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Introduction

The northern Gulf oAmerica(formerly the Gulf of Mexicé) (northern Gulf)is considered critically
important to a large segment of North America’s migratory bird @ojoums during some point of their
annual life cycle. An estimated ~500 species representing seven major taxgraups (landbirds,
marsh birdsraptors, seabirds, shorebirde&ding birds and waterfowl; Wilson et al. 2019a) are knawn
occurin thefive Gulf of America (Gulf)coaststatesln addition,anestimated-300specieareknown to
breedacrosghespanof thenorthern Gulfrom Texasto Florida(Wilsonetal. 2019a) Usingobservers on
oil and gas platforms in the northern Gulf, (Russell 2005) identified 2@%pécies during spring and
fall migration (1998- 2000). Horton et al. (2019) used weather surveillance radar (12®Eb)-to
estimate nearly 2.1 billion birds (mostly nocturnally migrating neotropical passgmigrae through the
region each spring enroute to their Nearctic breeding grounds. The northeradgBuifprovides a
diversity of habitats and ecological niches to breeding, staging, and wintegrajory birds (Burger
2017, 2018; Wilson et al. 2019a). Tiherthern Gulfcoastline represents a southern geographic terminus
for all four major (Pacific, Central, Mississippi, and AtlantiQrtth American migratory flyways
(Bellrose 1980). It is well understood that although the Gulf may regrasescological barrier for sam
bird species (e.g., Buler and Moore 20%folinksyetal. 2013,Bulereta. 2017),manyspeciesf birds
continuetheir southbound fall migration to wintering areas much farther to the south. Many spécies
Nearctic migrant landbirds appear to use either T@ui$-or CircumGulf migratory strategy (Rappole
and Ramos 1994). Briefly, it is thought that most species of Nearctiamhigndbirds follow a Trans-
Gulf migratory path in the fall, whereas in the spring they migrate back fatictving amore westerly
Circum-Gulf path. From telemetry data it seems clear, that even within a gieerespthere tends to be
some variability in migration timing and migratory behavior (e.g., Depad 2015) including for
speciedike the brownpelican(Pelecanus occidenta)ishought to be considered year-round ‘residents’
(Lamb et al. 2017a, Lamb et al. 2020b). For a general overview of Gulf migratosythied habitats and
ecology, as well as threats, refer to Burger (2018).

From a seabird perspective, particularly for the more pelagic spe@@esrthern Gul has received
relatively limited attention from seabirding enthusiasts geefl exas Pelagigsseabird researcheemd
from the broadeseabird conservatiocommunity.Seabirdshavebeenstudied sporadically in the
northern Gulf and most of the research is restricted spatially or temporally and focubeskding
colonies in thenorthern Gulf. Relatively few studies (e.g., Fritts and Reynolds H#fisetal. 1983,
Ribic etal. 1997,Daviset al.2000,HessandRibic 2000)havefocused on asea distribution and
abundance of seabirds in this region (but refer to Haney 2011). This disparigré@sinseabird
monitoring effort and available data are particularly stark in compatisooththeeastermorthPacific
andwestermorthAtlantic (i.e.,theregions okachocean basin adjacent to tteasts of North America).
These differences are presumably partly owirlgck of fundingto conductoroadscalseabirdsurveys,
lack of fundingto conduct longterm monitoring more broadly (Caughlan and Oakley 2001), and the
general lack of seabird expertise and/or researchers available to condindtresalrch in th&ulf. The
northern Gulfis host to several seabird species whose colonies are of regional, contarehtgbbal
importance. Many of the seabird species usingntnthern Gulfare included in the recently released
Birds of Conservation Concern (USFWS 2021), representing priogtiephservation action. Colonies
of brown pelican (all scientific names are provided in Appendix A), sandwich terhteayaForster’s

! Following President Trump’Bxecutive Order 14172Restoring Names That Honor American Greatness,”
Secretary of the Interior Doug Burgum sigrigtretary’s Order 3423The Gulf of America,” which directed the
Board of Geographic Names (BGN) to immediately rename the Gulf of Mexibe ®Bulf of AmericaOn Feb. 10,
2025, the & Geological Survey updated tleographic Names Information System (GNiSreflect the renaming
of the Gulf of Mexico to the Gulf of America. GNIS is the official federabsstory for all U.S. domestic
geographic names for federal use.
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tern, the coastal breeding population of least tern, and black skimmer gidnauiise to the level of
continental and global importance, based on breeding population estimatesi(Reral. 2019:table 2).
Each of theespective fivenorthern GulfState WildlifeAction Plansdentify someseabirdspecies,
primarily nearshoreepresentative§.e., specieghatusehabitats and shallower waters influenced by a
combination of riverine, estuarine, or coastal processes; Jodic@19).that breed along thenthern
Gulf coast, as meeting the definition of Species of Greatest Cotisarieed (e.g., FWCC 2019). The
Gulf of Mexico Avian Monitoring Network (GOMAMN) clearly understood the aamation need for
this taxonomic group. As such, there was consensus to inclusEab#d representatives (~20% of @&
total bird species) in the GOMAMN Birds of Conservation Concern lisis@fv et al.2019b:appendix 1,
seealso Jodice et al. 2019:table 6.1). Finally, Hunter et al. (2006) evaluetatsitprovidedtate and
Bird Conservation Region population estimates, and identified conservatidtiggiand management
actions for ~45 seabird species that breed, wiateisethenorthern Gulf Thus,seabirdsaarean
importanttaxonomic groupvithin the broader avifaunal community of the northern Gulf.

Life-history traits and behaviors of seabirds (northern Guifers include Procellariiformes,
Pelecaniformes, Charadriiformes) make them unique amorsgtestaxonomic groups of birds in the
Gulf (Wilson et al. 2019a, Jodice et al. 2019), but also make them particularlyabléngr perturbations
and stressors in the marine system (Furness and Camphuysen 1997, DR®&1€) aln general, seabirds
are longlived, have delayed sexual maturity, low reproductive potential owing to shath sizes and
low within breedingseason renesting probability, high parental investment in eggs and young, semi-
colonial to colonial nesting strategy, centpce foragers during nesting, and exhibit laligfance

and/or transboundary movements withimd amongrears (Furnessand Monaghan 198%chreibeiand
Burger 2001Gaston2004, Jodice and Suryan 2010). Foraging ranges during the breeding season vary
among species (and among colonies and individuals within a given spe@e# tedmb 2016, Lamb et
al. 2020b) and can ranfrem 10s-100s km. Seabird migration strategies\aged from partial

migration to transocean basin migration. Within a given species, migration decisions may va¥y,by s
age, body condition, colony size (i.e., densigpendence; Lamb et al. 2017a), and functionally due to
availability and density of forage fish (Lamb et al. 2017b, Lamb et al. 2020b). Duringrtieeexing
seasonforagingrangegsendto bemoredynamic/flexibleand generallyack thecentraltendencyresent
during the breedingeasonln generalat-seamovement@andforagingpatterns okeabirds are spatially
and temporally dynamic in response to théifBensional nature of aseahabitat(Tremblayetal. 2009,
Ainley etal. 2012).Foramorethoroughreviewof seabirdsn thenorthern Gulf, refer to Jodice et al.
(2019).

Seabirds are generally considered as reasonable indicators of or proxiesni@rine environment
(Cairns 1987, Parsons et al. 2008). Given that seabirds are considered uppetaveppiredators in
marine systems, they have been important early warning signs of fishiemyses across the world (Piatt
et al. 2007a). In addition, major annual declines in breeding effort and progualany collapses, and
even seabird dieffs have been cited in regime shifts or trophic cascades (Osterblor2@a|.
Grémillet and Boulinier 2009, MacDonald et al. 2015), whereby changes in theravinonment (e.g.,
sea surface temperature) in a given region has resulted in major efféetédod chain, foodveb
dynamics, prey availability and/or density, and resultant responsesifyber trophiclevel organisms
like seabirds, predatory fishes, and marine mammals (Trites ana&Do2003, Jodice et al. 2006,
Suryan et al. 2006). Finally, seabirds have also been shown to be reliatééargdof contaminas
(Mallory and Braun 2012, Gilmour et al. 2019) and marine plastics (Wétalx2015, Provenchestal.
2020), dudo ingestion of contaminatguateyandresultant bioaccumulaticor by directingestionFor a
generabverview ofseabirdsasindicators referto Piatt et al. (2007b).

TheGulf is oneof the topfive oceansn termsof biodiversity(Ellis etal. 2011sensuBrenneret al. 2016);
this biodiversity is subject ta myriad of threats. Concurrently, the habitats and waters comprising the
northern Gulf represent one of the most socio-economically (Sumaila et 2).&2@llecologically

20



(Burger 2018, Gallardo et al. 2004) important ecosystems in the world (Fournie2Gt9. It is
estimated that the natural resources ofitrehern Gulfaccount for ~30% of the U.S. grakemestic
product(GCERTF2011), includingor example offshoreoil andgasproduction, commerciand
recreationafishing (Sumailaetal. 2012), and tourisnThe Gulf, includingthe northern Gulfcoast, is
increasingly affected by a variety of anthropogenic stressors (e.g., alteretbbiahl processes, land
development, energy development, point-source and non-point source pollution, hypoxiks,oil sp
shipping traffic, sedevel rise, sea stace temperature increases, etc.; Halpern et al. 2008) and natural
events (e.g., tropical storms, hurricanes, and floods) that may direatljiractly negatively affect
seabirds and their use ldbitats in the region. Burger (2018:1B86) provides a detailed review of
stressors and threats facing birds inribethern Gulf. The Bureau of Ocean Energy Managel(fizDEM
2012) provided an extensive list and detailed review of factors pdkeafi@cting birds in thanorthern
Gulf specifically as they relate to oil and gas development (O&G). Gleaghn(2016; in northern Gulf
et al. 2019) further refined this liki thefive mostimportantfactorspotentially resultingn negative
consequenceas migratory birds related to O&G development, including seabirdsr @fe to Ronconi
et al. 2015). For seabirds in the northern GpHcifically, oil spills (both chronic small, as well as large
catastrophispills) and generation of produced waters from drilling activitiesansidered the most
pertinent (Wiese et al. 2001, Fraser et al. 2006, O'Hara and Morandin 2010). Seabaisemely
vulnerable to spilled oil (e.g., Seip et al. 1991, Begg et al. 1997, O’'Hanlon et al. 2O2&yample, 36
of the93 (39%) injured bird species identified from heepwater Horizomwil spill wereseabirds
(DHNRDAT 2016a:tablé.7-3). Estimatedrom the Deepwater Horizowil spill indicate that seabird
species represented 15 of the top 20 injured species accounting foof88cumulative total bird
injury (DHNRDAT 2016a).

For the purposes of articulating broad habitats potentially used bydseabiheGulf, we include herein
both nearshore and pelagic systems. Acrosadhtern Gulfthe nearshore zone includes, but is not
limited to, habitat features such as beaches, coastal wetlands, coastabpidtends, bays and estuaries,
and other nearshore waters (landward of the Outer Continental Si&); that are influenced by a
combination of riverine, estuarine, or coastal processes (Jodic2@19). Pelicans, dis, and terns tend,
on average, to be more common and abundant in these coastal habitats compareffistuore pelagic
waters. Individuals of these species also typically forage withingeshore system during both the
breeding and nebreedingseasonBy comparisonthepelagiczoneincludeswatersinfluenced by
complex oceanographic processes, the Loop Current, and bottom features (etg.Caagon) that
createupwellingsandmixing zonesMore detailsspecificto oceanographifeaturesn theGulf are
provided in Section 2.1 below. For this study, the pelagic zone extends from the reeaosigoughly
thestate/OCSoundaryputto the Exclusive Economic Zon&EZ). Shearwaters, petrels, stopetrels,
pelagic terns, tropicbirds, and boobies are more common and abundant in pelagiompaged to
shallower nearshore waters, foraging over open water; typically occurringsitaldoabitats only during
nesting. In the&sulf, both nearshore and pelagic systems also may include species that nesfthiater
inland systems, but that occur within marine waters ohtrthern Gulf during both migration (e.qg.,
black tern) and the nonbreeding period (e.g., common loon, northern gannet). Althoughirieenatatat
categories presented here provide some ambiguity, the use of these zondialesigngenerally
consistent with those used to describe marine systems elsewhere (Spaldi@@@t)aklear linkage to
habitat association and ecological processes (Jodice and Suryan 2010, JidR@18) Refer to Jodice
et al. (2019), for associated uncertainties related to managemensactwecological processes for
seabirds in th&ulf.

1.1 Regulatory Nexus and Project Goals

The U.S. Fish and Wildlife Service (USFWS), as part of the agency’s missieks to minimize, reduce,
and mitigate effects to migratory birds (USFWS has Trust Resaespemnsibility) while simultaneously
acquiring data to better inform energy developtptanning and decisions in the northern Gulf.
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Executive Order (EO) and the USFW8YS Memorandum of Understanding (MOU) provide additional
regulatory guidance per the Migratdsird TreatyAct (MBTA; 16 U.S.C. 70@tseq).In comparisorto
theotherBOEM OCS egions, the number of studies specifically targeting migratory biodiress in the
Gulf has been limited [but see Russell (1995), Lamb et al. (2020b)]. At the saen¢htere currently are
no mitigations, stipulations, or policies in place specifically taicegd minimize, mitigate, or eliminate
take of migratory birdselatedto offshore energy development, includimyandgas(O&G) development
(referto BOEM 2012, 2013). This seems contrary to information needs (refer to Mitlze2022

given the long history of O&G activity in theulf and the fact that O&G activity (exclusive to the OCS)
in thenorthern Gulfexceeds all other BOEM Administrativegions combined. The lack of available
baseline data, particularly for seabird species composition ashatistribution and abundance is
particularly salient as it relates to offshore energy developthetit O&G and offshore wind-energy
developmentQWED]) in this region.

The goal of this study was to collect brasahle data on the distribution and abundance of seabirds in the
northern Gulto inform seasonallyand spatially explicit density estimates for priority seapjecies.
Seabirddatacollectedandanalyzedn thisreport shouldrovideinformationat regional planningarea,
andproject or site-level spatialscaleqe.g., Schneider arfduffy 1985, Schneider arféiatt 1986,
Fauchald anérikstad2002). Thouglhereis somespatialoverlapin aerial and vessel survey coverage,
in general, aerial surveys were limited (out to 50 nm) to nearsttmkowemwaters(<200m) onthe
ContinentaShelf,whereavessebkurveysncluded deepewraterson andoff the ContinentaShelfoutto
theEEZ. Asit relatego currentand future offshore O&G planning, results from this study should be
valuable to BOEM for informing National Environmental Policy Act (NEPAllgses (e.g.,
Environmental Impact Statements, Environmental Assessments), Expideéns (EP), Development
Operatons Coordination Document (DOCD), oil spill risk assessment (OSRA) sjadelvell as for
formal and informal Endangered Species Act (ESA) Section 7 consuitdtiastly, results from this
study should greatly reduce uncertainty (refer to Jodice et :tables 6.26.3) related to seabird
distributionandabundancesit relateso futurerenewablesnergyplanning and developmemtthe OCS
of the northern Gulfe.g., Musial et al. 2020).
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2 Study Area

2.1 Gulf Habitats, Physical Oceanography, and Planning Areas

A detailedoverviewof thebathymetriandmesoscal®ceanographiteaturesn the northern Gulf by
BOEM planning area is provided here (refer to Figure 2.1) as it is thowghh#se features playv@ajor
rolein determiningatseadistributionand abundancaf seabirds (e.gHaneyand McGillivary 1985,
Ribic et al. 1997, Poli et al. 2017). As such, we have included a short descriptionicélpduyd
oceanographic features considered unique to each of the three respective pleaas.

Excepting hurricanes, tropical storms, and other severe weather eve@slfthasa distinctively low
energy coastline, with non-storm wave heights on the order of only 0.3 m (NASEM 26&§)atad to

the North Atlantic Ocean, tidal fluctuations in the Gulf are weaksathe low-gradient environments of
all threeBOEM planningareasThenorthern Gulis generally considerealow wave-energy micro-tidal
region havinganaveragevaveheight andidal range on the order of Omb and less than 1 m, respectively
(Passeri et al. 2016). Coastlines between ApalachiaptaFlorida and Louisianahave principally
diurnaltides,with onehightide andone low tide per day. Along theeXascoast, tides are mixed diurnal
semidiurnal, with two high and two low tides per day. Semidiurdasprevailfrom ApalachicolaBay
southward down therestFlorida coast (Kantha 2005).

The Western Planning Area (WPA) has a moderately wdd¢inental shelf that narrows as it first curves
to the southwest and then bends south. The continental shelf of the WPA ladezply incised
subterranean canyons. This planning area is notable for having a coastakhelewmrentregimethat
runs strongly upcoagRio GrandeowardMississippiRiver) during the summer, and downcoast during
other seasons (Morey et al. 2005). Consequently, updaastable Eckman transport leads to higher
salinities and coastal upwelling on the WPA's inner sthetfing warmer months. Currents at and near the
shelf break are more variable by season, but still predominantly upicaagihout the year, likely being
reinforced by anticyclonic eddies (or wanare rings, WCRS) that intermittently reach and collidin wi
the shelf edge (Vidatal. 1992,Nowlin etal. 2005). Temporallystochastigropagation of Loogurrent
(LC) WCRsinto the WPA from furthereast(Schmitz2005) tendso follow oneof threecharacteristic
pathsacrosghe Gulf (Vukovich andCrissmanl986). WCRsmovethroughthe WPA most often usinghe
centralpath(i.e., atrajectorybetweer24° and 26°Natitude),afterdecreasingo about 55% otheirinitial
sheddingsizeby thetime theyreachthe Gulf's western shelbreak. Average periodicitfjor WCR
separatiorirom theLC is on theorderof 11 monthswith a rangdrom 5 to 19 months (Vukovich 2007).
TheWPA is notable for servingsthe“eddy graveyardfor WCRs that originate from this LC shedding
(Biggs et al1996).

TheMississippiRiveris thedominantforce controllingmostaspect®f the oceanography the Central
Planning Area (CPA). Draining 42% of the continental area of the UnitéeksSthe rivehasan annual
dischargeof ~19,000 ms?! (Wisemaretal. 1997). Nutrients ansediments from this discharge enhance
primary productivity, and consequently elevate the abundance of zooplankton ahfislar@ovoni
1997, Grimes and Finucane 1991, Grimes 2001, Dagg and Breed 2003 nhiai-variability in the
discharge of the Mississippi also drives the demographic recruitment ofiskdie.g., Vaughan et al.
2011). The continental shelf in the CBAnoderatelywide andrelativelystraight.But nearthe
MississippiDelta, theshelfis quite narrowwith the rathefargeandincisedMississippiCanyonalso
locatedjustto thewestof the deltaOutershelf anddeepwateareasareusually onlymoderatelyaffected
in directfashionby frontal dynamics of the main LC, especially in the more western sectitms of
planning area. At times, however, clear, and warrrfltienced waters may come very near the
coastline inthe vicinity of the delta. Every two years or so, the LC penetrates muclr fntthéhe Gulf
to reach a maximum northward location (Leben 2005). On such occasions, saltetamints of low-
salinity, highehlorophyll Mississippi River water becomes airied into the LC’s frontal regions, and
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then transported clockwise and off the continental shelf margin towardgharel south (Walker et al.
1994). On a more consistent temporal basis, eddies shed by the LC can strargigénthis planning
area’s outer shelf/upper slope current regime. Along with freshwatehatge and a wind regime that is
dynamic on both synoptic and seasonal time scales, the sthang-currents in the CPA are complex.
Nevertheless, coastal currents in the GlPdinfluenced by aombinationof inputsfrom low-salinity

river dischargeeddyshedding, and synoptic winds. The CPA’s LX-Coastal Current (LTCC) is
responsible for distributing freshwater, sediment, and nutrients diergpttinental shelf mostly towards
the west of the delta (Jarosz and Murray 2005). This current typicallg lowncoast, i.e., westward in
fall, winter andspring, but it reverses and moves upcoast toward the east during summer.réivamar
spatialscale theLTCC circulationpatternon theinnershelf(<50 min depth)is driven predominantly by
winds in the weather band (5-10 days), whereas on the delécsculation is more influenced by meso
scale processes (Nowlin et al. 2005).

The Eastern Planning Area (EPA) possesses a relatively simple sea flootrgedthea very wide
continentakhelfhavingagentleslope especiallyoff peninsular Forida(Weisbergetal. 2005). Outer

shelf and deeper waters in this portion of the Gulf are strongly domibgationtal and temporal
dynamics of the LC. The EPA is under especially strong influencemtlreddies as well as the
cyclonic and antcyclonic rings that separate from the main current (e.g., Oey et al. 2005). In
considerable contrast to the WPA, cyclonic eddies (coté-rings, CCRs) are most oftmundin this
leaseplanningareawith their frequency of occurrendeeresurpasingthatof WCRs anywhere else in the
Gulf (Vukovich 2007). In deeper portions of the EPA, anomalous northward penetrations Gfitite L
the Gulf occur when the eastern side of LC is positioned Wwest thesouthwest cornesf thewest
Floridashelf,whereasamoredirectinflow (from the Yucatan Channel) to outflow route (via the Florida
Straits) occurs when the eastern side of the LC comes in contact with the sbathwer of the west
Florida shelf (Weisberg and Liu 2017). Inner shelf circulation in the Efpadominantly upwelling-
favorable from fall to spring months (OctobApril), but downwelling conducive during the summer
months (June September) (Liu and Weisberg 2012). At any time of year and depending onipgevail
surface curreis/or synoptic winds (including hurricane passage: Liu et al. 2018), the legdarshelf
mayexperiencentrusiontype upwellingassubsurfacenutrientrich watersarepumped up onto the shelf
after surface waters are displaced offshore. Strong freshwater imoutise EPA originate from the
Mississippi River outflow during spring, and from south Florida and the Evlagduring summer.
Thus, a lowsalinity tongue of surface wex can regularly extend southeast from DeSoto Canyon along
the eastern e of the LC during the summer months (Morey et al. 2005). More locallinwiith EPA,

an extensive region north of the Keys and southwest of Tampa Bay is riotatdgroductive outer

shelf and upper slope waters that consistently harbor large scfpealagic schooling tuna. Part of these
“tuna grounds” featurguasistationary cyclonic eddies at the northern edge of the Florida Cagant
the Dry Tortugas (Fratantoni et al. 1998). Another feature within the EPA, trd€8nyon off the
Florida panhandldyassomeof theGulf's mostcomplexbathymetryHereeddieswith diameters ranging
from 50 to 130 km interact with buoyant freshwater plumes and effecéwélsin riverine discharge to
mix with more oceanic waters (Schiller et al. 20THe highly varied currents that are observed at
DeSoto Canyon, along with warm filaments, LC eddies, and sometimes th&anirboundary of the
LC itself, all serve to enhance marine productivity and facilitate dondithat elevate or localize pgia
marine life. An eastward jet and anticyclonic currents also promote lingvad the head of this canyon
and the nearby shelf break such that surfeatters in thevicinity of the canyon are 2°C colder on average
(Hamilton and Lee 2005).
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Figure 2.1. Study area map of the northern Gulf including Texas, Louisiana, M ississippi,

Alabama, and Florida

This map shows state boundaries with major coastal cities in each state, BOEM planning area boundaries, oil and
gas platforms (represented by black + symbols), and the EEZ boundary with 200-m and 2000-m isobaths. Please
refer to text for more details.
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2.2 Historical Seabird Surveys
2.2.1 Gulf of America Seabird Surveys (1979 — 1989)

Oneof theearliestefforts toconduct coordinated surveys g@abirdsmarinemammalsandsea turtles
was that by Fritts and Reynolds (1981), covering portions of the OCS alongrthern Gulfcoast.
Aerial surveys were conducted from August to December in 1979. Surveys oveneafbng 111-km and
222km survey segments extending perpendicular to the coast at 2 sites eadsiBrewnsville and
Corpus Christi) and Florida (Tampa and Napl€s)ly 14 species of birdsereidentified,with royaltern
being themostabundantmorebirds werecountechear as compared to fartheffshore.

This effort wasfollowed-up by a more extensieerialsurveyeffort by Frittsetal. (1983).Their
methodology generally appeared to mirror that of Fritts and Reynolds (1981) #éhatdptthe follow-up
monitoring they surveyed out from Brownsvillegxias Marsh Island, buisiana NaplesFlorida, and
Merritt Island, Forida. Surveys were conducted from May 1980 to April 1981. These surveys resulted in
identification of 68 species representing ~16,800 individual birds. Speciesityiveasrelativelysimilar
amongsites,butthe number ototal birdswashighestfor transect®off the coast of huisiana = 6,698),
as compared to eith@exas(n = 2,246)or the2 sites (Naplesy = 5,170; Merritt Island; Florida =
2,708) in Rorida (refer to Burger 2017:table 12.13). The most abundant species were npyalughing
gull, and herring gull. Until more recently (Section 2.2.3 below), this esarntyey represents one of the
most comprehensive data sources for pelagic seabird distribution, abyratahseasonality for the
northern Gulf (but refer also to Clapp et al. 1982a, 198283).

2.2.2 Gulf of America Seabird Surveys (1990 — 2009)

As part of GulfCet | program (Davis and Fargit®96), surveys were conducted from several NOAA
vessels (Hansen et al. 1996:table 3.5) from 15 April 1992 to 10 June 1994. Survey coesrbganded
on the east by the Alabama-Florida line and on the west by the Texas-Mexieo, lrmcompassing
watersbetween the 100 (northern boundary) and 2000-m (southern boundary) isobaths. In total,
GulfCet | completed 21,350 km of transects during the 30-month study period. Suoredié&fred by
season: spring = 13,507 km, summer = 2,085 km, fall = 1,275 km, and winter = 4,483 km. Seabird
observers only participated in 9 of the 11 cru{¥¥ Oregonll andR/V Pelican) resultingin roughly
160 daysatsea(DAS) and 20,413 knof transectgPeakel 996).Seabirdsurveysesultedn ~3,000birds
observedepresentin@2 estuarinegoastal, offshore, and pelagic bird species with Ihaedpecies
accounting for ~99% of the total individual birds observed (Peake 1996). Fedetailed analyses of
seabird data from GulfCet | cruises, refer to Ribic et al. (1997).

As partof theGulfCet Il program(Davisetal. 2000) threeseabirdsurveyswvereconducted duringruises

in the northern Gulfrom April 1996to August 199 {Hessand Ribic 2000). These surveyscurred
aboardwo NOAA vesselgR/V GyreandR/V Oregonll) andencompassespring, midsummer, and late
summer periods. Spatial coverage included waters of the northern slope amid Géf, northeast Gulf
shelf and slope waters, and the central pelagic and northeastern consimelfiégdslope Seabirdsurvey
effortresultedn 77 DAS representing in 10,916 km of transects (Hess and Ribic 2000). The sprieg sur
resulted in ~5,900 birds observed representing 22 species (Hess andRibialle 8.2) and the mid-

and latesummer surveygesultedn acombined~2,500birds observedepresentingoughly 27species
(Hessand Ribic 2000:table 8.4).

2.2.3 Gulf of America Seabird Surveys (2010 —2011)

As part of theDeepwater Horizopostspill injury assessmerggabirdobservers logge85DAS from
July 2010 to July 201@™Eeepwater Horizomird Study #6Haney 2011). Vessdlased surveys were
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conducted throughout the year, except January, with the greatest effagtsartaner to early fall.

Coveragaevasextensive anehcludedsurvey efforin bothcontinentakhelfwaters andleeper watersff
the continentashelf. Survey coverage includedntinentakhelfwatersfrom central Texad,ouisiana,
Mississippi,Alabama,andwestFloridaresultingin >5,000transectgotaling>15,000transeckm. An
additional 386 ‘point countsepresenting-340hr of surveyeffort also occurred (Haney 2011). Overall,
surveys resulted in ~23,000 individual birds observed representiesiddrinecoastal offshore, and
pelagicbird speciegHaneyetal. 2019:table 2). For more details regarding Emsl-vesselbased seabird
surveys, refer to Haney et al. (2019) and associated tables (e.g., Tahk#{) and figures (e.g., Figure
1) therein. Thédeepwater Horizomird Study #6s one of the most extensive seabird vessel survey
efforts (i.e., 285 DAS, ~950hr on transect) ever conducted in the northern @n#y(ldt al. 2019:table 1
and fig. 1), and the total # of birds encounterrdeed the combined totals of all previous standardized,
formal seabird studiesverconductedFor comparativeourposes betwedbeepwater Horizomird Study
#6 (May 2011)and GOMMAPPSMay 2017),referto Haneyetal. (2019:table3). Referto Section5.1.3
(referalso to Table 5.10) below for more comparative results betwedrettvater HorizomBird Study
#6 andGOMMAPPS.

As part ofthe Deepwater Horizompost-spill injury assessment, aerial seabird observers logged 75 survey
days from4 May 2010to 26 February2011 Deepwater Horizomird Study#2; Ford2011).Aerial

surveys initially focused on the area between Galvesexadsio theFloridapanhandle, then was

expanded to include entirédfida Gulf coast down to and including the Dry Tortugas. However, the focal
area was later contracted to focus survey effort in the core area of theuspélySwere performed

primarily from a fixedwing Partenavia P68, except in one instance where a Qad&kequipped with
amphibioudloatswasused. Surveysweretypically flown atanaltitudeof ~200’asl (abovesea level) at

a speed of 9@ 100 knots. The flight crew consisted of the pilot, a navigator/data recandktywo
observers. Aerial surveys consisted of a combination of random andedratifzagpatternof transects
betweertheshorelineandbarrierislands(outto ~8 km, in theabsence of barrier islands), as well as longer
offshore linear transects extending out to ~161 km. Aerial surveys covertad @f 96,199 km and
observers counted roughly 1 million individual birds (reééeFable3in Ford2011).The5 mostnumerous
taxonomic groups apecieof birdswere, inorder:terns,gulls, Brown Pelicansshorebirds, and
cormorantsSeasonadndspeciesspecific information, as well as additional level of details per relative
abundance can be found in Ford et al. (2014). Ththeyte wereaumerouDeepwater Horizompostspill

injury assessmerstudies for birds, thospecifically cited here are the most germane to GOMMAPPS.

Theseabirdsurveysncludedhereinarenotmeantto beanexhaustivdist of all sucheffortsever

conducted in the northern Guéind it does not include survey efforts in soeithern Gul{Tunnell and
Chapman 2000). What is clear from this review of seabird surveys @ulfies that seabirds are an
important natural resource in the region, that seabirds remain wtledstand that our understanding of
their distribution and abundance (and the physical and biological variables diistinigution aad
abundance, e.g., Ainley et al. 2005) is limited. In addition, some clear spatial groidbpatterns

specific to vessdbased seabird surveys tend to be indicative of spatiporal gaps in survey effort (but
refer also to Haney et al. 2019:fig. 1). In general, the October — March periads¢marly sampled
overall, and the June through September timeframe is only modestly repdesemong and across all
vessel surveys (even including GOMMAPPS; refer to Section 4.0 below). id8dngnation on sedld
survey effort/mo from these existing surveys overlain on BOEM’s plann@asaand the following
guarterly breakouts: MarchMay, June- August, SeptemberNovember, and December~ebruary,

the following patterns emerge. For the Decembiéebruarythere is no effort in the northeportionsof
either theVPA or EPA and therés no survey effort in the northern portion of @A in March— May.
Survey effort is considered low in therthern portion of th&PA in March- May, low in the northern
portion of the EPA and WPA in Juneddgust, low in the southern portion of all three planning areas in
September November, and low in the northern portion of the CPA and in the southern portion of the
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EPA in December February. Until the more contemporasgabird surveys likBeepwater Horizon

Bird Study #Haney 2011) and GOMMAPPS, survefjort hasnot providedadequate coverage through
space antime. Evenafterthe Deepwater HorizomBird Study #§Haney 2011) and GOMMAPPS (2017
—2020) seabird surveys, spatial and temporal coverage gaps rBefairethese more recent seabird
surveys, the largest temporal gaps included theafadl winter seasons and spatial gaps, particularly in
the fall/winter, included deeper waters thfé continental shelf from the shelf break out to the EEZ.
Potential options for filling the remaining spatial and temporal dataayepgsrovided in Sections 6.3 and
6.4 below.

28



3 Aerial Seabird Surveys

3.1 Data Collection Schedule

GOMMAPPS seabird aerial surveys were initiated in summer of 2017 itatdield season to

compare traditiondtansecsurveydesignversustheuseof EnvironmentaProtectionAgency 40km”
hexagonplot- based survey design (refer to Sections 3.1.1 and 3.2.1 for additional informatien). T
USFWS and the seabiegtrialsurveysciencegeamdecidedherewasagreatemeedfor dataduringthe
winter perioddueto: (1) far less seabird data exist for this seasonal period compared toitigésspnmer
period; (2) USFWS aircraft, pilot-biologists, and observer availabilayld be limited due to potential
conflicts during the spring/summer period due to the anmaakrfowl Breeding Population and Habitat
Survey and (3) most specied seabirdsareat nesting colonies along tm®rthern Gulfcoastline during
the spring/summeperiod,thus increasing potential for zeiraflated data, particularly as distance away
from a given colony increases. Beginning2018,the 3 aerialsurveyscompleted were all conducted
during winter: 31 Jan 27 Feb 2018, 24 Feb9 Mar 2019, and 1 — 12 Feb 2020 (Table 3.1).

Table 3.1.  Summary of aerial seabird survey effort by year and season including number of hexagons
sampled, proportion (%) of hexagons sampled, number of transects within hexagon s sampled, and distance
(km) flown while on transect within hexagons as part of the GOMMAPPS, 2018 — 2020.

When Target# | # of actual Proportion # of transects Kilometers
of hexagons target surveyed surveyed
hexagons | surveyed hexagons (~60.35km/hex)

surveyed

Summer 2018 | 180 180 100% 540 10,863

Winter 2018 180 179 99.4% 537 10,802.7

Winter 2019 180 111 61.7% 333 6,698.9

Winter 2020 180 130 72.2% 390 7,845.5

All seasons 720 600 83.3% 1,800 36,210.1

3.1.1 Aerial Survey Spatial Coverage
3.1.1.1 2017 Pilot Field Season : Transects versus 40 km 2 hexagons

Aerial survey coverage for 2017 was restricted or limited to near-an@falaters out to 50 nm. In
general, aerial survey coverage primarily included shallower watene ebhtinental shelf roughly
approximating the 200-m isoba®tafffrom USFWScompletedseabirdsurveyff thecoastof Louisiana
(basedn Houma)to testtwo survey designs arshmplingprotocolgreferto Section3.1.2 below). Surveys
wereconductedisingtwo USFWS Kodiakamphibious aircraft, witksurveys spannintipe Louisiana
coast from Exasto the Alabamastateline andoffshoreto circa50 nauticalmiles.Overthecourseof seven
days, 55 ob0transects and 48 of 60 hexagons were surveyed (Figure 3.1a).

Beginning with the summer 2018 aerial survey, a hexdgmed study design € 180 hexagons) was
adoptedor all USFWSGOMMAPPSseabirdaerialsurveyqFigure3.1b).Two surveycrews(Easterrand
Western)lew surveys via two USFWS Kodiak amphibious aircraft (except winter 202@ys). Prior to
conducting aerial surveys, pilots and seabird observers conductfiigipreneetings, conducted safety
briefings, reviewed training materials for identificatidrseabirds, sea turtles, and marine mammals,
tested all the aerial surveglated equipment, and got assigned cspeeific survey block maps and
replacement hexagons (if needef)e study area roughly spanned from BrownsvilkasE-SE down

to the Florida Keys. Starting points for eachted respective crews differed depending on survey year, as
did the number of target hexagons sampled. It should be noted that the USF®EVISU aerial
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survey science team had complete autonomy and flexibility related to s&idg,dee., transects vs.
hexagons, timing of surveys, testing and employing double-observer survey protac¢&eetion 3.1.2
below).

3.1.1.2 2017 Aerial Surveys (Pilot Study)

Aerial surveys are typically flown along transect lines with birds)\temlion either side of the aircraft
(e.g., USFWS 2015)However, observed individuals are typically associated with the erstiteetct

length, even if the transect intersects multiple habitats, thereby malahgia with finerscale habitat
parameters difficult. The solution often includes a subjective,pmstelineation of transects into

shorter distance transect segments to facilitate modeling at finer spsoiationgSvancaaetal. 2002).
Thisapproachmayresultin potentialanalyticalissues such as: (1) unequal sample sizes of segments by
habitat(s), (2) the proliferation of zero counts tlubreakingong transectsnto shortertransect
segmentsand/or(3) if transecsegmentare not defined by habitat boundaries, birds that are found in
different habitats may be assigned to the same sample unit, therebynciimfostatistical analyses

(Wiens 1989, Karl and Maur@010).

