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Sea level rise may pose
conservation challenges for the
endangered Cape Sable seaside
sparrow

Stephanie S. Romanach*, Saira M. Haider and
Allison M. Benscoter

U.S. Geological Survey, Wetland and Aquatic Research Center, Fort Lauderdale, FL, United States

Biodiversity conservation under a changing climate is a challenging endeavor.
Landscapes are shifting as a result of climate change and sea level rise but plant
communities in particular may not keep up with the pace of change. Predictive
ecological models can help decision makers understand how species are
likely to respond to change and then adjust management actions to align with
desired future conditions. Florida's Everglades is a wetland ecosystem that is
host to many species, including a large number of endangered and endemic
species. Everglades ecosystem restoration has been ongoing for decades, but
consideration of sea level rise impacts in restoration planning is more recent.
Incorporating potential impacts from sea level rise into restoration planning
should benefit species and their coastal habitats, most notably at the southern
Florida peninsula. The endangered Cape Sable seaside sparrow (Ammospiza
maritima mirabilis) occurs in marl prairie habitat at the southern end of the
Everglades. The locations of three of its six subpopulations are proximate
to the coast. We used a spatially explicit predictive model, EverSparrow, to
estimate probability of sparrow presence considering both hydrologic change
from restoration and sea level rise. We found that the probability of sparrow
presence decreased with increasing sea level rise. Within approximately
50 years, probability of presence significantly decreased for all three coastal
subpopulation areas, with areas above 40% probability increasingly limited.
Given the exceptionally low dispersal ability of this species and the geographic
restrictions for habitat expansion, our results highlight the importance
of freshwater flow into the southern Everglades marl prairie for habitat
conservation.
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Introduction

Although the conservation approach has shifted over time
from a single species focus toward a suite of species that inhabit a
landscape, endangered species still receive special attention given
their legal protection under the Endangered Species Act (16
US.C. §1531 et seq., 1973). Many approaches to biodiversity
conservation have been tested over recent decades such as using
umbrella or indicator species to represent communities (Noss,
1990) and implementing an ecosystem-based management
approach to promote ecosystem function at the landscape scale
(Kaufmann et al, 1994). Although endangered species are
afforded legal protection, in some cases habitat management
targeted toward one endangered species causes further population
declines of other endangered species in the ecosystem, suggesting
that approaches that improve ecosystem function as a whole could
benefit multiple species within the ecosystem, including the
endangered species that inhabit it (Simberloff, 1998).

Determining the most effective approaches for biodiversity
conservation is even more challenging with changing
environmental conditions. Management actions that are effective
today might not be feasible in the future with a changing
landscape. Further, plants may not be able to shift their ranges in
response to changing climatic conditions as well as more mobile
animals. Some vegetative communities would need to shift at a
rate of 1 km/year to keep pace with climate change (Loarie et al.,
2009). In areas with high human population growth and urban
encroachment like Florida, these conservation challenges are even
greater (Terando et al, 2014) and can result in habitat
fragmentation, which is particularly concerning for Florida’s high
number of endemic and endangered species (Benscoter
etal., 2013).

Predictive ecological modeling can help conservation
practitioners identify management actions to achieve desired
future ecological conditions. The field of spatial ecology has grown
tremendously with many spatially explicit approaches available to
address conservation challenges (Fletcher and Fortin, 2018).
Alongside these advances, projections of climatic conditions have
been refined and downscaled to finer resolutions for more
meaningful evaluations of potential future conditions (Tabor and
Williams, 2010; Wang et al., 2016). Florida, and in particular the
Greater Everglades ecosystem (hereafter “Everglades”), has the
advantage of being data-rich, providing strength to analyses on the
ecological relationships within. Many of these well-understood
relationships have been turned into ecological models to assist
with restoration and conservation planning in the Everglades
(Romaiiach and Pearlstine, 2022).

