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Abstract
Many coastal-dependent species have undergone large-scale population declines due to impacts from habitat loss, including
American oystercatchers (Haematopus palliatus). Islands along the Big Bend region of Florida’s Gulf Coast provide important
nesting habitat for oystercatchers, but reproductive success here is low and habitat degradation and loss are a major concern. To
determine rates and characteristics of habitat loss, we quantified changes in island sizes within two major breeding areas of the
Big Bend: the Barge Canal spoil islands and natural islands at Cedar Key. We digitized aerial photographs from the past ~
40 years, measured area and shoreline retreat of nesting islands, and identified trends over time by fitting linear mixed effects
models. The total area of the ten Barge Canal spoil islands decreased by 55% between 1979 and 2016. At Cedar Key, the total
area of the six islands measured decreased by 39% between 1974 and 2016, 85% of which occurred after 1995, indicating an
increase in erosion rates correlated with oyster reef declines. Changes in available nesting habitat varied between the Barge Canal
and Cedar Key islands due to differences in physical attributes; however, all islands significantly decreased in size over time.
Given the long life and high site fidelity of American oystercatchers, these islands may currently be acting as an ecological trap
for this species. Climate change, sea-level rise, and loss of oyster reefs are likely to continue to drive oystercatcher habitat loss
throughout their range; thus, creation and restoration of oyster reefs and nesting islands will become increasingly important.
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Introduction

Coastal environments are highly dynamic systems which are
often exposed to rapid and extreme changes resulting in both
positive and negative effects on coastal-dependent species.
These effects are confounded by significant anthropogenic
pressures such as coastline development, recreational use,
overfishing, and upland freshwater usage (which impacts dis-
charge to estuaries) and effects from climate change

(Leatherman et al. 2000; Kirby 2004; Lotze et al. 2006;
Seavey et al. 2011a). Projected effects of climate change glob-
ally include sea-level rise and increased intensity and frequen-
cy of storms, which erode and degrade coastal habitats
(Emanuel 2005; Webster et al. 2005). As the processes of
climate change and sea-level rise accelerate, coastal habitats
are expected to experience increased levels of flooding and
saltwater intrusion, leading to dramatic habitat loss and
change (CCSP 2009; Nicholls and Cazenave 2010; Burger
2018). In addition, the impact of these cumulative effects
has been apparent in the worldwide decline and degradation
of oyster reefs (Beck et al. 2011), which play a vital role in
many coastal habitats as ecosystem engineers and function to
attenuate wave energy and protect coastlines from erosion
(Piazza et al. 2005; Scyphers et al. 2011). The loss of oyster
reefs can lead to a negative feedback loop by increasing coast-
al erosion. The loss and degradation of coastal habitats are the
leading causes of extinction risk for habitat specialists includ-
ingmany species that use coastal ecosystems for reproduction,
such as shorebirds (Owens and Bennett 2000; Brooks et al.
2002; Franco et al. 2006; Mazaris et al. 2009). As a result,
many coastal-dependent shorebirds have undergone large-
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scale population declines (Erwin et al. 2011; Burger and Niles
2013).

The American oystercatcher (Haematopus palliatus; here-
after oystercatcher) is a large shorebird that breeds along the
Atlantic and Gulf coast regions of the USA. The oystercatcher
feeds primarily on marine bivalves, depends on coastal areas
that support intertidal shellfish beds, and nests near these for-
aging areas, which makes the oystercatcher especially suscep-
tible to changes in coastal habitats (American Oystercatcher
Working Group et al. 2012). The oystercatcher is listed as a
species of high conservation concern in the US Shorebird
Conservation Plan (Brown et al. 2001) and is listed as
Threatened in Florida due to low numbers and limited breeding
distribution (Florida Fish and Wildlife Conservation
Commission 2011). A statewide analysis conducted in 1994
concluded that there was insufficient suitable habitat available
for the long-term stability of oystercatchers in Florida (Cox
et al. 1994). Florida’s Big Bend region provides important
wintering and nesting habitat for oystercatchers (American
Oystercatcher Working Group et al. 2012; Brush et al. 2017;
Fig. 1); this region is characterized by a largely undeveloped
coastline that is mostly protected from further development.
However, over most of the Big Bend region, nesting habitat
is limited to a few small (< 3 ha) offshore islands; alternative
nesting habitats are not available as they are in other regions.
Themajority of nesting oystercatchers (47%) in Florida nest on

small oyster and shell islands or rakes similar to the Cedar Key
islands within the Big Bend (Florida Shorebird Database
2019).

