not, and there is a wide range of hearing sensitivities among marine maspueaies.

Regulation to protect marine life from anthropogenic sound has formed around these general
concepts(Section4.1.2).

3.7.5.4.1 Thresholds for Auditory Injury

The MMPA and ESA are the two statutes that are most relevant when considering potential
harm from anthropogenic noise on marine mamm@ection4.1.2).
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Many of the biological and abiotic sounds in tha@lfGre natural sounds that most animals are
accustomed to. However, just because a sound is natural, does not mean it will not have an
adverseeffecton a receiver. For example, the sound of a predator may increase the
physiological stress of the individual being hunted. Or, during a hurricane with stronger than
usual wind conditions, masking may be more likely to occur for animals trying to comnaunicat
with conspecifics. These are examples of interactisitls naturalunderwater soundsvith

which animals have evolved to livar information on marine mammal bioacousticee

Section 3.7.5As applicable, discussion of marine mammals outside of the Gulf is included as a
proxy for Gulf marine mammals, representing the best available information at this time

TheU.SNavy uses low (<1kHz, LFAS) andfmeiguency (10 kHz, MFAS) sonar in thal3o

detect and track submarines, and to locate mines. Historically there have been numerous cases
of navy sonar use linked to marine mammal strandings, primarily beaked whales, inlthe G
(D'Amico et al. 2009; Finneran et al. 20&myl around the world. It is difficult to assess why

these strandings occurred, as it is not until a stranding happens that researchers become aware
and can investigate the situation, whichusually too late to understand the exact situation the
whale was in before it stranded. These strandings may have occurred because the sound may
have disoriented the animals causing them to behave outside their normal behaviors, increased
their stress lgels, or rendered the animals unable to navigate or communicate effectively. As a
result, a robust research programargely focused on behavioral effeghow exists to better
understand the effects df).S.Navy activitiegMcCarthy et al. 2011; Manza+Roth et al. 2016;

Harris et al. 2017)One consistent finding from these studies is that animals tend to leave the
vicinity when naval sonar is in use, ceasing whatever activity in which they were previously
engaged. One study found thah beaked whaleshe playback of killer whale calls elicited the
same response as naval soff@yack et al. 2011Yhe animals stopped making foraging
echolocation clicks and took an unusually long time to ascend from their deep foraging dives.
The authors hypothesized thdue to the similarity in frequencies, the whales may have

mistaken the sonar sound for a predator.

Vessel Noise

Vessel noise in theu® comesprimarilyfrom large container ships and other shipping vessels
that come in and out of port through theuB. Source levels for large container ships can range
FNRY mT1T (02 HAn RMcKeNda etml. 2913)kthH mbst endidyy XehdeRirated
below 1 kHz. This lodvequency noise from merchant ships can travel extremely far distances
and has been shown to be detectable at 125 ®i®& mij from the sourcgAulanier et al. 2017)

A recent assessment of the underwater soundscape in thiel@tween 2018nd 2020

reported vessel traffic as the second (after airgun noise) major source of anthropogenic noise in
the region, with vessel activity being present betweer @ percentof the time, and a

greater presence in theummermonths(Amaral et al. 2022Dueto the chronic presence of
vessel noise in the Gulf, marine mammals may experience behavioral or acoustical changes,
masking, and/or an increase in physiological stresan environment where vessel activity is
present for substantial periods of time, vessel noise likahgtionsas a chronic stressor for

many marine mammals in theu.
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Behavioral changes have been observed in marine mammals as a result of vessel noise
exposure. Reviews of the literature on marine mammals and vessel {Ridgardson et al.

1995; Erbe et al. 2019¢vealed that changes in behavior vary widely across species. These
responses have ranged from flee responses at long ranges and longer, deep€Fufile3s

1990; Martin et al. 2023p increases in swim velocities in belughales (Finley 1990Q)
humpbackgSprogis et al. 2020and narwhalgWilliams et al. 202). Dolphins have shown
longer interbreath interval§¥Nowacek et al. 2008nd dolphin pods have shown increased
breathing synchronyHastie et al. 2003Humpback whales have shown changes in respiration
rates(Sprogis et al. 2020Changes to foraging behavior, which can have a direct effect on an
FYAYFEQa FAGySaas KI @YHoa& 8.y20220réspoNsS8® Resskly (A f € S
noise.

