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CONNECTIVITY OF ATLANTIC AND GULF OF
MEXICO WATERBIRD POPULATIONS

SaraH DUDEK, W. ANDREW CoX, AND RAavA PRUNER
Florida Fish and Wildlife Conservation Commission, Fish and
Wildlife Research Institute, 1105 SW Williston Road,
Gainesville, Florida 32601

Email: sarah_dudek@fws.gov

Abstract.—The 2010 Deepwater Horizon (DWH) oil spill caused catastrophic dam-
age to marine and terrestrial environments in and along the Gulf of Mexico. The DWH
Natural Resource Damage Assessment (NRDA) estimated that 56,141-102,399 birds
across 93 species were directly or indirectly injured, and breeding and foraging habitats
suffered substantial damage. The 2016 DWH civil settlement allocated NRDA funds to
Florida to replenish and protect DWH-injured bird species. Additional NRDA restoration
funds were allocated Regionwide (i.e., all Gulf states) and to Open Ocean Restoration
Areas. In addition, Florida was allocated funds through the National Fish and Wildlife
Foundation’s Gulf Environmental Benefit Fund (GEBF) to address DWH-injured living
resources and habitats. NRDA and GEBF funds for bird restoration must be used in
areas impacted by the DWH oil spill or in locations with clear connections to DWH-
injured bird populations. We compiled and summarized literature and unpublished data
to illustrate the coastal connectivity of 17 focal waterbird species between the Gulf of
Mexico and the Atlantic Coast. We documented coastal connectivity for 13 of the 17 (76%)
focal species. Rates of coastal connectivity derived from United States Geological Survey
Bird Banding Lab data for populations anywhere on the United States Atlantic or Gulf
coasts ranged by species from 0-22% of resighted individuals being observed on both
coasts and ranged from 0-30% when restricted to coasts within Florida. The connectiv-
ity between the majority of Atlantic and Gulf coast focal populations is substantial, and
the consideration of restoration projects on the Atlantic Coast should be determined on a
case-by-case basis. Restoring living resources and breeding and foraging habitats along
Florida’s coastlines for the benefit of avian species that exhibit coastal connectivity will
help create more resilient habitats for the benefit of at-risk species in the face of future
catastrophes.

Key words: coastal birds, Deepwater Horizon, Florida, oil spill, restoration

In April 2010, the Deepwater Horizon (DWH) drilling platform
experienced a catastrophic failure that resulted in the release of
>130 million gallons of oil and other toxic chemicals into the Gulf
of Mexico (hereafter, Gulf). Oil slicks eventually covered >43,000
km? of the Gulf’s surface, and oil came ashore on >2,000 linear
kilometers of coastline along all five United States Gulf states (DWH
NRDA Trustees, 2016). The ecological and economic impacts of the
spill were profound. For birds, the DWH Natural Resource Damage
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Assessment (NRDA) estimated a loss of 56,141-102,399 individuals
across 93 species, either via direct mortality or via a consequent loss of
productivity, as well as substantial damage to breeding and foraging
habitats (DWH NRDA Trustees, 2016).

In 2013, the National Fish and Wildlife Foundation’s Gulf
Environmental Benefit Fund (GEBF) was established as a result
of the plea agreements resolving the criminal charges against
British Exploration & Production Inc. (BP) and Transocean from the
spill. The agreements directed a total of $2.544 billion to GEBF, with
$356 million allocated for projects in Florida that “remedy harm to
natural resources where there has been injury to, or destruction of,
loss of, or loss of use of those resources” resulting from the spill. The
2016 civil settlement between the United States, Alabama, Florida,
Louisiana, Mississippi, Texas, and BP resulted in a $20.8 billion
settlement with ~$501.2 million in NRDA funds allocated to replenish
and protect DWH-injured bird species. This included ~$680 million
allocated to Florida to restore natural resources adversely affected
by the spill (i.e., the Florida Restoration Area) and an additional
~$350 million and ~$1.24 billion for restoration of natural resources,
primarily living coastal and marine resources, in the Regionwide
and Open Ocean Restoration Areas, respectively, which could include
activitiesin Florida. Funds specifically allocated to the Birds Restoration
Type (i.e., projects that would replenish and protect DWH-impacted
bird species) included ~$42.8 million in Florida, ~$72.2 million in
the Regionwide Restoration Area, and $70 million in the Open Ocean
Restoration Area (U.S. Department of Justice, 2016). NRDA and GEBF
bird restoration projects must target DWH-injured bird populations
or habitats, meaning that connectivity to Gulf populations must be
demonstrated for projects outside of the Gulf.