The unique underlying hard limestone substrate found
along the eastern Gulf of Mexico, in particular in the Big
Bend of Florida, reduces subsidence and associated rates of
sea-level rise that have been documented in other parts of the
Gulf (Swanson and Thurlow 1973; Morton et al. 2004). The
Big Bend of Florida is a low wave-energy, shallow, highly
karstic region (Johnson and Barbour 1990). Due to the karst
nature of this region, there is no significant sediment transport
suitable for beach development or maintenance, but shell de-
rived from oyster reefs and offshore shoals line the small off-
shore islands (Johnson and Barbour 1990). Because it is a
sand-starved coastline, this region lacks barrier islands which
typically provide protection from ocean and storm forces
(Hine et al. 1988) and are commonly used by other breeding
populations of oystercatchers (Koczur et al. 2014; Schulte and
Simons 2015). In addition, although this region is relatively
protected from coastline development, large areas have expe-
rienced significant losses in the extent of oyster reefs in the last
two decades (Seavey et al. 2011b). Decreased freshwater in-
puts from rivers have contributed to decreased survival and
recruitment of oysters, subsequent erosion of oyster reefs, and
ultimately, irreversible loss of substrate critical for oyster re-
settlement (Seavey et al. 2011b; Frederick et al. 2016). Oyster
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Fig. 1 American oystercatcher historical and current nesting islands (black) in the Big Bend region of Florida (gray) at our two study sites in Levy and
Citrus counties
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reefs, directly and indirectly, provide critical foraging,
roosting, and nesting habitats for oystercatchers (Brown
et al. 2005).

Declines of oyster reefs coupledwith sea-level rise in the Big
Bend region suggest many small islands used by nesting shore-
birds are likely to be impacted. Oystercatchers nest on the
ground along the shoreline, making their nests and young sus-
ceptible to shoreline erosion, high tides, and storm surges;
overwash has been the largest known contributor to nest loss
in the region since 2011 (Florida Shorebird Database 2019).
Although overwash is frequent at nests placed at low elevations
and/or near the high tide line (Jodice et al. 2014), it also occurs
at nearly all nesting areas throughout oystercatchers’ range dur-
ing storm and high wind events (Schulte and Simons 2015;
Florida Shorebird Database 2019). In the Cedar Key area, the
estimated rate of sea-level rise is 2.08 ± 0.18mm/year (based on
monthly data from 1914 to 2017), which is near the global sea-
level rise of 1.70 ± 0.30 mm/year for the twentieth century
(NOAA 2009). However, global sea-level rise has an estimated
climate change–driven acceleration of 0.08 ± 0.03 mm/year2

and the Big Bend’s extensive low-elevation coastal habitats
make it especially susceptible to any change in sea level
(Geselbracht et al. 2011; Nerem et al. 2018). The limited current
availability of suitable nesting habitat in Florida, coupled with
the likely future effects from climate change, raises important
conservation issues for oystercatchers and other avian species
dependent on these coastal habitats.

The islands in the Big Bend region support the second-
largest concentration of nesting oystercatchers in Florida; the
next closest nesting concentrations are ~ 168 km to the north
and ~ 150 km to the south of our study sites. Because the
region has no barrier islands or large shell and marsh rakes,
the breeding habitat for oystercatchers here is different and
more limited than along the Atlantic and other parts of the
Gulf coast. Considering that nesting habitat is potentially lim-
iting for oystercatchers, and that oyster reefs are declining in
the Big Bend region, our primary objective was to quantify
changes in oystercatcher nesting habitat here over time. We
secondarily evaluated changes in oystercatcher reproductive
success to determine how they related to habitat loss in the
region. Our goal was to quantify breeding habitat loss in the
region and lay the foundation for high-priority habitat restora-
tion to benefit American oystercatchers.