Some marine mammals may change their acoustic behaviors in response to vessel noise, either

due to a sense of alarm or in an attempt to avoid masking. For example, fin wGalellote

et al. 2012)and belugagLesage et al. 1998pve altered the frequency characteristics of

their calls in the presence of vessel noise. When vessels are present, bottlenose dolphins

increased the number of whistléBuckstaff 2004; Guerra et al. 2014perm whales decreade

the number of click§Azzara et al. 2013and lumpbacks and belugas completely el

vocalactivity (Finley 1990; Tsujii et al. 201&ome species may change the duration of

vocalizationgfin whales shortened their calisCastellote et al. 2012)r increase call amplitude

(killer whales Holt et al. 2009)o avoid acoustic maskinglolt et al. (2015jound that as

bottlenose dolphins increased the amplitude of their calls, metabolic rates increaseab§ 20

percent Although this study was not tied directly to exposure to vessel noise, it provides insight
about the potential energetic cost of vocal changes (i.e., increases in vocal effort such as louder,
longer, or increased number of calls). Understanding the sobpeoustic masking is diffittu

to observe directly, but several studies have modeled the potential decrease in

GO2YYdzy AOI G A2y &Ll OS éClaskkeSay 2009SEibe &t il 22016; RiglandINBE & Sy
al. 2017) For exampleRutland et al. (2017&howed that during the closest point of approach
(<10kmémb 2F | € NAS O2YYSNDOAIt @SaasStz GKS LGS
whale was reduced by 98%rcentcompared to ambient conditions.

Finally, several studies have demonstrated a correlation betweerreguency anthropogenic
noise and physiological stress in baleen whaResdland et al. (201Zhowed that fecal cortisol
levels (an indicator of stress) in North Atlantic right whales decreased followind 1tie 9
terrorist attacks, when vessel activity was significantly reduced. Similar responses have been
observed in humpback whaléBallin et al. 2022and narwalgWatt et al. 2021)On daily and
monthly timescales, gray whales haveoadhiown changes in adrenal stress depending on
vessel activitfLemos et al. 2022)nterestingly North Atlantic right whales do not seem to
avoid vessel noise nor vessel prese(idewacek et al. 2004yet they may incur physiological
effects(e.qg., stressyas demonstrated bfRolland et al. (2012)Jnderstanding unobservable
effects such as physiological changissespecially important in the absence of observable
effects. In some cases, animals may stay in an area where they are exposed to a keessor
chronic vessel noise because the benefits (e.g., prey availability, habitat suitability) outweigh
the cost to the animale.g., Nehls et al. 2024)
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3.7.6.2 Coastal Development and Lighting

An increase in built infrastructure (e.qg., residential areas, industrial centers, ports, hotels,
resorts, marinas, docks, seawalls, bridges, and roads) may affect habitat used by coastal marine
mammals (e.g., coastal dolphins and manatees). Coastal cotistrican degrade or destroy

coastal habitats and degrade water quality by increased sedimentation and pollutant runoff,
affecting coastal marine mammals if ingested., via prey consumption Dolphins have been

shown to stop feeding though continue socializing in habitat degraded by coastal bridge
construction(Weaver 2021)Marine mammals are not expected to be vulnerable to lighting,
becausehey typically rely more on acoustic cues.

3.7.6.3 Fisheries Interactions

Different marine industries add gear into the ocean, and commercial or recreational fishing
comprises one of the most common sour¢B¥FS 2025aCommercial fishery interactions are

a threat to marine mammals because they may be injured or killed by commercial fishing gear
notablythrough entanglemen Active fishing line and gearsed incommercial and/or
recreationalfisheries whichare managed by NMF&e., outside of BOEMNdBSEE regulatory
authority), can pose entanglement and ingestion risks t@rime mammalgWells et al. 1998;

Jog et al. 2022Marine mammals can either get caught on longline hooks or can be entrained
in a net by a shrimp boat or groundfish vessel. There is also the chance of entanglement in buoy
lines from crab traps. Entanglement in fishing gear can cause decreased swimihing ab
disruption in feeding, lifehreatening injuries, and death. The debris items most often found
entangling animals argaps; lines; lines and buoysets and monofilament line from

commercial and rereational fishing boattNMFS 2025aanddiscarded strapping bands and
ropes from a variety of vesseBor examplew A O S Q &oragihg tielSasior ofigh-power

circling along the seafloor before lunging upward may increase the risk for encountering and
becoming entangled in bottorongline fishery gear, which is the most prevalent type of fishery
in their primary northeastern Guliabitat (Soldevilla et al. 2017; Kok et al. 20ZF¥heries

bycatch of marine mammals has also occurred in thi, Guch as from pelagic longline

fisheries and shrimp trawl fisheri¢Benaka et al. 2019peeSection3.7.66 for further

information on fisheries interactionfsom marine debris.