Although the USFWS pilot-biologists have a long-history of flying low-leveD(r6above the water)
aerial bird surveys over land and the nearshore environment (<10 nm frory Stewe samgilot-
biologistshavelimited experienceavith the deployment dbw-level aerialsurveys in offshorevaters(>10
nm offshore)n the northern GuliGiventhe height of someil andgasplatforms (~120 m above the
water) and the density of platforms (2,000 active leases and ~1,600 O&Gm&atd€S only, BOEM
2023) in thenorthern Gulf, there are several perceived limitations to flying stamdarsects (i.eneedto
deviateoff-transecto navigate arounglatformsin asafe manner and/or to accommodate-level oil
and gas support helicopter traffic).
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Aerial Survey Hexagons

FullHeragen Set (Soure: US EPA & White 2001)

Bultyreetry (Saurce: NOAA)
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Figure 3.1. Sampling design used for the USFWS aerial surveys (2018 - 2020) using
Environmental Protection Agency 40 km 2 hexagons including Texas, Louisiana, Mississippi,

Alabama, and Florida state boundaries.

BOEM planning area boundaries are identified by thick white lines with 200-m isobath shown as black dotted line and
2000-m isobath shown as black dashed line. Plate a on the left represents the planned survey area between ~10 nm
and 50 nm (identified by salmon-colored area). Plate b on the right depicts the random selection of 180 survey plots
(hexagon clusters) within the ~10 nm and 50 nm survey area. Please refer to text for more details.
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To evaluate different survey methodologies, we tested linear trafi@@cim) arranged perpendicular to
the shoreline versus a hexagonal shaped transect (20 nm) during the summer afl@LJu(y 15) off

the Louisianacoast (based out of Houma, Louisipn&e chose hexagons because of their low perimeter
to-area ratio which reduces sampling bialsted to edgeffects (Birch et al2007). Furtherany point

inside of a hexagois closerto thecentroidof the hexagorthanany givenpointinsideanequalarea

squareor triangle. Thelatteris importantbecause&ovariatedata is often collected or summarized for the
centroid of the sampling unit (Birch et al. 2007).

Additionally, there is a need to better understand the most appropriateshaansunting for detection
probability issues and observer bias associated with conducting aeriad sembeys, thus, we also
incorporated a double observer protocol. Hence our objectives were tomfae hexagon plot-based
sampling vs. transect sampling; (2) explore feasibility of using a dalisierver protocol to account for
both observer bias and estimate spespEcific detection probabilities; and (3) ensaifeStandard
Operating Procedures and Protocols are functioning properlydatgrecording, datamanagementjata
storageaviationtraining,etc.).

Hexagon -based Design: The Environmental Protection Agency 40 khexagons wereverlaid
across the entirety oforthern Gulf and clipped to the study area (coastal Louisi&igjg the centroid
of each hexagon, we used ArcMap to select the six nearest neighbors to cister afchexagons and
assigned the density of active platforms to each cluster of hexagons F2ardJsing a Generalized
Random Tesskition Stratified (GRTS) sampling scheme (Stevens and Olsen 2003xd&g§bhs were
selected using platform dsity and distance to shore as sampling stiatdransect” was flown along a
line that passed through the centroid of the respective hexagons that encthesadscted area (Figure
3.2b). Each “transect” was ~11.5 nm in lendttight direction of hexagons was alternated between
clockwise and counterclockwiskrection to ensurebservers on both sidestbg aircraft wersubjected
to the samebservational conditionsl his approactallowsfor a“plot-based’survey which allowsfor
continuous counting if the aircraft needs to deviate from transect duetadtions with platforms or
other air traffic (i.e., bird density will be calculated for the pled.

Transect Design: Forty nm transects starting at the sttm@eral water interface (~10 nm from shore)
were generated every 1 km for the entirety ofrtbghern Gulfand clipped to the study area (coastal
Louisiana). Transects were then divided into twon@0segments. Each transect was buff&@am on
eithersideandassigneddensityof activeplatforms withinthebuffered areaJsingaGeneralized
RandomTessellatiorBtratified(GRTS)samplingschemegf0transects were selected using platform
density and distance to shore as sampling strata. (Figure 3.3).
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Figure 3.2. Sampling design employed for the USFWS aerial surveys using E nvironmental
Protection Agency 40 km 2hexagons during the 2017 pilot field season off the Louisiana coas t.

Plate A (top plate) depicts attribution of individual hexagons based upon the density (warmer colors = more platforms)
of active oil and gas platforms for individual hexagons within the survey area (~10 nm from shore to 50 nm survey
area boundary identified by red lines). Plate B (bottom plate) depicts a close-up view of selected “plots” to be
surveyed based upon nearest neighbor algorithm (selection of six nearest neighboring hexagons in teal); red
hexagon depicts approximate flight path within each “plot”. See text for more details.
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Figure 3.3. Planned USFWS aerial transect surveys during the 2017 pilot field season off the
Louisiana coast near the Mississippi River mouth.

Turquoise transects represent those lines selected and the gold lines represent the northern and southern boundary
of the study area (~10 nm — 50 nm from shore). In 2017, all aerial surveys were flown off the Louisiana coast to
evaluate plot-based survey design versus traditional transect-based survey design in a high-density platform area
with high oil and gas support activity, i.e., relatively high number of daily helicopter flights.

Double Observer Protocol: An unreconciledouble observer protocelasusedwherebyeach
observer recorded birds seen independently from each other and no atreaqie i® reconcile between
specificindividual observationsWith threeobserversn additionto thepilot-biologist who alsservedas
anobserverthereweresix seatcombinationgFigure3.4). Becausdhe pilot does not rotate, we have an
unbalanced panel-design. Thus, obsersesitched seats miday and again at the beginning of next day
to ensure adequate samples from each seat assignmentf{oightright+ear; and lefrear).

P1 [ P1 P2 P2 P3 P3
32 23 13 31 21 12

Figure 3.4. Six boxes representing the seat rotation as part of the double observ er protocol used
during USFWS aerial surveys.

In each of the respective boxes, P represents the pilot (does not rotate); and numbers 1 through 3 represent each of
the observers that rotate seat positions.

Survey Design: All surveyswereflown usingtwo USFWSKodiak Questamphibiousircraftat an
altitude of 61 m (200 ft) and airspeed of 110 kt (~126 mph) (Figure 3.5). Observeramerd based
upon experience (1-2-3-4-5-6) and divided into two crews: crew #1lincluded obseksofd, 4and5;
crew#2 includedbserveranksof 2, 3, and 60bserversecorded detectiorfsom theobservablgortion

of the plane upo 200 mout, oneithersideof theaircraft. The wings of the plane were marked such that
observers could denote the edge of the transect (R3gbireCrews alternated flying transects and
hexagons (Day 1: crew #1 flew transects and &2flew hexagonspay 2: crew#1 flew hexagons and
crew#2flew transectsandsoforth).
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adapted from Certaln and Bretagnolle (2008]
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Figure 3.5. Depiction of USFWS aircraft flying at ~61 m (200’) showing the visible s trip width of 200
m out the left -hand side of the aircraft (as the aircraft approaches).

Figure adapted from Certain and Bretagnolle (2008).

3.1.1 2017 Aerial Survey Results

During the 2017 piloseasorto compareghetwo surveydesignsh6 ofthe 60transectineswere flown,

but only 49 of the 60 hexagongrecompleted.Uncompletedsurveysveretheresultof weather
conditionsandunforeseetogisticalissuege.g.,thereis nojet fuel availablan Venice, Louisiana (mouth
of the Mississippi River) thereby forcing crews to travel several nmilaad to refuel).This, coupled
with budgetary constraints, forced us to make tough decisions (i.e., ishtflyorg 50nm offshoreto
surveyone,40km? hexagon?)Nevertheless, sufficiemtatawere collected to evaluate the two
methodological approaches. Overall, the proportion of hexagons with birds (&3 gy&ater than
transects (0.64) (Table 3.2), as well as yielding more overall birdtideteby species @pecies group
(Table 3.3).

In the 2017 GOMMAPPS pilot survey, approximately 46% of observations recorded bytbaedotible
observers were missed by the other (Table 3.4: No Match). Of the missed tibisgrvaost were single
birds (88%;n = 68 of 77 total No Match records). Frequency of missed observdgonsasedith
increasinglock size.Eight of the 77 No Matchrecordswere for flock sizes of-8 birds, and only one of
the No Match records was for flock sizes >5 birds.

Table 3.2. Summary comparison of two aerial survey designs: 3  -hexagon cluster versus standard line
transects during the 2017 GOMMAPPS summer aerial pilot surveys off the Louisiana Coast.

All surveys were flown out of Houma, Louisiana from 5 to 15 July.

Hexagons Transects
Number completed 49 56
Proportion with birds 0.78 0.64
Number of bird 'species’ 7 7
Proportion with birds: LR 0.75 0.54
Proportion with birds: RR 0.55 0.37
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Table 3.3. Summary comparison (based on species counts) of two aerial survey
versus standard line transects during the 2017 GOMMAPPS summer aerial pilot surveys o

Coast.

All surveys were flown out of Houma, Louisiana from 5 to 15 July. Species acronyms are defined in Table 5.6a.

Species | Hexagons Transects
TERN 282 102
ROYT 43 17

GULL 147 21

LAGU 40 12

BRPE 60 61

MAFR 33 20

NOGA 1 0

STRM 0 2

designs: 3 -hexagon cluster
ff the Louisiana

Frequency of missed observations also differed between the two flight witw59% of records
classified as No Match for one crew &6 of records classified as No Match for the other. These
results suggest that detection likely varies by individual observehairdseating location. Our “No
Match” results include instances when a bird record was available to be cfourted observer and not
theother.In somecasesthe movemenof theplaneresultedn birds flushing from the flight transect
which could have resulted in them having been recorded by one observer (likely front dlimerver
missed by the other (likely rear obseivdihus, our results represent a “wecase scenario” for
potentially missed observations between front andgear-observers.
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Table 3.4. Summary of data matches between two observers recording data on the same side of the aircraft
during the 2017 GOMMAPPS summer aerial pilot surveys off the Louisiana Coast.

All surveys were flown out of Houma, Louisiana, from 5 to 15 July.

Match Category 4 Count of 2017 Double -Observer
Records
Species + Count Match 46
Generic + Count Match 10
Species + Bin Match 10
Generic + Bin Match 4
Species-Only Match 0
Generic-Only Match 0
Mismatch 21
No Match 77
Total 168

1 Match Category: (1) Species + Count Match: count and species identification matched between observer ¢cords. (2)
Generic + Count Match: count and taxonomic family matched between observer records, (3) Species + Bin Match:
log10 count bin (i.e., 0, 1-10, 11-100, 101-1000, and 1000+) and species identification matched between observer
records (after count matches accounted for), (4) Generic + Bin Match: log10 count bin (i.e., 0, 1-10, 11- 100, 101-
1000, and 1000+) and taxonomic family matched between observer records (after count matches accounted for), (5)
Species-Only Match: species identification matched but neither count nor count bin matched between observer
records, (6) Generic-Only Match: species taxonomic family matched but neither count nor count bin matched
between observer records, (7) Mismatch: species did not match between observer records, and (8) No Match: there
was no observation from the other observer recorded within 10 seconds. For the purposes of this study, the
identifications of “gull” and “tern” were included in the species-level identifications described here, and these
identifications were pooled under the family Laridae for higher-level generic identifications.

Flock countsvariedbetweerdouble observersyith themagnitudeof differencesncreasingwith flock

size (Figure 3.6) suggesting that counting errors at large group sizabuterto differences in count
records between double observers. Approximately one-third (33%) of dolg®ever counts matched
exactly (Table 3.4: Species + Count Match and Generic + Count Matgogas?, and an additional 8%
of double-observer counts matched liog10binned counts (Table 3.4: Species + Bin Match and Generic
+ Bin Match categories). We compared average donliserver records (number of observations
recorded by each observer per hexagon/transect) and counts (count regoedet! fibservatioby each
observer per hexagon/transguoty samplingunit. For bothrecordsand countsfront observersecorded
more observations (and higher counts) than rear observers (TablEh@$&3.results suggest that the
greater visibility in the front seat position allows front observerstectia higher number of available
bird groups and individudlirdscomparedo rearseatobserversAlthoughdifferences in detection
(missed observations) likely contribute to differences in counts peglisay unit between front and rear
observers, counting errors at large group sizes also are likely a factiouting to the differences in
front and rear observer counts.

Although GOMMAPPS survey observers were trained in waterbird spdeiesfication, our double-
observer data indicated that only ~33% of the observations recorded by both obseragredon
matching species identifications (Table 3.4: Species + Count Match, Sp&iestatch, and Species
Only Match categories). In addition, GOMMAPPS observers had difficulteristy individuaigull and
ternspecieglueto theirsmallbodysizes speedf theaircraft,and often indiscernible features (e.g.,
similar plumage characteristics, bodize, or bill shape); thus, highkvel gull andternidentifications
(e.g.,qull, tern,or larid spp.) were usedthendefinitive species identifications could not be made.

Generic identifications, including individuals identified by doubbservers as different species within
the same taxonomic family (e.g., whiteaged scoterlelanitta deglandiversus black scoteMelanitta
americang) or individualsthatwerenotidentifiedto speciedevel (exceptfor gulls andterns),
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comprised~8% dtetotalrecordgTable3.4:Generict CountMatch,Generic+ Bin Match,andGeneric
Only Match categories). Mismatched records, including individuals féEhas different species by the
two observers (where taxonomic family also did not match between double obsenreis),
comprised12.5% of the total records (Table 3.4). It is possible that sohesefrecords are likely to be
detection errors rather than misidentification errors, asoutd not pars@ut these two distinct
observation error types.
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Figure 3.6. Linear regression plot of waterbird counts from front and rear same -side observers

during the 2017 GOMMAPPS summer aerial pilot surveys off the Loui siana coast.

The plot shows that front and rear same-side observers had reasonable agreement when flock sizes were small, but
that front and rear same-side observer counts tended to diverge once flock sizes was >20 birds. Please refer to text
for more details.
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Table 3.5. Mean and standard deviation (SD) for double

number of records and counts of waterbird observations f
GOMMAPPS summer aerial pilot surveys off the Louisiana C

All surveys were flown out of Houma, LA from 5 — 15 July. NOTE: in all cases, SD is ~2x greater than the mean.

-observer (same -side front and rear seat positions)
or both hexagons and transects during the 2017
oast.

Seat Position

Mean Records

SD of Records

Mean Counts

SD of Counts

Front

3.1

5.3

4.5

9.8

Rear

29

5.6

3.9

7.9

Hexagon v.Line Transect Designs From a logistical perspective, hexagons were more difficult to fly
than the traditional straighibe transects. Due to the circular nature of the flights, the pilot was
continuously making slight turns, which: (1) forced the pilot topaye attention to flight instruments
and the surrounding airspatieerebyreducingtheir ability to beanobserverand(2) eachturnresultedn
the aircraft being banked at ~30-45° thereby changing the observational vidarsakkdbservers. We
initially attemptedo makethe turnsat 40-45°degree$o minimizethe amount ofime observers were
“offline”, however, some observers suggested these turns were too absufiing in airsickness. Thus,
we settled on a more gradual and gentle turn with slightly reduced tum(aBg-35°). Nevertheless,
observers on thiasideof thebanked turn werkwoking straight downwhereas observers on the outside
of the banked turn were looking straight up. This scenario likely resulterentlly available birds that
were missed by observers. Even given these unique challenges, hexagons yoeddéetections than
transects. Hexagemased surveys detected more individuals and had fewer overall zero ceunts (i
sample units with zero detections) compared to line transects. Tikedyshe result of birds not being
uniformly distributed across the siyiarea. Birds often occur in small to large foraging flocks in open
water, as well as flocking during loafing/resting on or near offshoreaabenic structures (e. &G
platforms).While eachsamplingmethodcoveredhesamespatialdistancg~20nm), the hexagon-based
sampling approach covered a smaller, more discrete spatial footprimt theecircular nature, whereas
transects had a greater overall spatial footprint due to the stifghiature.As such, hexagoehased
sampling approach appeared to provide an advantage when modeling bird deteatimidath habitat
features and environmental variables (e.g sedacesalinity, seasurfacetemperaturegtc.);more
closelyapproximating thepatialresolution required for modeling.

Basedon our 2017 pilofield seasonfutureaerialseabirdsurveyprojectsmightwishto consider using
hexagons as a base sampling framework with transects overlain (Figure 3.03eTdfdhexagons as a
sampling base, facilitates stratification across the entire survey area, as allwing researchers to
systematically randomize the éation and orientation of the three hexagon transects. In addition, this
design should yield the greatest number of detections while alsaiagcatra spatial resolution that more
easily facilitates development of bildbitatmodels.

Double-Observer Approach: The doublesbserver surveys revealed differences in the data collected by
sameside front and reaeatobserversNon-detectiorerrors,or missedobservationsyeremostlikely to
occurwhen flock sizes were very small or for single birsisiglebird observations are more likely
during the summer months when target species of waterbirds arengrééei period when our pilot
survey occurred). Additional double-observer surveys are needed during tbemaniths, when
waterbirdsaremorelikely to aggregatén largeflocks at-seato determingf themagnitude of non
detection errors varies as a function of seasonal differences ipebiadior. Although non-detection
likely contributed to the differences between doudideerver counts recded per samplingnit, our
resultsindicatethatcountingerrors particularlyfor groupsizes>30 birdsmay alsccontribute toobserved
differences. Our pilot survey data did not include very large flock sizes; tidispaal double-observer
surveys that includes variable, but generally larger flock sizes woulddfel to assess whether potential
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counting errors continue to increase as a function of flock size or whatteesors reach an asymptote
at a given number of birds.

Figure 3.7. Depiction of USFWS aircraft flying 3, ~11.5 km transect segments (red | ines) within a
‘cluster’ of 3, 40 km 2 hexagons (blue outline) with arrows on each end representing turn stogo
back on transect within the hexagon ‘cluster’.

Please refer to text for more details.

Species identification, particularly for smalbdied and species with similar plumage color, proved
extremely difficult for our observers. Gulls and terns, which were the diftistlt to identify, made up
mostof thepilot surveydata.Thenorthern Gulis anoverwinteringdestinatiorfor a diverse suite of
waterbird species (refer to Appendix A; Michael et al. 2023), and althoughagdliernsarestill
prevalenduringthewinter monthstheretended to ba greatediversity of waterbird species available to
aerial seabird observers during the-faihter period. In additiormanyof thesespeciedave gone
throughmolt, andmostindividualsof agivenspecies arpresent in theinon-breeding plumage, making
species identification for wintering gulls and terns much more chatigngdditional double-observer
data collected during winter surveys could elucidate whelleee are seasonal patterns in
misidentification errors that change because of species compositi@Northern Gulf. Gaining a better
understanding of the potential sources of bias (refer to Davis et al. Ba2®)e found in our pilot survey
data is not only useftibr our analyse®f the GOMMAPP Saerialsurveydatabut wouldalsoelucidate
potential issues with future aerial surveys.

Thedouble-observer data from our pilot survey season allowed us to revedlgbateurces of bias in
aerialsurvey data. We identified issues of netection [(for single birds) and counting errors (fayups
>30 individuals)Jandspeciesnisidentificationerrors(for smalland similarly colored species). Although
we cannot discern the true extent to which these errors may bias infdrencasrialsurveydata
(becauseve donot knowthetruevaluesfor presencespecies identification, and number of birds), the
double-observer method is a useful tool to evaluate potential sources @rmlledetection rate, e.g.,
Koneff et al. 2008). Through continued use of the double-observer method during 2018 — 2020
GOMMAPPSaerial surveys, we were able to assess the sources of error we identifie@0d dypilot
study in much greater detail (more robust and representative sample)lakge range of conditions
(e.g., crosseasonal effects, largemngeof availableflock sizes differentspeciesomposition) Referto
Davisetal. (2022) for additional details regarding analyses of the 2018 — 2020 GOMMAPPS double-
observer methodology used here.

3.1.2 2018 — 2020 Aerial Surveys
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Using information learned in the 2017 GOMMAPPS pilot aerial surveysi¢Betl.3), we randomly
selectedsurveyunitsfromtheU.S. EnvironmentaProtectionAgency’sEnvironmental Monitoring and
Assessment Program (U.S. Environmental Protection Agency; EMAP) 4bekagon grid dataset
(White et al. 1992) using a generalized random tessellation straR@S) design (Stevens and Olsen
2003) that covered the nearshore environment (coastline to 50 nm offshoregbétes Texabdexico
border and the Florida Keys (Figure 3.8). Surveys of each hexagon occurred alongréitele~i1.5
km transects spanning the length of the selected hexagonal survey unit andyhoniag units. We
also randomized orientation (approach direction) of each of the chosen usis.e@hsurveyed the
same 180, 40 kfrhexagonal units (or a subset of these) in each season (2018 — 2020) aftet the pil
survey (2017). In-flight observers counted and identified (to the lowest taxolewigall birds within a
400-m strip transect (200 m on either side of the trans€etitdin and Bretagnolle 2008) (Figure 3.8).
Surveys were flown at an altitude of 61 m and a ground speed of 110 knots.

To examinaletection errors, data weeellected with an unreconciled double-observer protocol where
sameside front-and reaseat observers independently recorded count and species identificatiols recor
of all marine birds in the observation strip (flight transect ouD®rR) (CertairandBretagnolle 2008).
Two observergpilot andacrewmember)werealwaysstationed in the front seats of the plane, and the
second observer for the double-observer protocol sat in a rear seatafinerthe pilot obehind a crew
member. Crew members other than the pilot (two per plane) rotated thgiosiains throughout the
survey so crew member detection could be evaluated independently of seat positibeeAders (pilot
and crew members) marked each obs#on with a GPS unit and recorded count and species
identification records. Duringost hoaataprocessingwe grouped double-observer recottat were
recordedwithin 10 s of each other. This 10 s window limited dowideerver records to those mokely

to contain matching records. These grouped double observer records werashifiedlasPerfect

Match— count and species identification matched between observer records, BerfedtMatch—

count and taxonomic group matched between observer records, Species Meicies-identification
matched but count did not match between observer records, Generic Matcles Ep@nomic group
matched but count did not match between observer records, Mismeggekies and/or species taxonomic
group did not match between observer records, and No Match — there was no obsermatioa @ther
observer recorded within 10 seconds. This double-observer protocol and datsipgooexedure

allowed us to identify potential erroiacluding nondetectioncountingerror,andmisidentificationthat
wouldnot havebeen possible to assess without a second observer.

Though the target number of sites was established as 180 sampling wsisstberorthern Gulf the
ability to survey all these units was constrained by weather (i.e., foghcksbetween and among units,
and budget limitations (Table 3.6). Over one summer and three consedntismes yaerial surveys were
completed on 111 — 180 sample units representing 333 to 540 transects within units, ~6,700 — 10,800
transect kilometers covering between 6.6 — 9.2% of the aerial survey stady aloée 3.6). For bhherial
surveys, two USFWS pilot-biologists were used (J. Wortham, S. Ear3aini(3.7). In all but one aerial
survey, USFWS Kodiak amphibious aircraft were used. A USFWS Partefavatavas used in one
instance because Kodiak (n736) was not available (Table 3.7). The Parterasfavaas used
extensively for aerial seabird surveys as pathefAtlanticMarine Assessment Program for Protected
Species (AMAPPSBased on aerial seabird surveys for AMAPPS, it was estimated thaséaint
observers had a ~15% increase in detections in the Partenavia as campeEddiak, but thathere
should be nalifferencein detectionbetweerthetwo aircraftfor backseatobservers. Though we did not
explicitly test for betweesircraft differences in detectiqrer se we did include a survey year effect,
which should capture any differences.
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Figure 3.8. Planned aerial survey plots ( n =180) as part of the GOMMAPPS summer 2018 and
winter 2018 — 2020 surveys with map of the US Gulf of America coastline of Texas, Louisiana,
Mississippi, Alabama, and Florida.

The inset map (Plate B) shows a close-up view of the 3, ~11.5 km transect segments spaced ~1 nm apart within a
‘cluster’ of 3, 40 km2 hexagons.

3.2 Characterizing Marine Birds

Seabird observers for aerial surveys recorded all birds, marine mammalstlesaand fishes detected
during surveys and identified each to the lowest taxonomic level pos&fperidix A). We classified all
identifiable birds as seabirds, raptors.(itawks, falcons, owls, vultures), shorebifids., plovers,
sandpipersetc.),wadingbirds(i.e., herons, egrets, etc.), or waterfowl (i.e., ducks) following categories
used in Wilson et al. (2019a). For the purposes of this report, seabirds isghaispecies from the
Orders Charadriiformes (terns, gulls, skuas, jaegers, and phalaropes) and fBeleeaiiat forage in
marine systems during all or part of the year and any members of the oraletisoAtiformes
(tropicbirds), Gaviiformes (loons), Procellariiformes (tube-noses), andB8uét (frigatebirds,
cormorants, boobie$)For additional information related to aerial survey species compgsitin to
Section 3.5 and Appendix A.

2 Seehttps://www.worldbirdnames.org/new/classification/ordefbirds-draft/
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Table 3.6. Seasonal summary of survey effort for GOMMAPPS aerial seabird surveys, 2018 —2020".

When # of Sites Target # of % of Target # of | # of Appr. Total Area (km 2) % of
Surveved ! Sit 2 Sites Transects Distance (km) 6 Study
urveye €s 3 4 5 Surveyed Area
Surveyed Surveyed Surveyed vy
7
Summer (2018) 180 180 100.00 540 10,863.07 21,600 9.21
Winter (2018)2 179 180 99.44 537 10,802.72 21,480 9.15
Winter (2019)2 111 180 61.67 333 6,698.89 13,320 5.68
Winter (2020)2 130 180 72.22 390 7845.55 15,600 6.65
Total 600 720 83.33 1,800 36,210 72,000 7.67

" Refer to Table 3.7 for more detailed information related to survey dates, aircraft, pilot, and observers for each of the seasonal surveys. Typically, 2 U.S. Fish and Wildlife Service (USFWS) aircraft with a
pilot-biologist and 2 seabird observers were used for each aerial survey.

2 The decision was made to focus aerial surveys in the northern Gulf during the winter period only for several reasons: (1) funding constraints, (2) availability of aircraft and pilots, (3) from a data needs
perspective, the USFWS considered the winter period more critical compared to the summer period, and (4) summer survey data collected in summer 2017 indicated clusters of birds in proximity to known
breeding colonies along the northern Gulf coast, and thus summer surveys provided relatively limited value of information.

1 # of Sites (40 km? clusters) Surveyed: varied annually due to budget constraints, distance between completed and remaining sites, as well as weather-related issues, i.e., low-lying fog on- and offshore,
Beaufort sea state >5.

2 Target # of Sites (40 km? clusters): was established as 180. Refer to Section 3.1.2 for more information.
3 96 of Target # of Sites Surveyed = # of sites surveyed/# of target sites; varied annually.

4 Number of Transects Surveyed (40 km? clusters): represents 3 transect per site (40 km? clusters), and thus, the total represents the # of sites surveyed x 3. As such, if all 180 sites were flown during a
given survey interval, the total # of transects flown would be 540. The # of transects surveyed varied annually.

5 Approximate Distance (km) Surveyed: We randomly selected survey units (n = 180 of 5,866 units) from the U.S. Environmental Protection Agency’s Environmental Monitoring and Assessment Program
(U.S. EPA EMAP) 40km? hexagon grid dataset (White et al. 1992) using a generalized random tessellation stratified (GRTS) design (Stevens and Olsen 2003) that covered the nearshore environment
(coastline to 50 nm offshore) from the Texas-Mexico border to the Florida Keys (link here). Surveys of each hexagon occurred along three transects that were parallel to each other, with each ~11.5 km
spanning the length of the selected hexagonal survey unit and two neighboring units. Observers surveyed the same 180 40-km? hexagonal units (or a subset of these due to weather constraints or
logistical constraints: winter 2018, n =179; winter 2019, n = 111; and winter 2020, n = 130) in each survey event (single survey season, e.g., winter 2018).

6 Total Area (km?) Surveyed: approximate miles surveyed x transect width (400 m). Refer to superscript 5 above for additional details.

7 9% of Study Area Surveyed: represents the total area of the 180 sites (40 km? clusters) as a proportion of the total study area that extended West to East from near Brownsville, TX to the Florida Keys, and
from the coastline seaward out to 50 nm. As such, the # of sites surveyed represented a relatively small, but representative proportion of the overall study area.
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Table 3.7. Aircraft, pilot, and crew information for the GOMMAPPS aerial seabird surveys, 2018 — 2020.

Aircraft Type | Aircraft # | Pilot Observer 1 Observer 2 Hexagons Transects # Bird Total # Birds
Surveyed Surveyed Species 2
Y Y p .| Counted
Observed
Summer 2018 | Kodiak N736 J. Wortham R. Wilson R. Wheat 90 270 32 13,361
11 —20 Jul
( ) Kodiak N708 S. Earsom A. Sussman W. Harrell 90 270 25 3,262
Total - - -- -- -- 180 540 34 16,623
Winter 2018 Kodiak N736 J. Wortham D. Demarest N. Wirwa 90 270 42 13,019
(31Jan
— 27 Feb) Kodiak N708 S. Earsom R. Wilson P. Stinson 89 267 27 7,592
Total - - - - - 179 537 49 20,611
Winter 2019 Kodiak N736 J. Wortham D. Demarest N. Wirwa 57 171 20 2,938
(24 Feb
-9 Mar) Kodiak N723 S. Earsom R. Wilson P. Stinson 54 162 25 15,216
Total - - - - - 111 333 31 18,154
Winter 2020 (1 | Partenavia® N701 J. Wortham A. Sussman N. Wirwa 65 195 34 3,552
-12
Feb) Kodiak N723 S. Earsom R. Wilson P. Stinson 65 195 27 12,758
Total - - -- -- -- 130 390 35 16,310
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* Kodiak (N736) aircraft was unavailable for an undetermined period due to mechanical issues. To avoid surveying
over a longer time period (i.e., increase survey costs) or conduct surveys during two separate non-overlapping
survey windows (i.e., temporal gap between surveys), a decision was made to utilize the available Partenavia (N701)
aircraft. The Partenavia (N701) aircraft was used extensively for aerial seabird surveys as part of the Atlantic Marine
Assessment Program for Protected Species (AMAPPS).

1 # of Bird Species Observed: Total represents unique species or species codes used. For aerial surveys, a list of
four- letter species and species group codes were developed in 2017 — 2018 for birds (>100, four-letter codes
available), marine mammals, sea turtles, and sharks and rays as part of the GOMMAPPS aerial survey Standard
Operating Procedures and Protocols. For all observations, trained aerial seabird observers identified individuals to the
lowest taxonomic level. For a variety of reasons, in some to many cases, observers were not able to classify individual
birds observed down to the species-level. As a result, the number of bird species observed includes both species-
level and higher-level taxonomic groups, as well as unknown or unidentified birds, e.g., UNID gulls and UNID terns. In
total, aerial seabird observers identified 52 species of birds from five taxonomic groups (refer to Wilson et al. 2019a).

2 Total # of Birds Counted: represents the total count of all birds observed during a given year x season aerial survey
independent of it was classified down to species-level, at a higher taxonomic level, or with an associated UNID code.
The counts here represent total counts from all three in-flight observers (2 front-seat observers and 1 back-seat
observer; double-observer), as such there is likely to be some number of ‘duplicate’ records included in the total
presented here (and in Table 3.8). Refer to Table 3.9 and Appendix A for additional bird species-specific information.

Aerial seabird observers detected and recorded a diversity of bindsemeammals, sea turtlesharks,
andraysduring surveydn summer2018 andvinters2018, 2019and2020 (Table 3.8). Specifically,

aerial seabird observers detected and recorded a total of 52 species of birdpregéntatives from five
taxonomic groups (Wilson et al. 2019a) during aerial surveys: 23 seabird sfi8aiegerfowl species,

10 wading bird speciethreeraptor species, amsheshorebird species (Table 3.9, Appendix A). Though
species composition and the number of birds counted varied between surdmantar aeriaburveys,

of the seabird species detected and classified to speciespgh@bundant were (in ordelypwnpelican,
doubleerestedcormorantblackskimmer,royaltern,blackterns (2018nly, summer) and doublerested
cormorant, northern gannet, brown pelican, common loon, and laughing gull (2018 — 2020, wirger). Ref
to Sections 3.5 and 3.5.1 beldov additionaldetails. Seabirdpeciesaccountdor the 23 species detected
via aerial surveys (except black skimmer and lesser filacked gull) can be found in Section Below.

3.3 Covariate Data Collection

To model marine bird abundance, we used environmental variables tkabane or thought to be
correlated with seabird abundance and distribution (Wakefield et al. 2009). Thenemamtal covariate
data were collected for each survey unit and consi$tedwly sea surface temperature (SST; Figures
3.9a-c and Figure 3.10), searface height (SSH; Figurex9d-f and Figure 3.11), and ssarface

salinity (SSS; Figure 3.9g through Figure 3.9i and Figure 3.12) averaged over each dasejopauods

in both summer and winter, and distance to shoreline from the midpoint of eaep gnit (Distance).
Seabird distribution is often uncoupled from current oceanic conditioasurexl by remotely sensed
environmental variables due to time lags between thahlas being measured and the factors that attract
seabirds (e.g., prey availability; Wakefield et al. 2009). Thereforehdéowinter survey periods, we also
measured the 15-year averages (2003 — 2017) in each unit for SST, SSH, and SSS duirigr our w
survey window (January 15 — March 15) in addition to the values from the timesafrvey because we
hypothesized that the loftgrm averages of environmental variables may also be predictive ofdseabir
abundance. The 15-year timeframe overlaps the most recent period of Bgbriinate Ocean Model
(HYCOM?) dataavailability. We did not include the 3fear average covariate data in our summer model
due to limiteddata from a single summer survey. Distance to shoreline data were caltrolatéioe
midpoint of eactsurvey unit to the nearest point on the shoreiseneasure by Euclidedistance in

3 See HYCOM athttps://www.hycom.org/data/gomuOpt04/exX88ipt1m000
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QGIS software. The SST, SSH, and SAL data were available at 1/25° @wsflath the HYCOM; 2003

— 2009 data are from experiment 20.1, 2010 — 2014 data are from experiment 31.0, and 2015 — 2019 data
are from experiment 32.5 (refer also to Table 4.2 beldve standardized all continuous variables by
subtracting the mean and dividing by the standard deviation of each varialdésdessessed

correlations among variables, and there were no correlation coefficieatsrgthan 0.7; thus, we used all
variables described above in our analyses.

Table 3.8. Faunal classes of vertebrates observed during the GOMMAPP) aerial seabird surveys, 2018 - 2020.

Season Dates Faunal Class # Species~ | Total # .
Observed
Summer (2018) 11 - 20 July Birds? 39 16,623
Summer (2018) - Marine Mammals® 4 426
Summer (2018) - Sea Turtles® 6 398
Summer (2018) - Sharks? 3 15
Summer (2018) - Rays® 2 184
Winter (2018) 31 Jan - 27 Feb Birds? 50 20,611
Winter (2018) - Marine Mammals® 3 331
Winter (2018) - Sea Turtles® 5 941
Winter (2018) - Sharks? 0 0
Winter (2018) - Rays® 2 39
Winter (2019) 24 Feb — 9 Mar Birds? 32 18,154
Winter (2019) - Marine Mammals® 4 207
Winter (2019) - Sea Turtles® 4 176
Winter (2019) - Sharks? 2 38
Winter (2019) - Rays® 0 0
Winter (2020) 1-12Feb Birds? 42 16,310
Winter (2020) - Marine Mammals® 4 233
Winter (2020) - Sea Turtles® 4 161
Winter (2020) -- Sharks¢ 2 10
Winter (2020) - Rays® 1 1

a Birds: includes five taxonomic groups of birds: seabirds, waterfowl, wading birds, shorebirds, and raptors. Refer to
Section 3.3 and Appendix A for additional information.

b Marine Mammals: this could include various species of dolphins (most frequently identified species = bottlenose
dolphin) and unidentified (UNID) dolphin, West Indian manatee, and various species of whales (most frequently
identified species = sperm whale), as well as unidentified (UNID) codes for both dolphins and whales.

¢ Sea Turtles: this could include all five species of sea turtles (leatherback, green, Kemp's ridley, loggerhead, and
hawksbill) that occur in the northern Gulf, as well as a unidentified (UNID) code.

d Sharks: this could include various species of sharks that occur in the northern Gulf if identified to the species level,
as well as unidentified (UNID) code.

e Rays: this could include various species of shallow water rays, as well as the larger manta ray that occur in the
northern Gulf if identified to the species level, as well as unidentified (UNID) code.

1 Faunal Class: broad classification of vertebrates used by aerial seabird observers.

2 # of Species: For birds, this includes all 4-letter American Ornithologists Union (AOU) codes (link here) for
individuals identified to species or species groups, higher-level taxonomic codes like unidentified (UNID GULL and
UNID TERN), as well as codes like BIRD. In total, aerial seabird observers identified 52 birds to the species level
including: 23 seabird species, 15 waterfowl species, 10 wading bird species, 3 raptor species, and 1 shorebird
species. Refer to Appendix A for additional information. For other faunal classes of vertebrates, please refer to
appropriate superscript letter above.