Decades of environmental degradation in the Everglades have
resulted in one of the largest restoration programs in the world,
authorized by Congress in 2000 (Public Law 106-541 — Water
Resources Development Act of 2000). The Everglades wetland was
once a large “river of grass” with freshwater slowly flowing
southward across the landscape toward the coast (Douglas, 1947).
Residential and agricultural development beginning in the 1880s

Frontiers in Ecology and Evolution

02

10.3389/fevo.2022.1085970

degraded and divided the wetland using a system of canals and
levees (Light and Dineen, 1994). Further, the geographical
position of the Everglades at the southern end of the Florida
peninsula makes rising seas a threat that is already resulting in
habitat shifts (Krauss et al., 2011). Rapidly advancing seas led the
federal partner in Everglades restoration, the U.S. Army Corps of
Engineers, to call for the consideration of sea level rise in all future
project planning (United States Army Corps of Engineers
Regulation 1100-2-8162, 2019). Everglades restoration is aimed at
“getting the water right” for the suite of species that inhabit the
wetland such as wading birds (Ciconiiformes) and the American
alligator (Alligator mississippiensis). However, hydrologic and
habitat needs vary by species and engendered species are
prioritized to avoid further jeopardizing their populations and
habitat (Romanach et al., 2022b).

The endangered Cape Sable seaside sparrow (Ammospiza
maritima mirabilis; hereafter “sparrow”) is an endemic species in
the Everglades that inhabits marl prairie, along with other listed
species such as the Florida panther (Puma concolor coryi) and the
wood stork (Mycteria americana). Marl prairie habitat is limited
in its spatial range and bounded by coastlines to the south and
west and infrastructure to the north and east (Benscoter and
Romanach, 2022). The sparrow population has declined by
approximately 63% since the early 1990s to fewer than 2,500 birds
in 2021 (Virzi and Tafoya, 2021; Benscoter and Romafach, 2022).
They are found in six subpopulations (named A-F) in the
southern Everglades and are relatively sedentary with limited
movements within and between subpopulations (Lockwood et al.,
2001). The sparrow is a ground nesting bird that requires treeless
short-hydroperiod wetland conditions that result in marl prairie
to reproduce successfully (Davis et al., 2005). There are many
threats to this species including nest flooding, water management
regimes, breeding season fires, and woody vegetation
encroachment (Benscoter et al., 2021; Benscoter and Romanach,
2022). A steep decline in bird count for subpopulation A was
observed over the last 30years, down to an estimated 0 birds
observed in the range-wide point count surveys in 2021 (Benscoter
and Romanach, 2022). The number of birds in subpopulations C,
D, and F is relatively low and has declined since 1981 (although
subpopulation D has shown a recent increase), while
subpopulations B and E have relatively stable and higher number
of birds (Benscoter et al., 2021; Benscoter and Romanach, 2022).
Subpopulation estimates for 2021 are: A, 0; B, 1,488; C, 112; D,
288; E, 528; and F, 32 (Benscoter and Romanach, 2022). Given the
severe declines in population size of this endangered species, and
spatial limitations for expansion of habitat, questions remain
about the spatial extent of habitat in the future.

Model development in the Everglades has advanced over the
last few years and can provide insight into future conditions for
the sparrow. The sparrow is difficult to observe and requires costly
helicopter transport to access remote wilderness areas for
population monitoring (Walters et al., 2000; Pimm et al., 2002).
Predictive modeling can leverage these existing data to target
outputs toward management questions for this declining species.
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Predictive models for sparrow habitat are used in Everglades
restoration planning (Romanach and Pearlstine, 2022) but less
utilized for conservation planning. EverSparrow is a spatially
explicit model that provides estimates of potential sparrow habitat
via probability of sparrow presence that can help natural resource
managers target conservation action (Haider et al., 2021).
EverSparrow models a range of environmental factors that are
related to sparrow presence including water depth, fire history,
and vegetation structure. Although hydrologic projections do not
exist to examine future conditions with climate change, hydrologic
projections for ecosystem response to restoration exist, as well as
sea level rise projections.

Our research examines the current and future habitat
conditions for the Cape Sable seaside sparrow and considers the
ongoing ecosystem restoration and potential impacts from sea
level rise. Everglades restoration will take decades to implement
(National Research Council, 2003), therefore, natural resource
managers want to know where suitable areas for sparrows will
be in 50 years, after full implementation of Everglades restoration
projects, and projections showing sea levels continuing to rise.
Here we use the predictive model EverSparrow to gain insight into
current and future potential habitat areas for the sparrow. The
outputs of this study can help inform the National Park Service’s
resist-accept-direct (RAD) framework to make strategic decisions
about sparrow habitat management under changing conditions
(Schuurman et al., 2020).

Materials and methods
Study area

Our study area covers the geographic extent of six sparrow
subpopulations (A-F), located mainly in Everglades National Park
and Big Cypress National Preserve (Figure 1). The extent of the
study area was determined by the footprint of available hydrology.
The western and southern edges of the study area approach the
coast along the Gulf of Mexico and Florida Bay, respectively.
We used a 400 m x 400 m grid cell size for all modeling, matching
the grid cell size used in EverSparrow development.