3.7.6.4 Vessel Strike

All marine mammals are vulnerable to accidental vessel strltewever, some marine

mammal species may be more vulnerable than others to possible vessel strike with all vessels
operating at speed, including primarily slamoving speciege.g., manatees)r those that

spend extended periods of time at the surfates @3 © 3w AaBddeepdiviagspetid a 0

(e.g., sperm whalesyhile on the surfacévanderlaan and Taggart 20@¥) C2 NJ SEI| YLX §%
whales may spend up to 88 percent of their time at nigimil 70 percent of their time overall,

within 15 m (39 ft) of the ocean surfa¢8oldevilla et al. 2017inaking them particularly

vulnerable to collisions with large vessgidevens et al. 2024Deepdiving sperm whales are

also vulnerable to vessel strikes because of the surface period they require (several minutes) to
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recover from extended, deep divélsaist et al. 2001; Vanderlaan and Taggart 2007; Fais et al.
2016b) Sperm whales have been shown to be unable to outmaneuver a fast vessel approaching
under stratified water conditions, which is when sound propagation is strongly anisotropic
resulting in reduced warning times of approaching vesggtsnier and Marty 2015)

Accidental vessel strike could result in marine mammal injaortality, or no apparent effect
(Laist et al. 2001; Van Waerebeek et al. 2007; Vanderlaan and Taggart 2007; Pacée3®l)
strike from noROCS activities has been implicated in injuries and fatalities for several large
whale specieglLaist et al. 2001; Van Waerebeek et al. 2007; Vanderlaan and Taggart 2007; Pace
2011) Three fundamental components are essential to understanding and assessing vessel
strike risk to any marine mammal populatiql) distribution, occurrence, and habitat selection
of the population;(2) dive and surface behavior of individuals; dBjivessel characteristics,
activity, and mitigation measurgStevens et al. 2024¥-urther, several factors affect the risk
and severity of vessel strike to marine mammals, including species type, speed, health, and
behavior of the animal; and the path, speed, size, and number of vdtseds et al. 2001;
Vanderlaan and Taggart 2007; Martin et al. 20¥&ssel speed and size arfenote when
assessing strike riglstevens et al. 2024; Garrison et al. 2025)

Most reports of vessel collisions with marine mammals involve large whales, though collisions
with smaller species also ocoiwan Waerebeek et al. 200Taist et al. (2001gompiled data

and found that most severe and lethal whale injuries involve large sh@sn(#262 ft]) at

higher speeds; 89 percent of ship strike records show that vessels were moving at >14 knots
(kn) (16 mph). They also concluded that the majority of collisions appear to occur either over or
near the continental shelf and that thehales usually are not seen beforehand or are seen too
late to be avoidedLaist et al. 2001)

Manatees are slow moving and are often struck by smaller {@aS 2001)Vessel strikes are
the leadingcause of humatinduced mortality for manatees, andanymanatees bear prop

scars from contact with vessdlGerstein et al. 1999; Lightsey et al. 2006adequate hearing
sensitivity at low frequencie&erstein et al. 1999slow movement, and the use of shallow and
surface waters are contributing factors to their vulnerability to vessel stilike.vast majority

of strikes result from recreational and fishing vesséughmanatees are less common in the
westernGulf, theyhave beerseen more frequently, and increased sightings indicate that there
is a potential for risks to this species from vessel tralfficegions with vessel traffic, open

water travel paths for manatees present an increased risk of watercraft strikes, leading to injury
or mortality. Vessel activitghroughoutthe northeasternGulf, wherew A Onha&de typically

reside and where manatees undertake seasonal movements along the northern Gulf Coast
could put both of these species at risk

NMFS has documentatleasti 6 2 Ay aidlyoSa 2F wAaOSQa ¢KIfSa
strikes: a dead lactating adult female found in Tampa Bay, Florida in 2009 with injuries
indicative of blunt trauma resulting from a large obj@dayes et al. 2023and a free

swimming whale in the northeastern Gulf in 2019 with a severely deformed spine, also
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consistent with a vessel strifRosel et al. 2021; Hayes et al. 2028ither incident was linked
to oil- and gagelated activities.