3 Total # of Birds Counted: represents the total count of all birds observed during a given year x season aerial survey
irrespective of whether it was classified down to species-level, at a higher taxonomic level, or associated unidentified
(UNID) code. The counts here represent total counts from all three in-flight observers (2 front-seat observers and 1
back-seat observer; double-observer), as such there is likely to be some number of ‘duplicate’ records included here
(and in Table 3.7). Refer to Table 3.9 and Appendix A for more additional bird species-specific information.
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3.3 Aerial Survey Analytical Methods

TheGOMMAPPSaerial surveyproducednarinebird counts(from front observers onlythat we analyzed
in a generalized linear model (GLM) framework. Poisson GLMs are afted foraviancountdata,but
the Poissouwlistributioncanberestrictivefor seabirdcountsbecause thmeanand variancenustbeequal,
whichis oftenviolated in seabird count data.

This high variancgo-mean ratio likely results from a tendency for marine birds to aggragsea,
particularly in the winter months (Zipkiet al. 2010, Zipkin et al. 2014). Because of the overdispersion
present in our data from both winter (Figure 3.13) and summer aeriays\(Rigure 3.14), we modeled
counts using a negative binomial distribution for all seasons, which dibovashighewariance compared
to the mean and has previously been shown (Zipkin et al. 2014) to provider ditettmodels of marine
bird survey data.

We defineyi asthetotal countof all marinebird speciesn asurveyuniti. We assumedhatthe count in
survey unit had a negative binomial distributiop,~ NegBinom(p/, /) with a mean:

pi=r »+ i)

andvariance:

12= 1 (1-p) #9i9)
We modeled variation in using a loglinearfunction.
Winter Data:
log(i)= o+ ; U2019)+ , (J202Q)+ ; (USST)+ , UAvgSST) + s USSH) + 4 U
(AvgSSH) + ; USSS )+ 5 UAvgSSS) + o UDistance

Where , was modeled as the intercept andhrough o were the effects of each of tbevariates for
each survey uniton count: survey season effects of 2019 (2019) and 2020 (2020), dasyrfseze
temperature (SST), the 20@817 average of seaurface temperatuuringJan.15-Mar. 15(Avg SST),
daily seasurfaceheight(SSH),the 2003-2017 average of sea- surface height during Javat515 (Avg
SSH), daily seaurface salinity (SSS), the 2003- 2017 average o$sdace salinity (SSS) during Jan.
15-Mar. 15 (Avg SSS), and distance from the midpoint of the survey unit toisb¢Baktance).
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Table 3.9. Species composition of birds observed during the GOMMAPPS aerial seabird su
2020.

rveys, 2018 —

Aerial survey dates for the respective surveys were: 11 — 20 July 2018 (summer), 31 Jan — 27 Feb 2018 (winter), 24
Feb — 9 Mar 2019 (winter), and 1 — 12 Feb 2020 (winter).

Season Species * Taxa Group ? Count ’ % of T40ta|
Count
Summer (2018) | Black skimmer Seabirds 337 2.85
Summer (2018) | Black tern Seabirds 169 1.43
Summer (2018) | Brown booby Seabirds 5 0.04
Summer (2018) | Brown pelican Seabirds 3,509 29.66
Summer (2018) | Cory’s shearwater Seabirds 1 0.01
Summer (2018) | Double-crested cormorant? Seabirds 419 3.54
Summer (2018) | Laughing gull Seabirds 346 2.92
Summer (2018) | Least tern Seabirds 127 1.07
Summer (2018) | Magnificent frigatebird Seabirds 165 1.39
Summer (2018) | Northern gannet Seabirds 7 0.06
Summer (2018)| Royal tern Seabirds 295 2.49
Summer (2018) | UNID gull Seabirds 2,798 23.65
Summer (2018) | UNID shearwater Seabirds 5 0.04
Summer (2018) | UNID storm-petrel Seabirds 72 0.61
Summer (2018) | UNID tern Seabirds 3,291 27.82
Summer (2018) | Osprey Raptors 3 0.03
Summer (2018) | Turkey vulture Raptors 2 0.02
Summer (2018) | White-tailed hawk Raptors 2 0.02
Summer (2018) | UNID shorebird Shorebirds 125 1.06
Summer (2018) | Great egret Wadingbirds | 37 0.31
Summer (2018) | White ibis Wadingbirds | 75 0.63
Summer (2018) | Roseate spoonbill Wadingbirds | 37 0.31
Summer (2018) | UNID bird - 4 0.03
Total 11,831 |-
Winter (2018) American white pelican Seabirds 97 0.77
Winter (2018) Brown booby Seabirds 30 0.24
Winter (2018) Brown pelican Seabirds 306 2.43
Winter (2018) Brown noddy Seabirds 21 0.17
Winter (2018) Common loon Seabirds 94 0.75
Winter (2018) Double-crested cormorant? Seabirds 1,126 8.95
Winter (2018) Herring gull Seabirds 138 1.10
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Season Species * Taxa Group ? Count ’ % of T40ta|
Count
Winter (2018) Laughing gull Seabirds 344 2.73
Winter (2018) Least tern Seabirds 7 0.06
Winter (2018) Northern gannet Seabirds 1,456 11.57
Winter (2018) Royal tern Seabirds 35 0.28
Winter (2018) UNID gull Seabirds 2,923 23.22
Winter (2018) UNID jaeger Seabirds 1 0.01
Winter (2018) UNID loon Seabirds 62 0.49
Winter (2018) UNID phalarope Seabirds 248 1.97
Winter (2018) UNID storm-petrel Seabirds 1 0.01
Winter (2018) UNID tern Seabirds 642 5.10
Winter (2018) UNID grebe Marshbirds 10 0.08
Winter (2018) Osprey Raptors 4 0.03
Winter (2018) UNID vulture Raptors 1 0.01
Winter (2018) Cattle egret Wadingbirds | 57 0.45
Winter (2018) Great blue heron Wadingbirds | 28 0.22
Winter (2018) Great egret Wadingbirds | 42 0.33
Winter (2018) White ibis Wadingbirds | 7 0.06
Winter (2018) UNID heron/egret Wadingbirds | 160 1.27
Winter (2018) Bufflehead Waterfowl 269 2.14
Winter (2018) Common merganser Waterfowl 28 0.22
Winter (2018) Gadwall Waterfowl 72 0.57
Winter (2018) Mottled duck Waterfowl 3 0.02
Winter (2018) Northern pintail Waterfowl 29 0.23
Winter (2018) Red-breasted merganser Waterfowl 417 3.31
Winter (2018) Redhead Waterfowl 1,109 8.81
Winter (2018) Scaup® Waterfowl 2,358 18.74
Winter (2018) UNID seaduck Waterfowl 213 1.69
Winter (2018) UNID duck Waterfowl 121 0.96
Winter (2018) UNID bird -- 127 1.01
Total 12,586
Winter (2019) American white pelican Seabirds 5 0.04
Winter (2019) Bonaparte’s gull Seabirds 12 0.10
Winter (2019) Brown pelican Seabirds 487 3.88
Winter (2019) Common loon Seabirds 157 1.25
Winter (2019) Double-crested cormorant? Seabirds 238 1.90
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Season Species * Taxa Group ? Count ’ % of T40ta|
Count
Winter (2019) Herring gull Seabirds 75 0.60
Winter (2019) Laughing gull Seabirds 25 0.20
Winter (2019) Magnificent frigatebird Seabirds 2 0.02
Winter (2019) Northern gannet Seabirds 366 2.92
Winter (2019) Royal tern Seabirds 37 0.30
Winter (2019) UNID gull Seabirds 112 0.89
Winter (2019) UNID phalarope Seabirds 132 1.05
Winter (2019) UNID shearwater Seabirds 1 0.01
Winter (2019) UNID tern Seabirds 702 5.60
Winter (2019) Black scoter Waterfowl 13 0.10
Winter (2019) Bufflehead Waterfowl 72 0.57
Winter (2019) Red-breasted merganser Waterfowl 94 0.75
Winter (2019) Redhead Waterfowl 8,867 70.73
Winter (2019) | Scaup® Waterfowl 996 7.94
Winter (2019) Surf scoter Waterfowl 78 0.62
Winter (2019) White-winged scoter Waterfowl 25 0.20
Winter (2019) UNID scoter Waterfowl 31 0.25
Winter (2019) UNID bird -- 10 0.08
Total 12,537
Winter (2020) American white pelican Seabirds 38 0.32
Winter (2020) Brown pelican Seabirds 404 3.42
Winter (2020) Common loon Seabirds 183 1.55
Winter (2020) Double-crested cormorant? Seabirds 388 3.28
Winter (2020) Laughing gull Seabirds 228 1.93
Winter (2020) Magnificent frigatebird Seabirds 3 0.03
Winter (2020) Northern gannet Seabirds 512 4.33
Winter (2020) Royal tern Seabirds 93 0.79
Winter (2020) UNID gull Seabirds 3,571 30.20
Winter (2020) UNID loon Seabirds 198 1.67
Winter (2020) UNID phalarope Seabirds 61 0.52
Winter (2020) UNID shearwater Seabirds 4 0.03
Winter (2020) UNID tern Seabirds 941 7.96
Winter (2020) Great egret Wadingbirds | 5 0.04
Winter (2020) Green heron Wadingbirds | 9 0.08
Winter (2020) Little blue heron Wadingbirds | 5 0.04

50




Season Species * Taxa Group ? Count ’ % of T40ta|
Count
Winter (2020) Snowy egret Wadingbirds | 9 0.08
Winter (2020) Black-bellied whistling duck | Waterfowl 35 0.30
Winter (2020) Bufflehead Waterfowl 37 0.31
Winter (2020) Common merganser Waterfowl 4 0.03
Winter (2020) Gadwall Waterfowl 35 0.30
Winter (2020) Lesser scaup Waterfowl 93 0.79
Winter (2020) Mottled duck Waterfowl 6 0.05
Winter (2020) Red-breasted merganser Waterfowl 136 1.15
Winter (2020) Redhead Waterfowl 2,848 24.08
Winter (2020) Ring-necked duck Waterfowl a7 0.40
Winter (2020) | Scaup® Waterfowl 1,681 14.21
Winter (2020) UNID merganser Waterfowl 164 1.39
Winter (2020) UNID seaduck Waterfowl 70 0.59
Winter (2020) UNID teal Waterfowl 5 0.04
Winter (2020) UNID ird -- 13 0.11
Total 11,826

a Double-crested Cormorants: an assumption was made to classify all “cormorants” as double-crested cormorants
(Nannopterum auritum) even though neotropic cormorants (N. brasilianum) are known to occur in the northern Gulf,
particularly in coastal habitats West of the Mississippi River to the Texas-Mexico border. Double-crested cormorants
tend to be more broadly distributed and more abundant compared to the neotropic cormorant in the northern Gulf.
Refer to eBird here for double-crested cormorant (you need a CornellLab account)
https://ebird.org/map/doccor?neg=true&env.minX=&env.minY=&env.maxX=&env.maxY=&zh=false&gp=false&ev=z&mr
=1-12&bmo=1&emo=12&yr=all&byr=1900&eyr=2022 and https://science.ebird.org/en/status-and-
trends/species/doccor/abundance-map. Refer to eBird here for neotropic cormorant (you need a CornellLab account)
https://ebird.org/map/neocor?neg=true&env.minX=&env.minY=&env.maxX=&env.maxY=&zh=false&gp=false&ev=2&
mr=1- 12&bmo=1&emo=12&yr=all&byr=1900&eyr=2022 and https://science.ebird.org/en/status-and-
trends/species/neocor/abundance-map

b Scaup: includes both lesser (Aythya affinis) and greater (A. marila) scaup. These species are extremely difficult to
differentiate via aerial surveys, and as such, these 2 species are and have been included as a single ‘species group’
during annual programmatic Waterfowl Breeding Population and Habitat Survey (USFWS 2019b, refer also to Smith
1995).

1 Species: for aerial surveys a list of 4-letter species and species group codes were developed in 2017 — 2018 for
birds (>100, 4-letter codes available), marine mammals, sea turtles, and sharks and rays as part of the GOMMAPPS
aerial survey Standard Operating Procedures and Protocols. For all observations, trained aerial seabird observers
identified to the lowest taxonomic level possible, and in some to many cases, observers were not able to classify
individual bird observations down to the species-level; unidentified (UNID) codes in Table above. As a result, UNID
gulls and UNID terns represented a disproportionately large component of both Counts and % of Total.

2 Taxa Group: generally, follows the taxonomic groups used by the Gulf of Mexico Avian Monitoring Network
(GOMAMN) for their Birds of Conservation Concern, link here.

3 Count: sum of species records from front-seat aerial observers only. Thus, the count included here has removed
‘duplicate’ records from front-seat and back-seat observers employing the double-observer approach.

4 % of Total: count “cell” for a given species divided by ™Total Count for a given period aerial survey. Reflects the
relative contribution of a given species or species group to the total of birds counted/enumerated during a given aerial
survey period. Counts included here represent sum of species records from front-seat aerial observers only. Decimal
YDOXHV VKRXOG EXW PD\ QRW ™ WR GXH WR VPDOO URXQGLQJ HUURUYV
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https://www.fws.gov/sites/default/files/documents/WaterfowlPopulationStatusReport19.pdf
https://gomamn.org/priority-birds

Summer Data:
ORJ= o+ ; E(SS'I])+ 2 E(SSH)+ 3 QSSS)+ 4 E(Distance

Where 0 was modeled as the intercept andthrough 4 were the effects of each of tbevariates for
each survey uniton count: daily seaurface temperature (SST), seaface heightSSH),seasurface
salinity (SSS)anddistancdrom themidpointof thesurveyunitto shoreline (Distance}Ve analyzed the
negative binomial model for all species together in both survey seasoter @nd summer) and
estimated parameters in a Bayesian framework with programs R (R%aati?018) andNIMBLE
(NIMBLE Developmeneam2019).We specifiedcode in R to estimate parameters\ibgrkov Chain
Monte Carlo (MCMC) using NIMBLE (NIMBLE Development Team 2019). To run oulyaig we

used uninformative priors for all parameters. We ran three chaiss00 iterations afterlzurrin

period of 5,000 iterations and estimated posterior distributions after thith@mdpains by 5; thus, we had
a total of 3,000 sampled iterations across the three chains (1,000 per chain).

Focal Species Analyses

We selected two species (Eastern brown pelican and northern gannet) andign@tdim and terns;
Laridae) for which we had sufficient data for further analysis. We usathsu Easterbrown pelican,
summergull andtern,winter northern gannet, andinter gull andtern count data fit to four separate
models for individual species or family.

The Eastern brown pelican is a latgedied seabird that inhabits nearshore environments of tropical and
subtropical North American waters, and they forage in nearshore watdris @dtkm of shore) by
plungediving for fish. Brown pelicans are a speadsonservation concern in mangrthern Gulfstates
(Burger 2017); therefore, accurate estimates of their habitat sihution, and abundance throughout
the annual cycle is important. Northern gannets also are a bardied seabird that foragesriear and
offshore waters by plunge-diving. Northern ganmeitgrateduring the non-breedirgeasoranduseareas
along theeastcoastof the US. and thenorthern Gulfduring this period (Mowbray 2020). The tern
species of thaorthern Gulf include royal tern, least tern, sandwich tern, Forster’s tern, iillgd

tern. These species breed in nearshore colonies imottteern Gulfand like brown pelicans and gannets,
they forage in the nearshore waters by pludgéng for fish. Least terns and royal terns are facultatively
migratoryin the northern Gulf SandwichForster's andgull-billed ternsareconsidered as yeaound
‘residents’ in thenorthern Gulf Several species of gulls utilize therthern Gulfduring someportion of
their annualcycle: laughing gull (breedingiearround),ring-billed gull (hon-breeding, falwinter),

herring gull (norbreeding, falwinter), Bonaparte’s gull (nosreeding, fallwinter), Franklin’s gull
(non-breeding, migration; Burger and Gochfeld 2020), and great and lessebdt&ekt gulls (non
breeding, transient; Bger et al. 2020). In th&ulf, gulls have beeabserved foraging in pelagic waters,
tidal creeks, bays, and estuaries, and in proximity to commercialdiskissels (e.g., Burger 2017).

A list of species common and scientific names and GOMMAPPS survéyrpiét) detected is provided
in Appendix A. Refer to Section 5.4 forore detailgexcept Franklin’sandlesseblackbackedgull).

3.4 Aerial Survey Results

In general, species composition and total bird counts varied annually and dgpamttie timing of

aerials surveys, i.e., summer vergtister (Table 3.9). For summer 2018, brown pelican 8,509
individuals, 29.66%), UNID Term(= 3,291 individuals, 27.82%), and UNID guti £ 2,798 individuals,
23.65%) accounted for >80% of all individuals observed (Table 3.9). Doutdted cormoranh= 419
individuals, 3.54%), laughing gulhE 346 individuals, 2.92%), black skimmer< 337 individuals,

2.85%), and royal term(= 295 individuals, 2.49%) each accounted for <5% of the total. For winter 2018,
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UNID Gull (n= 2,923 individuals, 23.22%3caup(n = 2,358 individuals, 18.74%), northern ganmet (
=1,456 individuals, 11.57%), double-crested cormonart 1,126 individuals, 8.95%), and redhead (
=1,109 individuals, 8.81%) accounted for >70% of all individuals observed (Table 3.9).
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Figure 3.9. Triad of graphs for h ourly sea -surface temperature (SST; °C , top set of plates )
averaged over each day for the winter survey periods for 2018 (a), 2019 (b), and 2020 (c),
respectively ; hourly sea -surface height (SSH; in m, middle set of plates ) averaged over each day
for the winter survey periods for 2018 (d), 2019 (e), and 2020 (f), respecti vely ; and hourly sea -
surface salinity (SSS , bottom set of plates ) averaged over each day for the winter survey periods
for 2018 (g), 2019 (h), and 2020 (i), respectively.

In all graphs, the X-axis represents longitude (Easting) and the Y-axis represents latitude (Northing). We obtained
dynamic variables at an hourly resolution from the Hybrid Coordinate Ocean Model (HYCOM; Chassignet et al. 2009,
Metzger et al. 2017). Please refer to text for more details.
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Figure 3.10. Graphic depicting hourly sea -surface temperature (SST; °C) averaged over each day
for the summer 2018 survey period (2018 July 11  -20) as measured by the Hybrid Coordinate
Ocean Model (HYCOM) in the northern  Gulf.

The x-axis represents longitude (Easting), the y-axis represents latitude (Northing), and the z-axis represents sea-
surface temperature (SST). Herein darker colors (green) represent warmer temperature, whereas lighter colors, in
this case, yellow and pink, represent intermediate and cooler temperatures. During the period sampled (11 — 20 July
2018) cooler waters occurred in the western Gulf and warmer waters occurred primarily in the eastern and
southeastern Gulf.
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Figure 3.11. Graphic depicting hourly sea -surface height (SSH; in m) averaged over each day for
the summer 2018 survey period (2018 July 11 -20) as measured by the Hybrid Coordinate Ocean
Model (HYCOM) in the northern  Gulf.

The x-axis represents longitude (Easting), the y-axis represents latitude (Northing), and the z-axis represents sea-
surface height (in meters). Herein darker colors (green) represent greater height, whereas lighter colors, in this case,
yellow and pink, represent intermediate and lower (or negative) heights. During the period sampled (11 — 20 July
2018), SSH varied spatially but was typically within the range of +0.1m to -0.1m; greater SSH (green) in deeper
waters in the central Gulf off the mouth of the Mississippi River.

55



o
(5]
35
8 30
2
20
9 - 15
10
5
o _|
o

T T T
-85 -80 -85

Figure 3.12. Graphic depicting hourly sea -surface salinity (SSS) averaged over each day  for the
summer 2018 survey period (2018 July 11 —20) as measured by the Hybrid Coordinate Ocean
Model (HYCOM).

The x-axis represents longitude (Easting), the y-axis represents latitude (Northing), and the z-axis represents sea-
surface salinity (in practical salinity units). Herein darker colors (green) represent greater salinity, whereas lighter
colors, in this case, yellow and pink, represent intermediate and lower salinities. During the period sampled (11 — 20
July 2018), SSS varied spatially but typically showed much lower salinity in the shallower bays, estuaries, and river
mouths, whereas the deeper shelf and shelf-slope waters of the northern Gulf indicated higher salinity.
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Figure 3.13. Histograms (a) of all species combined flock sizes per aerial survey unit (40-square
km hexagons) and of all species combined flock sizes (>0) aerial survey unit (40 km 2 hexagons)

for 2018, 2019, and 2020 winter surveys (b).

For both histograms, x-axis represents the number of birds counted and y-axis represents frequency. Most hexagons
(196/417; 47%) contained small counts (<10 birds), and ~94% of counts were <200 birds.
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Figure 3.14. Histograms (a) of all species combined flock sizes per aerial survey unit (40 -square
km hexagons) and of all species combined flock sizes (>0) per aerial survey unit (40 km?2
hexagons) for 2018 summer survey (b).

For both histograms, x-axis represents the number of birds counted and y-axis represents frequency. Most hexagons
(125/180; 69%) contained small counts (<10 birds), and ~91% of counts were <100 birds.

Unidentified tern f = 642 individuals, 5.10%), reldreasted merganser € 417 individuals, 3.31%),
laughing gull 6= 348 individuals, 2.73%), brown pelicam%£ 306 individuals, 2.43%), bufflehead £
269 individuals, 2.14%), and herring guil£ 138 individuals, 1.10%) each accounted fé&?% of the
total. In winter 2019, redhead € 8,867 individuals, 70.73%) accounted for a disproportionate number of
birds observed (Table 3.9). Scamp=(996 individuals, 7.94%), UNID term & 702 individuals, 5.60%),
brown pelicantf = 487 individuals, 3.88%), northern gannet(366 individuals, 2.92%), doubtzested
cormorant § = 238individuals, 1.90%)and common loom(= 157 individuals, 1.25%@ach accounted
for >1 to<8% of the total. For winter 2020, UNID guti € 3,571individuals, 30.20%), redhead~H
2,848 individuals, 24.08%), scaup= 1,681 individuals, 14.21%), and UNID tem= 941 individuals,
7.96%)accountedor >75%of all individualsobservedTable3.9). Northern ganneh & 512 individuals,
4.33%), brown pelicam(= 404 individuals, 3.42%), doubtgested cormoranh( 388 individuals,
3.28%), laughing gulln(= 228 individuals, 1.93 %), common loam= 183 individuals, 1.55%) and red-
breasted merganser£ 136 individuals, 1.15%) each accounted for >1 to ~4% of the total.

Overall, migratory species that overwinter in Glf, including various species of diving (e.g., redhead,
lesser and greater scaup) and sea ducks (e.¢pbreadted merganser, bufflehead) and seabirds (e.qg.,
northern gannet, common loon, herring gull) were primary species observed duiegagrial sureys
(Table 3.9). Northerulf breeding seabird speciésg., brown pelican, laughing gull, royatn)were
importantspeciebserved during both summer and winter aerial surveys (Table 3.9). halg&idiD

gull and UNID tern combined represented ~28-50% of species compositisnagtapt in winter of
2019.

Additional detailsregardinganalysesndmodeling for botlsummer2018 andvinter 2018 —2020 aerial
surveys can be found in Section 3.6.2 below.
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3.4.1 2018 — 2020 Aerial Survey Results
Winter
All species

Therewere6,935flocks recordedy front-seatobserverscrosall winter surveyseason§2018:n = 3,154,
2019:n=1,802; 2020n = 1,979). Recorded flock sizes varied from amdvidual tothousandacross
surveygWinter2018: 1-2,000Winter2019: 1-3,200Vinter 2020: 1-500). Howevemost observations
were of single individuals (Winter 2018: ~71%; Winter 2019:~76%; Winter 2020: ~74%). The median
recorded flock size was ofedividual across all winter surveys while the mean recorded floek siz
ranged between ~8 individuals across surveysontseatbserversecorded0-45 uniquespeciegor
speciegroups) during surveys (Winter 20X8= 45 spp.; Winter 201% = 30 spp.; Winter 20201 = 35
spp.).

The winter model showed a negative relationship of both distance to(Biguee 3.15) and SS#ith
marinebird count (Figure 3.16)Thesepredictorswverethe only covariatesstimated as significant (95%
credible intervals did not overlap zero) in the winter model (Figure 3.h@)wlnter model results also
showed positive effects of the 2019 survey season and the 15- year average of &®irdicaunts, and
the other variables had little correlation with marine bird count (Figure 9)eMwédictions showed high
predicted abundance of marine birds close to the stitimeéhe highest predicted abundance in coastal
Louisiana near thenouth of the Mississippi River (Figure 3.18).

Northern Gannet

Acrossall winter surveyseasondront-seatobserversecordedl, 796 observations of northern gannet
flocks or individuals (20181 = 1,091; 2019n = 320; 2020n = 385). Most records were of single birds
(n=1,478/1,796; 82.29%), and the maximum recorded flock size waisds0

The negative binomial model for northern gannet abundance showed thatedistamshore, SSH, and
the effects of the 2019 and 2020 survey seasons were important predicfors 8-19). Northern gannet
counts were negatively correlated with distancenfstore (Figure 3.20) and SSH (Figure 3.21), and
there were significantly fewer northern gannets observed in 2019 and 2020 than ini@@B3A9).
Seasurface salinity was weakly positively associatgith northern gannet counts, bhts effectwasnot
significant(Figure 3.22). Model predictions showed high predicted abundance of northeetsgann
nearshore areas with the highest abundance predictions occurring in the leaétafrthe @iIf (Figure
3.23).

Gulls andTerns

Frontseatobserversecorded3, 114 observations gull andternflocks or individualsduring the three
winter survey seasons (2018 1,184; 2019n = 927; 2020n = 1,003). Approximately 76% of adjull
and tern records were single birds=(2,375/3,114; 76.27%), and tydll andternrecordswvereflocks
>100.Themeanrecordedlock sizewas3.8,andthe maximumrecorded flock size was 903 birds.

Model results for winter gull and teabundance showed that distance from shoresiggace salinity,
seasurface temperature, and the effects of the 2019 survey season were impediatarpFigure
3.24).Gull andtern countswerenegativelycorrelatedvith distanceo shore (Figure 3.25) and SST
(Figure 3.26) but were positively correlated with SSS (Figure 3.27).

More gull and terns were observed in 2019 than in 2018; although, this effechalb@sgure 3.24).
Model predictions showed high predicted abundance of gulls andctesesto theshorelinewith the
highestpredictedabundance occurririg coastalLA andcoastahreaof the FL panhandle (Figure 3.28).

58



Few variables in the winter model were estimated as important. defla relationshipwith most
modeled predictors may indicate that the variables chosen were pa@atansliof seabirdbundance
duringthewinter periodor thattheyweremeasureetinappropriatescales. Itanbedifficult to relate
environmentatovariatego seabirdabundancéecausd is unclear at what spatial and temporal scales
these variables are important (Wakefield et al. 2009).

Additionally, therelativeimportance otlifferentenvironmental and oceanograptariables may change
across different spatial and temporal scétemt and Schneider 198 Neverthelessye establishedhat
distancdo shorewasanimportantfactorthatinfluenced marindird abundancen northern Gulf
nearshorareasduring bothwinter andsummerseasons.

Summer
All species

There were 181 flocks recorded by framiat observer across transect and hexagon flight patterns during
the pilot summer survey season (2017). Recorded flock sizes wWiérendlividuals,andmost
observationsvereof singleindividuals(~87%of records). Thenedian recorded flock size was one
individual while the mean recorded flock size was ~1.5 individiatmtseatobservers recorded six
uniquespeciesduring thepilot summersurvey.

Therewere2,167flocks recorded byront-seatobserver duringhefull summersurveyevent (2018).
Recorded flock sizes were8D0 individuals. Single individuals comprised ~66% of records. The median
recorded flock size was one individual while the mean recorded flockvaize 5 individuals. Frorgeat
observers recorded 32 unique species during the full summer survey event.

We used the data from the full summer season to model marine bird abuimddngceorthern Gulfor
summer.Thesummemaodelshowed a negativelationshipbetweendistancdo shoreand marine bird
count (Figure 3.29) as well as weakly positive correlations with SSTréFRj80), SSH (Figure 3.31),
and SSS (Figure 3.32). However, distance to shore, SST, and SSH all wereasigpiedictors (Figure
3.33). Model predictions showed high predicted abundance of marine birdsodbseshoreline with the
highest predicted abundance occurring in the eastern half nbttireernGulf (Figure 3.34).

Eastern BrowrPelican

Front-seat observers recorded 203 observations of Eastern brown pelicagsldu#i018 summary
survey.Of these?03 observation®0wereof single individuals, 7@ereof flock sizes of 210

individuals, the remaining records £ 43) ranged from 1800 individuals, and 14 of these 43 records
were flock sizes >100. Model results for bropalican abundance showttht distance to shore was the
only important predictor variable (Figure 3.35). Brown pelican counts vegyatinely correlated with
distance to shore (Figure 3.36). Overall, predictions for the brown peticdal hadsery high standard
deviationsHowever the highestpredictedabundancéor this species occurred near barrier islands along
the Louisianacoast (Figure 3.37).

Gulls andTerns

Front-seat observers recorded 1,701 observations of gulls and terns duringBtsar@fiary survey.
Approximately 71% of these observations were of single individaatsl(205/1,701), and 415
observations were of flock sizes 6fl@ individuals. The remaining 81 observations rarfgad 12-240
individuals,and15/81 oftheserecordswereflock sizes>100.Modelresults for summer gull and tern
abundance showed that distance to shore and sea surface height werafrppamiiztor variables
(Figure 3.38). Summer gull and tern counts were negatively correlated viithadito shore (Figure
3.39)and positively correlated with sea surface height (Figut@).Model predictionsshowedhigh
predictedabundancef gulls andternscloseto the shoreline with the highest abundance predictions
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occurring on the eastern half of therthern Gulf (Figure 3.41).

Thewinterandsummemodelsshowedsimilar resultsfor the relationshipbetweermarinebird count and
distance to shore. Although SST showed a negative relationship with rhadm®untin thewinter

model and gositiverelationshipwith bird countin thesummemodel these relationships seem to be
primarily driven by distance to shoreline. In the winter, SST is lower tboskore, and in the summer,
SST is higher close to shore. Model predictions for both wintesameheiseasonseflectthis pattern,

with highermarinebird countspredictedcloseto shore and low to zero counts predicted further from the
shoreline in both winter (Figure 3.18) and summer (Figure 3.34).
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Figure 3.15. Marginal effect s model plot of distance to shore (dark blue line) and associated
95% credible intervals (light blue band) for all marine bird speci es combined during winter aerial

surveys, 2018 — 2020.

The x-axis represents the number of birds counted and y-axis represents distance to shore; gray circles indicate
observed data. There was a decline in number of birds observed with increasing distance from shore.

60



500 1
4001
-
c
3 3001
0
O
2 200
m
15 20 25
Sea Surface Temperature(°C)
Figure 3.16. Marginal effects model plot of sea -surface temperature (SST) (dark blue line) and
the 15-year average of SST (green line) each with associated 95% credible intervals for all m arine
bird species combined winter aerial surveys, 2018 —2020.

The x-axis represents the number of birds counted and y-axis represents sea-surface temperature (SST); gray circles
indicate observed data. The number of birds observed declined with increasing values of SST (>22 °C).
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Figure 3.17. Parameter estimates (open circles) with associated 95% credible intervals (dark

lines) from the negative binomial (log -scale) generalized linear model examining the effects of
environmental variables (x -axis) on all marine bird species combined for winter aerial surveys,
2018 — 2020.

Parameters modeled were distance from the midpoint of the survey unit to shoreline (Distance), 2003 — 2017 average
of sea-surface salinity during Jan 15-Mar 15 (Avg SSS), sea-surface salinity (SSS), 2003 — 2017 average of sea-
surface height during Jan 15-Mar 15 (Avg SSH), sea-surface height (SSH), 2003 — 2017 average of sea-surface
temperature during Jan 15-Mar 15 (Avg SST), sea-surface temperature (SST), year (2019, 2020), and the intercept
(2018). Parameters to the left of the vertical dashed line indicate negative effects, parameters to the right of the
vertical dashed line indicate positive effects, and 95% credible intervals overlapping the dashed line (0) indicates no
effect. Please refer to text for more details.
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Figure 3.18. Winter predicted abundance model (a) and associated standard deviation of

predictions (b) for all marine bird species combined winter aerial surveys, 2018 —2020.
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The survey area includes all 40 km? hexagons representing the entirety of the study area from the coastline out to
roughly 50 nm line. The northern boundary approximates a map of the U.S. Gulf coastline of Texas, Louisiana,
Mississippi, Alabama, and Florida. Predictor variables in the model included distance to shore, SSS, SSH, SST, and
15-year averages (2003 — 2017) for these same three environmental covariates. Please refer to text for more details.
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Figure 3.19.  Parameter estimates (open circles) with associated 95% credible intervals (dark
lines) from the negative binomial (log -scale) generalized linear model examining the effects of
environmental variables (x -axis) on northern gannet (NOGA; Morus bassanus ) counts for winter
aerial surveys, 2018 - 2020.

Parameters modeled were distance from the midpoint of the survey unit to shoreline (Distance), surface salinity
(SSS), sea-surface height (SSH), sea-surface temperature (SST), year (2019, 2020), and the intercept (2018).
Parameters to the left of the vertical dashed line indicate negative effects, parameters to the right of the vertical
dashed line indicate positive effects, and 95% credible intervals overlapping the dashed line (0) indicates no effect.
Please refer to text for more details.
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Figure 3.20. Marginal effects model plot of distance to shore (dark blue line) on nor thern gannet
ent 95%

(NOGA,; Morus bassanus ) counts (2018 = blue line, 2019 = green line; light bands repres
credible intervals) during winter aerial surveys, 2018 —2020.

The x-axis represents the number of birds counted and y-axis represents distance to shore; gray circles indicate
observed data. There was a steep decline in the number of northern gannets observed as distance from shore

increased, particularly between 25,000 m and 50,000 m.
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Figure 3.21. Marginal effects model plot of sea -surface height (SSH; green line) on northern
ent

gannet (NOGA; Morus bassanus ) counts (2018 = blue line, 2019 = green line; light bands repres
95% credible intervals) during winter aerial surveys, 2018 —2020.

The x-axis represents the number of birds counted and y-axis represents sea-surface height (SSH; in meters); gray
circles indicate observed data. There was a steady decline in the number of northern gannets counted over the

observed range (-0.4 m to -0.2 m) of SSH.
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Figure 3.22. Marginal effects model plot of sea -surface salinity (SSS) on northern gannet
(NOGA,; Morus bassanus ) counts (2018 = blue line, 2019 = green line; light bands repres  ent 95%
credible intervals) during winter aerial surveys, 2018 —2020.

The x-axis represents the number of birds counted and y-axis represents sea-surface salinity (SSS) (in parts per
thousand); gray circles indicate observed data. There was a slight increase in number of northern gannets counted

over the observed range (30 ppt — 40 ppt) of SSS.
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Figure 3.23. Winter predicted abundance model (a) and associated standard dev iation of
predictions (b) for northern gannets from winter aerial surveys, 20 18 — 2020. The survey area
includes all 40 km 2 hexagons representing the entirety of the study area from the coastli ne out to
roughly 50 nm line.

The northern boundary approximates a map of the U.S. Gulf coastline of Texas, Louisiana, Mississippi, Alabama, and
Florida. Predictor variables in the model included distance to shore, and average of hourly SSS, SSH, and SST.
Please refer to text for more details.
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Figure 3.24. Parameter estimates (open circles) with associated 95% credible intervals (dark
lines) from the negative binomial (log -scale) generalized linear model examining the effects of
environmental variables (x -axis) on gull and tern counts for winter aerial surve ys, 2018 — 2020.

Parameters modeled were distance from the midpoint of the survey unit to shoreline (Distance), sea-surface salinity
(SSS), sea-surface height (SSH), sea-surface temperature (SST), year (2019, 2020), and the intercept (2018).
Parameters to the left of the vertical dashed line indicate negative effects, parameters to the right of the vertical
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dashed line indicate positive effects, and 95% credible intervals overlapping the dashed line (0) indicates no effect.
Please refer to text for more details.

1501
el
c
3
o
O 100
c
1 .
(]
|.-
2
® 501
a2
0 \

O,.
0 25000 50000 75000
Distance to Shore (m)

Figure 3.25. Marginal effects model plot of distance to shore (dark blue line) and a ssociated
95% credible intervals (light blue band) for gulls and terns during winter aerial surveys, 2018 —
2020.

The x-axis represents the number of birds counted and y-axis represents distance to shore; gray circles indicate
observed data. There was a decline in number of gulls and terns observed with increasing distance from shore.
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Figure 3.26. Marginal effects model plot of sea -surface temperature (SST) (dark blue line) and
associated 95% credible intervals (light blue band) for gulls and terns during winter aerial
surveys, 2018 - 2020.

The x-axis represents the number of gulls and terns counted and y-axis represents SST (C°); gray circles indicate
observed data. There was a decline in number of gulls and terns observed with increasing distance from shore. The
number of birds observed declined with increasing values of SST (>22 °C).
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Figure 3.27. Marginal effects model plot of sea -surface salinity (SSS) on gull and tern counts
(blue line) with associated 95% credible intervals (light blue band ) during winter aerial surveys,
2018 — 2020.

The x-axis represents the number of gulls and terns counted and y-axis represents sea-surface salinity (SSS) (in
parts per thousand); gray circles indicate observed data. There was a slight increase in number of gulls and terns
over the observed range (25 ppt — 40 ppt) of SSS.
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Figure 3.28. Winter predicted abundance model (a) and associated standard dev iation of
predictions (b) for gulls and terns from winter aerial surveys, 2018 —2020.