Environmental variables

EverSparrow requires four environmental variables as model
inputs: years since last fire, percent burned at last fire, percent
canopy cover, and percent woody vegetation. Fire history is
incorporated into the model due to its importance for marl prairie
vegetation and relationship to sparrow occupancy and bird count
(Benscoter et al., 2019; Benscoter and Romaiiach, 2022). Previous
studies indicate that fire every 4-11years is related to the highest
levels of sparrow occupancy or bird count (La Puma, 2010;
Benscoter et al., 2019). Marl prairie vegetation can recover from
fire within 2-4 years, although vegetation recovery can take longer
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if flooding occurs post-fire (La Puma et al., 2007; Sah et al,, 2015).
We calculated fire history from the Everglades National Park fire
database which contains fire locations and extent from 1983
through 2020 (available by request from Everglades National
Park). We determined the number of years since last fire and
percent of cell burned in each 400x400m grid cell. Because
we calculate up to 10years since the last fire, fire history available
to EverSparrow begins in 1993.

Sparrows reside in areas with low tree cover or woody
vegetation (Benscoter et al., 2021; Benscoter and Romanach,
2022), and the probability of sparrow presence is highest where
percent canopy cover is lower than 10% and percent woody
vegetation is lower than 25% (Haider et al., 2021); these variables
are included in the model to spatially indicate their absence.
We calculated canopy cover from the Multi-Resolution Land
Characteristics Consortium percent tree canopy cover data set
(30m resolution) in the 2011 National Land Cover Database
(U.S. Forest Service, 2019). For woody vegetation, we used the
Cooperative Land Cover Map version 1.1 from the Florida Natural
Areas Inventory and Florida Fish and Wildlife Conservation
Commission (2010) (re-sampled to 400 x400m). More detail
about the environmental variables can be found in Haider
et al. (2021).

Hydrology

In addition to environmental variables, EverSparrow requires
two hydrologic variables that are derived from daily water depths:
hydroperiod and days since last dry. Hydroperiod is the number
of discontinuous wet days in a climatic year (May 1-April 30)
averaged over 4 years. Days since dry is a count of how long a grid
cell has been wet, counting backwards to a maximum of 3 years or
until the cell dries; it is calculated on a weekly time step using the
first day of the seven-day time step. These variables are included
in the model due to their impact on vegetation type and sparrow
habitat (Benscoter et al., 2021; Benscoter and Romanach, 2022).

Water management in the Everglades changes over the years
and follows a regulation schedule, which is a document that
defines operational plans for water infrastructure (such as pumps
and other constructed features). Because operational plans change
over time, it would be inaccurate to use historical hydrology to
estimate future conditions. Therefore, we used a hydrologic model
of the current operations plan as the baseline of our model
projection. At the time of writing, water operations in the
Everglades study area are managed according to a regulation
schedule named “ALTQ” from the Combined Operational Plan
(COP). COP is aimed at restoring hydrologic conditions in
Everglades National Park through changes to timing, location, and
volume of water deliveries from the north. Water deliveries should
benefit the Park broadly, including hydrologic restoration of marl
prairie (U.S. Fish and Wildlife Service, 2020). The South Florida
Water Management District developed the Regional Simulation
Model and uses it to produce historical hydrologic scenarios but
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with current regulation schedules implemented. We selected their
hydrologic scenario No Action 2022 (NA22f) as the baseline
hydrology to estimate current sparrow conditions. NA22f includes
the ALTQ water regulation schedule and has a period of record
modeling daily water depths from 1965 to 2016. We resampled
NA22f to the 400 m X 400 m grid and calculated hydroperiod and
days since dry from 1969 to 2016.

Sea level rise

We used sea level rise (SLR) projections from the University
of Floridas GeoPlan Center. The GeoPlan Center used the
U.S. Army Corps of Engineers (USACE) Sea-Level Change Curve
Calculator (version 2019.21; SLCCC) which determines the
annual value of SLR at tidal gauges, the nearest of which was Key
West for our study area.! The GeoPlan Center used these values to
model inundation surfaces (5.4 m resolution) on the decadal time
scale for all coastal counties of Florida using a modified bathtub
approach with a hydrologic connectivity filter that removed areas
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isolated from major waterways.” Modeled outputs include
estimations of extent and depth of inundation due to
SLR. We selected the USACE intermediate and high SLR
projections which show values of approximately 0.24 m (0.8 ft) and
0.73m (2.4ft), respectively, in 50years (in the year 2066;
USACE, 2013).