Florida’s Atlantic Coast is home to many avian species affected by the
DWH oil spill. Although connectivity between Atlantic and Gulfpopulations
of coastal birds has been documented, data supporting that connectivity
are scattered throughout the peer-reviewed literature, gray literature,
and unpublished datasets. As such, the degree to which Florida’s coastal
populations are connected remains poorly articulated, which may limit
the ability to secure funding for high-priority restoration projects on the
Atlantic Coast. Here, we document the connectivity of Atlantic and Gulf
populations of DWH-injured bird species. We prioritized bird species by
identifying their threat status within Florida, spill-related injuries, and
the potential for targeted restoration efforts. For each priority species,
we compiled band-resighting data from the United States Geological
Survey (USGS) Bird Banding Lab (BBL), internal sources, collaborative
partners, and aggregated peer-reviewed and gray literature on dispersal
and movement patterns documenting connectivity.
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METHODS

Species prioritization.—We identified focal bird species by consulting the list of in-
jured species provided in the Deepwater Horizon Oil Spill: Final Programmatic Dam-
age Assessment and Restoration Plan and Final Programmatic Environmental Impact
Statement (DWH NRDA Trustees, 2016). We chose 17 target species that were priori-
ties in Florida (Table 1) rather than performing an exhaustive review of all 93 spe-
cies. The criteria we used to determine whether a species was a priority were its con-
servation status in Florida, the estimated injury during the spill (we considered any
species with <50 birds injured to have experienced limited injury), and our assessment
of the likelihood of restoration activities targeting the species on the Atlantic Coast in
Florida. For shorebirds: American Oystercatcher is listed as state-threatened, and it
and Wilson’s Plover are focal species of management and conservation efforts outlined
in a DWH-funded recovery plan (Schulte 2016); the United States Fish and Wildlife
Service lists Eastern Willet as a bird of conservation concern that breeds in Florida;
Dunlin is a Species of Greatest Conservation Need (SGCN) in Florida’s State Wildlife
Action Plan (SWAP; FWC 2019) that experienced a moderate amount of injury. For
seabirds: Black Skimmer and Least Tern are listed as state-threatened in Florida;
Gull-billed Tern is a SGCN (FWC 2019); Black Tern, Common Tern, and Sandwich Tern
are all Birds of Conservation Concern (USFWS 2008) with moderate or high levels of
injury from the spill. We also included Royal Terns because of their high level of injury
and known reliance on Florida’s coastlines during breeding and migration. For wading
birds: Roseate Spoonbill, Tricolored Heron, Little Blue Heron, and Reddish Egret are
all listed as state-threatened; White Ibis and Brown Pelican were recently delisted
and, as such, still have species action plans (FWC 2013a,b) and remain high priorities
in Florida. We deemed the remaining species a lower priority and did not aggregate
data for them.

Data collection.—We obtained band resight data from the BBL from August 1920
through February 2021 for 17 focal species (Table 1), which included all banded indi-
viduals reported as resighted, and the associated spatial data for those resights. We
mapped banding and resight locations using the latitudinal and longitudinal coordinates
provided. We selected observations from the United States Gulf and Atlantic coastlines
based on a maritime boundary shapefile within ArcGIS. We sorted individual band iden-
tifications to determine if they were observed in the Gulf, the Atlantic, or both. We then
further reduced observations to those that occurred along the Gulf and Atlantic coasts
within Florida. The resulting dataset described the total number of resighted individuals
by species and the proportion of those observed on both coasts.

We augmented the BBL data with supplementary band-resighting data we acquired
from relevant Florida Fish and Wildlife Conservation Commission staff and additional
partners who research the focal species. We also compiled peer-reviewed and gray litera-
ture on dispersal and movement patterns of the focal species that documented connectiv-
ity between the Atlantic and Gulf. Literature search words included names of the species
in Table 1, and Atlantic, band return, coastal, connectivity, dispersal, Florida, Gulf of
Mexico, movement, resights, seabird, shorebird, tracking, wading bird, and water bird.
Peer-reviewed literature that analyzed movements of focal species through data collect-
ed from the BBL was excluded from our literature compilation to avoid double-counting
band resights. Data were also obtained through Movebank.org, and each study’s princi-
pal investigator permitted the use of data. We classified Movebank locations as coastal
if they occurred on coastlines, in coastal waters, in tidal marshes, or <400m inland from
a coastline.

Analysis.—We created tabular summaries of observed dispersal or movement pat-
terns between Atlantic and Gulf populations of focal species from BBL data, partner-
collected data, and data in the peer-reviewed and gray literature.