The survey area includes all 40 km? hexagons representing the entirety of the study area from the coastline out to
roughly 50 nm line. The northern boundary approximates a map of the U.S. Gulf coastline of Texas, Louisiana,
Mississippi, Alabama, and Florida. Predictor variables in the model included distance to shore, and average of hourly
SSS, SSH, and SST. Please refer to text for more details.
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4 Vessel-based Seabird Surveys: Methods

Thespatialextentof vesselbasedsurveysincludedprimarily federalwaterswithin the northerrGulf out
to the U.S. EEZ (Figure 2.1). We conducted surveys within and across thB@d& planningareas
within the Gulf (west,central,andeast) andslightly southof thesoutheastern corner of the EPA. In
general, this area encompassed waters froB62km (~1300 mi) offshoreandincludedshelf, slope,
andpelagicwatersthatrangedn depthfrom ~10-3,500m (~30611,500ft). In areathe BOEM planning
areas representl 16,00km? (WPA), ~269,000 kr (CPA), and ~260,000 kh{EPA), respectively,
roughly encompassing a total area of ~645)188 Proportionallythe planningareascomprise~18%
(WPA), ~42%(CPA),and~40%(EPA), respectivelypf thestudyarea Becauseachplanningareahasan
extensivenorth-southfootprint, thetype ofoceanhabitat surveyedandiffer greatlywithin aplanning
area(e.g., from shelf to pelagic waters).

We conductedseabirdsurveys from National Oceanamd Atmospheri@dministration (NOAA) vessels
of opportunity (VOO). Survey departure and arrival ports, timing, and routes vwegaespecifically
for conductingNOAA GOMMAPPSmarinemammalsurveys (Rappuceit al. 2023) or for NOAA
programmatic surveys to collect fisheries and/or plankton data. As a tesulessedeabird survey team
had no ability to change or otherwise influence survey design, per se, unlikeidhswagey team (refer
to Section 3.1 above). Nonetheless, the footprint Birseabird vessaurveysprovidedsubstantial
coveragevithin eachplanningarea an@gvensomecoverageof waterssoutheaspf the southeast portion
of theEPA (Figure 4.1). We participated in 14 individual NOAA cruises (Table 4.1, App&)dThe
survey schedule, tracklines surveyed, and movements of vessels betwidamesdor points) were pre-
determined (by NOAA) depending on the survey impetus and thus were not influencedily se
observers. These NOAA focal surveys were marine mammal surveys, icthgtoplanrveys (Southeast
Area Monitoring and Assessment Progr&aAMAP), and a single trawbased fishery survey.

GOMMAPPS seabird vessel surveys were initiated in spring of 2017 (TahléMilliple surveys aboard
NOAA VOOs were completed annually in 2017, 2018, and 2019. In 2017, we did not have seabird
observers aboard Leg 1 of the RBérdon Guntemarine mammal cruise due to: (1) funding that had not
yet made its way through the system and thus, we did not have sufficidintgin placeto compensate
contractedseabirdobservers(2) limited availability of qualifiedseabirdobservers(3) insufficienttimeto
getrequiredNOAA paperworksubmittedand processed, (4) concern over the departure port and potential
commuting time from the departure port before enteringsthiéand (5) potential spatial overlap of Leg

1 R/V Gordon Guntemith that of therecently completed seabird surveys aboardifvePisces By late
2017, we had compiled a pool of committed, experienced seabird observéradihg had made its way
through the system, and most importantly, we had experienced personnel (Blabegiin place to
coordinate seabird vessel survey personnel, NOAA required documentaiitnséovers, scheduling,
observer travel, and other associated logistics. The number of seabitdsuessgsvariedby year: 2017
(n=5),2018 q=7),and 20191 = 2), asdid the geographic coverage of individual cruises (Figure 4.1,
Appendix B). Our decision to limit the number of seabird vessel surveys in 2019 waartiyiéo

funding constraints, but also a function of our decision to maximize seabirdotlatzion opportunities

on NOAA vessels specifically dedicated for GOMMAPPS marine mamunatgs in 2017 and 2018.

The dedicated GOMMAPPS marine mammal surveys resulteia survey effort allocated to deeper
offshore waters with greater overall survey effort on longer transects.

Seabird observers recorded all birds, marine mammals, sea turtles, asdi&tdcted during surveysd
identified eachto thelowesttaxonomicorder possible (Appendi). We classified all identifiable birds as
either seabirds or other birds (i.e., non-marine avifauna). We followed taiooategories used by
Wilson et al. (2019a) and grouped all bird remabird species (nemarine avifauna) as landbirds (e.g.,
passerines, swifts and swallows, pigeons and doves, etc.), marshbirdsregcat coot), raptors (i.e.,
osprey, falcons, owls), shorebirds (e.g., plovers, sandpipers, etc.), wading birdsefens, egrets, etc.),
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or waterfowl (e.g., ducks). Reftr Section3.2 above and Sectidn2 belowfor additionalinformation.
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Figure 3.29.  Marginal effects model plot of distance to shore (dark blue line) and a ssociated
95% credible intervals (light blue band) for all marine bird species combined 2018 summer aerial
surveys.

The x-axis represents the number of birds counted and y-axis represents distance to shore; gray circles indicate
observed data. There was a steep decline in number of birds counted as distance from shore increased >25,000 m.
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Figure 3.30. Marginal effects model plot of sea -surface temperature (SST) (dark blue line) and
associated 95% credible intervals (light blue band) for all marin e bird species combined counts
2018 summer aerial surveys.

The x-axis represents the number of marine birds counted and y-axis represents SST (C°); gray circles indicate
observed data. There was a decline in number of gulls and terns observed with increasing distance from shore. The
number of birds observed increased with increasing values of SST, particularly between 30 — 31 °C.
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Figure 3.31. Marginal effects model plot of sea -surface height (SSH) (dark blue line) and

associated 95% credible intervals (light blue band) for all marin e bird species combined counts
2018 summer aerial surveys.

The x-axis represents the number of marine birds counted and y-axis represents SSH (in meters); gray circles

indicate observed data. There was a steady increase in the number of marine birds counted over the observed range
(-0.4 m to +0.05 m) of SSH.
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Figure. 3.32.  Marginal effects model plot of sea -surface salinity (SSS) on gull and tern counts
(blue line) with associated 95% credible intervals (light blue band ) for all marine bird species
combined counts 2018 summer aerial surveys.

The x-axis represents the number of marine birds counted and y-axis represents sea-surface salinity (SSS) (in parts
per thousand); gray circles indicate observed data. There was a steep increase in number of marine birds counted
once SSS exceeded ~25 ppt.
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Figure 3.33. Parameter estimates (open circles) with associated 95% credible intervals (dark
lines) from the negative binomial (log -scale) generalized linear model examining the effects of
environmental variables (x -axis) on all marine bird species combined counts for 2018 summer
aerial surveys.

Parameters modeled were distance from the midpoint of the survey unit to shoreline (Distance), sea-surface salinity
(SSS), sea-surface height (SSH), sea-surface temperature (SST), and the intercept (mean expected count on log-
scale of all marine birds at the mean values of the other modeled variables). Parameters to the left of the vertical
dashed line indicate negative effects, parameters to the right of the vertical dashed line indicate positive effects, and
95% credible intervals overlapping the dashed line (0) indicates no effect. Please refer to text for more details.
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Figure 3.34. Summer predicted abundance model (a) and associated standard dev iation of

predictions (b) for all marine bird species combined 2018 aerial surveys.

The survey area includes all 40 km? hexagons representing the entirety of the study area from the coastline out to
roughly 50 nm line. The northern boundary approximates a map of the U.S. Gulf coastline of Texas, Louisiana,
Mississippi, Alabama, and Florida. Predictor variables in the model included distance to shore, and average of hourly
SSS, SSH, and SST. Please refer to text for more details.
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Figure 3.35. Parameter estimates (open circles) with associated 95% credible intervals (dark
lines) from the negative binomial (log -scale) generalized linear model examining the effects of
environmental variables (x -axis) on all marine bird species combined counts for 2018 summer

aerial surveys.

Parameters modeled were distance from the midpoint of the survey unit to shoreline (Distance), sea-surface salinity
(SSS), sea-surface height (SSH), sea-surface temperature (SST), and the intercept (mean expected count on log-
scale of brown pelicans at the mean values of the other modeled variables). Parameters to the left of the vertical
dashed line indicate negative effects, parameters to the right of the vertical dashed line indicate positive effects, and
95% credible intervals overlapping the dashed line (0) indicates no effect. Please refer to text for more details.

77



300+

=]
5 2
3 00
Q
w
o
14
m 1001

0-

0 10000 20000 30000 40000 50000
Distance to Shore (m)

Figure 3.36. Marginal effects model plot of distance to shore (dark blue line) and a ssociated
95% credible intervals (light blue band) for brown pelican (BRPE; Pelecanus occidentalis ) counts

in 2018 summer aerial surveys.

The x-axis represents the number of brown pelicans counted and y-axis represents distance to shore; gray circles
indicate observed data. There was a steep decline in number of brown pelicans counted as distance from shore

>20,000 m.
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Figure 3.37.  Summer predicted abundance model (a) and associated standard dev iation of

predictions (b) for brown pelican (BRPE; Pelecanus occidentalis ) 2018 aerial surveys.

The survey area includes all 40 km? hexagons representing the entirety of the study area from the coastline out to
roughly 50 nm line. The northern boundary approximates a map of the U.S. Gulf coastline of Texas, Louisiana,
Mississippi, Alabama, and Florida. Predictor variables in the model included distance to shore, and average of hourly
SSS, SSH, and SST. Please refer to text for more details.

79



I
Distanceq{ ==O=— ;
. SSS A —_—
Q |
o |
£ ssHy | ——
= |
E |
SST+ e
I
Intercept { 1 —
I
3 L 0 % 2
Mean
Figure 3.38. Parameter estimates (open circles) with associated 95% credible intervals (dark
lines) from the negative binomial (log -scale) generalized linear model examining the effects of
environmental variables (x -axis) on gull and tern counts for 2018 summer aerial surveys.

Parameters modeled were distance from the midpoint of the survey unit to shoreline (Distance), sea-surface salinity
(SSS), sea-surface height (SSH), sea-surface temperature (SST), and the intercept (mean expected count log-scale
of gulls and terns at the mean values of the other modeled variables). Parameters to the left of the vertical dashed
line indicate negative effects, parameters to the right of the vertical dashed line indicate positive effects, and 95%
credible intervals overlapping the dashed line (0) indicates no effect. Please refer to text for more details.
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Figure 3.39. Marginal effects model plot of distance to shore (dark blue line) and associated
95% credible intervals (light blue band) for gull and terns counts in 2018 summer aer ial surveys.

The x-axis represents the number of gulls and terns counted and y-axis represents distance to shore; gray circles
indicate observed data. There was a steep decline in number of brown pelicans counted as distance from shore
>25,000 m.
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Figure 3.40. Marginal effects model plot of sea -surface height (SSH) (dark blue line) and
associated 95% credible intervals (light blue band) for gull and te rn counts in 2018 summer aerial
surveys.

The x-axis represents the number of gulls and terns counted and y-axis represents SSH (in meters); gray circles
indicate observed data. There was a slight increase in the number of gulls and terns counted over the observed
range (-0.1 m to +0.1 m) of SSH.
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Figure 3.41.  Summer predicted abundance model (a) and associated standard dev iation of
predictions (b) for gulls and terns from 2018 aerial surveys.

The survey area includes all 40 km2 hexagons representing the entirety of the study area from the coastline out to
roughly 50 nm line. The northern boundary approximates a map of the U.S. Gulf coastline of Texas, Louisiana,
Mississippi, Alabama, and Florida. Predictor variables in the model included distance to shore, and average of hourly
SSS, SSH, and SST. Please refer to text for more details.
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Figure 4.1. Tracklines (solid black lines) for GOMMAPPS seabird vessel surveys (2017
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- 2019).

Map of the US Gulf coastline of Texas, Louisiana, Mississippi, Alabama, and Florida with the seabird vessel survey
tracklines following a sawtooth design for NOAA marine mammal surveys (refer to Rappucci et al. 2023:fig. 3), as
well as tracklines between survey points for NOAA programmatic ichthyoplankton surveys, and tracklines to and from
the port at Pascagoula, MS. The 200-m and 2000-m isobaths are also shown. BOEM Planning Area boundaries are
identified by solid yellow lines and the EEZ is identified by dashed red line. Please refer to text for more details.
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Table 4.1. Summary of seabird vessel survey effort as a part of the GOMMAPPS, 2017 —2019.

Order!| Cruise Start Date | End Date | Days | # Surve | Area % # EPA | CPA | WPA | Outside 4
At Sea| Transec | ¥ Survey | Classified as | Planning
ts Effort | ed Focal Areas 3

(hrs) | (km?) Species 2
1 R21702 | 4/28/2017 | 5/30/2017 | 28 164 178.1 | 3,410.2| 0.57 3 X X X
2 PI1706 6/4/2017 6/16/2017 | 13 136 37.9 545.6 0.36 3 X
3 GG1707 | 7/21/2017 | 8/5/2017 16 63 161.7 | 2,995.5] 0.52 2 X
4 GG1708 | 8/9/2017 8/25/2017 | 17 48 169.6 | 3,064.8| 0.50 2 X X X
5 GG1709 | 9/17/2017 | 9/29/2017 | 13 38 106.2 | 1,895.3| 0.43 2 X X X
6 GG1801 | 1/14/2018 | 2/8/2018 19 44 160.6 | 2,689.3]| 0.43 3 X X X X
7 GG1802 | 2/12/2018| 2/26/2018 | 15 44 149.7 | 2,473.6] 0.34 2 X X X
8 GG1803 | 3/1/2018 3/16/2018 | 16 37 140.8 | 2,190.5| 0.57 2 X X
9 021804 | 4/27/2018 | 5/11/2018 | 15 47 1255 | 2,253.5| 0.50 2 X X X
10 021805 | 5/16/2018 | 5/25/2018 | 10 56 45.8 779.4 0.23 2 X X X
11 PC1805 | 8/11/2018 | 10/6/2018 | 52 440 439.7 | 8,086.3| 0.73 3 X X X X
12 GG1804 | 9/11/2018 | 9/30/2018 | 20 77 162.4 | 2,819.1| 0.57 3 X X X X
13 021901 | 4/26/2019 | 5/24/2019 | 26 86 205.5 | 3,828.4| 0.55 3 X X X X
14 PC1905 | 8/21/2019 | 9/25/2019 | 33 122 253.7 | 4,703.5| 0.61 3 X X X X
2017 | -- - - 87 449 653.5 | 11,911.[ -- - - - - -
total 3
2018 | -- - - 147 | 745 12245 21,291. - - - - - -
total 7
2019 -- -- -- 59 208 459.2 | 8,531.9| -- -- -- -- -- -
total
Total | - - - 293 | 1,402 | 2,337.| 41,734.| - - - - - -

2 9
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Cruise: codes refer to the survey vessels R/V Gordan Gunter (GG), R/V Oregon Il (02, R2), and R/V Pisces (PI, PC).
These codes are entered in Program SEEBIRD at the start of each seabird vessel survey.

Summaries include some records that were later excluded from analysis related to model-specific assumptions such
as a constant rate of travel or missing predictor data.

1 Order presented here is based on cruise dates.

2 % Classified as Focal Species: only seabirds; the proportion of focal seabird species observed for a given cruise.
Refer to Table 5.6¢ for more information.

3 # of planning areas: represents the # of planning areas surveyed during a given cruise. More than 1 planning area
may be surveyed on a given cruise.

4 Outside: indicates effort occurring outside the defined geographical boundaries of the Eastern, Central, and Western
Bureau of Ocean Energy Management (BOEM) planning areas.

4.1 Vessel Survey Protocols, Data Collection, and Data Screening

Data collection during the cruises followed a standardized protocobliection of marine faunat sea
(e.g.,Taskeretal. 1984,Ballance2007).Becausalatawereentereddirectly into the SEEBIRD (Vers.
4.3.7) software system (Ballance and Force 2016) installed on Panasonic Toughbook3/ taptain
aspects of data recording were constrained by both software featussdtaradieimitations(e.qg.,
distancdimited to four categories)Becausdallanceand Force (2016) provide a thorough review of the
software and its application for veséased surveys, we refer the reader to that document for operational
details. Briefly, an observer on the flying bridge of the vessel identified birthe lowest taxonomic
level and counted all birdsithin view. Observations were made from the side of the vessel wilkedbt
glare (i.e., focal side; 1 = port, 2 = starboard), and the bird’s angigluf direction and distance from
the ship were estimated froral@0 m, 101200 m, and 20:B00 m (Heinemann 1981), corresponding to
subsequently defined distance codes 1, 2, and 3 identified in Program SEEBRR}ively. Distance
code4 isusedwhenabird is detected(1) atdistance >300n within the surveystrip or (2) on the
oppositesideof thevessefrom thatselectedThis distancecodeis includedto record ‘rare’ birds even
when they do not enter the 300 m strip. Relatively low densities of birds cavifihegbodobservation
conditionsin theGulf (e.g.,calmseashighvisibility) generally allowed speciespecific identification

and accurate counts to ~500 m (but refer also to Bolduc and Fifield 2017) on both sidegeskel.

Such opportunities are not common in areas with higher densities of seabmtty, gbendances of
sedirds sitting on the water, greater abundances of pursuit- diving seabipdgyrer overall observation
conditions (e.g., due to Higsea state; Chapman 1977) such as those frequently encountered in the north
Atlantic, north Pacific, or central Pacific (e.g., Haney and McGillivary 198%8ep et al. 2005, Pittman
and Huettmann 2006). Poor observation conditions (i.e., sea fog, teea Beaufort 4) did occur at times
within theGulf (refer also to Spear et al. 2001). Therefore, we classified observations >g0thenfocal
side of the vessel and occurring at any distance on théahside as distance zone ‘4’ (i.e., a
constraintof the software as referenced above; see below for more details). These stapslifindtions
to the survey protocol allowed us to maximize the data reemanit surveyeffort withoutsacrificingthe
probability of detectingbirdswithin survey strip in distance zones-B (on the specified side of the
vessel) given the unique observation conditions encountered during seabird vgegslisuheGulf.

We used observations of birds collected from all distance zones for docugrmattinrence (i.e.,
mapping locations) and for modeling the probability of occurrence througha@uthbased on habitat
attributes (i.e., models developed with Program MaxEnt; Section 4.4 belovgrap@callycompared
thesuiteof seabirdobservedn distance zones- 3on thefocal side of the ship with the suite of
seabirds observed elsewhere (i.e., >300 m on the focal side, any distémeeon-focal side).Our

resuls indicatedthatthecommunityof seabirdglescribedn focal distance zones-13included a slightly
smaller proportion of black and sooty terns and a slightly greater proportiamgbiing gulls compared
to the community of seabirds described outside of focal distance zones lgu8 &:2). Therefore, by
including observations ositle of focal distance zones-13 we were able to enhance the opportunity to
detect black and sooty terns, two species of ecological interestnegioa (Jodice et al. 2019). Given the
primary objective of mapping species occurrence, the lack of ameagr ecologically relevant
difference in species composition in distance zone 4 on the focal and nbsideaaf the ship, and
compared to distance zones 1-3, we opted to include seabird observations flistarate zones for
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mapping occurrence and modeling the probability of occurrence.
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Figure 4.2. Histogram of the seabird community as a proportion of individual s of a given
species in the four different distances zones (Zone 1 =0 — 100 m, Zone 2 =100 - 200 m, Zone 3 =
200 - 300 m, Zone 4 = >300 m as well as birds observed off or outside the tra nsect boundary) from
Program SEEBIRD (Vers. 4.3.7; Ballance and Force 2016) used for seabird vessel survey s (2017 -
2019).

The x-axis represents percent difference by distance zone and y-axis represents 43 species of seabirds observed
identified by their respective 4-letter American Ornithologists Union codes. Red bars indicate a given species
composed a greater percentage of all individuals observed in distance zones 1 — 3 compared to distance zone 4,
whereas blue bars indicate that a given species composed a lesser percentage of all individuals observed in distance
zones 1 — 3 than all individuals observed in distance zone 4. Please refer to text for more details. A list of the 4-letter
AOQU codes can be found on the Institute for Bird Populations website.

4.2 Seabird Response Metrics and Habitat ~ Variables

We definedadetectionof marinebirdsasall individuals observeth aninstanceijrrespectiveof the rate of
movement of the ship. Observed abundance (i.e., couht) imumber of birds seen for a given
observation record entered in Program SEEBIRD, irrespective of movefrteetshipWereport
‘detectiondata’in summarytablesandappendicesAll data presentatiomgerein assume that observations
made were made without error and are representative of the target gpasiebeir

availability/presence to be detected in the survey area (and tamsecgiven survey date. Further, we
assume that: (1) species idéiottion is correct (i.e., no species ID errort efer also to Conn et al.
2013), (2) perpendicular distances are measured correctly and/or assigredorrect distance category
(Buckland et al. 2001, Thomas et al. 2010), (3) the number of individuals counted (iias imo b
enumerating flocks irrespective of flock size; Ryan and Cooper 1989) istcamd (4) all data collected
in reattime were correctly entered in Program SEEBIRD (i.e., no data entry eHerein, we did not
attempt to accourior potential detectiomelated issues, and we assumger [ within the survey for all

distancecategories (Buckland et al. 2001, 2008) and within the strip (Barbraud aetobTRD09) (refer
to Figure 4.2; refer also to Michael et al. 2022, 2023).

Environmental variables used in subsequent analyses to represent aspectsanfrie habitat potentially
relevanto seabirdsncludeddynamic andtaticfeatureqdescribedelow),aswell as anthropogenic
structures. We included variables recommended by Kinlan et al. (2016)prdeticable. All
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environmental variables and their origins are further described in Table & 2elé¢ted environmental
variables based on previously identified seab@bitat relationships with similar species in Gef and
western north Atlantic (e.g., Poli et al. 2017, Kinlan eR8lL6,Winshipetal. 2018).

We obtained dynamic variables at a daily resolution from the Hybrid Coceddtan Model (HYCOM;
Chassignet et al. 2009, Metzger et al. 2017). This suite of variables incladsdréace temperature,
seasurface salinity, seaurface height, and surface current velocity_(eastwarand northwardd)).
Surface current velocity was also used to calculate absolute currenttsaedgiurrent direction. We
also included chlorophyt as a dynamic variable which we obtained at monthly intervals (fewer gaps
compared to daily intervals), from Modis Aqua 4 km L3 SMI (OBPG 2014). The caarsporal
resolution usedbr chlorophyltawas required to reduce data loss due to cloud cover (i.e., daily data
would have resulted in a substantial loss of seabird observations dueihg idsrophyll-adata). We
included depth from the SMRT30+ version 6.0 30 arc second dataset (Beck@08Balas a static
feature. PositivealueswereexcludedandNA valuesverereplacedvith 0s.To investigatehepotential
association of seabirds with active oil and gas (O&G) platforms, acaWewh location data were
retrieved from the BOEM Data Center

4.3 Modeling Distribution and Abundance of Seabirds

We mapped the locations of all nrorarine avifauna (defined above in 2.4.1). For seabirds, we either

mapped their occurrence (i.e., specieswith  GHWHFWLRQV RU PRGHOHG WKHLU SUF
using Program MaxER(Vers. 3.4.2; Phillips et al. 2006). The model detection threshaid2Q) used is

EDVHG RQ VLPXODWLRQ UHVXOWYV WKQWRRG JIFHWRUKRDW FH RGHWH!
models for species that are prevalent and widespread (van Pro@ddi@6). Briefly, MaxEnt is a

machine learning technique that uses the maximum entropy approach tdesgterobability of

occurrence of a species across a specified area based on occurrence (presence oatigreband/a set

of covariates (i.e., predictor variables that represent habitat corsjlitferesence onlybservations do not

weight observations by the number of individuals detected. MaxEnt perforinet nedhtively low

samplesizes(i.e.,n <100 observationd)y utilizing apresencéackground algorithrthatis less sensitive

to sample size compared to other approaches used to model speclagidissr{Phillipsetal. 2006,

Wiszetal. 2008).Thepredictedsurfaceshouldnot be interpretedsrelative abundance, but rather as the

probability of occurrence. By extension, the predicted surface may also ipedated generally as habitat

suitability, although this is a derivative of probabilityasfcurrence.

We modeled the probability of occurrence with 10,000 random background pixelsweegdthe entire
Gulf. Data were modelled at a spatial resolution of 4.67 km x 4.67 km based on thetawige spatial
resolution available across the selected environmental data (Tab\iehagl et al. 2022). As
observations occurred in only a portion of @Gelf, we applied “clamping” which, in MaxEnt, assumes
that covariates from background pixels with values outsfidieerangeof thosefrom thetrainingdata

can occurputatlow probabilitie(i.e., at the tail end of the distribution; Phillips et al. 2006). Clamping
thus reduces the potential for predictanfigh probability obccurrencén areaswith covariatevalues

well outsideof thosein the training data. We applied the model to the test data and usedathmdee the
receiver operating characteristics curve (AUC) to quantify thaigiree power of the model, where an
AUC of 0.5 0.6 indicates poor model performance,-0®.7 fair model performance, 0.7 — 0.8 good
model performance, 0.8 — 0.9 very good model performance, 0.9 — 0.99 excellent model perf@naance
anAUC of lindicatesperfectdiscrimination(Bradley1997,Duanetal. 2014). We characterized the
permutation importance of each covariate @assitivity of the model to a given covariate, holding all
other covariates constant) using a jackknife procedure, a resampling@pprestimate variance and
bias (Efron 1992).

For species with 2 27 detections, all observations were included in the MaxEnt model. For species

4 Seewww.data.boem.ggvaccessed 03 February 2021.
5 See https://biodiversityinformatics.amnh.org/open_source/maxent/
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with « detectionsywe assessethodelperformancédy separating thebservations into randomly
selectedraining (70%)andtesting(30%)datasetsThis distributionleavesaminimum of20 data points in
thetraining model, aligning with ouhreshold fomodel development (e.g., van Proosdij et al. 2016).
Two species (Forster’s tern and doubtested cormorant) had some detections $ andn = 16,
respectively) which, due to the aggregated resolution of the habitatatesadid not overlap the habitat
variables and therefore were excluded from this analysis (i.e., we onlyedhdppdistribution). Forster
tern and doublerested cormorant each accounted for <0.5% af s&abirds observed and the remaining
18 species accounted for <0.b¥otal seabirds observedin general, 2@eabirdspeciesaccountedor
~90%of total marine avifauna observed.

Before the selection of MaxEtd model the probability of occurrence and relationships between species
of seabirds and habitat covariates, alternative modeling approachspeties withelativelynumerous
detectionsvereconsiderede.g. thoseidentifiedin Kinlan etal. 2016). Although initial results appeared
encouraging (e.g., performance metrics indicated a good fit to the dateedictqul spatial distribution
appeared reasonable), maximum abundance estimates tended to beyriteasibdubiously high,

differing by one to two orders of magnitude from the observed maximum aloendizmderestimation is

a pervasive issue across model types (e.g., Zhang et al. 2020), and overestanadisn occur,

particularly at the extremes of a covariate’s range. Employingeaafuveighting schemes to reduce the
influence of large flocks did not improve model performance.

Thereforewe determinedhatthe mostappropriateanodeling approacbivenavailableseabird
observationatiatawasto useMaxEnt; modelprobability of occurrencdor the 24focal seabird species
with sufficientdetectionsThesurfacegproduced byaxEntthatpredictprobability of occurrence
provide a comprehensive characterization of the distribution of these @dssjpethe northerGulf.
These predicted spatial layers augment the current state of knowleddjistribution foeachspecies
acrossall threeBOEM planningareasMoreover theperformance metrics and covariate associations
derived from MaxEnt can be readily compared among all combinations wititheled specie¥Ve did
not attempt to produce predictive models or subsequently model proximity totfafplsfor those
speciesrf = 18) that did not meet the minimum detection threshold >2€. detections, or fdforster's
tern and double-crested cormorant that had sufficient detections but dideniap the habitat variables,
due to the aggregated resolution of the habitat covariates. For thess speaistead providemap of
observations and a summary of observational data.

4.4  Seabird Community Metrics

To understand how the number of species and individuals of each specistridgmatelil across planning
areas andeasons, we assess two community metrics by aggregating observations by plemithen
season within each planning area. The species richness of the commdefiped by the number of
species occurring with a planning area or season. Therefdnegsiincreases as the number of species
increase. When comparing the species richness of two communities, the seiggrigfaess value does
not necessarily mean that the exact sapseieccurin bothcommunitiesFurther,a differenceof one
doesnotnecessarilyneanthata that a single representative species differs between the two communities.
We also compared specigshness among historical and contemporary surveys indtieaennGulf. We
thencharacterizedpecies diversitysing the Shannow/ienerdiversityindex.The Shannoniener
diversity index evaluates community diversity using species richness amantier of individuals of
each species. The interpretation of the ShatWamer index (e.g., Bibi and Ali 2013) is intuitive, with
smadler values indicating lesser diversity and larger values indicateategr diversity.

Specifically,

2
H' = Z pilog(py
i=1

+ % ShannonA/ienerdiversityindex
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s = total numbeiof species

pi =total number of individualef theith speciesn relationto thetotal numberof individuals in
the population

Themaximumvalueoccurswhenall speciehave thesamenumberof individuals. Describing community
diversity with Shannon’s diversity index provides greater insight intamoamity structure than species

richness alone. The Shannon’s diversity index was calculated using the’ ‘wagkage in R (Oksanen et
al. 2020).
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Table 4.2. Summary of all habitat covariates used in seabird species

surveys, 2017 —2019.

All covariates were aggregated to ~4.67 km, the native coarsest temporal resolution of the original data product.

-specific MaxEnt models (MaxEnt; Phillips et al. 2006) from data collected by seabird vessel

productivity

Monthly 4km

Covariate Units Ecological Context Dataset name or derivation Native Native Spatial Data source
Temporal Resolution
Resolution*
sea-surface °C Indicator of water mass | HYCOM: 2017 - 2018 daily 0.0400° https://www.hycom.org/
temp (GOMI0.04/expt_32.5), 2019
(GOMuO0.04/expt_90.1m000)
sea-surface standard Indicator of water mass | HYCOM: 2017 - 2018 daily 0.0400° https://www.hycom.org/
salinity salinity (GOMI0.04/expt_32.5), 2019
units (GOMuO0.04/expt_90.1m000)
sea-surface m Hydrographic features, | HYCOM: 2017 - 2018 daily 0.0400° https://www.hycom.org/
height including (GOMI0.04/expt_32.5), 2019
convergence/divergenc | (GOMu0.04/expt_90.1m000)
e
eastward (u) m/s Surface current HYCOM: 2017 - 2018 daily 0.0400° https://www.hycom.org/
sea water strength moving (GOMI0.04/expt_32.5), 2019
velocity towards the eastern (+ (GOMuO0.04/expt_90.1m000)
velocity) or western (-
velocity) extent of the
study area
northward m/s Surface current derived from eastward (u) and daily 0.0400° https://www.hycom.org/
(v) seawater strength moving westward (v) seawater velocity
velocity towards the northern (+| described above
velocity) or southern (-
velocity) extent of the
study area
absolute current| m/s Absolute strength of derived from eastward (u) and n/a n/a n/a
strength surface currents, westward (v) seawater velocity
irrespective of direction;| described above
indicates the overall
'intensity' of water
movement
current direction| LAT- Indicator of current HYCOM: 2017 - 2018 n/a n/a n/a
LONG direction given u & v (GOMI0.04/expt_32.5), 2019
velocities (GOMuO0.04/expt_90.1m000)
chlorophyll? mg/m3 Proxy for marine MODIS Aqua L3 CHLA monthly 0.0416° https://oceancolor.gsfc.nasa.qov/ I3/
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Covariate Units Ecological Context Dataset name or derivation Native Native Spatial Data source
Temporal Resolution
Resolution*
bathymetry? m (ASL) Bathymetric domain SMRT30+ version 6.0 30 arc second| n/a 0.0083° https://catalog.data.gov/dataset/t

opography-srtm30-version-6-0- 30-arc-
second-global2

* Hourly 2019 data were downloaded at daily intervals

aRefer to Michael et al. (2023) and Michael et al. (2024) for additional details regarding covariates and data sources
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4.5 Macro -scale Exposure of Seabirds to Oil Platforms

We measuredpatialoverlapof seabirchabitatwith oil platformsto investigateahe potentialrisk to
seabirds from active oil and gas activities (refer to Michael et al. 2022)ncluded 24 species of
seabirds in this risk assessment, focusing on the species for which we moeéieie¢ occurrence (i.e.,
habitat suitability; Section 4.4 abov&Ye mapped the location of active platforms in federal waters.
Platform location data were retrieved from the BOEM Data Cenée filtered the platform data set by
date to include only structures that were present during our study periods®eagiped seabird habitat
for the 24 focal seabirds. Instead of using the locations at which seabisdehsgerved as the
overlapping d&a, which would represent a static snapshot of a single point, we used-speciis
predicted habitat suitability layer derived from MaxEnt models. Anytaagie., location) with a
suitability score >0.6 was defined as highly suitable and was alevid the platform data. We then
calculated the proportion of highly suitable habitat for each specieis e WPA and CPA that was
within 10 km of a platform using ArcGIS Desktop 10.8 (ESRI, Redlands, Calijokiia chose 10 km to
represent a moderascale of interaction and one that would likely fall within the vifield for flying
seabirds (e.g., if attraction was occurring; Haney et al. 1992). Theréfenar,daportion of highly suitable
habitat withina planningarearepresentthemacroscaleexposure oéachseabirdspeciedo oil andgas
activity in federal waters (Michael et al. 2022).

4.6 Review of Previous Surveys and Compilations of Seabird
Observations in the Northern Gulf

To complement our understanding of the occurrensealbirds in thearthernGulf we reviewed reports
and published manuscripts from previous seabird surveys and seabird sanfitegse sources included
literature and reports from seabird surveys conducted during the Gud@etll programs (Davis and
Fargion 1996, Ribic et al. 1997, Davis et al. 2000) and durinDé¢lepwater HorizoNaturalResource
DamageAssessmeniNRDA) Bird Study #6e.g.,Haneyetal. 2019).We also reviewed compilations that
included seabirds (Duncan and Havard 1980, Clapp et al. 1982a, 1983). For each speceshberved
during GOMMAPPS surveys we reviewed these sources and note whether that speciesewvasl, and
if so, provide relevant details from the source as appropriate. Weoefesedata for a spatibtemporal
comparison of survey efforts the northernGulf andwithin individual speciesaccountgreferto Section
5.3) toprovidecontextfor our abundancdata (refer to Sections 5.2.1 and 5.2&ferto Sections 2.2.1 -
2.2.3 abovdor a generabverview of some historical seabird surveys in thehernGulf; refer also to
Burger (2017).

8 See www.data.boem.gogccessed 03 February 2021
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5 Vessel-based Seabird Surveys: Results

5.1 Survey Effort

For summary purposes, we included multiple effel&ted metrics: daystsea (DAS), number of
transectssurveyeffort (hrs),andareasurveyedkm?) (Table4.1).Daysat-sea,a roughmetric of effort,
varied across vessel cruises/legs. In most cases, seabird observers reasonablyirekpetiad
cruises/legso span~14-24d. Changeés planned schedules alatgedeviationdrom planned survey
routes were only made based on local or regional weather, mechanicaldssutesn health and safety
issues made it advisable to do so. During the 2017 — 2019 period, some planned NSaé\were
eithe shortened or delayed due to potential government shutdowns and pending tropitabsidir
hurricanes. Over the course of this study all or parts of 5 days (2017), 120da8% énd 3 days (2019)
were otherwise lost, i.e., no seabird surveys. For example, in 2018, 10 schadidgdiays were lost
due to a pending government shutdown.

GOMMAPPS cruisesn(= 14) were conducted within each planning area imtnehern Gulffrom April
2017 — September 2019 by experienced seabird obs@riguse 5.1). We conducted surveliging293
daysatsearepresenting ~2,300 hrs afserveeffort totaling~41,700 knof transects (Table 4.1). Totals
for survey days, survey hours, and km of transects were greatest in 2018 aind2@a8t(Table 4.1).