At the time of writing, no hydrologic models exist of daily
water depth that incorporate SLR in our study area. Therefore, to
examine potential future conditions for the sparrow we combined
an existing hydrologic model (NA22f) with the GeoPlan Center’s
decadal SLR projections. Our approach was to add GeoPlan’s
spatially explicit inundation depths of SLR to the water levels in
NA22f. First, we resampled the SLR inundation surfaces to the
400 m x400m grid by calculating mean water depth per grid cell
using the Spatial Analyst tools in ArcGIS Pro 2.9.1. Next, using the
statistical software program R (R Core Team, 2021), we translated
the spatially explicit GeoPlan Center’s SLR inundation layers,
which are on a decadal scale, to an annual scale. The USACE
SLCCC provides annual estimates of SLR for south Florida which
we used to calculate the relative proportion of sea level increase
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annually because SLR does not increase linearly with time.
We used this proportional fraction to temporally disaggregate the
GeoPlan Center’s decadal surfaces into annual inundation
surfaces. For example, if the USACE SLCCC projected a rise of
0.01 m from year 1 to year 2 and an increase of 0.30 m from year
1 to year 10, then we calculated that the proportion of SLR in the
first year of a 10-year time span was 0.01 m/0.30m =0.03. We then
multiplied the decadal SLR inundation surface by 0.03 to calculate
the annual level of SLR for that first year. Last, we added the
annual sea level increase to the NA22f water levels, using this
process for both the USACE intermediate and high projections.

Statistical analysis

EverSparrow is a spatially explicit Bayesian logistic regression
model that estimates sparrow probability of presence by
determining relationships between sparrow presence from point
count survey data and environmental variables, described in detail
in Haider et al. (2021) We ran the EverSparrow model on three
hydrologic scenarios: (1) NA22f (baseline without SLR), (2)
NA22f plus USACE intermediate SLR inundation (0.24m SLR in
50years), and (3) NA22f plus USACE high SLR inundation
(0.73m SLR in 50 years). We evaluated the differences in predicted
probability of sparrow presence within the areas of subpopulations
A, B, and D. We selected these three areas because they are closest
to the coast and most likely to be impacted by SLR. To compare
the scenarios, we calculated the mean probability of sparrow
presence per grid cell over the breeding season (March-June) for
each year. We also calculated the 75th quantile over the breeding
season, per grid cell for each year. We chose the 75th quantile to
examine changes in higher suitability CSSS habitat, while not too
high as to be impacted by outlier values. We tested differences
using R (R Core Team, 2021) by running a two-way analysis of
variance (ANOVA) with hydrologic scenarios and subpopulations
as interactive factors. For pair-wise comparisons, we ran a Tukey’s
Honest Significant Difference (HSD).

Results

For all three sparrow subpopulations (A, B, and D), the mean
EverSparrow probability of presence decreased with increasing
SLR (Figure 2). All outputs are available online as a U.S. Geological
Survey data release (Romanach et al,, 2022a). The two-way
ANOVA showed that the interaction of subpopulation and
hydrologic scenario had a statistically significant effect on mean
probability of sparrow presence (F(y, 534403 =4,754, p<27'%). Main
effects of both subpopulation and scenario on probability of
presence were significant (p <27'¢). The Tukey’s HSD test showed
that the mean probability of presence values between the baseline
hydrologic (NA22f) and USACE intermediate SLR scenarios were
significantly different for subpopulation A (p=0, 95%
CI=[-0.009, —0.003]) and subpopulation B (p=0, 95%
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CI=[-0.078, —0.070]). Between the USACE intermediate and
high scenarios, the Tukey’s HSD test also showed that the mean
probability of presence was significantly different for
subpopulation A (p=0.01, 95% CI=[-0.006, —0.001]),
subpopulation B (p=0, 95% CI=[-0.155, —0.147]), and
subpopulation D (p=0, 95% CI=[—0.119, —0.103]).

For the last year of the three scenarios, we calculated the mean
probability of presence during the breeding season (March-June)
over the study area to examine the spatial distribution of the impact
of SLR on potential sparrow habitat (Figure 3). The mean sparrow
probability of presence in the areas of subpopulations A and B
decreases from the baseline to the 0.24 m SLR, and also decreases
in the areas of subpopulations A, B, and D from 0.24m SLR to
0.73m SLR. With 0.73m SLR, almost all areas within subpopulation
D have less than 10% probability of sparrow presence, while the area
of subpopulation B only has probabilities of presence above 10% in
the northcentral and northeastern areas. Although the more inland
subpopulations were not a focus of this study, we report little change
in probability of presence values in the locations of subpopulations
C, E, and F for the SLR scenarios, with the exception of the
southwestern portion of subpopulation E in the 0.73 m SLR scenario.