3.7.6.5 ClimateRelated Factorsand Ocean Acidification

Climaterelated factors can influence or act synergistically with other IPFs on marine mammals,
depending on the geographic location and season. Several uncertainties exist on how these

factors camffectmarine mammalgEvans and Bjgrge 2013; Silber et al. 20thugh range

shifts (e.g., in response to shifting prey distribution or expansion of breeding grounds), timing

of important biological activities (e.g., breeding), and regional abundance changes could occur
(Learmonth et al. 2006)Varming watergan affect the timing of annual events such as

LI Fylid2y o0ft22Ya8 O0AYLRNIFYyd F22R a42dz2NOS F2NJ ol
reproduction in some species, potentially disrupting predaioey relationships, with cascading

effects throughotithe food web(Ullah et al. 2018)Some esearchalso suggestthat ocean

acidification from rising carbon dioxide levels could potentially decrease sound absorption in
oceans, thereby causing amplified levels of ambient néigel T A 2 €f dzF@8ter, | £t & HAmMp (
increased seaurface temperatures likely enhance the magnitude and frequenéiA@dsand

their associated toxin€@O'Neil et al. 2012)

Lettrich et al. (20233onducted a tra#based climate vulnerability assessment for 108 marine

mammal stocks in the western North Atlantigjl;and Caribbean Sea. Marine mammals are

expected to respond to climateelatedfactors with shifting distribution, changes in abundance,

and/or changing phenologyrimary drivers of high climate exposure include temperature,

ocean pH, an®Q with effects mediated through prey and habitat parametgérsttrich et

al. 2023) Temperature, ocean pH, amOindicated asa heavy influencéor more thantwo-

thirds of stocks analyzad this study Further,Lettrich et al. (2023jound that marine

mammalsinthe GIfY & dzOK & 06020G0f Sy2aS R2f LIKAya FyR wAiC
habitat degradation, prey availability changes, and increased human activities exacerbated by
climaterelated factors

3.7.6.6 Marine Debris,Pollution, and Runoff

Marine debris affects marine habitats and marine life worldwide, primarily through
entanglement or ingestion (e.g., chokin{@all and Thompson 2015; Senko et al. 2020)
Entanglement in marine debris can lead to injury, infection, reduced mobility, increased
susceptibility to predation, decreased feeding ability, fithess consequences, and mortality
(e.g.,drowning)of marine mammalg§Moore et al. 2009; Gall and Thompson 2015; Senko et
al. 2020) Research indicates thanarinemammalentanglementaffects all age classes, leading
to reduced forage ability, disrupted swimming performance, and increased energy costs,
ultimately hindering overall efficiency in daily activit{€all and Thompson 2015; Senko et al.
2020) Entangled marine mammals may drown or starve due to being restricted by gear, suffer
physical trauma and systemic infections, and/or be hit by vessels due to an inability to avoid
them. Data on marine debris in some locations of thdf@ lacking; therefore, it is difficult to
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draw conclusions as to the full extent of the problem anckftsectson marine mammal
populations.

Microplastics and macroplastics have been shown to affect marine mammals directly and
indirectly (Alava et al. 2023Attraction to plastic pollution can occur in several ways, including

(1) through curiosity and naivety in juvenile marine mammals, (2) to use as resource needs such
as nesting material, shelter, or resting platforms, (3) to seek prey that is entangl&bstic p

and (4) by the odor of biofouled plastic, which may be mistaken for (Sedko et al. 2020)

Marine debris ingestion can lead itatestinal blockage, which caffectfeeding ability and lead

to injury or death(Gall and Thompson 2015; Senko et al. 20R[@)stics have been found inside
deceased marine mammal&regory 2009)

Debris such as plasti¢san degrade and become microdebris (e.g., microplasticsys02 in

in size), which can be ingested by the pelagic commucetysing physicaffectsincluding
metabolicand toxicityeffectson a variety of marine organisms, includm@rinemammals

(Parolini et al. 2023)Negative effects of microdebris ingestion include physical damage (e.g.,
internal abrasions, gastrointestinal blockages), psesatation, and exposure to organic
pollutants, toxins, or foreign microbes thatlhere to the debris surface and can lead to
decreasedyrowth, reproduction, and survival. Effects would be spespcific and lifestage
dependent,with a possible trend found for decreasing exposure to microdebris with distance
from shore inthe Qulf (Lestrade and Hernandez 202Ravarathna et al. (202&nalyzed

stomach and intestinal contents of bottlenose dolphins from the Mississippi Gulf coast, finding
>134 total microplastics in the stomach and intestinal contents of the 10 dolphin samples, thre
of which tested positive for the presence of perfluesotane sulfonateNavarathna et al.
(2023)determinedthat since bottlenose dolphins are coastal residents who spend the entire
year in the Gulf, they could be used as a bioindicator to track microplastic contamination in the
Gulf.Marine animals at high tropic levels can consume plastics and/or microplastics either
directly or indirectly from lower trophitevel species