Methods

Study Sites

Our study area included the two primary sites currently used
by nesting oystercatchers in the southern part of the Big Bend
region: the spoil islands of the Barge Canal within the Cross
Florida Greenway State Recreation and Conservation Area

(hereafter Barge Canal) and natural islands in the Cedar Key
area (Fig. 1). These sites support two of only three nesting
concentrations of oystercatchers in Florida’s Big Bend.

The Barge Canal spoil islands were created in the mid-
1960s during the dredging of the eventually abandoned
Cross Florida Barge Canal. At the time of construction, 15
islands were created using dredged limestone rock, 14 of
which formed a linear chain perpendicular to the coast
(Schreiber and Schreiber 1978). Since the initial construction,
these islands have been left untouched. Currently, ten spoil
islands are above mean high water, six of which are used by
nesting oystercatchers. These spoil islands range from 2 to
5.75 km from the mainland and range in size from 0.1 to
1.5 ha. Surface substrate primarily consists of limestone rock
(generally 5–20-cm diameter), shell, and only small amounts
of sand. Above the tidal range, most of the islands were veg-
etated by dense low shrubs, grasses, and woody vegetation,
including some trees. Nesting oystercatchers have used six to
eight of the spoil islands since at least 1976, supporting ap-
proximately 15–28 total pairs annually, representing ~ 11% of
the 2019 statewide population (Schreiber and Schreiber 1978;
Florida Shorebird Database 2019). Currently on these islands,
oystercatchers nest on open substrate and select for nest sites
away from vegetation, as is typical for the species (American
Oystercatcher Working Group et al. 2012). In addition, these
islands are currently used by several other waterbirds, includ-
ing Wilson’s plovers (Charadrius wilsonia), least terns
(Sternula antillarum), and numerous heron species
(Ardeidae). Nesting birds have never used four of the islands,
so we excluded these from our study.

The second study area consisted of seven naturally occur-
ring islands near Cedar Key. Six islands are characterized by
sand and shell substrates with variable amounts of vegetation
including ground cover and some tall woody vegetation. The
seventh island, Corrigan’s Reef, is a shell rake with minimal
vegetation. Sizes of these islands range from 0.35 to 3.0 ha.
Historically, all nesting islands in both areas had naturally
occurring oysters on them and presumably had high enough
elevation for successful nesting. In addition, oyster reefs not
directly connected to the islands have historically surrounded
many Cedar Key islands. Since 2001, 6–12 pairs of oyster-
catchers have used the Cedar Key area for nesting annually;
there are no prior estimates of breeding populations for this
area. Currently, oystercatchers use all nesting habitat above
the mean high-water line on these islands. Several of the
Cedar Key islands also support populations of breeding
Wilson’s plovers and least terns.

Data Acquisition and Analysis

We obtained aerial imagery (resolution = 0.3 m) from the
Florida Department of Transportation, Survey and Mapping
Office (LABINS 2018) to determine temporal and spatial
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shoreline changes to nesting islands in our study area. Imagery
available for the two sites differed in coverage so there were
differences in the years used in our analysis, but they covered
similar periods. For Barge Canal, we used imagery from
5 years from 1979 to 2017. For the Cedar Key area, we used
imagery from 7 years from 1974 to 2016. For aerial photo-
graphs that were not already georeferenced (years before
1995), we manually georeferenced each photograph using
control points (e.g., corners of buildings, road intersections).
We then hand-digitized the shorelines of all islands used his-
torically by nesting oystercatchers, at a 1:3000 scale along the
estimated high-water line (digitized island shapefiles available
at: http://ufdc.ufl.edu/IR00010764/00001 and http://ufdc.ufl.
edu/IR00010763/00001). The exact height of the tide for
each aerial image was unknown; however, when water
levels appeared to be below high tide, we used the wet-dry
line in the sand or the wrack line as estimates of mean high
water. For each island, we used the digitized shorelines to
calculate island area in each sample year. We measured linear
shoreline retreat (m) on the ocean-side of islands along a sin-
gle transect located where shoreline loss was the greatest to
measure changes in the shoreline from year to year. We also
calculated linear shoreline retreat (m) on the mainland side
directly across the island from our ocean-side transect.
Corrigan’s Reef in Cedar Key is a highly dynamic shell rake
and the entire rake shifts over time; therefore, calculating
shoreline retreat was not possible. Additionally, two islands
were excluded from Barge Canal because they were only
above water at all tide levels in the first image used (1979)
and were subtidal by the second date in the sequence (1995).