5.1.1 Spatial Distribution of Survey Effort

In general GOMMAPP Sseabirdvessekurveys2017 — 2019yoveredbothshallowerwaterson the
continental shelf, as well as deeper waters off the Shelf Break out t&Eth@-kure 4.1, Appendix B).
Whereas th6OMMAPPS aerial surveys were limited in distance from coastline out t;m5@efier to
Section 3.2.2 above), vessel-based seabird surveys were not limited or cetidtyailistance from the
coast. Though cumulative effort for GOMMAPPS seabird vessel surveyisi@daelatively complete
survey coverage over the entire study area, the spatial covarggthothspatiallyandtemporally
within and amongearsandacrossBOEM planning areas (Figure 4.1; refer also to Figure 5.1, Appendix
B). Asmentioned previously, seabird vessel observers had no flexibility relatediyodesign. Seabird
observers utilized NOAAesselshatwereeitherspecificallydedicatedor GOMMAPPSmarine
mammalsurveys and/or NOAA VOOs conducting annual icthyoplankton and trawl surveyes;t as
SEAMAP (SoutheasdreaMonitoring andAssessmenProgram)Most of the GOMMAPPSseabird
vessel surveys departed and returned to the NOAA Southeast Fisheries Scienceffi@enirer
Pascagoula, Msissippi As such, there wasfair amount of seabird survey effort in and around the
Pascagoula Bay and Pascagoula Sound area and the area off the mouth ofskippiRs/er (Figure
4.1). GOMMAPPS surveys occurred in all three of the BOEM planning dFepsd 4.1) and
occasionlly beyondthe bordersof the planningareaqgTable5.1, AppendixB). We conducted 12,37m
of surveys during 98aysin theEPA, 19,64 7km of surveys during 158aysin the CPA, 8,733 km of
surveys during 62 days in the WPA, and 983 km outside of planning area boundaries duringf2 days
surveygTable5.1).It shouldbenotedhere thatbecausesurveys mayccurin >1 planningareain the
sameday, thesumof daysof effort acrosgplanningareas does not equal the total days of effort (Table
5.1).
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Figure 5.1. Cumulative trackline maps of survey effort (transect km surveyed) across the four

calendar seasons (spring = March -May, summer = June -August, fall = September -November,
winter =December -February) and three BOEM planning areas (Western, Central, and E  astern) for
GOMMAPPS seabird vessel surveys (2017 —2019).

Map of the U.S. Gulf coastline of Texas, Louisiana, Mississippi, Alabama, and Florida with the seabird vessel survey
tracklines and BOEM planning area boundaries (black lines) by season. Spring map in upper left, summer map in
upper right, fall map in lower left, and winter map in lower right. Inset of survey effort scale (in km) is shown with teal
color representing lesser/limited survey effort and magenta color representing greater/maximum survey effort.

The CPA, which covers ~42% of the north@ulf, received the greatest vesbaked survey effort
acrosghethreestudyyears,accountingor ~45%of surveydays and knfTable5.1,Figure5.2). The

CPA supports the highelvel of oil andgasactivity andsupports ~100 colonies séabirds andading
birdsalongits northerredge(e.g.,Fontenotetal. 2012, Remseretal. 2019).Most of these colonies occur
along and northeast of the Louisiana delta in a relatively dense concentraimeadhat also supports
brown pelicans from all three planning areas during the post-breeding penod étal. 2020a). The
largest pelican colony in the northe&dulf (i.e., Gaillard Island in Mobile Bay,labama also occurs on
the eastern edge of the central planning area.

The EPA, which covers ~40% of therthernGulf, received ~30% of survey effort for both survey days
and km (Table 5.1, Figure 5.2). The EPA represents the area of least oil antiviigis Seabird colonies
aresparselyfocatedalongthe Florida panhandle, antdensomewhategularly from Tampa Bay south
through the Florida Keys (Gore et al. 2007). The southeastern edge of eastern plamisglso
proximal to colonies of sooty terns, brown noddies, magnifiteyatebirds, and masked boobies all
located in the Dry Tortugas. The EPA is also the nearest direplanningareado coloniesof seabirds
in theCaribbearincludingsubstantiatoloniesof Audubon’sshearwatein theCay SalBankarchipelago
(BradleyandNorton 2009Mackin etal. 2015).
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The WPA, which covers ~18% of the north&aulf, received ~20% of our survey effort for both survey
days and km (Table 5.1, Figure 5.Before GOMMAPPS, the WPA was the least surveyed of the three
planning areas for seabirds (Section 5.1.3 below). The WPA is charedteyizntermediate levels of oil
and gas activity compared to the central and eastern planning areas, aliingegiofts and heavy
shipping traffic (e.g., Galveston, Houston) occur there. Colonitesg(CaspianfForster’'syroyal, and
sandwich) occur regularly along the coast of Texas and number ~100 pes.Spetiaies (<10) of

brown pelicans occur on the Texas ca@dsbprimarily betweenGalvestorandCorpusChristi (referto the
TexasWaterbirdSocietyAtlas; accessed 20 October 2021).

5.1.2 Temporal Distribution of Survey Effort

Althoughvesselbasedsurveysoccurredduringall four seasonssurveyeffort wasnotuniformly allocated
amongseasongrFigure5.3).Most datawereaccumulatediuringspringandduringthe transition from
summer to fall. Across all three years, the highest number of surveywdeyrredn May, August,and
Septembe(Table4.1,Figure5.3,respectively) Surveyswverenot conducted in the months of November
and December, and the months of October and January received limited $ionvgyE d/mo).

For nearshore seabirtlsatbreedin the northernGulf (e.g.,brownpelicans, royaandsandwicherns),

this suggests that our understanding of their occurrence in pelagic efateanortherrGulf is likely
highest during incubation, early chickaring, and at the onset of ptsseeding migratory behavidbata
gapsmaystill existfor occurrencef nearshore seabirds pelagicwatersduring the midwinter period,
although the use of these waters during this time is likely low. For exangiiMdiral tracking data from
brown pelicans andlack skimmers suggests that birds meysspelagicGulf watersduringpre- and
post-breedingnigrationperiods, butheydo not appear to remain in pelagic waters (Lamb et al. 2017b,
Lamb et al. 2018, Jodice et al. 20219phwever similartrackingdataaregenerallylackingfor other
nearshore seabirdsatbreedin the northern Gul{Jodice et al. 2019; but refer also to Rolland et al.
2020).

Forwaterbirdghatbreedat higherlatitudesin eithertheinterioror along theeastcoastof North America

(e.g., north Atlantic seabirds, interior terns and gulls, shorebird$giy@oral distribution of our surveys
likely captured both pre- and post-breeding migration, and a portion of wieteBeabirds breeding in

the southern Gulf or Caribbean do not follow the same breeding season seldtielpreviously

mentioned two groups. For some tropical species, breattiyghe asynchronous with individuals

breeding during any month. For example, on the seabird colonies@athgech®ank (Tunnellard
Chapman 2000nhaskedoobiedreedthroughout thgear(Poli etal. 2017). Othertropicalspeciesnay

time breedingo becompletedoriorto the onset of hurricane season (e.g., black-capped petrel; Simons et
al. 2013), or théreeding season maymply be advanced and may occur sooner in the year (e.g., tropical
terns). Therefore, a detailed assessment of potential data gaps basetkarporal distribution of our
surveys would likely require a specieg-species review.

5.1.3 Gulf of Mexico Marine Assessment Program for Protected Species (GOMMAPPS)
Vessel Survey Effort Compared to Previous Seabird Surveys in the Gulf

Before GOMMAPPS, wideranging (spatially and temporally) seabird surveys in trehernGulf were
limited to four efforts: a few aerial surveys (Fritts and Reynolds 1981s Etial. 1983), GulfCet | (Davis
and Fargion 1996, Ribic et al. 1997), GulfCet Il (Davis et al. 2000), and DWH NBRAStudy #6
(Haney et al. 2011, 2019). GulfCet | (1992 — 1994) occurred during all four seasons @sthanvand
north central planning areas and GulfCet Il (1996 — 1997) also occurred ingteennand north central
planning areas but not during autumn. In contfdRDA surveyswvererelativelywide-rangng(i.e.,
occurredn all threeplanningareasof BOEM) and occurred in all months of the year except January
(Haney 2011, Haney et al. 2019).
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Table 5.1. Summary of seabird vessel survey effort across the three BOEM planning areas (Western,
Central, Eastern) and calendar seasons as part of the GOMMAPPS, 2017 —2019.

Seasons were defined as follows: spring (March-May), summer (June-August), fall (September- November), and
winter (December-February); refer also to Figure 4.1.

Western Planning Area| Central Planning Area | Eastern Planning Area| Outside of Gulf
Planning Areas
Season”® Days | Distance (km) | Days Distance (km)| Days Distance (km)| Days Distance (km)
Winter 9 1,382.1 24 2,877.7 6 877.9 4 25.3
Spring 15 1,637.5 55 5,808.3 37 4,765.3 13 250.8
Summer 15 2,514.4 32 4,725.9 32 3,515.5 13 595.7
Fall 23 3,198.8 44 6,234.9 24 3,213.7 12 111.0
Total 62 8,732.9 155 19,646.9 99 12,372.3 42 982.8

" Seasons were defined as spring (March-May), summer (June-August), fall (September-November), and winter
(December-February) (Winship et al. 2018)

Comparedo the GulfCetefforts, GOMMAPPSwasmoreextensivewith respecto bothtransect km and
hours surveyed. GOMMAPPS surveys had a broader spatial and temptpahtammpared to these
three efforts. The spatial and temporal footprint for NRDA surveys((2@011) was, however, more
like that for GOMMAPPS surveys (refer to Jodice et al. 2021b for casgpamap and table). The
notable difference was that GOMMAPPS provided enhanced cowefraffshore angelagicwaters
compared ttNRDA in all seasonsyhile thecoveragef shelf waters in all seasons was greater during
NRDA.

In general, both the spatial and temporal coverage from the previoushasselseabird surveys has
dramatically improved through the inclusion of seabird survey data irottieemGulf from
GOMMAPPS. Coverage was improved within and across all BOEM planning areas| as within and
across all seasons due to GOMMAPPS seabird surveys. Substantial enhancernenstd im spring in
the northwest and southwest regions ofudf, and in summer in the southwest and saathtral

regions of the&sulf. The enhancement of coveragetie southwest andouthcentralregions othe Gulf
resultedn additionalcoverageof pelagic (compared to historical seabird surveys primarily on th8 shel
waters.The enhancement of coveragespringin the northwest and southwest regions ofGif may
haveledto increased opportunities to observe high latitude North American and Bre&ding birds
during pre- breeding migration, while the enhancement of coverage in summmeisouthwest and
south- central regions of tligulf may have led to increased opportunities to observe tropical seabirds
during and after the breeding season.

We alsopositthattheenhanceaoverage ofleepeipelagicwatersfurtheroffshorecomparedo shelf
waters by GOMMAPPS may have had the greatest effect on the detection af petdurds (e.g.,
shearwaters, petrels) compared to nearshore or migratory seabirdonmpéarisorthatmaybemost
relevantfor GOMMAPP Saredatafrom Deepwater HorizoWNRDA Bird Study #6which also covered all
three of theBOEM planning areas and spanned most months of the year. For exampleyrnlgret
species duringnigration will exhibit TransGulf migratory behavior and thus have the potential to be
observed in both nearshore and pelagic waters.
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Figure 5.2. Histogram of allocation of survey effort based on number of survey day s (top) and

distance surveyed ( bottom ) by year across the three BOEM planning areas (Western, Central, and
Eastern) for GOMMAPPS seabird vessel surveys (2017 - 2019).

Plate A the x-axis represents number of survey days, and the y-axis represents the Western, Central, and Eastern
BOEM planning areas, as well as outside. Plate B the x-axis represents distance surveyed (transect km), and the y-
axis represents the Western, Central, and Eastern BOEM planning areas, as well as outside. Outside is defined as
survey effort occurring outside the defined boundaries of the Eastern, Central, and Western BOEM planning areas,
e.g., state waters, Florida Strait.
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Figure 5.3. Histogram of allocation of survey effort based on number of survey day s (top) and

distance surveyed ( bottom ) by calendar month for GOMMAPPS seabird vessel surveys (2017 -
2019).

Plate A the x-axis represents number of survey days, and the y-axis represents calendar month. Plate B the x-axis
represents distance surveyed (transect km) and the y-axis represents calendar month. Irrespective of which survey
effort metric is considered, effort tended to be highest in the months of May, August, and September with no survey
effort in the months of November or December.
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However, pelagic seabird species that are considered “seas@sadlgnt” will not typically occur in
shallower waters on the continental shelf. Many to most colbnésding seabird species along the
northernGulf will also infrequently to rarely be found in deeper pelagic waters fstnarke (except

perhaps during migration; Lamb et al. 2018, Jodice et al. 2019). Consequerghgndiéfs in survey
coverage between GOMMAPPS, dbdepwater HorizoMRDA Bird Study #&urveys may have the

least influence 1w detection of TranS&ulf migrants (e.g., terns, jaegers) and the most influence on
detections of nearshore species (perhaps lacking more from GOMMAPPS sandpaagicspecies
(perhapdackingmorefrom NRDA). This comparisorsuggestshat GOMMAPPS an®eepwater
HorizonNRDA Bird Study #@nay provide complementary spatial coverage, given the caveat that they
were conducted several years apatrt.

5.2 Fauna Observed in the Northern Gulf

Although our primary focus was the detection of seabirds, we recorded alspéudes to the lowest
taxonomidevel possible duringeabirdvessekurveys. Thougtve presensummarydata for fish, marine
mammals, and sea turtles here, we defer to taxa specific Final Reports aret<thapein for detailed
treatment of marine mammails (i.e., NOAA) and sea turtles (i.e., USGSallied ~24,000 detections of
~160,000 individual animals (Table 5.2). Of these, 10,692 detections were of 51,1G2obird42
identified species, and 13,406 detections were of ~108,250 individuauamfauna.

Werecorded324detection®f ~2kmarinemammalsamong 14dentifiedspeciegTable5.3a through
Table5.3b). Approximately 80% of individuals were either pantropical spotted dolptitferinse
dolphin, or Atlantic spotted dolphin (relatively evenly distributed antbege three species; Tabl&b).
Werecorded 64 detections of 68aturtlesamong fouspeciegTable5.3a through Table5.3b).
Approximately 42% were loggerheads and 40% were unidentified (Table 5.3)stMecorded 13k
detectionf ~107kfish (Table5.3a).Of these 99% of individualfish observed were flying fish (Family
Exocoetidagnot identified to species) (Table 5.3b).

5.2.1 Non-marine Avifauna

We had 1,345 detectiord 6,980birdsclassifiedasnon-marineavifaunarepresenting'7 species (Table
5.4athrough Tabl6.4c). Detections classified as norarine avifauna accounted for 12.6% of all
avifauna detections, 13.7% of all individual birds, and 63.6% of all avifaulcgespbat wer&entified.

Landbirdswerethe mostfrequentlydetectechonmarineavifauna(Table5.4a)basedon species richness
(~64%), number of detections (~61%), and number of individuals (~53%). Passermar$sed the vast
majority of landbirds observed although aerial insectivores (i.e.,@uglbwifts nightjars)alsooccurred

regularly(Table5.4b through Table5.4d)Varblersandpasserinesccurredn each planning area in both
nearshore waters and beyond the 2,000-m isobath (Appendix C).

Aerial insectivores were primarily observed in the CPA and EPA in le#tshore waters attdyond the
2,000-misobath(AppendixC). Landbirdswereobservedn all threeplanningareasand in all four seasons
although observations of individuals were more common in the CPA and durind {fialié 5.5).

Wadingbirdswerethenextmostabundant group afon-marineavifaunawith respecto species richness
(~13%), number of detections (~23%), and nundbéndividuals (~24%) (Table 5.4a). Cattle egrets were
the most common wading bird observed, making8@% of all waders (Table 5.4brough Table5.4c).
Wading birds were observed in all three planning areas and in all four salilongh observations of
individuals weranorecommon in theCPA and during the fall (Table 5.5). Wading birds were observed
in both nearshore waters and beyond the 2,000-m isobath (Appendix C).
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Table 5.2.  Summary of various faunal classes based on humber of detections, number of individuals, and

species richness from seabird vessel surveys as part of the GOMMAPPS, 2017 —2019.
Faunal Class # Detections # Individuals Species Richness *
Marine avifauna 9,347 44,029 44
Nonmarine avifauna 1,345 6,980 68
Marine mammals 324 2,025 14
Seaturtles 64 65 4
Fishl 13,017 106,059 ‘5
Total 24,097 159,158 “135

* Species Richness is simply the # of individual ID to the species-level within a given faunal class.

1 Within the faunal class “Fish”, most detections and individuals are represented by the various species of flying fish
(Family Exocoetidae). Within Program SEEBIRD (Vers. 4.3.7; Ballance and Force 2016) there is a routine for
entering “flying fish” with separate output files generated at the end of each survey day if “flying fish” were observed.
For flying fish, though one can enter different species in Program SEEBIRD, most records were coded as unidentified
(UNID) Flying Fish (refer to Tables 5.3a-5.4b).

Althoughwe only observedwo speciesf identifiablewaterfowl,thesespeciesaccountedor ~7% of
detections and7% of individuals of normarineavifauna(Table5.4a).0Of those records identifietd
speciesblue-wingedtealwasthemostcommon(Table5.5b through Table 5.4d)Vaterfowlwere
observedn all threeplanningareasandin all four seasonglthough observatioref individualswere more
common in the CPA and during the fall (Table 5.5). Biieged teal were observed in both nearshore
waters and beyond the 2,000-m isobath (Appendix C). We had a single detectionabérasgaaip in the
western reaches of the CPA between therGihd 2,000-m isobath.

Shorebirdsnade up-13%o0f thespeciesichness fononmarineavifauna,also accountingpr ~5% of
detections and individuals observed (Table 5.4a). We were unable to identiff~#&%) shorebirds
(Tables 5.4b-5.4c). Shorebirds were not observed in winter and were not observatfiRAtiEable

5.5). Shorebirds were observed in both nearshore waters and beyond the B0b&atn(AppendixC).

We observedive specief raptorsaccountingor ~3% of detectionsof nonmarineavifaunaand<1%of
individuals(Table5.4athrough Tabl6.4c). Raptors wenarimarily observed ifall and springbutnotin
winter. Raptorswvereobservedvithin all three planning areas in both nearshore waters and beyond the
2,000m isobath (Appendix C, Table 5.5).

Marshbirdswererepresentetdy two detectionf asinglespeciesAmericancoots(Tables5.4a- 5.4c¢).
Both detections occurred in the spring, and both occurred in the EPA beyond the 2,000-m isobath
(Appendix C, Table 5.5). It is plausible these 2 individuals represenéed Gulf migrants returning
north from wintering grounds in the southern GarlfCaribbean (Brisbin and Mowbr&p20).0f the 34
Americancootsobservedy Russell(2005:table 6.12), 2(62%)of the birds observed occurred in the
spring.
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Table 5.3a. Summary of number of detections of non  -avifauna by season and Bureau of Ocean Energy Management (BOEM) planning area (Western,
Central, Eastern) from seabird vessel surveys as part of the GOMMAPPS, 2017 —2019.

Seasons were defined as follows: spring (March-May), summer (June-August), fall (September- November), and winter (December-February). Scientific names for
all birds identified to species (UNID = unidentified to species) are included in Appendix A.

Species # Detections Spring | Summer | Fall Winter Eastern Central Western Outside of
Planning Planning | Planning BOEM
Area Area Area planning
area
Hammerhead shark 1 0 0 1 0 1 0 0 0
Mahi mahi 5 2 3 0 0 1 3 1 0
Mola mola 1 0 0 0 1 0 0 1 0
Unid. Exocoetus 19 6 7 6 0 6 6 6 1
Unid. fish 6 0 5 0 1 1 1 2 2
Unid. flying fish 12,974 2,624 3,355 6,686 309 3,927 6,393 2,553 101
Unid. shark 1 1 0 0 0 1 0 0 0
Unid. tuna 10 1 3 1 5 1 6 3 0
Total 13,017
Atlantic spotted dolphin 46 8 5 32 1 33 6 7 0
Bottlenose dolphin 147 38 30 64 15 28 76 34 9
Bryde’s whale 1 0 0 1 0 0 0 1 0
Clymene dolphin 1 0 0 0 1 0 1 0 0
Cuvier’'s Beaked whale 2 1 0 0 1 1 1 0 0
False killer whale 2 2 0 0 0 1 1 0 0
Pantropical spotted dolphin 34 22 1 9 2 17 15 2 0
Risso’s dolphin 3 2 0 0 1 0 2 1 0
Rough-toothed dolphin 3 3 0 0 0 1 1 1 0

102



Species # Detections Spring Summer | Fall Winter Eastern Central Western Outside of
Planning Planning | Planning BOEM
Area Area Area planning
area
Short-finned pilot whale 1 1 0 0 0 0 0 1 0
Sperm whale 7 4 0 1 2 0 6 1 0
Spinner dolphin 3 3 0 0 0 0 3 0 0
Striped dolphin 5 4 0 0 1 2 3 0 0
Unid. cetacean 3 2 1 0 0 0 2 1 0
Unid. dolphin 53 28 10 14 1 19 23 7 4
Unid. Kogia 2 1 0 0 1 2 0 0 0
Unid. Odontocete 1 1 0 0 0 0 1 0 0
Unid. Stenella 5 0 3 2 0 3 2 0 0
Unid. whale 4 4 0 0 0 0 4 0 0
West Indian manatee 1 0 1 0 0 1 0 0 0
Total 324 -- -- -- -- = -- -- --
Green turtle 2 1 0 1 0 1 1 0 0
Kemp’s ridley turtle 5 1 0 4 0 0 4 1 0
Leatherback turtle 5 2 0 3 0 3 2 0 0
Loggerhead turtle 27 9 1 14 3 15 10 2 0
Unid. sea turtle 25 6 12 6 1 11 4 3 7
Total 64 -- -- -- -- = -- -- --
Unid. squid 1 0 0 1 0 0 0 1 0
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Table 5.3b. Summary of number of individuals of non
Central, Eastern) from seabird vessel surveys as part of the GOMMAPPS, 2017

-avifauna by season and Bureau of Ocean Energy Management (BOEM) planning area (Western ,

—2019.

Seasons were defined as follows: spring (March-May), summer (June-August), fall (September- November), and winter (December-February). Scientific names for
all birds identified to species (UNID = unidentified to species) are included in Appendix A.

Species # Individuals Spring Summer Fall Winter Eastern Central Western Outside of BOEM
planning area
Hammerhead shark 1 0 0 1 0 1 0 0 0
Mahi mahi 6 3 3 0 0 1 4 1 0
Mola mola 1 0 0 0 1 0 0 1 0
Unid. Exocoetus 229 13 29 187 0 84 117 16 12
Unid. fish 6 0 5 0 1 1 0 2 2
Unid. flying fish 105,805 11,795 | 27,602 65,369 | 1,039 36,235 46,029 22,524 1,017
Unid. shark 1 1 0 0 0 1 0 0 0
Unid. tuna 10 1 3 1 5 1 0 0 0
Total 106,059 -- = -- = -- = -- =
Atlantic spotted dolphin 443 74 58 287 24 292 102 49 0
Bottlenose dolphin 582 155 136 236 55 147 261 146 28
Bryde’s whale 1 0 0 1 0 0 0 1 0
Clymene dolphin 2 0 0 0 2 0 2 0 0
Cuvier’'s Beaked whale 6 4 0 0 2 4 2 0 0
False killer whale 12 12 0 0 0 6 6 0 0
Pantropical spotted dolphin 589 370 6 169 44 325 248 16 0
Risso’s dolphin 32 18 0 0 14 0 26 6 0
Rough-toothed dolphin 19 19 0 0 0 2 7 10 0
Short-finned pilot whale 5 5 0 0 0 0 0 5 0
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Species # Individuals Spring Summer Fall Winter Eastern Central Western Outside of BOEM
planning area
Sperm whale 17 13 0 1 3 0 15 2 0
Spinner dolphin 13 13 0 0 0 0 13 0 0
Striped dolphin 40 34 0 0 6 14 26 0 0
Unid. cetacean 8 4 4 0 0 0 4 4 0
Unid. dolphin 200 90 39 70 1 63 96 0 8
Unid. Kogia 2 1 0 0 1 2 0 0 0
Unid. Odontocete 1 1 0 0 0 0 1 0 0
Unid. Stenella 44 0 41 3 0 41 3 0 0
Unid. whale 8 8 0 0 0 0 8 0 0
West Indian manatee 1 0 1 0 0 1 0 0 0
Total 2,025 - -- - -- - -- - --
Green turtle 2 1 0 1 0 1 1 0 0
Kemp’s ridley turtle 5 1 0 4 0 0 4 1 0
Leatherback turtle 5 2 0 3 0 3 2 0 0
Loggerhead turtle 27 9 1 14 3 15 10 2 0
Unid. sea turtle 26 6 13 6 1 11 4 3 8
Total 65 - -- - -- - -- - --
Unid. squid 1 0 0 1 0 0 0 1 0
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Table 5.4a.

Summary of bird taxonomic groups based on number of detec

tions, number of individuals, and

species richness from seabird vessel surveys as part of the GOMMAPPS, 2017 —2019.
Taxa Group 1 # Detections # Individuals Species )
Richness
Landbirds 822 3,680 49
Marshbirds 2 2 1
Waterfowl 91 1,193
Wadingbirds 312 1,687 10
Raptors 41 42 5
Shorebirds 77 376 10
Total 1345 6,980 77

*Species Richness is the # of individual ID to the species-level within a given taxonomic group.
1Taxonomic Group generally follows the taxonomic groups used by the Gulf of Mexico Avian Monitoring Network
(GOMAMN) for their Birds of Conservation Concern, link here.

5.2.2 Marine Avifauna

We tallied 9,347 detections of 44,029 seabirds representing 44 species (Tabe6d.6fer alsto
Michaeletal. 2023).Weidentified 37,817 bird4o specieq85.9%).Seabirdobservations accounted for
87.4% of all avifauna detections, 86.3% of all individual birds, and 39.3% afddlidentified to
species. Eleven species comprised 90% of the individual seabirds ob3sveespecies of terns (black
and sooty) comprised 45% of all individual birds observed (Table BBak terns accountefibr 27% of
individuals observed amsbotyternsaccounted fo8% ofindividualsobservedNo otherspecies
accountedor >10%of the observed individualghile 9 species each accountfet 2to 7% of the
observed individuals (Table 5.6a). This suite of less abundant, but stitulggidserved species
included three species of gull (laughing, herring, and Bonaparte’s), two spetgeas @byal and
sandwich), two pelecaniforms (magnificengétebird and brown pelican), one shearwater (Audubon’s),
and one sulid (northern gannet) (Table 5.6a).

We groupedall seabirdsnto 15taxonomicgroupsto summariz&eommunitycomposition(Table 5.6a,
Table 5.7). The most frequently observed taxonomic group included a mix of coastdhadteins
(~43%of individuals).Pelagicandtropicalternscomprised~21%of individualsand gulls (amix of
coastal and inland breedec®mprised ~18% of individuals. No other taxonomic groomprised >5%
of individuals observed.

All taxa groups were observed in all seasons except for gadfly petrels, whehatebserved in winter,
gannets, which were not observed in summer, common loons, which were not obseuwetién sr fall,

and tropichirds, which were not observed in winter (Tables 5.6b, 5.6¢, 5.8). @Guilbrigeding areas in
northern latitudes were rare in summer and terns from northdudggiwere absent in winter (Table
5.6bthrough Tablé.6c). Representative species for all the taxonomic gapsobservedn bah the
EPAandCPA (Table5.8); however, gannets, loons, and phalaropes were not observed in the WA (Tabl
5.6bthrough Tabl&.6¢c,andTable5.8). Other taxonomic groups with low number of observations within

a specificplanning area included gadfly petrefs<1; WPA), cormorantsn(= 1; EPA), and tropicbirds

(n=3; WPA).

106


https://gomamn.org/priority-birds

We alsoclassifiedspeciesvith respecto their primarybreeding regiofiTable5.6a).For species that
breed in more than omegion, we classified them based on proximity to the nearest known breeding
region. We delineated six breeding regions: (1) the northern(Gamhs, Louisianadylississippi,
Alabama, and the Florida panhandle and peninsula), (Bptitbern Gulf and Caribbean (Mexitloe

Dry Tortugasjslandsof the CaribbearandBahamas(3) Atlantic coastof U.S.and Canadé.e., NW
Atlantic), (4) interior U.S.andCanaddi.e., interior north),(5) easterrAtlantic (i.e., islands off Europe
and Africa), and (6%outh Atlantic (south of the equator).
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Table 5.4b. Summary of number of detections for non  -marine avifauna by season and BOEM planning area (Western, Central, Eastern) fr om seabird
vessel surveys as part of the GOMMAPPS, 2017 - 2019.

Seasons were defined as follows: spring (March-May), summer (June-August), fall (September- November), and winter (December-February). Scientific names for
all birds identified to species (UNID = unidentified to species) are included in Appendix A.

Species * Taxa # Detections | Spring | Summer | Fall Winter | Eastern | Central | Western Outsigje of BOEM
Group 4 planning area

American redstart landbird 12 4 0 8 0 2 10 0 0
Baltimore oriole landbird 1 0 0 1 0 0 1 0 0
Bank swallow landbird 32 28 0 4 0 15 14 3 0
Barn swallow landbird 202 72 80 48 2 64 97 31 10
Black-billed cuckoo landbird 1 1 0 0 0 0 1 0 0
Blackpoll warbler landbird 1 1 0 0 0 0 1 0 0
Black-throated blue warbler landbird 2 2 0 0 0 2 0 0 0
Black-throated green warbler landbird 1 0 0 1 0 0 1 0 0
Blue-winged warbler landbird 1 0 1 0 0 0 0 1 0
Bobolink landbird 6 1 5 0 0 3 2 1 0
Brown-headed cowbird landbird 1 0 0 1 0 0 0 1 0
Cape May warbler landbird 8 8 0 0 0 6 1 1 0
Chimney swift landbird 7 4 0 3 0 2 5 0 0
Chipping sparrow landbird 1 1 0 0 0 0 1 0 0
Chuck-will's-widow landbird 4 1 0 3 0 1 3 0 0
Cliff swallow landbird 61 7 28 25 1 21 19 18 3
Common nighthawk landbird 7 3 0 4 0 1 6 0 0
Common yellowthroat landbird 4 1 0 3 0 3 1 0 0
Eastern kingbird landbird 1 0 0 1 0 0 0 1 0
Eastern wood-pewee landbird 1 1 0 0 0 1 0 0 0
Eurasian collared-dove landbird 2 0 1 1 0 1 0 1 0
Gray catbird landbird 2 1 0 1 0 0 2 0 0
Hooded warbler landbird 3 1 0 2 0 1 2 0 0
Indigo bunting landbird 1 0 0 1 0 1 0 0 0
Louisiana waterthrush landbird 1 0 0 1 0 0 1 0 0
Magnolia warbler landbird 4 3 1 0 0 1 2 1 0
Mourning dove landbird 2 0 1 1 0 1 1 0 0
Nashville warbler landbird 1 1 0 0 0 0 0 1 0
Northern rough- winged swallow| landbird 3 0 2 1 0 0 2 1 0
Northern waterthrush landbird 2 0 0 2 0 0 1 1 0
Orchard oriole landbird 1 0 0 1 0 0 0 1 0

108



Species * Taxa # Detections | Spring | Summer | Fall Winter | Eastern | Central | Western Outsigje of BOEM
Group a planning area
Ovenbird landbird 2 2 0 0 0 0 2 0 0
Palm warbler landbird 6 6 0 0 0 4 1 1 0
Prothonotary warbler landbird 10 0 9 1 0 0 7 3 0
Purple martin landbird 12 5 6 0 1 4 8 0 0
Rock pigeon landbird 4 0 0 0 4 0 4 0 0
Ruby-throated hummingbird landbird 16 10 0 6 0 1 11 4 0
Scarlet tanager landbird 1 0 0 1 0 1 0 0 0
Tree swallow landbird 10 6 0 3 1 8 2 0 0
Tropical kingbird landbird 1 0 0 1 0 0 0 1 0
Veery landbird 2 2 0 0 0 1 1 0 0
White-crowned pigeon landbird 1 0 1 0 0 0 0 0 1
White-winged dove landbird 4 1 1 2 0 1 1 2 0
Wilson's warbler landbird 1 0 0 1 0 0 1 0 0
Yellow warbler landbird 8 3 1 4 0 2 3 3 0
Yellow-billed cuckoo landbird 1 1 0 0 0 1 0 0 0
Yellow-breasted chat landbird 1 0 0 1 0 0 1 0 0
Yellow-headed blackbird landbird 1 0 0 1 0 0 1 0 0
Yellow-rumped warbler landbird 1 0 0 0 1 0 1 0 0
Unid. bird bird 56 7 8 25 16 13 27 16 0
Unid. cuckoo landbird 1 1 0 0 0 0 1 0 0
Unid. passerine landbird 142 9 5 128 0 20 105 17 0
Unid. passerine landbird 46 15 6 24 1 2 24 19 1
Unid. swallow landbird 40 10 14 16 0 11 19 9 1
Unid. warbler landbird 79 12 19 48 0 28 40 11 0
Total -- 822 -- -- -- -- -- -- -- --
American coot marshbird 2 2 0 0 0 2 0 0 0
Total -- 2 -- -- -- -- -- -- -- --
American kestrel raptor 2 1 0 1 0 0 1 1 0-
Merlin raptor 8 3 0 5 0 3 3 2 0
Osprey raptor 7 0 0 7 0 1 3 1 2
Peregrine falcon raptor 19 10 1 8 0 8 8 3 0
Short-eared owl raptor 1 0 1 0 0 1 0 0 0
Unid. falcon raptor 4 0 0 4 0 0 4 0 0
Total -- 41 -- -- -- -- -- -- -- --
Black-bellied plover shorebird 1 0 1 0 0 1 0 0 0
Least sandpiper shorebird 5
Lesser yellowlegs shorebird 1
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Species * Taxa # Detections | Spring | Summer | Fall Winter | Eastern | Central | Western Outsi(.je of BOEM
Group a planning area
Ruddy turnstone shorebird 3 0 0 3 (0] 2 1 (0] 0
Sanderling shorebird 6 3 1 2 (0] 4 2 (0] 0
Semipalmated sandpiper shorebird 3 3 0 0 (0] 2 1 (0] 0
Spotted sandpiper shorebird 1 1 0 0 0 0 1 0 0
Western sandpiper shorebird 3 3 0 0 0 1 2 0 0
Whimbrel shorebird 1 1 0 0 0 0 1 0 0
White-rumped sandpiper shorebird 1 1 0 0 0 1 0 0 0
Unid. sandpiper shorebird 2 2 0 0 (0] 1 1 (0] 0
Unid. shorebird shorebird 50 19 23 8 (0] 18 23 8 1
Total --- 77 - - = - = - - -
Black-crowned night- heron  wadingbird 3 0 2 1 (0] 1 2 (0] 0
Cattle egret wadingbird 103 57 10 36 0 38 43 22 0
Great blue heron wadingbird 21 7 1 8 5 5 16 0 0
Great egret wadingbird 57 11 1 43 2 21 24 12 0
Green heron wadingbird 10 4 3 3 0 2 3 5 0
Little blue heron wadingbird 35 3 7 25 (0] 11 14 10 0
Snowy egret wadingbird 11 2 2 7 (0] 1 7 3 0
Tricolored heron wadingbird 5 0 1 4 (0] 0 5 (0] 0
'Yellow-crowned night-heron ~ wadingbird 3 0 0 3 (0] 0 1 2 0
White ibis wadingbird 2 0 1 1 0 0 2 0 0
Unid. Ardeidae wadingbird 42 2 2 37 1 6 28 8 0
Unid. egret wadingbird 14 6 0 8 0 6 8 0 0
Unid. heron wadingbird 6 1 3 2 0 1 5 0 0
Total - 312 - - = - = - - -
Blue-winged teal waterfowl 55 13 7 34 1 26 26 3 0
Greater scaup waterfowl 1 0 0 0 1 0 1 (0] 0
Unid. duck waterfowl 35 11 0 23 1 10 20 5 0
Total = 91 - - - - - - - -

*Species here includes all birds observed identified to species, as well as UNID codes used in Program SEEBIRD (Vers. 4.3.7; Ballance and Force 2016). The
SpeciesCode.txt files associated with Program SEEBIRD was modified to include Gulf seabirds, as well as specific UNID codes for Gulf species, including for non-
marine hirds. A complete list of species observed, common and scientific names can be found in Appendix A. Species are listed in alphabetical order based on the

common name.

1Taxonomic Group generally follows the taxonomic groups used by the Gulf of Mexico Avian Monitoring Network (GOMAMN) for their Birds of Conservation

Concern, link here.
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Table 5.4c. Summary of number of individuals for non  -marine avifauna by season and BOEM planning area (Western, Central, Eastern) f rom the
vessel -based marine bird component of the  GOMMAPPS, 2017 — 2019.

Seasons were defined as follows: spring (March-May), summer (June-August), fall (September- November), and winter (December-February). Scientific names for
all birds identified to species (UNID = unidentified to species) are included in Appendix A.