NOAA Fisheries 20§2024National Reports on large whale entanglements observed
confirmed casesf live entangled animals and cases involving deceased animals (floating or
tangled)(NMFS 2022b; 2022a; 2023; 2024c; 202bhgre wereno documented, confirmed
large whale entanglements in the Gulf during this tifdering 2019, 2020, and 202dver 50
percent of identified entangling debris involved gear directly used in commercial or recreational
fishing (e.g., buoys with identifiable marks, traps, nets, mathofilament line) and the
remaining cases involved line that could not be attributed to a so(Md8FS 2022b; 2022a;
2023) In 2022 fishing gear represented 40 percewitconfirmed casesvhile the remaining
casednvolved line that could not be attributed to a sour@¢MFS 2024c)n 2023 fishing gear
represented 50 percent afonfirmed caseswhile the remaining cases involved line that could
not be attributed to a sourcé€NMFS 2025a)n 2024, fishing geaepresentedapproximately

48 percent of confirmed casesvhile the remaining casesvolved line or line and buoys that
couldnot be directly attributed to a sourc@NMFS 2025b)
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Discharges and wastes have the potential to modify suitable habitat for marine mammals
(Morton 2003) Pollutants released into streams, rivers, bays and estuaries can enter the open
ocean where thegausestressto marine life, including marine mammals. Pollution, including
point and nonpoint discharges of metals and organic compounds, can degrade water quality, as
can contaminants in sediment if resuspended into the water by anthropogenic activities,
storms, or othe events.HABs including brown and reddes, occur almost every year ini6
waters(Section3.2.9.2. These blooms could kill, displace, or cause respiratory or reproductive
issues in marine mamma(Bire et al. 2008 Bottlenose dolphins and manatees are most at risk
from nearshore discharges and wastBgcausather marine mammals are n@xpected to be
found in coastal waters, they are less likely todfiectedby nearshore pollution. Prey species
also affect the influence of pollution on marine mammalsxins directly harm the organisms

that ingest them but can also haedfectsfurther up the foodchain through biomagnification,

the process in which chemicals are passed to higher trophic levels through prelaten

2002) Therefore, although filtefeeding benthic organisms may be the first to encounter toxic
chemicals, these compounds can also contaminate marine mamBiafsagnification in fish
results in the generally higher contaminant levels in-8sing marine mammal&ray 2002)
Manatees are exposed to herbicides by ingesting aquatic vegetation containing concentrations
of pollutants(OShea et al. 1984)he propensity of manatees to aggregate at industrial and
municipal outfalls also may expose them to high concentrations of contami(@taseros et

al. 2008)

3.8 BIRDS

Birds fromdistinct taxonomic and ecological groups rely heavily on the marine (i.e., pelagic
waters) and coastal habitats (i.e., beaches, mudflats, salt marshes, coastal wetlands, and
embayments) found in th&ulf region.Haney et al. (20254lentified 56 taxa associated with

open shelf, slope, and pelagic (federal) waters, 41 primarily coastal taxa (state and federal
waters), and 20 sea and diving duck taxa. High marine bird richness in the northern Gulf reflects
(1) a temperatetropical gradent supporting diversgearround habitats, (2) varied geographic
origins of species, and (3) a largely enclosed baéamy passerines, or songbirds, breed and
winter within the Gulf Coasttates and can be found in the coastal area and offshore during the
trans-Gulf migrationeach spring (veek peak; April 2May 13) and fall (~dveek period;
September 260ctober 15) (Russell 200RIternatively, some seabird species live primarily
offshore, except during their breeding season. These pelagic birds, including shearwaters,
storm-petrels, boobies, gannets, jaegers, gulls, and téhsican and Havard 1980¢ly on
offshore waters for food and rest atopoversites. The remaining species found in thdfG

region are located within coastal and inshore habitats.