FLORIDA FIELD NATURALIST

44

168°1-139 PaISIPp A[IU809I INDDS (snqw snwopngy) s1qL AMYM
66-G% pouejraIy)-0IR)S (Su20s2Jn.4 0132.457]) 1913 YSIPPIY
1¥-1€ pouejeaIy}-0IR)S (Da)n42md D372.4577) UOIOH an[g AT
63¥-28% pouejeaIy}-0IeIS (40709147 D372.457]) UOIOH PAIO[OOLI],
8CH-89% peuejeaIyl}-9)eIS (ofofp DapDID]) [11qUOOS )BISOY
€19°L2-03L3T PoISI[ep £[3us001 INODS (81703u2P1220 sNUDIZ]2) ULOI[DJ UMOIG Spatg SUIPBA % SUBDIRJ
%60°T-€69 SMASN-D04d (815U2020pUDS SNPSSVDY,T,) UIST YOLMPUES
8G0‘G-0¥6°G (snuixnw snassvInY,J) U], [RAOY
¥¥-8¢ OMA-NDOS (pongoqru uop172y2012) UIRL PIIIG-ND
9¥G-LLG SMASN-D09 (opun.u1y Du.L27g) UIA] TOWWO))
990°T-96L SMASN-00d (4251 sDIUOP]IY)) WAL Yor|g
YIS T-LVL peuejraIy}-01RIS (wnunjpuD DINULIIS) UIJ], 1SLIT
€99°G-169°T pouejealyl-ajels (4aS1u sdoyoudyy) wwnys Yoeg SpIiqees
2ZT-LL SMASN-DOg (D0 pndiwuas nSu1L]) WIA UIdIseyq
T16-66 OMA - NOOS (purdp s14p1p)) uung
8¢-L1 OMA - NOOS (DIUOS]IM SNYIULYIDUT) IOAO]] SUOS[IM
G31-28 pauejealyl-oje1s (sngo17p0d sndoypwany) 19Y01LIINSA() URILIDWY spaigaIoyg
Aimfuy pejewnsy snjejg soadg j12%))
(Smasn -

009) 901AIdS SJIPIIM PUE YSI] $978)S PIJIU() 9} 4q UISOUO)) UOTIRAIISUO]) JO SPAIF PU® ‘(DMA — NDDS) UOISSIWUIO)) UOIJBAIdS
-uo0)) II[PIMN PUe YSI ePLIO[] AQ P3N UOI}BAIISUO)) 1SIIBIIY) JO S9109dg “BPLIO[] UI POUd)BIY)}-d)e)S Sk PIISI[ d1e Jey) saroads
0} SI9JoJ UWN[od snjels 9y, ‘[[1ds [10 UOZLIOH J91ep\ doo( 9y} woay Arnfur pajeuwir)so pue ‘snje)s Sur)si| ‘soroads (o0 ‘T 2[qel,



DUDEK ET AL.—CONNECTIVITY OF WATERBIRD POPULATIONS 45

REsuLTs

Data obtained through the BBL and 22 additional sources provided
band-resight and movement data for all 17 focal species (Table 2).
BBL data provided information for 129,556 individuals that were
banded and then resighted on the Gulf or Atlantic Coast within the
United States; 6,585 (5.1%) of these individuals across 13 species were
resighted on the Gulf and Atlantic coasts. The proportion of resighted
birds that were observed and reported to the BBL on both coasts
by species ranged from 0% (Wilson’s Plover, Eastern Willet, Black
Tern, Gull-billed Tern) to 22% for the Royal Tern (Table 2). BBL data
indicated that 3,141 individuals across 14 species were banded and
resighted on the Gulf or Atlantic coasts within Florida, and 274 (8.7%)
across 9 species were observed on both coasts of Florida, including six
state-threatened species (Table 2).

We obtained supplementary band-resight data from nine peer-
reviewed papers and five working groups or banding professionals
(Table 2). Species that showed a greater connectivity level when
compared to BBL data included American Oystercatcher, Black
Skimmer, and Wilson’s Plover. The percentage of individuals resighted
on the Gulf and Atlantic coasts ranged widely (0-63%), in part because
of significant variation in either resight effort or reported resight effort.
As such, these data should be interpreted as documenting evidence
of connectivity rather than rates of connectivity. Finally, we gathered
eight sources that provided records of movement data from GPS or
VHF tracking devices for seven focal species, including three listed as
state-threatened species. We compiled information for 662 individuals
tracked by tagging devices along the Gulf or along the Atlantic Coast
within the United States, 6 (1%) of which were observed on both the
Gulf and Atlantic coasts, including 5 within Florida (Table 2).