Species * Taxa ) # . Spring | Summ | Fall | Winter| Eastern| Centra| Wester | Outside of
Group Individuals er | n BOEI\_/I
planning
area
American redstart landbird 16 4 0 12 0 2 14 0 0
Baltimore oriole landbird 1 0 0 1 0 0 1 0 0
Bank swallow landbird 46 35 0 11 0 17 20 9 0
Barn swallow landbird 348 103 180 63 2 97 158 57 36
Black-billed cuckoo landbird 1 1 0 0 0 0 1 0 0
Blackpoll warbler landbird 1 1 0 0 0 0 1 0 0
Black-throated blue landbird 2 2 0 0 0 2 0 0 0
warbler
Black-throated green landbird 1 0 0 1 0 0 1 0 0
warbler
Blue-winged warbler landbird 1 0 1 0 0 0 0 1 0
Bobolink landbird 6 1 5 0 0 3 2 1 0
Brown-headed cowbird landbird 1 0 0 1 0 0 0 1 0
Cape May warbler landbird 8 8 0 0 0 6 1 1 0
Chimney swift landbird 11 7 0 4 0 3 8 0 0
Chipping sparrow landbird 1 1 0 0 0 0 1 0 0
Chuck-will's-widow landbird 4 1 0 3 0 1 3 0 0
Cliff swallow landbird 87 7 42 37 1 26 22 26 13
Common nighthawk landbird 16 3 0 13 0 1 15 0 0
Common yellowthroat landbird 4 1 0 3 0 3 1 0 0
Eastern kingbird landbird 5 0 0 5 0 0 0 5 0
Eastern wood-pewee landbird 1 1 0 0 0 1 0 0 0
Eurasian collared-dove landbird 2 0 1 1 0 1 0 1 0
Gray catbird landbird 2 1 0 1 0 0 2 0 0
Hooded warbler landbird 3 1 0 2 0 1 2 0 0
Indigo bunting landbird 1 0 0 1 0 1 0 0 0
Louisiana waterthrush landbird 1 0 0 1 0 0 1 0 0
Magnolia warbler landbird 5 3 2 0 0 2 2 1 0
Mourning dove landbird 2 0 1 1 0 1 1 0 0
Nashville warbler landbird 1 1 0 0 0 0 0 1 0
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Species * Taxa ) # . Spring | Summ | Fall | Winter| Eastern| Centra| Wester | Outside of
Group Individuals er | n BOEI\_/I
planning
area
Northern rough-winged landbird 4 0 3 1 0 0 3 1 0
swallow
Northern waterthrush landbird 2 0 0 2 0 0 1 1 0
Orchard oriole landbird 1 0 0 1 0 0 0 1 0
Ovenbird landbird 2 2 0 0 0 0 2 0 0
Palm warbler landbird 6 6 0 0 0 4 1 1 0
Prothonotary warbler landbird 79 0 78 1 0 0 66 13 0
Purple martin landbird 14 5 8 0 1 4 10 0 0
Rock pigeon landbird 4 0 0 0 4 0 4 0 0
Ruby-throated landbird 16 10 0 6 0 1 11 4 0
hummingbird
Scarlet tanager landbird 1 0 0 1 0 1 0 0 0
Tree swallow landbird 14 9 0 4 1 12 2 0 0
Tropical kingbird landbird 1 0 0 1 0 0 0 1 0
Veery landbird 2 2 0 0 0 1 1 0 0
White-crowned pigeon landbird 1 0 1 0 0 0 0 0 1
White-winged dove landbird 4 1 1 2 0 1 1 2 0
Wilson’s warbler landbird 1 0 0 1 0 0 1 0 0
Yellow warbler landbird 11 4 1 6 0 2 4 5 0
Yellow-billed cuckoo landbird 1 1 0 0 0 1 0 0 0
Yellow-breasted chat landbird 1 0 0 1 0 0 1 0 0
Yellow-headed blackbird | landbird 1 0 0 1 0 0 1 0 0
Yellow-rumped warbler landbird 1 0 0 0 1 0 1 0 0
Unid. bird bird 382 12 26 299 | 45 146 0 0 0
Unid. cuckoo landbird 1 1 0 0 0 0 1 0 0
Unid. passerine landbird 1,451 26 6 1,41 O 255 1,155 | 41 0
9
Unid. passerine landbird 156 73 32 50 1 17 101 37 1
Unid. swallow landbird 104 15 36 53 0 18 49 24 13
Unid. warbler landbird 841 271 128 442 | 0 148 643 50 0
Total -- 3,680 -- -- -- -- -- -- -- --
American coot marshbird | 2 2 0 0 0 2 0 0 0
Total -- 2 -- -- -- -- -- -- -- --
American kestrel raptor 2 1 0 1 0 0 1 1 0
Merlin raptor 8 3 0 5 0 3 3 2 0
Osprey raptor 7 0 0 7 0 1 3 1 2
Peregrine falcon raptor 20 10 1 9 0 9 8 3 0
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Species * Taxa ) # . Spring | Summ | Fall | Winter| Eastern| Centra| Wester | Outside of
Group Individuals er | n BOEI\_/I
planning
area
Short-eared owl raptor 1 0 1 0 0 1 0 0 0
Unid. falcon raptor 4 0 0 4 0 0 4 0 0
Total -- 42 -- -- -- -- -- -- -- --
Black-bellied plover shorebird 1 0 1 0 0 1 0 0 0
Least sandpiper shorebird 22 22 0 0 0 3 19 0 0
Lesser yellowlegs shorebird 1 0 1 0 0 0 1 0 0
Ruddy turnstone shorebird 3 0 0 3 0 2 1 0 0
Sanderling shorebird 24 19 2 3 0 21 3 0 0
Semipalmated shorebird 6 6 0 0 0 2 4 0 0
sandpiper
Spotted sandpiper shorebird 1 1 0 0 0 0 1 0 0
Western sandpiper shorebird 17 17 0 0 0 14 3 0 0
Whimbrel shorebird 2 2 0 0 0 0 2 0 0
White-rumped shorebird 3 3 0 0 0 3 0 0 0
sandpiper
Unid. sandpiper shorebird 4 4 0 0 0 1 3 0 0
Unid. shorebird shorebird 292 90 79 123 | 0 96 95 99 2
Total -- 376 -- -- -- -- -- -- -- --
Black-crowned night- wadingbird | 15 0 11 4 0 4 11 0 0
heron
Cattle egret wadingbird | 521 229 13 279 | 0 141 275 105 0
Great blue heron wadingbird | 73 10 1 34 28 6 67 0 0
Great egret wadingbird | 250 24 1 219 | 6 52 106 92 0
Green heron wadingbird | 18 4 3 11 0 2 3 13 0
Little blue heron wadingbird | 158 3 13 142 | 0 89 49 20 0
Snowy egret wadingbird | 33 4 3 26 0 3 23 7 0
Tricolored heron wadingbird | 19 0 11 8 0 0 19 0 0
Yellow-crowned night- wadingbird | 7 0 0 7 0 0 4 3 0
heron
White ibis wadingbird | 19 0 6 13 0 0 19 0 0
Unid. Ardeidae wadingbird | 472 12 4 454 | 2 55 307 0 0
Unid. egret wadingbird | 83 34 0 49 0 42 41 0 0
Unid. heron wadingbird | 19 2 6 11 0 1 18 0 0
Total -- 1,687 -- -- - -- - - - --
Blue-winged teal waterfowl 745 66 55 623 | 1 342 292 111 0
Greater scaup waterfowl 1 0 0 0 1 0 1 0 0
Unid. duck waterfowl 447 65 0 381 |1 106 254 87 0
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Species * Taxa # Spring | Summ | Fall | Winter| Eastern| Centra| Wester | Outside of
Group £ Individuals er | n BOEM
planning
area
Total 1,193 - — - — — — -

*Species here includes all birds observed identified to species, as well as UNID codes used in Program SEEBIRD (Vers. 4.3.7; Ballance and Force 2016). The
SpeciesCode.txt files associated with Program SEEBIRD was modified to include Gulf seabirds, as well as specific UNID codes for Gulf species, including for non-
marine birds. A complete list of species observed, common and scientific names can be found in Appendix A. Species are listed in alphabetical order based on the
common name.

1Taxonomic Group generally follows the taxonomic groups used by the Gulf of Mexico Avian Monitoring Network (GOMAMN) for their Birds of Conservation
Concern, link here.
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Most of theseabirds observed wemet local to the arthernGulf (Michael et al. 2023) but were from
breedindocationswithin the northerninterior and souther@ulf and CaribbeaTable5.6a andrable

5.9). These two regions accounted for ~75% of individuals observed when comidneach was
represented by 12 species. Black terns, the most abundant species obsenas @Viadh2024Yreedat
higherlatitudesin theinterior of thecontinent(e.g.,PrairiePotholeRegion)and their presence in the
northernGulf is likely transient as they migrate to South America (Heath 20aD). Sooty terns, the
second most abundant species observed, breed primarily in thecmuthiGulf (i.e., colonies on
Campeche Bank; Tunnell and Chapman 2000), southe&udir(i.e., colony on Bird Key in thBry
Tortugas)jn highnumbers atolonies throughouhe Caribbea(BradleyandNorton2009),andin small
numbers along th&exascoast(Tweit 2009). The local seabird community, represented by 10 species that
breed inthe rorthernGulf, comprised-18%of the individual seabirdsbservedqTable 5.9) Laughing

gulls and royaternscomprised~50%o0f this group andvereobservedrimarily duringwinter, suggesting
use ofsurveyecdareas duringnigrationnonbreeding seasons. The remaining seabirds (7% of all
individuals) were from NW Atlantic (4%), east Atlantic (2%), and southric (<1%) locations (Table
5.9). One species from the NW Atlantic group, the northern gannet, reptesééiteof all seabirsl
observed and commonly inhabits waters of the nort@athduring thenonbreeding season (Fifield et al.
2014).Thesehreegroupswererepresentethy 10speciesUseof the rorthernGulf by thesespecies likely
occurs during nonbreeding seasons and may also include subadult birda thageawidely prior to
reaching breeding age (Jodice and Suryan 2010, Fifield et al. 2014).

We detectedseabirdgrom eachbreedingareain eachseasor{Table5.9) thougtrelativelysmall numbers
of individuals were documented from the south Atlantic in sprirg 11) and winterr{= 1), and from

the northeast coast of North America in summer 0) and fall 6 = 7). We alsaletectedseabirdgrom
eachbreedingareaassociatesvith eachof theBOEM planning areas (Table 5.9) though relatively small
numbers of individuals were documented in the WPA from the south Atlanti®) and the northeast
coast of North American(= 12).

5.2.3 Community Metrics for Marine Avifauna

The species richness of marine birds during GOMMAPPS surveys included 4&ssfgsicies richness
washighesin the CPA (40species)intermediatén theEPA (36 species)andlowestin the WPA (27
species) (Figure 5.4). However, caution should be used interpreting speuiessialuesgiventhat
surveyeffort andspatial coveragef individualBOEM planningareas varied widely (refer to Section
5.1.1). Species richness as a stalwhe metric is not all that meaningful, but in combination with
abundance (or relative abundance), density (or relative density; MathaleP023), species’
conservation status and ecology, this metric can convey important inforrfetggrSantora and
Sydeman 2015). Nonetheless, these data provide some evidaimestof the seabirdspecieghat
occurwithin the rorthernGulf tendto occupy theCPA at some point, during the year. Species not
detected in the WPA tended to be northern migrants from both indéedlocoastal locatior(g.g.,
Bonaparte'gull, northern gannet) and specibat breed in theagithernGulf and Caribbean (e.g., brown
noddy, red-footed booby) (Table 5.9).

Among seasons, species richness was lowest in winter (21 speciespnvigrmGulf breeding species,
aswell asspeciedrom the southerrGulf andCaribbeargenerallynotpresentSpatialcoverage during
winterwaspooroverallcomparedo otherseasonandthis mayverywell explainthelow species
richness. Species richness was similar in spring (34 species), summer {84)spad fall (34 species)
although species composition of the community was not identical acressthinee seasons (Table 5.1
and Figure 5.3). Within seasons gildnning areas, species richness ranged §tm81 speciegFigure
5.4a).Species richnessaslowestduringwinterin the EPA (9 species) and WPA (10 species), and
highest during spring and fall in the CPA (31 species in each seasorngsSpEmess varied the least
among seasons in the EPA (Figure 5.4a).
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Table 5.5a. Summary of number of detections by taxonomic group for non -marine avifauna by BOEM
planning area (Western, Central, Eastern) and season from seabird vessel surveys as part o f the
GOMMAPPS, 2017 — 2019.

Seasons were defined as follows: spring (March-May), summer (June-August), fall (September-November), and
winter (December-February). Refer to Appendix C for additional details related to spatial distribution of species-
specific observations.

Taxa Group 1 | Spring Summer Fall Winter
Landbirds 620 552 2,452 56
Marshbirds 2 0 0 0
Waterfowl 131 55 1,004 3
Waders 322 72 1,257 36
Raptors 14 2 26 0
Shorebirds 38 26 13 0
Total 1,127 707 4,752 95

ITaxonomic Group generally follows the taxonomic groups used by the Gulf of Mexico Avian Monitoring Network
(GOMAMN) for their Birds of Conservation Concern, link here.

Table 5.5b. Summary of number of individuals by taxonomic group for non -marine avifauna by BOEM
planning area (Western, Central, Eastern) and season from seabird vessel surveys as part o f the
GOMMAPPS, 2017 — 2019.

Seasons were defined as follows: spring (March-May), summer (June-August), fall (September-November), and
winter (December-February). Refer to Appendix C for additional details related to spatial distribution of species-
specific observations.

East Central West Outside of
BOEM
planning area

779 2,316 285 64

2 0 0 0

448 547 198 0

395 942 240 0

14 19 7 2

143 132 99 2

1,781 3,956 829 68

ITaxonomic Group generally follows the taxonomic groups used by the Gulf of Mexico Avian Monitoring Network
(GOMAMN) for their Birds of Conservation Concern, link here.

A community with greater species diversity equates to enhanced cotypmomiplexity typically
characterized by greater numbers of species and more even abundances of»peikbspecies
diversity (ShannoiWienerDiversity Index; + ygalculated onlyor marinebirds during GOMMAPPS
surveys wast % 2.2. Species diversity was relatively similar across planning ddeassity was

highest in the WPA ¢ % 2.1) and virtually the same in the EPA % 1.9) and CPA %4 1.8) (Figure
5.4b). As with speciedchness, caution shoultk applied when interpreting values of species diversity
given that survey effort and spatial coverage of indiviBB@EM planningareassariedwidely (referto
Sections 5.1.1-5.1.2)Nonethelesshese data indicate that tbemmunity observed in the WPA was
slightly more diverse compared with other planning areas when data wézd pomss seasons and
years.
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Species diversity varied ~ 2f6ld among seasons and planning areas. Among seasons, species dippesitedigher

in spring (+ % 2.4)comparedo otherseasonsDuring spring,marine species are both migrating through thehern

Gulf and breeding within the northe@ulf, potentially leading tgreater diversity. Species diversity appeared lowest in
fall ( +% 1.4) to be intermediate in winter-(% 1.9) and summerH %4 1.7). As noted previously, winter surveffort

was by far the least compared to survey effort in other seasonst¢r&fection 5.1.1). Withieeasonandplanningareas,
speciegliversityrangedrom + % 0.9 — 2.4 (Figure 5.4b). Diversityashighestin theCPAin thespring( + % 2.4) and
lowestin theCPAIn thefall and EPA in the summer{(% 0.9 for both).

Comparisons of species diversity measures among studiesGuifhe&re challenging due to differences in seasonal
coverage, spatial coverage, and survey designs, methodologies, and protodwaneue, the level of detail provided
with the “raw” data associated with each of the vebaskd seabird surveys also diffexaking it challenging to calculate
certain metrics. Therefore, we only compare species richness, noting thepdtidhand temporal coverage, as well as
methodologies, differed amontudies. Any differences provided here should be interpreted with caution (Tabje 5.1
Notably, the two most recent vesbelsed seabird survey projesisich werethemostsimilarin surveydesigns,
methodologies angrotocols,andspatial coverage, very similar species richnBgsl Study #6sessel surveys (e.g.,
Haney et al. 2019) and the surveys duthigstudytallied 43 and44 seabirdspeciesrespectivelyNote Bird study #6
surveyddid reportsomespeciesve optednotto includeasseabirdse.g., grebesBpecieghatBird Study #@bserved that
GOMMAPPS did not observe included American white pelican, Franklin'sagndsootyshearwaterSpecieghat
GOMMAPPSobservedhatBird Study #@&lid not include Feasetrel, Manx shearwater, rédoted booby, and red
throated loon. The species tldifferedbetweernthesetwo survey efforts did nasccurregularlyorin largenumbers.

Other species observed during other studies, but not during GOMMAPPS includa&rc{GulfCet 1), black skimmer
(GulfCet I), and blackegged kittiwake (Fritts et al. 1983) (Table 5.10). The combinedespechness for seabirds across
all these stueés is 50. Additional details on species distribution inGiéf is provided below (Appendix D).

5.2.4 Summary of Marine and Nonmarine Avifauna Communities in the Gulf

Broadly, these data demonstrate that the pelagic seabird community inthenm@ulf is diverse in terms of species
richness, taxa representation, and the geographic representation (i.e.theserspecies breed; Table 5.6a). The
community of seabirds within offshore and pelagic waters ofdhbernGulf (referto AppendixD) is primarily
comprisedwith respecto bothindividuals and species, of migratory species from the continegaidr (e.g., black tern,
herring gull, Bonaparte’s gull) and species that breed in the souéfrand Caribbean (sooty tern, Audubon’s
shearwater, magnificent frigatebird) (Michael et al. 2023). Spdubteed locally in theanthernGulf (e.qg., royal and
sandwich tern, laughing gull, brown pelican) makeaigmaller proportion of the overall offshore seabird community,
likely because mogif these species are nearshgpecieghatmayonly useoffshorewatersinfrequently(e.g., during
migration).These datindicatethat~85%of the seabirds observed the rorthernGulf weregulls andterns butthatthey
originated from a diversgeographic area reflecting both higher latitudes in coastal and integions and the southern
Gulf and Caribbean (Michael et al. 2023).

In summary, thavifauna othe northern Gulfcomprisedoth nortrmarineand marineéirdswhich wererepresented by

121 species during our surveys (Tables 5.4c, 5.6¢, Appendix A). We documented boeeltiing species, but also
species that breed from throughout the western hemisgdregisg from high to low latitudes of both the north and south
Atlantic. Species that breed within therthern Gulfwere not the most abundant in terms of either individuals or species
richness, indicating that occupancy of offshore and pelagic waters inrthemGulf is not driven primarily or

exclusively by proximity to breeding colonies. Most seabirds we observedmigants from outside theorthernGulf
proper (refer to Michael et al. 2023). When the large numblandbirds(particularlyduring springandfall migrations)

we observedirealso consideredhe data indicate that during our surveys the avifauna communitysimoéf and pelagic
waters of the arthern Gulf was primarily comprised of migratory, staging, and wintering pedies.
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Table 5.6a. Summary of seabird observations with number of detections, number of indivi
surveys as part of the GOMMAPPS, 2017 - 2019.

duals, and proportion of total individuals for seabird ve ssel

Breeding region is a general descriptor of the most likely breeding location for a given species. Species common names are presented in alphabetic order.

Species * AOUl Seabird Group | Breeding Region # ' #Individuals | % Individuals
Code Detections
Audubon’s shearwater AUSH Shearwater sGulf/Caribbean 517 1,766 4.01
Band-rumped storm- petrel| BSTP Storm Petrel Eastern Atlantic 334 512 1.16
Black tern BLTE Tern Northern migrant- continental interior or high 726 12,109 27.50
Arctic
Black-capped petrel BCPE Gadfly Petrel sGulf/Caribbean 29 31 0.07
Bonaparte’s gull BOGU Gull Northern migrant- continental interior or high 83 1,356 3.08
Arctic
Bridled tern BRTE Pelagic Tern sGulf/Caribbean 232 489 1.11
Brown booby BRBO Booby sGulf/Caribbean 300 355 0.81
Brown noddy BRNO Pelagic Tern sGulf/Caribbean 117 595 1.35
Brown pelican BRPE Pelican nGulf 240 814 1.85
Caspian tern CATE Tern nGulf 6 7 0.02
Common loon COLO Loon Northern migrant- continental interior or high 55 67 0.15
Arctic
Common tern COTE Tern Northern migrant- continental interior or high 176 488 1.11
Arctic
Cory’s shearwater COSH Shearwater Eastern Atlantic 81 117 0.27
Double-crested cormorant | DCCO Cormorant nGulf 33 130 0.30
Fea’s petrel FEPE Gadfly Petrel Eastern Atlantic 3 3 0.01
Forster’s tern FOTE Tern nGulf 23 86 0.20
Great Black-backed gull GBBG Gull Northern migrant- Atlantic coast 3 3 0.01
Great shearwater GRSH Shearwater Southern Atlantic 49 60 0.14
Gull-billed tern GBTE Tern nGulf 2 2 <0.01
Herring gull HERG Gull Northern migrant- continental interior or high 856 1,636 3.72
Arctic
Laughing gull LAGU Gull nGulf 1,086 2,569 5.83
Leach’s storm-petrel LESP Storm Petrel Northern migrant- Atlantic coast 19 24 0.05
Least tern LETE Tern nGulf 10 18 0.04
Long-tailed jaeger LTJA Jaeger/Skua Northern migrant- continental interior or high 2 2 <0.01
Arctic
Magnificent frigatebird MAFR Frigatebird sGulf/Caribbean 478 940 2.13
Manx shearwater MASH Shearwater Northern migrant- Atlantic coast 4 4 0.01
Masked booby MABO Booby sGulf/Caribbean 124 136 0.31
Neotropic cormorant NECO Cormorant nGulf 1 2 <0.01
Northern gannet NOGA Gannet Northern migrant- Atlantic coast 320 1,658 3.77




Species . Aout Seabird Group | Breeding Region # ' #Individuals | % Individuals
Code Detections

Parasitic jaeger PAJA Jaeger/Skua Northern migrant- continental interior or high 43 73 0.17
Arctic

Pomarine jaeger POJA Jaeger/Skua Northern migrant- continental interior or high 293 486 1.10
Arctic

Red phalarope REPH Phalarope Northern migrant- continental interior or high 2 2 <0.01
Arctic

Red-billed tropicbird RBTR Tropicbird sGulf/Caribbean 12 12 0.03

Red-footed booby RFBO Booby sGulf/Caribbean 11 11 0.02

Red-necked phalarope RNPH Phalarope Northern migrant- continental interior or high 10 16 0.04
Arctic

Red-throated loon RTLO Loon Northern migrant- continental interior or high 2 2 <0.01
Arctic

Ring-billed gull RBGU Gull Northern migrant- continental interior or high 8 9 0.02
Arctic

Roseate tern ROST Pelagic Tern sGulf/Caribbean 5 20 0.05

Royal tern ROYT Tern nGulf 1,104 1,869 4.24

Sandwich tern SATE Tern nGulf 372 1,445 3.28

Sooty tern SOTE Pelagic Tern sGulf/Caribbean 851 7,855 17.84

South Polar skua SPSK Jaeger/Skua Southern Atlantic 1 1 <0.01

White-tailed tropicbird WTTR Tropicbird sGulf/Caribbean 3 3 0.01

Wilson’s storm- petrel WISP Storm Petrel Southern Atlantic 27 34 0.08

Total 8,653 37,817 85.89%

*Species here includes all birds observed identified to species and entered in Program SEEBIRD (Vers. 4.3.7; Ballance and Force 2016). The original
SpeciesCode.txt file associated with Program SEEBIRD was modified to include Gulf seabirds, as well as specific UNID codes for Gulf species, including for non-
marine birds. A complete list of species observed, common and scientific names can be found in Appendix A. Species are listed in alphabetical order based on the
common name.

1 AOU Code: AOU = American Ornithologists Union. Each species is represented by a unique four-letter code. A list of the four-letter AOU codes provided in
alphabetical order can be found on The Institute for Bird Populations website; here.

2 Total % does not sum to 100%. This represents the proportion of all seabirds, including those not identified to species, represented by a given species. Not all
seabirds were identified to species, but 85.89% of the individuals observed were identified to species.
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Table 5.6b. Summary of number of detections for marine avifauna by season and BOEM planning area (Western, Central, Eastern) from seabird vessel
surveys as part of the GOMMAPPS, 2017 - 2019.

Seasons were defined as follows: spring (March-May), summer (June-August), fall (September- November), and winter (December-February). Scientific names for
all birds identified to species (UNID = unidentified to species) are included in Appendix A.

Species * # Spring Summer | Fall Winter | Eastern Central Western Outside of
Detections Planning | Planning | Planning BOEM planning
Area Area Area area
Audubon’s shearwater 517 175 235 103 4 258 117 102 40
Band-rumped storm-petrel 334 185 131 18 0 201 85 43 5
Black-capped petrel 29 5 21 3 0 22 6 1 0
Black tern 726 87 278 361 0 31 529 148 18
Bonaparte’s gull 383 75 0 0 8 75 8 0 0
Bridled tern 232 45 107 60 20 111 68 32 21
Brown booby 300 64 94 122 20 82 112 91 15
Brown noddy 117 3 108 6 0 11 3 0 103
Brown pelican 240 112 32 58 38 18 131 17 74
Caspian tern 6 1 1 1 3 (0] 4 2 0
Common loon 55 43 0 0 12 27 23 0 5
Common tern 176 54 8 114 0 109 38 17 12
Cory’s shearwater 81 0 36 45 0 11 39 30 1
Double-crested cormorant 33 6 4 7 16 1 8 0 24
Fea’s petrel 3 1 2 0 0 2 1 0 0
Forster's tern 23 0 4 19 0 4 9 1 9
Great Black-backed gull 3 2 0 0 1 (0] 2 0 1
Great shearwater 49 1 13 34 1 18 28 2 1
Gull-billed tern 2 0 1 1 0 0 0 2 0
Herring gull 856 163 5 19 669 145 341 357 13
Laughing gull 1,086 455 140 371 120 106 515 347 118
Leach’s storm-petrel 19 9 5 5 0 11 4 4 0
Least tern 10 6 3 1 0 1 6 1 2
Long-tailed jaeger 2 (0] 1 1 0 1 1 0 0
Magnificent frigatebird 478 92 120 263 3 154 223 72 29
Manx shearwater 4 (0] 0 0 4 (0] 0 4
Masked booby 124 21 40 63 0 25 27 71
Neotropic cormorant 1 0 0 1 0 0 1 0 0
Northern gannet 320 119 0 2 199 73 218 0 29
Parasitic jaeger 43 17 1 6 19 13 9 19 2
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Species * # Spring Summer | Fall Winter | Eastern Central Western Outside of
Detections Planning | Planning | Planning BOEM planning
Area Area Area area

Pomarime jaeger 293 80 20 5 188 72 67 154 0
Red-billed tropicbird 12 2 2 8 0 5 7 0 0
Red-footed booby 11 0 7 4 0 6 4 0 1
Red-necked phalarope 10 4 0 5 1 5 4 0 1
Red phalarope 2 2 0 0 0 2 0 0 0
Red-throated loon 2 2 0 0 0 (0] 1 0 1
Ring-billed gull 8 (0] 0 3 5 (0] 3 1 4
Roseate tern 5 0 4 1 0 1 0 0 4
Royal tern 1104 215 182 657 50 135 560 324 85
Sandwich tern 372 116 105 151 0 58 182 41 91
Sooty tern 851 256 521 64 10 522 111 49 169
South Polar skua 1 1 0 0 0 0 1 0 0
White-tailed tropicbird 3 (0] 3 0 0 2 1 0 0
Wilson'’s storm-petrel 27 9 16 2 0 9 14 4 0
Sooty/Bridled tern 16 (0] 16 0 0 11 0 0 5
Unid. booby 7 (0] 6 1 0 1 4 2 0
Unid. cormorant 1 0 0 1 0 0 0 1 0
Unid. gull 38 8 3 2 25 4 16 18 0
Unid. jaeger 33 10 2 8 13 10 11 11 1
Unid. large gull 17 0 1 2 14 6 9 1 1
Unid. large shearwater 4 (0] 0 0 4 (0] 4 0 0
Unid. Laridae 116 73 19 19 5 50 45 16 5
Unid. Onychoprion 59 4 a7 8 0 43 10 1 5
Unid. phalarope 3 1 1 0 1 1 2 0 0
Unid. Pterodroma 2 0 1 1 0 1 1 0 0
Unid. shearwater 18 0 5 11 2 4 7 5 2
Unid. small shearwater 3 (0] 0 0 3 (0] 1 2 0
Unid. storm-petrel 33 7 22 3 1 15 12 6 0
Unid. Sulidae 10 3 2 3 2 4 5 1 0
Unid. tern 329 123 44 153 9 161 109 46 13
Unid. tropichird 5 0 3 2 0 2 0 3 0
Total 9,347 - - - - - - - -

*Species here includes all birds observed identified to species, and unidentified (UNID) codes used in Program SEEBIRD (Vers. 4.3.7; Ballance and Force 2016).
The SpeciesCode.txt files associated with Program SEEBIRD was modified to include Gulf seabirds, and specific UNID codes for Gulf species, including for non-
marine birds. A complete list of species observed, common and scientific names can be found in Appendix A. Species are listed in alphabetical order based on the
common name.
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Table 5.6¢c. Summary of number of individuals for marine avifauna by seas
vessel surveys as part of the GOMMAPPS, 2017 - 2019.

on and BOEM planning area s (Western, Central, Eastern) from seabird

Seasons were defined as follows: spring (March-May), summer (June-August), fall (September- November), and winter (December-February). Scientific names for
all birds identified to species (UNID = unidentified to species) are included in Appendix A.

Species* # Spring Summer | Fall Winter Eastern Central Western | Outside of
Individuals Planning Planning Planning | BOEM
Area Area Area planning area
Audubon’s shearwater 1,766 1,040 493 225 8 1,046 286 178 256
Band-rumped storm-petrel| 512 280 205 27 0 321 124 62 5
Black-capped petrel 31 5 23 3 0 24 6 1 0
Black tern 12,109 379 2,345 9,385 0 105 8,943 2,606 455
Bonaparte’s gull 1,356 1,069 0 0 287 1,061 295 0 0
Bridled tern 489 87 281 91 30 226 197 41 25
Brown booby 355 68 129 138 20 84 125 100 46
Brown noddy 595 3 570 22 0 30 3 0 562
Brown pelican 814 280 98 365 71 33 354 132 295
Caspian tern 7 2 1 1 3 0 5 2 0
Common loon 67 50 0 0 17 29 24 0 14
Common tern 488 205 18 265 0 327 83 28 50
Cory's shearwater 117 0 53 64 0 13 62 41 1
Double-crested cormorant| 130 25 5 25 75 1 23 0 106
Fea’s petrel 3 1 2 0 0 2 1 0 0
Forster’s tern 86 0 4 82 0 7 15 11 53
Great Black-backed gull 3 2 0 0 1 0 2 0 1
Great shearwater 60 1 17 41 1 23 34 2 1
Gull-billed tern 2 0 1 1 0 0 0 2 0
Herring gull 1,636 423 5 28 1,180 298 531 775 32
Laughing gull 2,569 885 370 881 433 122 797 1,065 585
Leach’s storm-petrel 24 10 9 5 0 12 4 8 0
Least tern 18 14 3 1 0 1 12 1 4
Long-tailed jaeger 2 0 1 1 0 1 1 0 0
Magnificent frigatebird 940 147 256 534 3 260 380 251 49
Manx shearwater 4 0 0 0 4 0 0 4 0
Masked booby 136 21 41 74 0 26 27 82 1
Neotropic cormorant 2 0 0 2 0 0 2 0 0
Northern gannet 1,658 841 0 2 815 93 531 0 1,034
Parasitic jaeger 73 25 1 8 39 17 11 40 5




Species* # Spring Summer | Fall Winter Eastern Central Western Outside of
Individuals Planning Planning Planning | BOEM
Area Area Area planning area
Pomarine jaeger 486 117 30 5 334 111 79 296 0
Red-billed tropicbird 12 2 2 8 0 5 7 0 0
Red-footed booby 11 0 7 4 0 6 4 0 1
Red-necked phalarope 16 9 0 5 2 10 5 0 1
Red phalarope 2 2 0 0 0 2 0 0 0
Red-throated loon 2 2 0 0 0 0 1 0 1
Ring-billed gull 9 0 0 3 6 0 4 1 4
Roseate tern 20 0 19 1 0 1 0 0 19
Royal tern 1,869 312 297 1,200 60 224 832 666 147
Sandwich tern 1,445 574 254 617 0 139 601 66 639
Sooty tern 7,855 2,455 4,744 497 159 5,216 1,311 703 625
South Polar skua 1 1 0 0 0 0 1 0 0
White-tailed tropicbird 3 0 3 0 0 2 1 0 0
Wilson’s storm-petrel 34 9 23 2 0 11 16 7 0
Sooty/Bridled tern 44 0 44 0 0 34 0 0 10
Unid. booby 11 0 10 1 0 1 5 5 0
Unid. cormorant 40 0 0 40 0 0 0 40 0
Unid. gull 265 9 42 5 209 4 157 104 0
Unid. jaeger 43 11 2 8 22 11 11 20 1
Unid. large gull 33 0 1 18 14 6 9 17 1
Unid. large shearwater 4 0 0 0 4 0 4 0 0
Unid. Laridae 2,087 1,238 703 135 11 1,112 296 545 134
Unid. Onychoprion 443 9 362 72 0 283 112 20 28
Unid. phalarope 5 1 3 0 1 1 4 0 0
Unid. Pterodroma 2 0 1 1 0 1 1 0 0
Unid. shearwater 32 0 6 23 3 12 9 9 2
Unid. small shearwater 3 0 0 0 3 0 1 2 0
Unid. storm-petrel 40 10 25 4 1 20 13 7 0
Unid. Sulidae 18 3 4 9 2 9 8 1 0
Unid. tern 3,137 1,066 200 1,785 86 958 780 938 461
Unid. tropicbird 5 0 3 2 0 2 0 3 0
Total 44,029 -- -- -- -- -- -- -- --

*Species here includes all birds observed identified to species, as well as unidentified (UNID) codes used in Program SEEBIRD (Vers. 4.3.7; Ballance and Force
2016). The SpeciesCode.txt files associated with Program SEEBIRD was modified to include Gulf seabirds, as well as specific UNID codes for Gulf species,
including for non-marine birds. A complete list of species observed, common and scientific names can be found in Appendix A. Species are listed in alphabetical
order based on the common name.
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5.3 Species Accounts: Abundance, Distribution, and Predicted

Occurrence

For each species of seabird observed during GOMMAPPS surveys we begin wittsarbriefry othe
ecology of thespecies with an emphasis on breeding location, ramgediet as described in species
accounts from Birds of the World the International Ornithological Congress World Bird jsind the
inventory of Caribbean seabirds (Bradley and Norton 2009). We reference thesghdbsfor each
species as classified by the Global IUCN Red List Category, accessed fronfeBintirnationaP. For
each species we also provide the Continental Combined Score from $artRigght (PIF 2021, Panjabi
et al. 2021) and the designation from the Partners in Flight Continental Wstf¢h Eor the Continental
Combined Score higher values indichigher conservationoncernThecategoriegor designatiorirom
thewatchlist are:Red (highly vulnerable)Yellow-D (steep declines & major threats), Yelld®Rvrange
restricted), CBSD (common birds in steep decline). For species that apgharBirds of Conservation
Concern List (USFWS 2021) we note the designation, whether the spdigtdior concermvithin

Bird Conservation Region 37 (BCR 3&ulf Coastal Prairie), at the continental scale, or wiktarine
Bird ConservatioriRegion20 (MBCR 20- Gulf of Mexico). For specieghatbreed in the Caribbean, we
reference thir local status as defined by Bradley and Norton (2009).

tions, number of individuals,
PS, 2017 — 2019.

Table 5.7.  Summary of seabird taxonomic groups based on number of detec
and proportion of individuals from seabird vessel surveys as part of the GOMMAP

Proportion (%) of individuals is calculated as the number of individuals observed of a given species divided by the
total number of seabirds identified to species.

Seabird Group # Detections # Individuals | % Individuals
Tern 2,748 19,161 43.52
Pelagic tern 1,280 9,446 21.45
Gull 2,207 7,958 18.07
Shearwater 676 1,986 4.51
Gannet 320 1,658 3.77
Frigate 478 940 2.13
Pelican 240 814 1.85
Storm petrel 413 610 1.39
Jaeger/Skua 372 605 1.37
Booby 452 531 1.21
Cormorant 35 172 0.39
Loon 57 69 0.16
Gadfly petrel 34 36 0.08
Phalarope 15 23 0.05
Tropicbird 20 20 0.05
Total 9,347 44,029 --

7 See Birds of the World dtttps://birdsoftheworld.org/bow/home

8 InternationalOrnithological Congress World Bird ltis
https://www.worldbirdnames.org/new/classification/farviigex2/

9 See the Global IUCN Red List Category, accessed from BirdLife Internagibnal
https://datazone.birdlife.org/species/results?thrlevi=&thrlev2v&€&fam=0&gen=0&spc=&c
mn=&reg=0&cty=0&stsea=Yaccessed 15 March 2021

10 partners in Flight Continental Watch Libttps://partnersinflight.org/wjcontent/uploads/2017/03/SPE CHEF~
CONT-CONCERNfrom-pif-continentalplanfinal- spread?.pdf, accessed on 24 March 2021
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Each species account includes an overview of the relevant observationatiading but not limitedo
numberof detectionsnumberof individuals,flock size(referto Figure 5.5; frequency distributions of
flock size for all species with a maximum flock size of at least 15)biadsl abundancanddistribution
amongplanningareas andeasonsA mapof all observedietections is included for each species and
gualitative descriptions of areas used within@wf are provided. For all species that met our modeling
threshold (20 detections), we review resultem predictive models for occurrence and habitat
suitability (refer toSection 4.4). These overviews include identification and discussion ofritiflle
predictor variables (Section 5.4 below) andapdetailingpredictedoccurrencedi.e., habitasuitability)
basednmodelresults (Appendix D). For all species that met our modeling threskidddetections),

we also calculated the proportion of suitable habitat (from MaxEr#. \3e4.2; Phillips et al. 2006) that
occurs within 10 km of an oil platform as esample of macrgcale exposure to the risk from oil and gas
activities (Table 5.11; refer also to Section 4.6) and provide a map to depreiationship (Appendix

D.).