Some measuring errors at individual points are assumed
between periods due to varying tide heights, substrate types,
image quality, and human error in digitizing and
georeferencing. We did not determine an absolute value of
the overall predicted horizontal accuracy; however, for our
dataset, we assumed an uncertainty of 5 m based on the
constraints described by Crowell et al. (1991) which include
accounting for distortion of photos, inaccurate photo control
points, errors in delineation of mean high water line, and
digitizer-related errors. When translating this uncertainty in
shoreline position to calculations of island area, the size and
shape of the island influence the level of uncertainty in esti-
mates of island area. For example, based on the ± 5-m uncer-
tainty in shoreline position, a perfectly circular island with an
area equal to that of an average size island in our study area
(20,950 m2) would have an estimated uncertainty of −
2441 m2 to + 2696 m2 in area. We effectively minimized
uncertainty by using multiple images that covered a 40-year
period, which results in a high level of accuracy of overall
trends (Fisher and Overton 1994).

We fit linear mixed effects models using measured changes
in island area and shoreline retreat to identify trends over time.
In our models, we used year and site as fixed effects and

included random effects for intercept and slope to account
for differences in individual islands.

We assessed temporal trends of key reproductive metrics to
determine whether changes in habitat were associated with
changes in reproduction, including the number of nesting pairs
for each site per year (for all years available) from 1977 to
2018, overall site productivity (number of fledglings per
nesting pair) from 2011 to 2018, and the sources of any known
nest failures (Schreiber and Schreiber 1978; Florida Shorebird
Database 2019). The Florida Fish and Wildlife Conservation
Commission (FWC) began monitoring nesting shorebirds 2–4
times monthly in our study area after 2011. We increased the
monitoring effort to twice-weekly visits in 2017 and installed
camera traps near the majority of nests to assist with determin-
ing nest outcomes and sources of failure. Data were sporadic
due to the intermittent nature of surveys during 1977–2011,
before the implementation of systematic monitoring of nesting
oystercatchers within our study area.

Results

Barge Canal

The total area of the ten Barge Canal islands decreased by
55% between 1979 and 2016 (F1, 31 = 51.58, P < 0.0001).
Two of the westernmost spoil islands became subtidal by
1995 and a third was subtidal by 2008 (Fig. 2). The now
subtidal spoil islands were originally the smallest islands
(< 0.2 ha). Two of the three submerged spoil islands histori-
cally supported nesting birds including at least three pairs of
oystercatchers and a seabird colony with an estimated 275
birds consisting of laughing gulls (Leucophaeus atricilla)
and royal terns (Thalasseus maximus; Schreiber and
Schreiber 1978). Least terns are the only seabirds that still nest
at Barge Canal. Ocean-side shoreline retreat varied by island

Fig. 2 Cumulative change in area of Barge Canal islands in the Big Bend
region of Florida, 1979–2017, compared with initial island area in 1979
as determined by aerial imagery. Islands were numbered from nearshore
(1) to offshore (10)
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and increased over time (likelihood ratio = 44.27, P < 0.0001)
at an average rate of 0.89 m/year (F1, 27 = 102.09, P < 0.0001;
Fig. 3) Land-side shoreline retreat varied by island and in-
creased over time at an average rate of 0.22 m/year (F1, 27 =
9.65, P = 0.004).

In 2016, Hurricane Hermine caused widespread environ-
mental impacts across the Big Bend. We observed changes at
Barge Canal as a direct result of the hurricane. Three of the
spoil islands increased in area (x = 4%± 1.8%) following the
hurricane. In contrast, erosion occurred on the westernmost
spoil island (islands 4, 5, and 7; Fig. 1), lowering elevation
and/or decreasing total area (x = 8%± 0.3%). Additionally,
field observations documented reductions in vegetation and
increased elevation of three of the spoil islands as a result of
wave action and storm surge.