Species abundance in tl@&ilf varies by season due to migration and breeding timings.
Abundance can also be driven by mesoscale features, such as the Mississippi River freshwater
plume and oceanic fronts and eddi@gibic et al. 1997; Bost et al. 2009; Scales et al. 2014)
(Chapter 2. Seabirds have a-$€lected life history strategy, which means they are species that
produce few offspring but invest high amounts of parental care. As such, seabirds' population
levels can be impacted by natural climate cy¢Raleczny 2012)nd anthropogenic activities.
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For examplefisheries interactions can result in the overexploitation of prey resources, which
can negatively impact seabird abundan¢Earness and Tasker 2000; Paleczny 2012)
Nutritional conditions of prey are important to seabird reproductive success and population
dynamics as we(Lamb 2016)

The northernGulf supports a diverse group of avifauna with its variety of coastal habitats and
their importance to the ecology and life history of both coastal and marine Biifus Gilf is an
essential area for migratory birds, because three of the four major flyways occur withiruthe G
(the Central, Mississippi, and Atlantic Flywd¥syure3-22). These flyways are used by
migratory birds, mangonvergingwithin the diverse coastal and terrestrial habitats in the
northern Qulf which is an important area for migratory species that travel in large numbers in
the fall and springRussell 2005Roughly 40 percent of all North American migrating waterfow!
and shorebirds use the Mississippi FyWlaWS 2013a; USGS 20IBE Mississippi Flyway
includes the states of Alabama, Arkansas, Indiana, lllinois, lowa, Kentucky, Louisiana, Michigan,
Minnesota, Mssissippi, Missouri, Ohio, Tennessee, and Wiscoaisdthe Canadian provinces

of Saskatchewan, Manitoba, and OntaffeVS 2026aPDuring this highly energetic period,
stopoversites are critical to migratory bird¥hese areas provide resting and feeding
opportunities(Brown et al. 2001; McWilliams and Karasov 2005)

Other species rely on the area as they move into the coastal habitats of the noGa#rior

their wintering period Many occur in the terrestrial habitats of the region and are not likely to

be impacted by the samgrogramrelatedvulnerabilities that coastal and marine birds

encounter. Bird count data collected from 1965 to 2011 show that wintering coastal birds in the
northern Gulf are declining. Twenty species have experienced a decline of about 2 percent,

65 percent of whose ranges are centered i Bulf (Niven and Butcher 2011ftvidence

suggests this could be due to a northward shift as a result of warmer we@tlnen et al.

2010) As such, 28pecies have experienced an increase of about 3.5 percent, 13 of which are
experiencing a northward shiétt the centerof their corehabitat into the northernGulf (Niven

and Butcher 2011)

3.8.1 Important Birdand BiodiversityAreas

Important Birdand BiodiversityAreas (IBAs) are identified through the National Audubon

{ 20A S @& Qa inthe U.Sas &@oBaNdfforfi.e., BirdLife Internationglto identify and
conserve areas that are vital to birdghese are noibindingdesignations and do not carry any
legal authority as official FWd&signationgi.e., critical habitat)The IBAs provide important
specifichabitat to one or more bird species, and inclualg are not limited tosites for
breeding, wintering, or migrating bisqBirdLife International 2025Yhe IBAs can be federally
or state-regulated €.g.,national wildlife refuges andationalparks) if they occur ofederal or
state-protected lands or include ESi&signated critical habitafhere are over 65 IBAs along
the Gulf CoastNational Audubon Society 2029)hese are primarily managed to provide
essential habitat for conservation including protection for both resident and migratory bird
speciefFWS 2025)
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requirements, and behaviorsherefore, they share similar vulnerabilities to BOE?dulated
activities.

3.8.2.1 Passerines

Passerines include more than half of all bird species within the Passeriformes order, including
sparrows, warblers, thrushes, blackbirds, and wrens. feaserines are grouped with these
species in this discussion and include kingfishers, woodpeckersnimghirds, parrots,

pigeons, cuckoos, owls and nightjars. Passerines are perching birds and songbirds, and near
passerines are land birds. Both growsethe Gulf for resident habitat, wintering grounds, and
stopover sites during migration. Passerinesfatend offshore when migrating but are not able

to rest or feed on the water. A wide diversity of passerines and-paaserines can be found in
the Gulf, representing many of the breeding and wintering birds within Gulf Caatss.

3.8.2.2 Raptors

Raptors are birds of prey that are represented by the Falconiformes and Accipitriformes orders.
Falcons and caracaras comprise the Falconiformes order, and hawks, eagles, and vultures
comprise the Accipitriformes order. Raptors' diet mostly consists of terrestrial birds and small
mammals. Some raptors, like the bald eagle and osprey, are fish ¢ladtrssecoastal

freshwater and saltwater habitats.