DiscussioNn

Populations along the Gulf and Atlantic coasts exhibited at least
some level of connectivity for 13 of 17 (76%) focal species in this study.
BBL data indicated that connectivity between coastlines was relatively
high, particularly for Black Skimmer, Royal Tern, Roseate Spoonbill,
and Sandwich Tern (Table 2) and was somewhat lower but still notable
for American Opystercatcher, Brown Pelican, and Dunlin (Table 2).
Data from supplementary sources also provided evidence of coastal
connectivity for American Oystercatcher, Black Skimmer, Sandwich
Tern, and Wilson’s Plover.

Within Florida, coastal connectivity was notable for some of
the most imperiled species (American Oystercatcher, 9%; Black
Skimmer, 9%; Least Tern, 11%; Roseate Spoonbill, 12%; Tricolored
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Heron, 19%; Reddish Egret, 29%), although a large dataset from
the American Oystercatcher Working Group suggested a somewhat
lower level of connectivity (4%) for American Opystercatchers. We
caution against treating any percentage presented here as a true rate
of coastal connectivity and would instead suggest considering these
percentages as minima for two reasons. First, coastal connectivity
rates for birds derived from band-resight data are biased low to an
unknown but potentially substantial extent because the dataset relies,
in part, on individual bands to be resighted and reported. Although
extensive band-resight information is collected by shorebird program
staff, conservation partners, and the public, resight data may not be
reported to BBL and instead remain in databases within shorebird
programs. Second, many individuals reported to the BBL, American
Oystercatcher Working Group, and other datasets were most likely
banded as chicks, and the mortality risk for very young individuals
is generally very high for bird species (Cox et al. 2014, Koczur et al.
2014), which suggests that many banded birds died before they had an
opportunity be resighted. The combination of these factors results in
datasets where recorded resights could be at or below the true number
of birds using both coasts, and the number of banded birds could match
or exceed those that had an opportunity to use both coasts.

Royal Terns exhibited the highest apparent level of connectivity
between the Atlantic and Gulf coasts, with 22% of individuals reported
to the BBL being observed on both coastlines. Royal Terns breed and
were banded along coastlines from Virginia through the southeast
and along the Gulf in the United States (Buckley et al. 2021). Their
breeding range and migratory route through Florida may strongly
impact their relatively high rate of observed coastal connectivity.
Based on BBL band-resights, 100% of Royal Terns observed on both
of Florida’s coastlines were banded in Florida, suggesting that Royal
Terns have strong coastal connectivity within the state.

Although coastal connectivity was high for Royal Terns, connectivity
for other tern species was relatively low or non-existent. Species-specific
breeding ranges and migratory pathways may influence the likelihood
that a species demonstrates coastal connectivity between the Atlantic
and Gulf. For example, the coastal connectivity rate for Common Terns
is effectively 0%, with only 15 out of 84,277 individuals from BBL data
observed in both the Atlantic and Gulf and zero individuals observed
on both coasts within Florida. The southern extent of the breeding
range for Common Terns is northern South Carolina along the Atlantic
Coast, and Common Terns migrate to Central and South America for
the winter (Arnold et al. 2020). During the winter, Common Terns
are rare along the southern Atlantic and Gulf coastlines (Arnold et
al. 2020). Life history details such as these may help explain why
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some species have higher rates of coastal connectivity than others.
However, we acknowledge that some of the variation among species
may be a consequence of differing study objectives (i.e., some banding
studies may include concerted resighting efforts), species-specific
band observability, or other factors, and suggest that a cautious
interpretation of interspecific differences is warranted.

Allocation of restoration funding often reflects a complex
interplay between factors related to species abundance and
restoration targets (e.g., where restoration will benefit birds, how
many birds will be affected, where restoration can be reasonably
implemented, what are its impacts on nontarget species), social
factors (e.g., whether restoration is compatible with the interests of
other stakeholders), and funding rules or constraints. Restoration on
Florida’s Atlantic Coast is of interest to conservation practitioners
because of the abundance of critically important sites for birds (e.g.,
Florida’s largest Reddish Egret colony is on the Atlantic Coast; Cox
et al. 2019). Dispersing restoration efforts throughout the state can
effectively safeguard imperiled species by mitigating risks to wildlife
associated with stressors such as hurricanes and oil spills. Moreover,
broadening the scope of restoration efforts may enhance the potential
of achieving statewide population targets. The data summarized here
indicate that connectivity between some Atlantic and Gulf coast bird
populations may be substantial and that consideration of restoration
projects on Florida’s Atlantic Coast through DWH settlement funds
may be warranted.
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