Table 5.8. Summary of number of individuals for respective seabird taxonomic groups by season and
BOEM planning area (Western, Central, Eastern) from seabird vessel surveys as part of the GOMMAPPS,
2017 — 2019.

Seasons were defined as follows: spring (March- May), summer (June-August), fall (September-November), and
winter (December-February).

Seabird Group * | Spring Summer | Fall Winter Easte_rn Centrgl Weste_rn
Planning | Planning | Planning
Area Area Area
Booby 92 191 226 22 126 169 188
Cormorant 25 5 67 75 1 25 40
Frigatebird 147 256 534 3 260 380 251
Gadfly petrel 6 26 4 0 27 8 1
Gannet 841 0 2 815 93 531 0
Gull 3,626 1,121 1,070 2,141 2,603 2,091 2,507
Jaeger/Skua 154 34 22 395 140 103 356
Loon 52 0 0 17 29 25 0
Pelagic tern 2,554 6,020 683 189 5,790 1,623 764
Pelican 280 98 365 71 33 354 132
Phalarope 12 3 5 3 13 9 0
Shearwater 1,041 569 353 23 1,094 396 236
Storm-petrel 309 262 38 1 364 157 84
Tern 2,552 3,123 13,337 149 1,761 11,271 4,320
Tropicbird 2 8 10 0 9 8 3
Total 11,693 11,716 16,716 3,904 12,343 17,150 8,882

* Seabird Group: seabird groups used here are the same asin Table 5.7.
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Table 5.9. Summary of number and proportion of individuals (%) for all seabirds i dentified to species assigned to a breeding region, by sea son, and
by BOEM planning area (Western, Central, Eastern) from seabird vessel surveys as part of the GOMMAPPS, 2017 — 2019.

Seasons were defined as follows: spring (March-May), summer (June-August), fall (September-November), and winter (December-February).

Breeding Region Species 11 #Individuals | % % Spring % Summer | % Fall % Winter % WPA % CPA % EPA
Individuals

Northern migrant- 12 16,246 43.0 24.5 22.5 65.8 52.8 51.9 62.9 194

continental interior or

high Arctic

southern Gulf or 12 12,213 32.3 41.0 65.0 11.4 6.2 19.1 15.6 70.8

Caribbean

northern Gulf 10 6,942 18.4 22.3 9.7 21.8 18.0 27.3 16.6 5.2

Northern migrant- 4 1,689 4.5 9.1 0.1 0.0 22.9 0.2 3.4 1.0

Atlantic coast

Eastern Atlantic 3 632 1.7 3.0 2.4 0.6 0.0 14 1.2 3.3

Southern Atlantic 3 95 0.3 0.1 0.4 0.3 0.0 0.1 0.3 0.3

Total 44 37,817 - - - - - - - -

1Species: the number of unique seabird species from a given breeding region.
2% Individuals: the proportion (%) of individuals from a given breeding region relative to all seabirds identified to species. All other proportions (%) are based on the
total number of individuals from a given breeding region.
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Each species account (Section 5.4 below) concludes with a reference tonakeusti#or distributiom
the Gulf asnotedin previoussurveysor summariegTable5.10; referalsoto Appendix D), and a brief
conclusion thaincludes ecological and/or conservation cont8peciesarepresentedh taxonomicorder
following thecurrentclassificationof the International Ornithological Congreds
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Figure 5.4. Histograms of seabird species richness ( top figure ) and species diversity ( bottom

figure ) for GOMMAPPS seabird vessel surveys (2017 - 2019).

Top figure: the x-axis represents species richness scaled from 0 to 35 species and the y-axis represents each of the

three BOEM planning areas (Western, Central, and Eastern) by season (spring = March-May, summer = June-

August, fall = September-November, winter =December-February). Bottom figure: the x-axis represents species

diversity (Shannon-: LHQHU GLYHUVLW\ LQGH][ +— Y DO X H-axi keprésdr® dadiRdPthetirBe DQG WKH \
BOEM planning areas (Western, Central, and Eastern) by season (spring = March-May, summer = June-August, fall

= September-November, winter =December-February). Species richness tended to reflect a spatial pattern (Central >

Eastern > Western) with lowest species richness in winter. Species diversity tended to be relatively similar across the

three Planning Areas but tended to follow a seasonal pattern (Spring > Summer > Fall > Winter). Please refer to text

for more details.

5.3.1 Overview of Predictor Variables

Beforereviewing thedatafor eachspeciesye provide abrief overviewof the ninepredictor variables
used in our modeling efforts. The purpose of this overview is to preecidegical context associated

1 International Ornithological Congredstps://www.worldbirdnames.org/newAccessed 28 March 2021
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with each predictor variable, to aid in ease of interpretation, alutegotential redundancies across the
individual species accounts (Section 5.3.2 below). We also refer the te&gxtion 2.1 which provides
an overview of the physical oceanographic features for each of the BOEMngiameas.

To predicthabitatsuitability (Thuiller and Miinkemdaller 2010)ye assessedinevariables:eight dynamic,
oceanographic variables and one static, bathymetric variable that arasgtssed when modeling
habitat use of seabirds (Table 4.2). Before reviewing the outpeabébr species for which habitat
suitability was modeled, we briefly review each of the habitat variablepranitie oceanographic and
ecologicalcontextfor interpretingtheir appearancia habitat models. Details on data sources antd whi
measure appear in Section 4.3.

Chlorophyll-ais indicative of biological productivity, which we aggregated to a monthhgsca
Specifically, chlorophyHais considered a reasonable index to the density of phytoplankton, which forms
the base of a food web that subsequently includes zooplankton and largesrpregetasfish, marine
mammalsandseabird{Péronetal. 2010,Suryanetal. 2012).While low to moderate values of
chlorophyll-acan occupy a broad spatial footprint within elf, high valuesrespatiallyrestrictedo
coastabreasandextremevaluesto afew coastalocations along the north coast of taelf (e.g.,
Apalachee Bay, Mississippi River Delta; Figure 5.6a). Within tropicakabdropical systems seabird
occurrence can be associated with areas of high productivity (Ba#aatel997, Jaquemet et al. 2005),
but also may be associated with areewer productivityif other environmentaittributes(e.g., currents
and winds) concentrate prey or otherwise reduce overall energeticRaltance et al. 1997, Pinet et al.
2011).

Seasurface salinity (SSS) describes the salt concentration in seawatadeadiis the relative
contribution of freshwater, such as riveroff, to the marine environment. This balance between ‘fresh’
and ‘salt’ water can influence the distributionflofa (e.g.,Sargassumand fauna that in turn, can
influence habitat use by seabirds. Within @df, salinity is lower near the coast, with the lowest values
near freshwater input(s): Mississippi River Delta, Atchafalaya RivaaPehd at the mouth Mobile

Bay (Figure 5.6b). The salinity of the shelf, slope, and pelagic environmealatigely high within the
Gulf. Salinity in combination with other environmental variables (e.g., $& pften indicate water

mass boundaries that can attract sealpiagtscularlyin tropicalandsubtropicabystemgRibic etal.
1997)anddifferentspecies mapeassociatedvith low, intermediateor high levelsof salinity (e.g.,Ribic
andAinley 1997, Vilchis et al. 2006, Spear et al. 2001).

Seasurface height (SSH) is the relative elevation of the ocean at a giverigaireference height at the
ocean surface (mean geoid). Globally influenced by the Earth’s rotagasgrs and lunar-cycle, daily
mesoscale variation in searface heighis the product of currents, bathymetry, and unique water masses.
These water masses indicate different dynamic ocean features and processes suchaspdaitings
which can aggregate prey and subsequently marine predators (Hyrenba20@)alHidh seasurface
height indicates convergence and warm, nutnrr water, potentially within a wargore eddy, such as
‘inside’ the Loop Current Gyre (Figure 5.6c). Low seaface height reflects divergence, the upwelling
of cool, nutrientrich waters,and possibly coldoreeddiesWithin theGulf, seasurfaceheight tendso be
lowest near the shelf-slope; water depths 200 m — 2,000 m. Both eddies and fraggregate seabird
prey. Within theGulf, intermediate values of SSH are broadly distributed ipétegicwatersandalong
asharpboundaryassociateavith the Loop Current(Figure5.6¢).In theWPA, SSHmaybeindicative of
upwellingareasandeddieghatoccurthere(referto Section 2.1). Seabirds may respond to low, high, or
intermediate values of SSH, but the response can vary even within a ¢jgedi@®tal. 2014, Poli et al.
2017).
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Table 5.10. Number of seabird species observed and identified to species from seabird vessel s urveys as part of the GOMMAPPS and six historical
seabird studies in the northern Gulf.

A “+" indicates a species was detected/observed/recorded and identified to species, a “-” indicates a species was not detected/observed/recorded, and year
ranges indicate the specific year(s) that observations were made for a given study. Species that were common across all seven seabird studies (n = 13) are
identified in bold italics.

Species Fritts and Fritts et al. Ribic et al. GulfCet | GulfCet Il NRDA GOMMAPPS
Reynolds 1980-1981 1992-1993 1992-1994 1996-1997 2010-2011 2017-2019
1979

American white pelican - + - - - + -
Arctic tern - - - - + R N
Audubon’s shearwater + + + + + + +
Band-rumped storm- petrel - - + + + + +
Black skimmer - + - + - - -
Black tern + + + + + + +
Black-capped petrel - + - - - + +
Black-legged kittiwake - + - - - - -
Bonaparte’s gull - + + + - + +
Bridled tern + + + + + ¥ ¥
Brown booby + + - - - T +
Brown noddy - + + + + T +
Brown pelican + + - + - T +
Caspian tern - - + +
Common loon + + - - - + +
Common tern - + + + + + +
Cory’s shearwater + + + + + + +
Double-crested cormorant - + - - - + +
Fea’s petrel - - - - - B +
Forster's tern - - - - + +
Franklin's gull - + - - + -
Great black-backed gull - + - - - +

Great shearwater - + - - + + +
Gull-billed tern - + - - +

Herring gull + + + + +

Laughing gull + + + + + + +
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Species Fritts and Fritts et al. Ribic et al. GulfCet | GulfCet Il NRDA GOMMAPPS
Reynolds 1980-1981 1992-1993 1992-1994 1996-1997 2010-2011 2017-2019
1979

Leach’s storm-petrel - - - + + +
Least tern + + + + + +
Long-tailed jaeger - - - - + T "
Magnificent frigatebird + + + + + + +
Manx shearwater - - - - + - +
Masked booby + + + + + + +
Neotropic cormorant - - - - - T +
Northern gannet + + + + + + +
Parasitic jaeger - - - + + + +
Pomarine jaeger - - + + + + +
Red-billed tropicbird - - - + + T +
Red-footed booby - - - - - B +
Red-necked phalarope - - - - - + +
Red phalarope - - - + - + +
Red-throated loon - - - - - - +
Ring-billed gull - + + + +
Roseate tern - - - - - + +
Royal tern + + + + + + ¥
Sandwich tern + + + + + + ¥
Sooty Shearwater - - - - + T _
Sooty tern + + + + + + +
South Polar skua - - - - - + +
White-tailed tropicbird - + + + + +
Wilson’s storm-petrel - - - + + + +
Total 16 30 19 30 27 43 44
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Seasurface temperature (SST) describes the thermal conditions at therfeez which can indicate
watermassboundaries and influence thestributionandabundance girey(e.g.,Ribic et al. 1997).

Within the Gulf, seasurface temperatuie lower onshore and increases relatively rapidiweerthe
200-m - 2,000-nisobathsthenincreasesnoregraduallywithin the pelagic environmer{figure5.6d).
Thewatersoccurwithin theinterior of the Loop Current.In mid- and highetatitude systems, seabirds are
often associated with cooler SSTs that also tend to be more productiverifsed et al. 2007). In
tropical orsubtropical systems, seabirds may differ in their response to SSTs dependiag, bn their
foraging mode or other environmental characteristics that may servedentate prey (Jacquemet et al.
2004, Spear et al. 2001, Weeks et al. 2013, Precheur et al. 2016, Lamb et al. 2020Db).

In combination, seaurface salinity, seaurface height, and searface temperature, as well as
chlorophyll-a,canbeusedto identify uniquewatermassegRibic etal. 1997 ,Spearetal. 2001). Different
watermasses can provide favorable foraging habitats for different species teeautiquechemical
componentsindbiologicalcommunitiesvithin awatermassaswell asunique attributes of the foraging
ecology and energetic constraints of a given seabird species.

Surface current is the directional flow or movement of surface wategirees-180, 180), interpreteas
cardinaldirections;north (-46°to 45°),east(46°to 75°), south (-768 75°),west (75°to -45°)(Figure
5.6e).Surfacecurrentdirectionis derivedfrom eastwardu) andnorthward(v) surface current vectors;
described below. Surface current direction does not have a lsaegradientof increasingor
decreasindgrom onshoreo offshore butratheris highly variable.Difficult to interpretonits own,surface
currentdirectioncanprovidevaluable insight ospatial andlynamicassociationsf seabirdsvhen
interpretedvith anothercovariateproviding a spatial context. For example, an associationpuiittarily
south-eastward current direction, which is highest in the pelagic watdis BPA, and with low levels of
chlorophyll-aare indictive of pelagic habitats of the EPA (Jodice et al. 2021b).

Surface current velocity (m/s) vectdeastwardyf) and northwardy); Figure 5.6fthrough Figure 5.69)
indicate thecurrentstrengthin thatdirection. Theabsolutecurrentspeed Figure5.6h)is derived from
eastward and northward vectors. These covariates associasmaitiscale physical processes
(Schwemmer et al. 2009). As with current direction, the additional conitether importantovariates
andthespatialdistributionof observationsvould aidtheinterpretatiorof a relationship to eastward,
northward, or absolute surface current velocity. These covariates wetmngtysassociatedavith the
potential occurrence olfie speciesvaluatedThe Euleriardata collection and the broad spatial scale of
our analysis may have prevented or constraine@loility to identify strong associations with velocity
vectors and direction (Schwemmer et24l09).

Bathymetry, the only static covariate we included, defines marine dobwsed on their depth.
Bathymetryis stronglyassociateavith watercirculationandverticalmixing, which subsequently
influences the distribution and abundance of prey (Yen et al. 2004, Kappes et al. 201t )tha/Gulf
waterdepths” m arestronglyinfluencedby freshwatemith ashallowslopeto the seabed. Waters
between 200 m and 2,000 m (i.e., the shielpe) are characterized by a steep slope and by highly
dynamic currents interacting with the slope. In the pelagic domaiersva?,000 m), eddies and jets play
important roles in shaping the distribution andradance of faun&hebroadest shelf areas ocdnrthe
EPA (FloridaShelf)and the northwest amrtheast corners of the CPA and WPA, respectively
(Louisiana-Texas Shelf), while deep pelagic waters ogocorarily in the southerextentof theCPA and
the westerrextentof the EPA (Figure2.1). Refer to Section 2.1 for a broad overview regarding the
oceanographic features (including bathymetry) for the three BOEM plannig are

The relative contribution of each predictor variable for each speciearappdlable 5.12. To ease
comparison®f therelationshipbetweerthesepredictorvariablesandpredictedoccurrence (i.e., habitat
suitability), weprovide plots (i.e., results from Maxent models) for any relatipnshiere theredictor
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variablessumto contribute « to thefinal modelfor anyspecieqFigures 5.7a - 5.7f). These plots are
grouped by predictor variables (e.g., SSS grouped together for all specieso8fétigogether for all
species).
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Figure 5.5. Histograms of flock sizes by species for seabird vessel surveys as part of the

GOMMAPPS, 2017 — 2019.

The top panel UHSUHVHQWY WKRVH VHDELUG VSHFLHV ZthgktterEpdheltépresentORFN VL]IHYV -
those species with observed flock sizes between 15 and 79 birds. For all species in both panels, the x-axis

represents flock size, and the y-axis represents number of detections. In general, for all species there was a dramatic

drop-off in number of detections of large flock sizes at the upper end of observed flock sizes by species. A list of the

four-letter AOU codes can be found on the Institute for Bird Populations website. Please refer to text for more details.
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Table 5.11. Characterization of species -specific overlap with oil and gas platforms for the western and central BOEM planning areas, individually and
combined.

See Appendix A for definitions of species four-letter American Ornithologists Union (AOU) codes. NOTE: the eastern planning area is excluded due to the general
absence of offshore O&G development on the Outer Continental Shelf (OCS) in this planning area.

Species WPA WPA WPA CPA CPA CPA Combined Combined Combine
Top 1/3 % Top 1/3 Rank’ | Top 1/3 suitable | % Top 1/3 Rank | Top 1/3 % Top 1/3 habitat | d
suitable habitat within 10 habitat (km?) habitat within suitable habitat | within 10 km of Rank
habite;t km of platform 10 km sz (km?) platform
(km?) platform

AUSH?2 38,778.1 4.9 16 40,761.2 12.5 18 79,539.3 0.1 20

BCPE? 5,773.7 27.1 9 22,240.8 9.0 21 28,014.5 0.1 17

BLTE? 8,913.7 32.2 7 22,898.7 71.2 4 31,8125 0.6 8

BOGU? 48.3 0.0 21 360.9 6.1 23 409.2 0.1 22

BRBO? 62,854.6 15.7 12 11,3245.2 30.6 12 176,099.8 0.3 12

BRNO? 0.0 - - 0.0 - - 0.0 0.0 24

BRPE? 5,892.5 59.2 2 35,236.0 79.9 2 4,1128.5 0.8 2

BRTE? 29,377.0 16.8 11 61,656.8 28.5 14 91,033.7 0.2 13

BSTP? 21,562.5 4.3 17 32,512.6 12.2 19 5,4075.1 0.1 19

COoLO? 0.0 - - 2,076.8 66.3 8 2,076.8 0.7 5

COSH? 27,625.0 13.1 13 49,545.7 30.4 13 77,170.7 0.2 14

COTE? 1,807.5 56.7 4 12,356.1 67.8 7 14,163.6 0.7 4

GRSH? 3,540.9 25.5 10 38,168.5 47.1 10 41,709.4 0.5 10

HERG? 38,187.1 12.6 14 47,624.7 44.2 11 85,811.8 0.3 11

LAGU? 23,279.2 30.7 8 32,747.8 69.1 6 56,026.9 0.5 9

MABO? 60,568.0 12.0 15 68,124.3 19.5 16 128,692.3 0.2 15

MAFR? 7,916.8 53.9 5 45,058.7 63.9 9 52,975.5 0.6 7

NOGA? 11.5 100.0 1 21,825.5 83.3 1 21,837.1 0.8 1

PAJA2 30,746.1 3.6 19 46,368.1 22.9 15 77,114.2 0.2 16

POJA? 54,199.4 3.8 18 68,566.8 9.8 20 122,766.2 0.1 21

ROYT® 14,364.4 41.7 6 39,073.7 71.1 5 53,438.1 0.6 6

SATE? 3,914.6 57.1 3 22,795.7 73.2 3 26,710.3 0.7 3

SOTE? 5,701.4 0.0 22 3,926.1 6.3 22 9,627.5 0.0 23

wWISpa 12,2215 25 20 53,209.6 14.5 17 65,431.1 0.1 18
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1 Top third suitable habitat (km?): represents the area of the upper one-third of suitable habitat for a given species with a given area based on combination of
individual MaxEnt (Phillips et al. 2006) models for 24 seabird species. Refer to section 4.4 for additional details; refer also to Michael et al. (2022).

2 Percent (%) top third habitat within 10 km of a platform: represents the proportion of the upper one-third of suitable habitat within 10 km of an oil platform within a
given area based on combination of individual MaxEnt (Phillips et al. 2006) models for 24 seabird species. Refer to section 4.4 for additional details; refer also to
Michael et al. (2022).

3 Rank: represents the relative order by species from the highest (lowest value) to lowest (largest value) proportional values of the upper one-third of suitable
habitat within 10 km of an oil platform.

a See Table 5.6a for the four-letter American Ornithologists Union (AOU) codes used to identify seabird species in this Table. Michael et al. (2022) developed an oil
spill vulnerability index for seabirds in the northern Guilf.
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5.4 Individual Species Accounts

Species identified here witim underline only did not meet or exceed the minimum detection threshold (
> 20 detections) for modeling whereas species identified withitadits andunderlinedmet this

threshold for modeling. Refer to Section 5.3 for additional details. For edlobspieciedelow,in text
wereferto bothrelevantTablesand Figuresaswell asAppendix D and the associated Figure number and
letter parenthetically. Appendix D contains spatial distribution mapsabfrsiedetections (A), predicted
occurrencéB) (i.e., habitat suitability; © 1) from MaxEnt (Vers. 3.4.2; Phillips et al. 2006) and overlap
of highly suitable habitat with O&@latforms(C) from seabirdsessekurveydatacollected apartof the
GOMMAPPSfor all 24 speciesf seabirdghat mettheminimum detectiorthreshold (Section 4.3fror

those species that did not meet the minimum detection threshold oty disdribution maps of seabird
detections are included. For ease of interpretation, speci@gpbelow are presented in alphabetical
order by common name.

5.4.1 Audubon’s shearwater

The Audubon’s shearwater is a wipgepelled, pursuitliving shearwater. Within the western north
Atlantic, this species breeds throughout the Caribbean and Bahamas,tesiivexcolonies on Cay Sal
Bank, the closest known breeding sites toGldf. The breeding schedule is somewhat variable
throughout the Caribbean, though breeding is typically initiated in Jarudeych. Globally the species
is considered of least concern. The species has a PIF score of 14 and a waadisifisation of Yelbw-
D (steep declines and major threats). The Caribbean subspecies is endemic torrenckis listed as a
Caribbean atisk species (Bradley and Norton 2009:chapt. 1). Audubon’s shearwater is $istégird of
Conservation Concern (USFWS 2021) at theioental level and occurs throughout much of the year
within the northernGulf (MBCR 20) althought does nobreedin this MBCR. Theirdietis comprised
primarily of small fish and squid although data are limited. The species oftere$ovagr patches of
Sargassunbut also will practice facilitated foraging.

We tallied 517 detections of 1,766 individuals (Table S6augh Table). Group size ranged from 1 -
180 with amedianof 3.4 birds, and Audubon&hearwateaccountedor 4.7% ofthetotal numberof
identified seabirds observed (Figure 5.%aple5.6a through Table c¢). Auduborskearwatersvere
observedn each of the three planning areas (Table 5.11, Appendix D; 1a). Most oloser et
Audubon’s shearwater occurred in summer and sprnirg988 in March) while winter observations (i.e.,
initiation of breedingseasonyvererare(althoughsurveyeffort waslow in winter) (Table 5.6a@hrough
Tableb).
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Figure 5.6a.  Map of chlorophyll -a (mg/m?3) in the Gulf of America .

Chlorophyll-a is represented in various shades of green with areas in dark green indicative of higher chlorophyll-a,
and thus, greater potential primary productivity. The three BOEM planning areas (Western, Central, and Eastern) are
identified with thick white lines, 200-m isobath is identified as black dotted line and the 2000-m isobath is identified as
black dashed line, overlain on a map of the U.S. Gulf coastline of Texas, Louisiana, Mississippi, Alabama, and
Florida. In general, chlorophyll-a tended to be highest close to the coastline but extended seaward approximately to
the 200-m isobath off Louisiana, Mississippi, and Alabama coasts. See text for more details.
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Figure 5.6b. Map of sea -surface salinity (SSS; indicative of water mass) in the Gulf of America .

Sea-surface salinity is represented in shades of dark blue (high SSS), light green (moderate SSS), and yellow (low
SSS). The three BOEM planning areas (Western, Central, and Eastern) are identified with thick white lines, 200-m
isobath is identified as white dotted line and the 2000-m isobath is identified as white dashed line, overlain on a map
of the U.S. Gulf coastline of Texas, Louisiana, Mississippi, Alabama, and Florida. In general, SSS tended to be lowest
(a function of large freshwater inputs) close to the coastlines for Texas, Louisiana, Mississippi, and Alabama and near
outflows of major rivers along the Florida coast. See text for more details.
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Figure 5.6c¢. Map of sea -surface height (SSH in meters) in the Gulf of  America .

Sea-surface height is represented in shades of light green (high SSH), light blue (moderate SSH), and dark blue (low
SSH). The three BOEM planning areas (Western, Central, and Eastern) are identified with thick white lines, 200-m
isobath is identified as white dotted line and the 2000-m isobath is identified as white dashed line, overlain on a map
of the U.S. Gulf coastline of Texas, Louisiana, Mississippi, Alabama, and Florida. In general, SSH tended to be
highest in the southeastern Gulf (via the Florida Straits) extending into the Central and Eastern Planning Area
boundary near the intersection with the Exclusive Economic Zone (EEZ), light blue extensions into the Central
Planning Area, and areas to the south and west beyond the southern boundary of the EEZ. Please refer to text for
more details.

140



& 4| oeor
i o High - 240003
| == 0w 19205

PEAL
S

Figure 5.6d. Map of sea -surface temperature (SST; °C) in the Gulf of America.

Sea-surface temperature is represented in shades of dark orange (high SST), light yellow (moderate SST), and blue
(low SST). The three BOEM planning areas (Western, Central, and Eastern) are identified with thick white lines, 200-
m isobath is identified as black dotted line and the 2000-m isobath is identified as black dashed line, overlain on a
map of the U.S. Gulf coastline of Texas, Louisiana, Mississippi, Alabama, and Florida. In general, SST tended to be
highest in the southeastern Gulf (via the Florida Straits) and to the south and west beyond the southern boundary of
the EEZ. See text for more details.
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Figure 5.6e. Map of sea -surface currents (in degrees) in the Gulf of  America.

Sea-surface current flow is provided as colored arrows indicative of current direct at a given point. Blue arrow = North
(NE or NW), orange arrow = South (SE or SW), green arrow = East (NE or SE), and purple arrow = West (NW or
SW). The three BOEM planning areas (Western, Central, and Eastern) are identified with thick white lines overlain on
a map of the U.S. Gulf coastline of Texas, Louisiana, Mississippi, Alabama, and Florida. Though there was spatial
variation in current direction within and among the three BOEM planning areas, in general, the Western planning area
is dominated by westerly currents (purple arrows), the Eastern planning area is dominated by easterly currents (green
arrows), and the Central planning area is best described as mixed current flows. Please refer to text for more details.
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Figure 5.6f. Map of eastward surface current velocity (m/s) in the Gulf of America .

Eastward surface velocity is represented in shades of dark green (high velocity), light yellow (moderate velocity), and
purple (low velocity). The three BOEM planning areas (Western, Central, and Eastern) are identified with thick white
lines, 200-m isobath is identified as black dotted line and the 2000-m isobath is identified as black dashed line,
overlain on a map of the U.S. Gulf coastline of Texas, Louisiana, Mississippi, Alabama, and Florida. In general,
eastward surface velocity tended to be highest (green) in the southeastern Gulf (via the Florida Straits) with a
bifurcation extending north and westward roughly between the 200-m and 2000-m isobaths into the Western planning
area, as well west along the southern boundary of the EEZ. See text for more details.
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Figure 5.6g.  Map of northward surface current velocity (m/s) in the Gulf of America .

Northward surface velocity is represented in shades of dark green (high velocity), light yellow (moderate velocity),
and purple (low velocity). The three BOEM planning areas (Western, Central, and Eastern) are identified with thick
white lines, 200-m isobath is identified as black dotted line and the 2000-m isobath is identified as black dashed line,
overlain on a map of the U.S. Gulf coastline of Texas, Louisiana, Mississippi, Alabama, and Florida. In general,
northward surface velocity tended to be highest (green) via influx of Caribbean waters between the east side of the
Yucatan Peninsula and western tip of Cuba extending into the southeastern quadrant of the Central planning area, as
an outflow from the Gulf through the Florida Straits, and far southwest corner of the Western planning area between
the 200-m and 200-m isobaths (and extending further south). See text for more details.
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Figure 5.6h.  Map of absolute surface current velocity (m/s) in the Gulf of America .

Absolute surface current velocity is represented in shades of dark green (high velocity), light yellow (moderate
velocity), and purple (low velocity). The three BOEM planning areas (Western, Central, and Eastern) are identified
with thick white lines, 200-m isobath is identified as white dotted line and the 2000-m isobath is identified as white
dashed line, overlain on a map of the U.S. Gulf coastline of Texas, Louisiana, Mississippi, Alabama, and Florida.
Here, absolute surface velocity was highest indicative of a northerly loop into the Eastern and Central planning areas
via water movements between the east side of the Yucatan Peninsula and western tip of Cuba and down through the
Florida Straits, as well as far southwest corner of the Western planning area between the 200-m and 200-m isobaths
(and extending further south). See text for more details.

Most observations of Audubon’s shearwaters occurred in the eastern n@ttieeast of De Soto
Canyon and over the Florida Escarpment (Appendix D; 1a). We also observed aotlobksarvations
within the TXLA Shelf east of Corpus Christi and near the western edge of the Florida Kesys. Th
species was observed, however, over rabttlie eastvest and norttsouth footprinbf thesurveyarea
exceptfor theTX-LA Shelf. The predictive modegeneratedn AUC value of 0.917 for the training data
set and 0.897 for the testing data set indicating very good to excellentpeddemance. The occurrence
records on which the model was trained matched model projections well.pheglicted as likely to
contain suitable habitat for Audubon’s shearwaters (Appendix D; 1b) includedswa) over the Florida
Escarpment and along the neghuth length of thelbrida peninsula, an area that can experience
substantial upwelling, (2) with a narrow easivest band paralleling much of theXasand Louisiana
continental slope, and (3) within the Straits of Florida. This lates & proximate to breeding colonies at
Cay Sal Bank. Areas of lower habitat suitability wpredicted to include pelagic waters in the CPA
which are likely associated with oligotrophic waters of the iatdroop Current.

Habitat suitability for Audubon’s shearwaters was best predicted Hya88 bathymetry, although
neitherwas aparticularlystrongpredictor(% contribution~24% foreach;Table5.12). Habitasuitability
declinedasdepthincreasede.g.,avoidanceof deepoligotrophicwatersin the south CPAand peaked at
mid-ranges of SSH, the lattsuggesting an association with edges/afer masses that concentrate prey
such as the eastern edge of the Loop Current and dynamic waters in the iveéntkibe 200n and
2,000m isobath (Figure 5.7through Figure 54). Habitat suitability in the western north Atlantic for
Audubon’s shearwaters tagged in the Bahamas was higher fobisrattandwarmerwaters(Ramoset

al. 2021). Among auiteof smallshearwaterdfRamos et al. (2021) found substantial variability in
environmental variables that best predicted habitat suitabilijgesting that shearwaters can adapt their
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plastic foraging behavior to different environmental conditions.

Among species for which we modeled habitat suitabitity £4), Audubon’s shearwater ranked 20th in
terms of amount of suitable habitat in the WPA and CPA within 10 km of aratfibph (9%;Table

5.11, Appendix D; 1c). Withithe WPA ~5% of highly suitablehabitat wagproximal to a platform and
within the CPA ~12% was proximal to a platform (Appendix D; 1c).

Our data suggest that Audubohesirwater@ccur regularly throughout much of therthernGulf
particularly in the spring and summer, likely representing-pastding individuals based on the breeding
phenology of the species in the Caribbean. Previous seabird surveys in lileentautf also reportethe
speciesegularly(Table5.10).Theorigin of Audubon’sshearwaterg the northernGulf is not clear.
Shearwaters tracked from breeding colonies in the northern Bahantéisjgva, and Tobago did not
enterGulf waters during breedinor nonbreeding (Ramos et al. 2021, Mackin, pers. comm., Durham,
North Carolind. One recovered global location sensor deployed on a breeding shear@aty Szt

Bank did, however, demonstrated regular and kemign use of5ulf waters during two consecutive
nonbreeding periods (late summer and fall;Meckin, pers. comm., Durhamokth Carolind. Of
documented breeding sites for this species, Cay Sal Bank (~5,000 pairs) Etaaki2015) is the closest
to theGuilf.

Band -rumped storm -petrel

Thebandrumped storrpetrel is a small, surfadeeding seabird that often hugs the surface of the water.
Bandrumped stornpetrels breed in the eastern north Atlantic in Macronesia (as well aadifie P

Ocean) during winter and occur in the western nottamic, including theSulf during its nonbreeding
season (Woolfenden et al. 2001). The species is considered of least gpoloaltpwith aPIF scoreof

17 and avatchlist classificationof Red(highly vulnerable). Band-rumped stonpedtrel is listed aa Bird

of Conservation Concern at the continental level and occurs within the ndghié(MBCR 20)

primarily during its nonbreeding season (USFWS 2021). The diet is comprisetily of small fish and
zooplankton and foraging can be nocturnal (Lee 1984). Storm-petrels often occxedspecies

foraging flocks and forage nocturnally on myctophids, fish with particularly dngingy density that are
typically concentrated by current features.
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Table 5.12. Percent contribution for each of  nine predictor variables to final predictive models of species occurrence for 24 species of seabirds in the
Gulf (seabird vessel survey data -only), 2017 — 2019.

Predictor variables are: bathymetry, chlorophyll-a, current direction, absolute current strength, sea-surface height, sea-surface salinity, sea-surface temperature,
surface current velocity: eastward, and surface current velocity: northward (MaxEnt; Phillips et al. 2006). See Sections 4.3 and 4.4 for detailed description of the
modeling approach and predictor variables (see also Table 4.2).

Species Bathymetry | Chlorophyll -a| Current Current Sea-surface | Sea- Sea-surface | Velocity: Velocity:
Direction Strength Height surface Temperature | eastward northward
(absolute) Salinity (u) (V)
Audubon’s shearwater? 23.7 9.5 12.0 0.8 24.4 15.8 7.6 3.3 29
Band-rumped storm- petrel* | 26.6 10.8 14.5 1.4 19.0 25.7 0.2 0.0 1.9
Black tern? 13.5 45.4 0.8 15 0.9 36.3 1.2 0.0 0.4
Black-capped petrela? 131 14.4 59.4 0.4 41 0.7 7.3 0.1 0.5
Bonaparte’s gull® 9.4 54.6 1.7 3.0 13.3 9.7 8.3 0.0 0.0
Bridled tern? 26.9 10.0 26.9 0.9 23.1 7.0 1.1 1.7 2.3
Brown booby? 10.6 8.5 4.2 1.4 13.1 38.7 21.2 0.1 2.2
Brown noddy? 15.3 7.5 2.3 2.5 48.5 0.0 21.4 0.8 1.6
Brown pelican? 10.0 39.1 1.2 1.9 5.3 40.7 0.2 1.3 0.3
Common loon? 6.9 49.7 7.2 1.3 9.6 7.5 17.7 0.0 0.0
Common tern? 22.2 1.7 7.4 2.8 7.0 134 42.2 3.4 0.0
Cory’s shearwater? 22.4 1.1 1.2 0.2 12.0 56.0 4.2 0.0 2.9
Great shearwater? 6.7 31.6 12.0 0.1 4.4 44.6 0.1 0.4 0.1
Herring gull® 10.9 1.2 0.8 1.4 7.7 56.8 211 0.0 0.1
Laughing gull? 10.4 23.4 0.5 0.5 2.6 54.3 4.2 3.2 0.9
Magnificent frigatebird?® 14.4 42.6 0.9 2.1 14.7 2.5 18.2 3.9 0.7
Masked booby? 20.4 6.5 0.7 3.4 13.9 53.3 0.7 0.5 0.7
Northern gannet? 9.2 47.0 1.2 0.2 10.8 22.3 8.9 0.4 0.0
Parasitic jaeger® 26.1 0.1 1.3 8.2 35.9 12.6 10.4 1.4 4.1
Pomarine jaeger? 30.1 1.0 4.0 0.8 21.8 40.4 0.0 0.2 1.7
Royal tern? 12.5 52.1 0.2 2.0 0.3 5.6 26.0 1.0 0.3
Sandwich tern® 10.9 59.1 25 7.2 15 2.4 14.0 2.3 0.1
Sooty tern® 14.3 1.1 34.9 0.6 27.3 5.7 6.2 3.9 6.0
Wilson’s storm-petrel® 27.9 20.0 11.7 15 14.8 23.4 0.0 0.1 0.5
# species covariate ranked | 3 7 3 0 3 8 1 0 0
highest!
# species covariate >25%? | 6 9 3 0 4 10 1 0 0
# species covariate >40%° | 0 7 1 0 1 7 1 0 0

147



1 Number (#) of species for which the respective covariate ranked the highest.

2 Number (#) of species for which % contribution of the respective covariate contributed or explained >25% in the final
predictive model.

3 Number (#) of species for which % contribution of the respective covariate contributed or explained >40% in the final
predictive model.

a Refer to Michael et al. (2023) for additional details regarding the relationship between seabird relative density and
environmental covariates.

b For additional information regarding the relationship between environmental covariates for this species, refer to
Jodice et al. (2021b).