3.8.2.3 Seabirds

Seabirds spend most of their lives either on or over water, and they primarily rely ceéier
foraging(Schreiber and Burger 200E)ve taxonomic orders of seabirds are represented in the
coastal and offshoré&ulf waters:Charadriiformeggulls and terns); Gaviiformes (loons);
Pelecaniformes (pelicans, frigatebirds, gannets, boobies, tropicbirds, and cormorants);
Podicipediforms (grebes); and Procellariiformes (petrels, sjoetnels, and shearwaters).

Many species have distributiotisat spanthe Gulf, while others ardound only in specific
portions of theGulf. Some species never come ashalengthe Gulf Coast. The population
ecology of seabirds leaves them susceptible to impbetausehey have delayed maturity,

low reproductive potential, periodic nebreeding, low firstyear survival, and small clutch size.

Seabirds feed on localized concentrations of prey in single or mixed species aggregations via
several foraging techniques, including picking from the sea surface, shallow diving, and deep
diving(Shealer 2001)Prey availability to seabirds depends on the depths at which queyrs

relative to predator foraging techniques. Also, prey may be driven to the surface and
concentratedas a foraging strategy of pelagic sharks, billfish, tunas, and dolphins. This strategy
causes much of the success of pelagic seabird predation. Some seabirds aggregate and forage
or rest on floatingSargassunmats (Haney 1986; Moser and Lee 201R)ving seabirds in the
Gulfinclude petrels, shearwaters, gannets, boobies, cormorants, and gulls. Diving seabirds can
reach depths of several meters for long duoats (seconds to minutes)-or example, in the

Gulf, diving birds likeommon loons, northern gannets, and brown palisusediverse
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foraging strategies with dive times ranging from a few seconds to over a minute. These
behaviors are primarily dayliglitependent, with higkintensity hunters like theommonloon
dedicating roughly 6@ercentof their day to foragingkenow et al. 2023)

The GulfCet Il program collected biological oceanography data to determine the environmental
patterns and oceanographic processes affecting seabirds in the nor@df(Davis et al.

2000b) Terns, storrpetrels, shearwaters, and jaegers were the most frequently sighted
seabirds in deep water 890m; 964 f). Summer migrants (i.e., shearwaters, stepetrels, and
boobies), summer breeders (i.e., sooty tern, least tern, sandwich tern, and magnificent
frigatebird), winter residents (i.e., northern gannetlig, and jaegers), and yessund species

(i.e., laughing gull, royal tern, and bridled tern) were all observe@uih deepwater areas. Bird
densities were not estimated, but previous work indicated that densities over the open ocean
are typically less than 10 birds per square kilometer. As evidenced by the data collected in the
GulfCet Il program, hydrographic conditidns.,the presence and location of mesoscale
features, nutrient levels, and seairface level productivity) play an important rolesisabird
distribution and density in addition to seasonal variability.

Gleason et al. (202®bserved spatial and temporal patterns of seabird abundance using two
survey platforms in the northern Gulf, 2042020. Aerial and vessel seabird surveys were
conducted in coastal and continental shelf waters, and deeper waters off the continental shelf
out to the EEZ, from roughly Brownsville, Texas to the Florida Keys:sewdy species of

seabirds were identified across survey platforms, years, and seasons. Most of the seabird
species observed were not considered as local to the northern Gulf. Rather, they were affiliated
with breeding locations from the northern migranontinental interiorArctic, southern Gulf,

and the Caribbean. For 24 seabird species with a sufficient number of detections, there was
distribution within and across seasons and yeBega presented represesthe most spatially

and temporally extensive abird surveys in the northern Gud date. Understanding seasonal
variation in species composition and distribution is particularly relevant to better understanding
potential effects from future offshore energy developmelmproved, standardized monitoring

of seabird assemblages in the northern Gui€luding vessel surveys, tagging, and Hergn

time seriescan establish critical baselines to evaluate environmental variability and
anthropogenic impacts (e.g., offshore energy, vessel traffi@haelet al. 2023)

Generally, seabirds occur in low densities over most of the ocean and are patchily distributed
(i.e., 10 bird&m?; 0.4 mi?). Higher densities correlate witBargassuntines, upwellings,
convergence zones, thermal fronts, salinity gradients, and high plankton productivity areas
(Ribic et al. 1997; Davis et al. 2000&¢abirds can use beaches and dunes for feeding, roosting,
and/or nesting habitafPortnoy 1977; 1981; Hunter et al. 2008yeas of higher density are

areas that should get higher conservatipmority.