Overall oystercatcher productivity for Barge Canal was
low in most years (Table 1). Nest overwash caused the failure
of 17% (n = 4) and 8% (n = 3) of oystercatcher nest attempts at
Barge Canal in 2017 and 2018 respectively. Observations/
data suggest overwash was the primary source of known nest
failure from 2011 to 2016, but most causes of nest failure were
documented as “unknown” due to inconsistent survey efforts
and the challenge of determining nest outcomes in limestone
nesting substrate (i.e., absence of predator tracks; Florida
Shorebird Database 2019). There were large changes among
years but no clear pattern or trend in total number nesting pairs
recorded using the site over time (Table 1); however, survey
effort was inconsistent.

Cedar Key

The total area of all nesting islands within Cedar Key decreased
by 39% between 1974 and 2016, with 85% of the decrease
occurring after 1995. Decreases in area varied widely across
islands, ranging from a 32% loss of Rattlesnake Key to 100%
loss of Derrick Key (Fig. 4). The rate of change in island area
was slightly faster in Cedar Key than Barge Canal (F1, 79 =

16.40, P = 0.018). Shorelines were generally stable over time
on the mainland sides of the islands (F1, 35 = 0.28, P = 0.599),
whereas ocean-side shoreline retreat did increase (likelihood
ratio = 54.18, P < 0.0001) at an average rate of 1.28 m/year
(F1, 35 = 120.32, P < 0.0001). The three northernmost islands
had the highest amount of shoreline retreat (Fig. 5).

Overall, oystercatcher productivity for Cedar Key was low,
producing only four fledglings in 2017 (6 pairs) and 2018 (8
pairs) combined (Table 1). Overwash was a major source of
nest failure for oystercatcher nesting in Cedar Key. We docu-
mented that 57% (n = 8) and 29% (n = 4) of known nest at-
tempts at Cedar Key failed due to overwash in 2017 and
2018, respectively. In both years, not all overwash events were
associated with storm events; some islands experienced fre-
quent near-complete overwash that was associated with spring
tides or regular high tides and moderate wind. For example,
camera traps on Gomez Key documented overwash of most
or the entire island six times during a 6-week period in April
2017. Similarly, oystercatcher nests on Rattlesnake Key were
overwashed evenmore frequently in 2017 and 2018, but we did
not have any cameras on the island to document specific events.

Comparable with Barge Canal, there were substantial fluc-
tuations but no pattern or trend in the number of nesting pairs
recorded using the Cedar Key site over time (Table 1).
However, a clear influence of habitat loss was observed with
Derrick Key, which historically supported an average of 5–6
nesting pairs of oystercatchers annually. By 2014, Derrick
Key was no longer a suitable nesting habitat because of ero-
sion. In addition, it is unclear where the nesting pairs from
Derrick Key relocated once the area became unsuitable
nesting habitat.

Discussion

All nesting islands within our study area experienced signifi-
cant losses in total area in the past 20–40 years. Multiple

Fig. 3 Cumulative ocean-side linear shoreline retreat (m) of Barge Canal
spoil islands in the Big Bend region of Florida, 1979–2017, as determined
by aerial photography

Fig. 4 Cumulative change in area of Cedar Key islands in the Big Bend
region of Florida, 1974–2016, compared with initial island area in 1974
as determined by aerial photography
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islands at both sites have become subtidal and several others
have become extremely susceptible to overwash due to ero-
sion and an assumed loss in elevation. The two islands in
Cedar Key that historically supported the highest numbers of
nesting oystercatchers have experienced the highest percent-
age of area lost. This loss of important nesting habitat, coupled
with current rates of erosion and the already limited amount of
nesting habitat in the region, makes habitat availability a ma-
jor limiting factor for oystercatchers nesting in the Big Bend
region (Cox et al. 1994). Barge Canal had a lower rate of
erosion compared with Cedar Key, which suggests the spoil
islands are more stable under current conditions. Unlike typ-
ical dredge spoil islands and the islands at Cedar Key, the
Barge Canal islands primarily consist of heavy and large-
size limestone rock and are more resistant to erosion and
movement by wave action and the influences of climate
change.