Wetallied 334 detectionsotaling512 individual{Table5.6a through Table 5 Groupsizeranged
from 1to 11 with a mean group size of 1.5, and band-rumped gtetrats accounted for 1.3% of the
total number of identified seabirds observed (Table 5.6a). Band-rumpedmttels were widespread
and observed in each of the three planning areas, as well as in the Straitelaf(Bppendix D; 2a).
Individuals were primarily observed in spring and summer (~95%; the nontgessgison for this
species) (Tables 5.63.

Most observationsf bandrumpedstormpetrelsoccurredoeyond the200-m isobathparticularly inthe
northwestreache®f the EPA andin the CPA south ofthe MississippiDelta (Appendix D; 2a). The
predictive model generated an AUC value of 0.934 for the training deaadét922 fothetestingdata
setindicatingexcellentmodelperformanceThe occurrence records avhich the model was trained
matched model projections well. Areas predicted as likely to contaabluhabitat for bartumped
stormpetrels (Appendix D; 2b) included waters throughout each of the planning ati@astire 200m —
2,000m isobath, witrsuitable habitat in deeper pelagic waters of each planning area.

Habitat suitability for bandumped storrpetrels was best predicted by bathymetry and SSS (~26% each;
similarto the model for Wilson’s storspetrel; Table 5.12, Figures 5.7a and 5.7e), indicating a greater use
of pelagic waters (Appendix D; 2c, Figure 5.6a through Figure 5.6b). Highly suitdditat tzgppears to

occur in regions that support upwelling (e.g., south coasexdégand the northeast and northwest edges
of the Loop Current where frontally induced upwelling occurs; AppendBblR; The habita

characteristics of the northeast&ulf are similar to that described for the species off Cape Hatteras and
in the South Atlantic Bight where this species shoaralfinity for areasvith upwellingsuchaswithin

cold coreeddieqPaluszkiewicztal. 1983, Lee 1984, Haney 1985).

Among species for which we modeled habstatability (h = 24), banerumped storm-petrel ranked 19th
in termsof amountof suitablehabitatin theWPA andCPA within 10 kmof anoil platform (9%; Table
5.11). Within the WPA ~4% of highly suitable habitat was proximal to &phatand withinthe CPA
~12% was proximal to a platform (Appendix D; 2c).

Ourdatasuggest thepeciesccursregularlyin deepemvatersof the Gulf, andthatit appearso be the
most abundant storetrel in the orthern Gulf This species has been regarded as a casual yesdgor
Duncan and Havard 198m) the northerrGulf but perhapsts occurrencénasbeenunderestimated due to
difficulties distinguishing it from other storpetrels (Table 5.10).
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Figure 5.7 a. Plots of coefficient response curves for the predictor variable bath ymetry (A)
derived from MaxEnt models (Phillips et al. 2006) for seven speci es (Audubon’s shearwater, band -
rumped storm -petrel, bridled tern, common tern, parasitic jaeger, pomarine jaeger , Wilson'’s

storm -petrel) from seabird vessel surveys as part of the GOMMAPPS, 2017 —20109.

Plots are only provided for the least parameterized model (9 potential predictor variables) for a given species that
sum to >50% of contribution to the final model. For this plate, the x-axis represents log contribution to raw prediction
and the y-axis represents bathymetry (in meters). Though the shape of the curves differed by species, in all cases log
contribution to raw prediction tended to increase quickly then dropped-off at bathymetry values between -2000 m and
-4000 m. Please refer to text for more details.
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Figure 5.7b.  Plots of coefficient response curves for the predictor variable chl orophyll -a (B)
derived from MaxEnt models (Phillips et al. 2006) for nine species (black tern, Bonap arte’s gull,
brown pelican, common loon, great shearwater, magnificent friga tebird, northern gannet, royal

tern, and sandwich tern) from seabird vessel surveys as part of the GOMMAPPS, 2017 — 2019.

Plots are only provided for the least parameterized model (nine potential predictor variables) for a given species that

sum to >50% of contribution to the final model. For this plate, the x-axis represents log contribution to raw prediction

and the y-axis represents chlorophyll-a (mg/m3). Though the shape of the curves differed by species, in all cases log

contribution to raw prediction tended to increase abruptly for observed values then tended to decline for chlorophyll-a
values between 5 mg/m? and 10 mg/m3. See text for more details.
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Figure 5.7c.  Plots of coefficient response curves for the predictor variable cur rent direction (C)
derived from MaxEnt models (Phillips et al. 2006) for three specie s (black -capped petrel, bridled
tern, and sooty tern) from seabird vessel surveys as part of the GOMMAPPS, 2017 —20109.

Plots are only provided for the least parameterized model (nine potential predictor variables) for a given species that
sum to >50% of contribution to the final model. For this plate, the x-axis represents log contribution to raw prediction
and the y-axis represents current direction (in degrees). Though the shape of the curves differed by species, in all
cases log contribution to raw prediction tended to exhibit a bimodal curve with rather steep declines between -200
and 0 and subsequent steep increases between 0 and 200. See text for more details.
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Figure 5.7d.  Plots of coefficient response curves for the predictor variable sea -surface height

(D) derived from MaxEnt models (Phillips et al. 2006) for four speci es (Audubon’s shearwater,

brown noddy, parasitic jaeger, and sooty tern) from seabird ves sel surveys as part of the

GOMMAPPS, 2017 — 2019.

Plots are only provided for the least parameterized model (nine potential predictor variables) for a given species that
sum to >50% of contribution to the final model. For this plate, the x-axis represents log contribution to raw prediction
and the y-axis represents sea-surface height (in meters). Though the shape of the curves differed by species, in all
cases log contribution to raw prediction tended to exhibit a bell curve with rather steep increases between -0.25 m
and 0 with steep declines between 0 and 0.25 m. See text for more details.
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Figure 5.7e.  Plots of coefficient response curves for the predictor variable sea -surface salinity
(E) derived from MaxEnt models (Phillips et al. 2006) for twelve s pecies (band -rumped storm -
petrel, black tern, brown booby, brown pelican, Cory’s shear water, great shearwater, herring gull,
laughing gull, masked booby, northern gannet, pomarine jaeg er, and Wilson’s storm -petrel) from
seabird vessel surveys as part of the GOMMAPPS, 2017 - 2019.

Plots are only provided for the least parameterized model (nine potential predictor variables) for a given species that
sum to >50% of contribution to the final model. For this plate, the x-axis represents log contribution to raw prediction
and the y-axis represents sea-surface salinity (typically in parts per thousand). Though the shape of the curves
differed by species, in all cases log contribution to raw prediction tended to drop-off dramatically at values between
27 to 30.See text for more details.
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Figure 5.7 f. Plots of coefficient response curves for the predictor variable sea -surface
temperature (F) derived from MaxEnt models (Phillips et al. 2006) for fo ur species (brown booby,
brown noddy, common tern, and magnificent frigatebird) from seabi rd vessel surveys as part of
the GOMMAPPS, 2017 — 2019.

Plots are only provided for the least parameterized model (nine potential predictor variables) for a given species that
sum to >50% of contribution to the final model. For this plate, the x-axis represents log contribution to raw prediction
and the y-axis represents sea-surface temperature (°C). Response curves for brown booby, common tern, and
magnificent frigatebirds exhibited declines between 22 °C and 24 °C, whereas brown noddy exhibited a peak at 22
°C. See text for more details.

Black -capped petrel

The blackcapped petrel is one of five gadfly petrels that breed in the north iatlBtack- capped

petrels are endemic to the western north Atlantic and nest at onlytéses Hispaniolalhespeciess
consideredjloballyendangereaith aPIF scoreof 20 (highestPIF score of any seabird we detected) and
a watch list classification of Red (highly vulnerabBlack-capped Petrel is listed as a Bird of
Conservation Concern (USFWS 2021) at the continental level and occurs throighgesr within

MBCR 20 although it does not breed in this BCR. This species was originallysgafor listing

(USFWS 2019a33 FR 5056pas threatened with 4(d)) under the Endangered Species Act. However, in
May 2023 the Service reopened the public comment period on the proposgdadidtitkR 2742y due to
significant new information (USFWS 2023). In December 2023S#reice listed the species as
endangered; effective 29 January 2024 R 8961). During the breeding season, blackpped petrels

can undertake provisioning trips that las? tveeks and that may range to 1,500 km from the nesting area
while during the nonbreeding season they range widely through the westiérAtlantic (Jodiceetal.
2015).Thestatusand breedingtageof black-cappedoetrels in the&sulf is unknown. The species also
occurs in both a light and dark color morph (Howell and Patteson 2008). It is yhoeawer, if the

ranges of these two morphs are similar or disparate either gpatisgmporally (Satgeé et al. 2023). The
diet appears to be comprised primarily of squid and small fish, but @espanse (Simons et al. 2013).
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Wetallied 29 detectionf blackcappedetrelstotaling 31 individualg Tables5.6a¢€). Threeof the
petrelsobservedvereclassifiedaslight-morphindividuals(March2018, August 2018 the easterGulf;
Jodiceetal. 2021a). Grougizerangedrom oneto two andBlack-cappedoetrels accounted for <1% of
the total number of identified seabirds observed (Table B&)k- capped petrels were observed in
each of the three planning areas (Appendix D; 3a). Most observationslothgmed petrels occurred in
late summer (Table 5.8arough Table 518). We observed petrels in MareMay and July September.
We did not observe birds on cruises in JantiamyughFebruary (although survey effort was low then),
June, or October.

Most observations of black-capped petrels occurred in the EPA, east of De Bgbom @ad over the
Florida Escarpment, although birds were observed as far wediGbnrgitude along the 20®-isobath
(Appendix D; 3a). The predictive model generated aiCAlf) 0.950 for the training data set and 0.880 for
the testing data set indicating very good to excellent model performBEme®ccurrence records on
which the model was trained matched model projections well. Areasteckdi likely to contain suitable
habitat for blackcapped petrels (Appendix D; 3b) included waters (1) west of the FL siyelfithéhe
200-m isobath and extending along the north-south length of the FL peninsula, i2)fsbet

Mississippi River deltalongthe 2,000-m isobath, and (8)ithin a narroneastwestbandparalleling

much ofthe Texasand Louisian@ontinental slope. Areas of lower habitat suitability were predicted to
include shelf/slope waters in each planning area and pelagic waters iAhghith are likely
associated ith oligotrophic waters of the interior Loop Current. Habitat suitabiitit black-capped
petrels was best predicted by current direction (59.4%; Table 5.12). Hah#btlisy waspredictedo
peak as currentseremoreeastwardo southward (Figure 5.7cJheseresults are likely indicative of
dynamic waters associated with the Loop Current interacting witbddpe of the Florid&helf. (Figure
5.6e).

Among species for which we modeled habitat suitability 24), blackcapped petrel ranked 17th
termsof amounf suitablehabitatin the WPA andCPAwithin 10km of anoil platform (13%; Table

5.11) with substantial disparity between the two planning areas. WithilvBide~27%of highly suitable
habitatwasproximalto aplatformandwithin theCPA ~9% was proximal to a platform (Appendix D; 3c).

BeforeGOMMAPPS there was little evidence that blackpped petrels regularly occupied tioethern
Gulf. Ramosetal. (2017)doesnotindicateregularuseof the Gulf by any ofthe eightgadfly petrels that
breed in the Atlantic (north or south Atlantic). Although seabird surveyducted following the
Deepwater Horizomlowout did note the presence of bladpped petrels (Haney et al. 2019) pitwer
previousresearcleffortsdid (e.g.,Ribic etal. 1997 ,Davisetal. 2000) andecorddrom othersources
werescarcg(Simons et al. 2013) (Table 5.1Qur data,along with theBird Study #6/essel survey data,
demonstrate that blagdapped petrels occur throughout much of tehernGulf and in most seasons of
the year, and therefore, this region warrants consideration as beunmgishevithin the marine range of
the species (Jodice et al. 2021b).

Black tern

Black terns are small terns that breed primarily in freshwater emergentdsetiéhin the interioof
North AmericaandCanadde.g.,PrairiePothole Region; Shuford 1999augleetal. 2000, Steen and
Powell 2012) and migrate through tBelf to wintering areas in South America (Heath et al. 2020).
Black terns are considered of least concern globally with a PIF gicbPeand avatchlist classification
of CBSD(commonbirdsin steepdecline).Blackterns are surface feeders thatmarily forage on small
fish and insects and are often seen in-nddargesized, multispecies foraging flocks.

We tallied 726 detections of black terns totaling 12,109 individuals (Table b.Gaetip size ranged
from 1to 760with ameanof 16.7 birds, anblackternsaccountedor 32.0 %of thetotal number of
identified seabirds observed (Figure 5.5a, Table 5.6a). Black terns wereechiseall planning areas
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(Appendix D; 4a). Approximately 78% of black terns were observed in the3&4,id summer, 3% in
spring, and none in winter (although surveys during winter were infrequent; Tablen8 Babde5.6Db).

We observedlackternsprimarily within the 200-rmisobathneartheMississippiRiver Deltaand along the
coast of Bxasfrom Galveston Bay south through Corpus Christi. The largest flocks also akiturre
these locations. Individuals and smaller flocks were occasionally oddeeteeen the 206y and2,000-

m isobaths but rarely in deeper, pelagic waters. The predictive modehigehan AUC value of 0.952
for the training data set and 0.934 for the testing data set indieatiefientmodelperformanceThe
occurrenceecordsonwhich the modelvastrained matched model projections well. Areas predicted as
likely to contan suitable habitat for black ter8ppendixD; 4b) includedccoastawatersthroughouboth
the CPA andWPA, with highest suitability predicted to occur in the Mississippi River Delta andaten
Texascoast.

Habitat suitability for black terns waest predicted by chlorophyll-a, and SSS which contributed 45%
and 36% to the final model, respectively (Table 5.12). Habitat sifyadtilowed a peaked relationship
with chlorophyll-a, which was associated with productive, nearshaters(Figuresb.6a and 5.7b).
Habitatsuitability alsodeclinedat higherlevelsof SSS also suggesting higher use of coastal waters
(Figures 5.6b and 5.7e).

Amongspeciegor which we modeledhabitatsuitability (n = 24),blackternranked8thin terms ofamount
of suitablehabitatin the WPA andCPAwithin 10km of anoil platform(60%; Table 5.11). Within the
WPA ~32% of highly suitable habitat was proximal to a platform and witlerCPA ~71% was
proximal to a platform (Appendix D; 4c).

Ourdataindicatethatblackternsarecommonin nearshoravaters(i.e., within the200-m isobath) during
their nonbreeding period (Michael et al. 2024). Occasional extremely lagis fbccur near the
Mississippi River Delta and secondarily near Corpus Christia$ Previous survegfforts showed a
range of detections from none to abundant, likely based on the location and tisumgey Table
5.10).Blackternswerethemostabundanspeciesve observedand the coastal regions of the northern
Gulf, particularly in the CPA and WPA, appear to provide important migratoryath&titthis species
(Michael et al. 2024).

Bonaparte’s gull

Bonaparte’s gulls breed in the interior of Canada and the high Arctic anslioezrin theGulf.
Bonaparte’s gulls areonsidered of least concern globally with a PIF score of 9 and no lisatch
classificationBonaparte’s gullaresurfacefeedershatforageprimarily onsmallfish or large
invertebrates in bays, estuaries, and coastal areas, often in smiagiaed flocksWe tallied 83
detections of Bonaparte’s gulls totaling 1,356 individuals (Tablesd).@aroup sizeangedrom 1 - 265
with ameanof 16.3birds,andBonaparte’s gullaccountedor 3.6%of the total number of identified
seabirds observed (Figure 5.5a, Tables 5.6a). Bonaparte’s gulls weredbsdahe EPA and CPA, but
not within the WPA (although range maps for this species do include therm@stf; Appendix D; 5a).
Bonaparte’s gulls were seen in winter (21% of individuals) and spring (7@8dividuals; Tables 5.6a-
b).

Bonaparte’s gulls were observed in three locations: (1) between CapeaSam8IAlligator Point,
Florida, (2) slightly offshore of Pensacoldgfida, and (3) near the port of Pascagouléditsippi
(AppendixD; 5a). Bonaparte'gulls wereobservedilmostexclusivelywithin the200-m isobath. The
predictive model generated an AUC of 0.986 for the training data set and 0.970téstitigedata set
indicating excellent model performance. The occurrence records on whiclodetwas trained matched
model projections well in the EPA. We did not, however, observe birds throughensigetportions of
habitat predicted to be suitable in the CPA and VigBaps due to a lack of surveys in inshore waters.
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Areas predicted as likely to contain suitable halfitaBonaparte’s gulls (Append®; 5b) included
watersof the northwestern cornef the EPA and Apalachee Bay.

Habitat suitability for Bonaparte’s gull was best predicted by primpesgluctivitythatcontributedb5%to
thefinal model(Table5.12).Habitatsuitability showeda peaked relationship with chlorophyl{figure

5.7b). Habitat suitability was highest in the northern reaches of Apal8etyeehere some of the higher
values of chlorophyll-accurred although higher and lower values occur elsewhere, we did not observe
the species (e.g., Mississippi River Delta and pelagic waters, respedtigelre 5.6a). Bonaparte's gulls
appear to forage near currents or contours where plankton may Ihedooaentrated (Braune and

Gaskin 1982).

Among species for which we modeled habitat suitability 24), Bonaparte’s gull ranked 22ndt@tms
of amount okuitablehabitatin theWPA andCPAwithin 10km of anoil platform (5%; Table 5.11).
Within the WPA, 0% of highly suitable habitat was proximal to a platform atidnthe CPA ~ 6% was
proximal to a platform (Appendix D; 5c).

Ourdatasuggesthatwhile this speciesvasrelativelyabundanit was localizedo just afew areasn the
northernreache®f theCPA andEPA. Previoussurveyeffortsshowed a rangef detections from none to
locally common, likely based on the location and timingwieys (Table 5.10).

Bridled tern

Bridled terns are small, pelagic terns that breed throughout the Garjl®ehamas, and the southern
Gulf. Thespeciess pantropicalandconsidereaf leastconcern globallwith aPIFscoreof 11 and a no
watch list classification. The endemic Caribbean subspecies is consideredhofiediate conservation
concern (~9,000 pairs; Bradley and Norton 2009). Bridled terns are surface faatipramarily forage
in Sargassunpatches on small forage fish (Haney 1986, Moser and Lee 2012), usually singly but
occasionally in larger flocks. Bridled terns often use facilitatedyfoga(i.e., associated with predatory
fish; Dunlop and Surman 2012).

Wetallied 232 detectionttaling489individuals(Table5.6a through Table 5% Groupsizeranged

from 1to 53 with a median of 2.1 birds, and bridled terns accounted for ~1.3% of the totmafm
identifiedseabirds observed (Figure 5.%aple5.6a).Bridledternswerewidespread, occurring in each of
the three planning areas although at relatively low densities (Appendiy.Dji@st observations
occurredduringthetransitionfrom late summetrto fall (68%), althoughindividuals were observed
throughout the year (Table 5.8aough Table 516).

Most observations dbridledternsoccurredn theEPAwestof thecentralandsouthpeninsula of ferida
between the 2083 and 2,000n isobath. Individuals were observed regularly, however, over maost of the
eastwest and norttsouth footprint of the survey area (Appendix D; 6a). The predictive model gghera
an AUC value of 0.884 for the training data set and 0.851 for the testing timi@icaing very good ku
not excellent model performance. These AUC values were some of threvilues generated among
seabirds we modeled. The occurrence records on which the model was traficlkeeidhmodel projections
relatively well. Areas predicted as likely to contain suitable hiatutebridled terns (Appendix D; 6b)
included waters (1) west of the Florida Shelf and along the sorti length of thelBrida peninsula,
including the Florida Keys and the Straits of Florida, (2) within a harrowwessttband paralleling much
of the Texasand Louisiana continental slope, and (3) near the head of De Soto Canywaagirone to
frequent eddwctivity and upwellingAreasof lower habitatsuitability werepredictedo include muchof
the TX-LA Shelf (often areas of high turbidity) and pelagic waters in the south¢ent of the CPA
associated with oligotrophic waters of the interior Loop Current. In &uegtustralia, the species is also
known to regularly forage over shelf waters (Dunlop and Surman 2012).
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Habitatsuitability for bridledternswasbestpredicted by currerdirection,bathymetryandSSH. Each
contributed ~2327% to the final model (Table 5.12). Bridled terns responded positivetyutberly
currents, intermediate levels of SSH, and slope waters (Figure 5.Figanel 5.¢). The combinationf
theseappearso beindicativeof featuresn theeasterrGulf suchaseddiesjets,and ringghatarelikely to
aggregaté&argassunandtherefore providsuitableforaging habitat (e.g., Figure 5.6¢ dfigure 5.6).

Among species for which we modeled habitat suitability 24), bridled tern ranked 13th in teriofs
amount ofsuitablehabitatin theWPA andCPAwithin 10 km ofanoil platform (25%; Table 5.11).
Within the WPA ~17% of highly suitable habitat was proximal to a platfand within the CPA ~28%
was proximal to a platform (Appendix D; 6c).

Our data suggest the species occurs regularly throughoButheparticularly during post- breeding
periods(latesummeiinto fall). Surmaretal. (2018)measurednigrationdistance®f ~3,500 km for

bridled terns tracked from breeding sites in Western Australia anddheetbeGulf would appeato be

well within reachof colonies throughouhe Caribbean. Although the species occurs throughout our study
area, it appears to be most common along the western edge of the Floridn8eltheStraits of

Florida, perhaps due to the proximity to colony sites on&zBank (~1,100pairs).Bridled ternshave
notbeenrecordedchestingon Areciffe Alacranes in theauthernGulf (MoralesVera et al. 2017). Bridled
terns were not recorded frequently during preverabirdsurveysn the Gulf, perhaps dute thelack of
extensivesurveyeffort over the Florida Shelf in the southeastern reaches of the EPA (Table 5.10)

Brown booby

Brown boobies are pantropical sulids that breed througho@atibbean, Bahamas, and tleithern
Gulf. The species is considered of least concern globally with a PIF scoreraf b2 aatch list
classification. The Caribbean population is, however, considered to bk @@nadley and Norton 2009).
Brown boobies are plunge-divers that primarily forage on flying fish and squid, not onoedynin
mixed-species flocks and/or foraging owsmhools of predatory fish. Brown boobleged
asynchronously throughout tiearandthereforebirdsmaybe foundat any stage of breeding at a colony
during most months of the year.

We tallied 300 detections of brown boobies totaling 355 individuals (Tableg}.6aoup size ranged
from 1to 18with amedianof 1.2 birds, and brown boobies accounted-fityo of thetotal numbeiof
identified seabirdobservedFigure 5.5bTable5.6a).Brown boobiesvereobserved in each of the three
planning areas (Appendix D; 7a). Most observations occurred in fall amdeualthoughindividuals
wereobserved duringachmonthsurveyswvereconductedTable5.6athrough Table 516).

We observed brown boobiesgularlyovermostof theeastwestandnorth-southfootprintof the survey
area (Appendix D; 7a). The predictive model generated an AUC value of 0.872 tiairiirey data set
and 0.877 for the testing data set, being one of the lowest AUC values amongdnsedbieds but still
performing very well. The wide spatial and temporal distribution we obdenay have contributed to
the slightly reduced performanoéthe predictive model fahis speciesandthelack of specificareas
with relatively higherlevelsof habitatsuitability. The occurrence records on which the model was trained
matched model projections well. Areas predicted as likely to contaabiuhabitat for brown boobies
(Appendix D; 7b) were extensive, but one area of particularly high suiyabidiuded waters inshore of
the 200-m isobath on the TX-LA Shelf west of Corpus Christi, TX. This area erpes wind-driven
upwellingthatmayserveto concentrat@rey.Areasof lower habitatsuitability includedpelagic waters in
the CPA which are likely associated with oligotrophic waters of tkegigmtLoopCurrent.

Habitat suitability for brown boobies was best predicted by SSS and SST whighutedt38.7% and
21.2%to the predictivanodel,respectively (Tabl®.12).Habitatsuitability showeda peaked relationship
with both variables which is indicative of foraging at the edges of watesboundariesvherepreyis
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oftenconcentrated andith watersbetweerthe 200-m and 2,000m isobaths (Figures 5.6b and d; Figure
5.7ethrough Figure 51J.

Among species for which we modeled habitat suitabitity £4), brown booby ranked 12th in terofs
amount ofsuitablehabitatin theWPA andCPAwithin 10 km ofanoil platform (25%; Table 5.11).
Within the WPA ~16% of highly suitable habitat was proximal to a platfand within the CPA ~31%
was proximal to a platform (Appendix D; 7c).

Our data suggest the species is more common throughdButhian previously considered (Table
5.10), particularly off the southekascoast and beyond coastal waters. Brown boobies breed in the
southernGulf on Arrecife Alacranes (~50 - 100 nests; Tunnel and Chapman 2000 Malesetal.
2017) and throughotthe Caribbean (~7,000airs)with theclosestcoloniesto the Gulf occurring at Cay
Sal Bank (0 - 50 pairs), the Cayman Islands (~100 pairs) and possibly CutteyBnad Norton 2009,
Mackin et al. 2015). Given that the species is found in the nor@fryearround, and that the species
breeds asynchronously, it is difficult to know whether individuals observed duringreaysare
breeding or noibreeding birds. Tracking data for the species demonstrate, however, iiduild do
not forage at great distances from the colony during breeding (Soanes et alb@dtty may range as
far as 5000 5,000 km from colonies during nonbreeding periods (Kohno et al. 2019). This suggests tha
brown boobies observed in the north&ulf were more likely to be nonbreeding birds.

Brown noddy

Brown noddies are small, pelagic terns that breed throughout the Caribhbamds, and the@sthern
Gulf. The species is pantropical and considered of least concern globally WitlseoRe of 1@&nd no
watchlist classificationWithin the Caribbeanthe speciess considerecgshavingno immediate
conservation concern (~42,0p8irs;BradleyandNorton 2009)Brown noddiesare surface feeders that
primarily forage on small forage fish and squid, often in mixed-species flocksftandusing facilitated
foraging (i.e., associated with predatory fish).

We tallied 117 detections totaling 595 individuals (Table 5.6a through Talle Gi®up size ranged
from 1to 140 with a mean of 5.1 birds (5th largest mean group size of all seabirdgeosend brown
noddies accounted for ~1.6% of the total number of identified seabirds eth¢Ergure 5.5a, Table 5.6a).
Brown noddieswereprimarily observedn theEPA (Appendix D;8a),andsouthof the southern and
eastern border of the EPA. Almost all observations (96%) of brown noddiesextin summer (Table
5.6athrough Table 516).

Most observationsf brownnoddies occurred #te southerrextentof theEPA nearthewestern extent of
the Florida Keys, and north of the Florida Keys within the south Florida Shelfpredictive model
generated an AUC value of 0.976 for the training data set and 0.883 for thedasis®} indicating very
good to excellent model performance. Doeurrenceecords on which the model was trained matched
model projections well. Areas predicted as likely to contain suitabléah&in brown noddies (Appendix
D; 8b) included waters within the 200-m isobath along the southern end of the Flaiflarsh

extending east along the Florida Keys and the Straits of Florida. The formds atearacterized by
frequent eddies that concentrate prey (i.e., tuna grounds; refertimnSeit) and high benthic
productivity that subsequently supports a diverse fish community (Halkdy205). The latter area is
proximate to substantigizecoloniesin the FloridaKeysand Caribbean. Modeled habisaitability also
was higher within a narrow easest band paralleling the Yucatan Peninsula (an area that also supports a
breeding colony) and in a small patch in the southwestern extent of CampgdhetBaipports seasonal
upwellings (Zavala-Hidalgo et al. 2006). Much of the remainder oGtiieéwas predicted to offer lower
habitat suitability (Appendix D; 8b).
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Habitat suitability for brown noddies was best predicted by SSH which coettid8t5% to the

predictive model and SST which contributed 21.4% to the final model (bak2¢. Habitat suitability
showed a peaked relationship with SSH, which is often atidie of foraging at the edges of water mass
boundaries which tend to concentrate prey, and a peaked relationship withid@g®as(b.7dndf).
Observations of brown noddiegrestrongly clustered around the Dry Tortugas and the Straits of Florida
(Appendix D; 8a), both areas that are characterized by moderate e8&8bkl@nd SST as the Loop

Current exits th&ulf (Figures 5.6al). Maxwell et al. (2016) found that brown noddies nesting on the
Dry Tortugas foraged predominantly within 40 km of the colony in habitats mighmediate measures

of SST compared to areas with lower residence times (both higher and88Wgrand that these former
areas were associated with the shelf break and the edge of loop curresar{ieegrea where we also
observednostbrown noddiesluringour surveys). Amongpeciegor whichwe modeled habitat

suitability (0 = 24), brown noddy ranked 24th in terms of amount of suitable habitat in the WPA and CPA
within 10 km of an oil platform (0%; Table 5.12) because we estimated thieeen highly suitable

habitat in these two planning areas (Appendix D; 8c).

Ourdataconfirmthespeciess commonin the southeasterulf, likely dueto the proximity to colonies
on theDry TortugasNationalPark(~2,000pairs).Coloniesalsooccurneartheentrance to th&ulf on

Cay Sal Bank (~4,500 pairs; Mackin et al. 2015) and in the souBdfion Arrecife Alacraneg~5,000
pairs; MoralesVera et al. 2017). Previous seabird surveys irxhi did not report the species regularly
(Table 5.10), likely due to survey coverage that did not extend into the saaetheasa of th&ulf.

Brown pelican

The brown pelican is a coastal seabird that breeds throughourthernGulf (~25,000 pairs) and along
themid- and southernoast=f theU.S. Atlantic. Itis aresidentn the northernGulf throughout the year.
The species also breeds in the Caribbean (sntallenies tharin the Gulf) and southerGulf. Brown
pelicansareconsidereaf leastconcernglobally with a PIF scoreof 10 andno watchlist classification.
Brown pelicans are plungdivers that primarily forage on schooling fish such as Gulf menhaden in the
northernGulf (Lamb et al. 2017b) in bays, estuaries, and coastal areas, often in smdsiaed flocks.
Brown pelicans also will forage on discarded bycatch from comnhéigtilng vessels (Jodice et al.
2011).

Wetallied 240 detectionsf brownpelicangotaling814individuals(Tables5.6a€). Groupsize ranged
from 1to 78 with a mean of 3.4 birds and brown pelicans accounted for 2.1% of the total wiimber
identifiedseabirdobservedFigure5.5b, Table5.6a).Brown pelicanswvereobserved in each of the three
planning areas (Appendix D; 9a). Individuals were observed in all fousrsgasith ~65% of birds
observed in spring and fall (Tables 5.6a-b).

Most observations of brown pelicans occurred in the CPA with concentratomsiog along and north

of the Louisiana Delta, iandor near Mississippi Sound and Mobile Bay, along the central and south
coast of Bxas and along the south coast of FL (Appendix D; 9a). The predictive model generated an
AUC value of 0.929 for the training data set and 0.883 for the testing data satiimggivery good to
excellent model performance. The occurrence records on whichotiel mias trained matched model
projections well. Areas predicted as likely to contain suitable dtdbrtbrownpelicansincludedwaters
alongmostof the northerroastof theGulf from the BigBendregion of Florida through theekascoast
andincluding portionsof the southerrGulf, aswell. Areas of high suitability (Appendix D; 9b) near the
Louisiana Delta and Mississippi Sound, near Mobile Bay, and along the coastashiie likely due in

part to the occurrence of known breeding colonies in these regions. Ateagohabitat suitability
(Appendix D; 9b) included waters beyond the -20@sobath although brown pelicans were observed at
the southern extent of the studgaltn small numbers in pelagic waters (the species is known to cross the
Gulf during migration; Lamb et al. 2020a).
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Habitatsuitability for brownpelicansvasbestpredictedby SSSandprimary productivity(as represented

by measures of chlorophyl}-avhich each contributed ~40% to the final mo@elble 5.12). Habitat
suitability was higher in areas with lower levels of SSS and showed a peédtezhship with
chlorophyll-a These two features are associated with productive, neavgatansinfluencedby major

river runoff (Figure5.6athrough Figure 516, Figure5.7b andrigure 5.¢). Lambet al. (2020a) also found
that primary productivity and salinity wegeod predictors of habitat suitability for brown pelicans in the
northernGulf.

Among species for which waodeled habitat suitabilityn(= 24), brown pelican ranked 2nd in termof
amount ofsuitablehabitatin theWPA andCPAwithin 10 kmof anoil platform(77%; Table 5.11).
Within the WPA ~59% of highly suitable habitat was proximal to a pletfand within the CPA ~80%
was proximal to a platform (Appendix D; 9c).

Our data suggest that brown pelicans occur primarily within the 200-m isobatlsdataloccur
throughout the orthern Gulfin small numbers. Given that our surveys occurred offshore, and brown
pelicans tend to forage primarily in nearshore waters in relativénpitgxo colonies duringhebreeding
seasorfLambetal. 2020a)fewerdetection®f birds offshore (i.e., farther from colonies), particularly
during spring and summer, is not surprising. During winter, birds also aiettkiee nearshorand/or
beyond the bounds of the study area in thetern Gulfor the westerCaribbear(Lambetal. 2020a).
Pelicanghatbreedin eachof the thregplanningareas alsoccurwithin theMississippiDeltaatsome
phaseof theirannuakycle (e.g., pelicanffom Texas Horida, and louisianastage there) making that area
a hotspot for the species (Lamb et al. 2020a).

Aerial surveysarelikely to bettercapturethedistributionof brownpelicansn coastawaters but the
species appears to occur regularly enough in offshore waters to contimagdnt survey attention
(Haney et al. 2019).

Caspian tern

Caspian tern is a large tern that breeds along the Great Lakes, tioe @ft€anada, and also regularly
along the onrthernGulf coast (Cuthbert and Wires 2000, 32—-34,000 pairs in North America; Hunter et al.
2006, ~2,000 pairs ithe southeadtl.S.). The species is considered of least concern with a PIF score of
10 and no watch list classification. We recorded six detections totaleq sndividualandobserved

birdsin eachseasor{Table5.6athrough Table 56). Caspiarternswerenotobserved in th EPA, but we

did observe birds in nearshore waters and between then20@ 2,000 isobathsn theWPA andCPA
(AppendixD; 10). Previous surveywithin theGulf recordedt rarelyor notatall (Table5.10), although
eBirdrecordsoccurregularlyin thecoastalzone ofall three planning are&s

Common loon

Common loons are one of two species of loon that occurs Butiethe other being redhroatedoons.
Common loondreedon largelakesin the northerntier of theUnited Statesand throughout Canada and
migrate into theGulf during the nonbreeding period (Kenow et al. 260 uketal. 2014).Thespeciess
considereaf leastconcernglobally ands relatively common throughout much of its breeding range, with
a PIF score of 10 and no watch list classification. Common loons are footlpdgpérsuitdivers that

forage on small fish.

Common loondorageindividually butalsoin mixed-speciedoraging flocksin the northernGulf with
plunge-divers (e.g., northern gannets and brown pelicans) and subsurface predater§ 93@jli®uring
the nonbreeding peridtiespeciesindergoes a simultaneowsg molt andthus, experiencing ffightless

12 Seehttps://ebird.org/species/casterl
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period, duringvhichtime theyarevulnerableto variousstressorsThe species is known to experience
periodic die-offs during the overwinter period in the eas@uli (Forrester et al. 1997).

We tallied 55 detections totaling 67 individuals (Table 5.6a through Table&&a)p size ranged from 1
to 6 with ameanof 1.2birds,andcommonloonsaccountedor <1% of thetotal numberof identified
seabirds observed (Table 5.6a). Common loons were not observed in the WP Aglgirabsarved west
of the Louisiana Delta (Appendix D; 11a). Most observations (#%)rred in winter; this species was
not observed in summer or fall (Table 5.6a through Table 5.6b).

Most observations of common loons occurred in the CPA and EPA, in/near 8issiisi Sound and
Apalacheday (AppendixD; 11a).Thepredictivemodelgenerate@n AUC valueof 0.996 for the

training data set and 0.975 for the testing data set indicating excetidat performance. The occurrence
records on which the model was trained matched model projections well.pheelicsted as likely to
contain suitable habitat for gonon loons (Appendix D; 11b) included an extensive area within the 200-
m isobath which included the Florigdg Bend,MississippiSound, and theA-TX Shelfin the northwest
portion of theCPA. Waterdeyondthe 200-m isobathwerepredicted taffer lower habitatsuitability
(AppendixD; 11b).

Habitatsuitability for commonloonsin theGulf wasbestpredictedby primary productivity(as

represented by measures of chloroplaylivhich contributed 49.7% to the final model (Table 5.12).
Habitatsuitability showed a peaked relationskifih chlorophyll-awhichwasassociated with productive,
nearshore waters influenced by major river runoff and/or extensive seagglassthe FloridaBig Bend
(Figureb.6a,Figure5.7b)which hasbeendocumentedo regularly support wintering loons (Jodice 1992).

Among species for which we modeled habitat suitability 24), common loon ranked 5th in terms of
amount ofsuitablehabitatin the WPA andCPAwithin 10km of anoil platform (66%; Table 5.11yith
substantiatlisparitybetweernthetwo planningareasWithin t