3.8.2.4 Waterfowl

Waterfowl species that occur in the coastal and inshore waters of the nori@Gelfrinclude
some in the subfamilies Aythyinae (diving ducks) and Merginae (sea ducks) of the Anseriformes
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order (Sibley 2000)The canvasback, rimgecked duck, lesser and greascaup, bufflehead,

and common goldeneye are common diving duck species in freshwater and estuaries in the
Gulf. The greater scaup and similar species move to marine environments during the winter.
Their diet can consist of aquatic vegetation, mollusks, and crustaceans. Sea ducks feed and rest
within nearshore and inshore waters during their Rloreeding season, pically gathering in

large flocks on the sea surface. Hooded mergansers are likely the most common sea duck
species in the northerulf based on their habitat preferences. The order Gaviiformes (i.e.,

loons) can also be found in coas@llf waters. Sea aick diet can consist of fish, mollusks, and

small invertebrategSibley 2000)

3.8.2.5 Shorebirds

Shorebirdqi.e., Charadriifformesgre a large group of birds, including sandpipers
(Scolopacidae), plovers (Charadriidae), oystercatchers (Haematopodidae), and avocets and stilts
(Recurvirostridae), thaisecoastalGulf habitats for nesting, feeding, and resting. Fetttyee
shorebird species occur in tl@ulfduring their migration or wintering periods; 28 of these
species rely on norther@ulf coastlines to fuel theimigrations to their neaArctic breeding
grounds(Henkel and Taylor 2015%ix shorelod speciegAmerican oystercatcher, snowy
plover, Wilso® plover, willet, killdeer, and blaglecked stilt3 breed in theGulf (Helmers
1992) TheLower Mississippi and weste@ulf Coastarerich habitats for a variety of
shorebirds. The Gulf Coast provides some of the most important shoredloitats particularly
the Laguna Madre ecosystem along the southern Texas (Best/n et al. 2001; Withers
2002)

Shaebirdscan use beaches and dunes for feeding, roosting, and/or nesting héBaenoy

1977; 1981; Hunter et al. 2006 horebird abundance trend analyses indicate that many
species in various parts of the U.S. are declining, includangy species that occur along the
northern Gulf coastline(Morrison et al. 2001; Morrison et al. 200&nvironmental degradation

of shoreline habitats, industrial and recreational development of breeding and wintering
habitats, and sedevel rise alteration on coastal areas are believed to be responsible for these
declines. Further, global environmentalactge can alter prevailing wind pattes that affect

ocean upwelling and productivity, both of which are drivers of shorebird abundance and
distribution (Morrison et al. 2001)

3.8.2.6 Wadingand/ or MarshBirds

Wading/marsh birds are a diverse group of birds in the four orders Ciconiiformes, Gruiformes,
Pelecaniformes, and Podicipediformes. Thegmost of the coastal aquatic habitats found in

the northernGulf, including freshwater swamps and waterways, brackish and saltwater
wetlands, and embayments. Herons, egrets, cranes, rails, and storks, as well as diving birds
(e.g.,grebes), are common wading/marsh birds in tRdf. Mostare yearround residents with
diets that primarily consist of fish and invertebrai{&ibley 2000)Wading/marsh birds are
susceptible to habitat disturbance, degradation, or loss because ofytharroundreliance on
coastal aquatic habitats.
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https://www.boem.gov/sites/default/files/documents/oil-gas-energy/leasing/GOA%20Lease%20Sale%20BBG2%20FNOS%20-%20Stips.pdf?VersionId=oiGB6K7EBUf983QbSIBu.1SigG_YNrhD
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https://www.epa.gov/vessels-marinas-and-ports/2013-vessel-general-permit-and-interim-requirements
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https://www.epa.gov/criteria-air-pollutants/naaqs-table

















































































































































































































































































































































































https://www.bsee.gov/what-we-do/environmental-focuses/rigs-to-reefs
https://www.bsee.gov/what-we-do/environmental-focuses/rigs-to-reefs
https://www.data.bsee.gov/Other/DataTables/PermDeepStruc.aspx
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https://myfwc.com/research/wildlife/sea-turtles/nesting/leatherback/
https://myfwc.com/research/manatee/research/population-monitoring/
https://myfwc.com/research/manatee/research/population-monitoring/
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https://www.fws.gov/southeast/wildlife/birds/eastern-black-rail/%23
https://ecos.fws.gov/ecp/species/7713



https://www.fws.gov/locations
https://www.fws.gov/partner/migratory-bird-program-administrative-flyways
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