We found that at the natural islands of Cedar Key, the
majority of erosion occurred within the last 20 years. The

timing of the rapid erosion of Cedar Key islands closely fol-
lows that of losses of oyster reefs in the area, suggesting the
reefs were stabilizing these islands (Seavey et al. 2011b). In
addition, we documented substantial erosion of the Cedar Key
islands along shorelines with the greatest wave action and
wind energy. While the extent of oyster reefs surrounding
the islands in our study area varied, five of the seven Cedar
Key islands historically had oyster reef habitat on all sides, but
now those reefs are largely reduced (Fig. 6). Oyster reef hab-
itat, as part of a living shoreline, provides a critical role in
shoreline protection through wave attenuation (Dame and
Patten 1981; Meyer et al. 1997; Piazza et al. 2005; Scyphers
et al. 2011; Manis et al. 2015). When oyster reefs decline as
they have in the Big Bend region, this important ecosystem
service is lost, causing shoreline erosion to increase (Meyer
et al. 1997).

The reduction of healthy oysters in Cedar Key has led to
accelerated habitat loss, but the primary impacts of the loss of
oysters at the Barge Canal islands means a loss in critical

Table 1 Oystercatcher breeding
effort and productivity
(fledglings/breeding pair)
measures 1977–2018 for Barge
Canal and Cedar Key islands:
1977 (Schreiber and Schreiber
1978), 1992–2016 (Florida
Shorebird Database 2019)

Barge Canal Cedar Key

Year Breeding
pairs

Nests Fledglings Productivity Breeding
pairs

Nests Fledglings Productivity

1977 22

1992 52

2001 22 9

2010 12

2011 28 11 2

2012 27 6 0.22 11 12 2 0.18

2013 16 4 0.25 7

2014 14 1 0.07 8 0

2015 22 4 0.18 11 1 0.09

2016 17 5 0.29 9

2017 26 24 13 0.5 6 14 2 0.33

2018 24 39 17 0.71 8 14 2 0.25

Fig. 5 Cumulative ocean-side
linear shoreline retreat (m) of
Cedar Key islands in the Big
Bend region of Florida, 1974–
2016, as determined by aerial
photography
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foraging areas adjacent to nesting islands. In 2017 and 2018,
80% of oystercatcher nests in Cedar Key were located within
100 m of high food abundance (> 50 live oysters per m2),
while at the Barge Canal, only 18% of nests fell into this
category (Vitale 2019). The loss of foraging areas adjacent
to nesting islands could mean breeding adults must fly to
distant areas to forage, which in turn can increase predation
on chicks because parents are less available to protect them
(Nol 1989; Thibault et al. 2010). Oystercatchers tend to nest at
higher densities and fledge more chicks when they have direct
access to foraging areas (Nol 1989; Ens et al. 1992).
Additionally, these adults may deliver less food to their chicks
than birds with foraging areas within their nesting territory,
resulting in lower growth and fledging rates (Ens et al. 1992;
Heg and van der Velde 2001).

The high food abundance available near the Cedar Key nest
sites coupled with the limited habitat availability for nesting
oystercatchers in the area is the primary reason birds continue
to nest at our study sites. Oystercatchers typically exhibit high
nest site fidelity (American Oystercatcher Working Group
et al. 2012; Murphy et al. 2017) and will return to nest in areas
even if habitat is degrading, resulting in a potential ecological
trap (Powell and Collier 2000; George et al. 2004; Anteau
et al. 2012), in part due to the high cost of changing nesting
sites (Switzer 1993). In Cedar Key, we found no relationship
between declining habitat availability and nesting population
size despite productivity levels too low to support a stable
population. Nest site fidelity is common among shorebirds
including other species of oystercatchers, but they generally
exhibit lower site fidelity to areas that failed to produce chicks.
High nest site fidelity at locations that are frequently flooded
has been observed elsewhere; however, this behavior is often
associated with successful renesting after initial nest loss
(Thibault 2008). There is variable productivity at our sites,
where some years it is higher than the range-wide average
but most years no fledglings are produced (Nol 1989;
McGowan et al. 2005; Traut et al. 2006; American
Oystercatcher Working Group et al. 2012; Vitale 2019). The

cumulative effect of some productive years and the high cost
of changing nesting locations contributes to the site fidelity
demonstrated by the nesting pairs in our study area.
Additionally, it is unclear where breeding oystercatchers go
when breeding habitat becomes unusable; for example, it is
unknown where the oystercatchers that nested on Derrick Key
went after that island became unusable.

In contrast to the natural islands at Cedar Key, the Barge
Canal spoil islands were used by more oystercatchers for
nesting despite the fact that the birds that nested there had to
travel farther to find food. Other studies have shown the im-
portance of managed spoil islands in providing essential hab-
itat for nesting oystercatchers in those areas where beach sites
are constrained by numerous threats (McGowan et al. 2005;
Virzi et al. 2016). For example, in North Carolina, dredge
spoil islands supported higher densities of nesting oyster-
catchers than naturally occurring barrier islands in the same
area (McGowan et al. 2005). In New Jersey, the reproductive
success rate on spoil islands was an order of magnitude greater
than on barrier beaches (Virzi et al. 2016). However, the spoil
island habitat in these studies was associated with lower pre-
dation and human disturbance rates in these areas, which was
not the case for the Barge Canal during 2017 and 2018 (Vitale
2019). Predation and human disturbance on spoil islands are
highly variable, and threats to birds nesting on spoil islands
have increased over time. Declines of small coastal islands
used by nesting birds have been documented along the
Atlantic Coast, therefore limiting the amount of potential hab-
itat available for nesting birds (George et al. 2004; Erwin et al.
2011). As smaller islands continue to erode and disappear,
well-managed predator- and disturbance-free spoil island hab-
itats will become increasingly important for breeding shore-
birds as climate and anthropogenic pressures increase in coast-
al areas (Colwell 2010; Burger 2018).

Because oystercatchers are an obligate coastal species that
use low-elevation coastal habitats for breeding and nonbreed-
ing, they are particularly vulnerable to the effects of sea-level
rise (Clay et al. 2014). Oystercatcher habitat will be impacted

Fig. 6 Example of habitat change in the form of oyster reef loss (small land masses near two main islands in photos) and erosion of two nesting islands:
Derrick Key (100% loss) and McClammory (32% loss) in Cedar Key, FL, from 1982 (left) to 2016 (right). Imagery from LABINS 2018
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as estuarine and open water areas in the region migrate into
higher elevations, converting other habitat types in the process
(Castaneda and Putz 2007; Geselbracht et al. 2011). These
changes driven by rises in sea level include forecasted declines
in suitable habitat and carrying capacity of shorebirds in
Florida (Aiello-Lammens et al. 2011). The increased severity
and frequency of storms as a result of climate change (IPCC
2014) may be as much of a threat as sea-level rise to breeding
shorebirds (Seavey et al. 2011a). Additionally, a shift in the
timing of storm events earlier in the season could significantly
decrease productivity rates (Aiello-Lammens et al. 2011). For
example, Tropical Storm Alberto in 2018 caused all of the
oystercatcher nests (n = 32) at St. Marks National Wildlife
Refuge in the northern Big Bend to get overwashed and as a
result, productivity was nearly zero for the area that breeding
season (Florida Shorebird Database 2019).

As the processes of climate change and sea-level rise accel-
erate, the coastal habitats of the Gulf of Mexico are expected to
experience increased levels of flooding and saltwater intrusion,
leading to accelerated and dramatic habitat loss and change
(Burger 2018). The loss of coastal islands and erosion from
the cumulative effects of sea-level rise, increased storm fre-
quencies, and worldwide loss and degradation of oyster reefs
is likely to decrease oystercatcher abundance and productivity
in the Gulf of Mexico and globally (Clay et al. 2014; Burger
2018). Climate change and the associated effects will continue
to reshape the coastal landscape and reduce available shorebird
habitat (Colwell 2010). In addition, oyster reef declines are not
likely to reverse on their own, which will result in continued
erosion of important oystercatcher habitat. Shorebirds readily
accept and use newly created (such as spoil islands) or restored
habitat, which may be an important tool in maintaining popu-
lations into the future (Parnell et al. 1986; Scarton et al. 2013;
Clay et al. 2014). Potential conservation strategies for oyster-
catcher nesting habitat may include targeted oyster reef restora-
tion near nesting islands, nesting island management and resto-
ration to reduce nest loss and increase nesting habitat availabil-
ity, and creation of new nesting habitat. We suggest that man-
agers consider restoration and management strategies that are
location-specific and include a combination of tools to ensure
resiliency and sustainability of the habitat for productive oys-
tercatcher nesting.
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