Discussion

The Cape Sable seaside sparrow is endemic to the marl prairie
of the Everglades and its range is unlikely to expand given the hard
boundaries of coastline to the south and west, urbanization to the
east, and water retention areas to the north. Our results show that
the probability of presence for the sparrow is likely to decline in the
coastal subpopulations with increasing sea level rise. Our findings
are in line with previous studies showing a reduction in available
habitat for salt marsh sparrows due to sea level rise (Ammodramus
maritimus; Shriver and Gibbs, 2004; Kern and Shriver, 2014;
Hunter et al., 2015). As the delineation between freshwater habitats
and the sea becomes less clear, species distributions are changing
as a result (Pressey et al., 2007). This challenge to adapt is greater
for species with limited ranges, and even more so for those with
limited dispersal abilities like the sparrow.

All subspecies of seaside sparrows tend to show low
movement and dispersal, making it critical to conserve the
habitats they currently occupy (Rising, 2005). The Cape Sable
seaside sparrow occupies six subpopulation areas with half of
those vulnerable to sea level rise because of their proximity to the
coast. Although juveniles disperse up to 1km, they tend to move
under 600 m from their natal sites (Lockwood et al., 2001). For
context, the distance between the boundaries of subpopulation
areas B and D is approximately 9 km, and most subpopulations
are at least 4km apart. The average movement distance of 14
banded adult sparrows was 277 m from one breeding season to
the next (Pimm et al., 2002). A study using mark-resight data
from 1997 to 2007 found only eight instances of juveniles or
adults moving among subpopulations (Boulton et al., 2009).
Although longer distance movements are rare, sparrows have
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FIGURE 2

Boxplot showing the EverSparrow mean probability of presence for the Cape Sable seaside sparrow (Ammospiza maritima mirabilis) for the areas
of subpopulations A, B, and D for three hydrologic scenarios: a baseline (NA22f) without sea level rise (SLR), the U.S. Army Corps of Engineers
(USACE) intermediate SLR scenario (0.24 m in 50 years), and the USACE high SLR scenario (0.73 m in 50 years). Mean probability of presence
values were averaged over the breeding season (March—June).
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FIGURE 3

Maps showing the EverSparrow mean probability of presence for the Cape Sable seaside sparrow (Ammospiza maritima mirabilis; CSSS) during the
breeding season (March — June) for the last year of three hydrologic scenarios: (A) a baseline (NA22f) without sea level rise (SLR), (B) the U.S. Army
Corps of Engineers (USACE) intermediate SLR scenario (0.24 m in 50 years), and (C) the USACE high SLR scenario (0.73 m in 50 years).

settled in new areas 3-7km away (Dean and Morrison, 2001). the sparrow to help reduce the risk of extirpation (Slater et al.,
However, because of their low dispersal ability, sparrows may not 2009). However, successful translocation is contingent upon the
re-colonize new suitable areas (Jenkins et al., 2003). Translocation reduction or elimination of threats leading to population declines,
is an option listed in an emergency management action plan for to allow for persistence (IUCN/SSC, 2013).
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In addition to range constraints, hydrologic requirements for
this ground nesting bird pose conservation challenges to water
managers. Because the sparrow is protected by the Endangered
Species Act, water management decisions must consider impacts
to sparrows and their habitat. The area for subpopulation A was
excluded from critical habitat designation so that water levels
would not require maintenance at “unnaturally low” conditions
for the potential benefit of sparrows, and instead allow for broader
ecosystem level benefits from restoration (Federal Register, 2007).
When the water structures on the northern boundary of
subpopulation A are closed to maintain low water levels for the
benefit of the sparrow, water levels can become too high in the
area to the north and lead to suboptimal conditions for other
species, including another endangered bird, the Everglade snail
kite [Rostrhamus sociabilis plumbeus; Kitchens et al., 2002; USACE
(U.S. Army Corps of Engineers), 2020].

Although water depth is not the only factor impacting these
endangered species, restoration and water management can
influence recovery, including for the sparrow. Under the broad
Everglades restoration objective to “get the water right,” one aim is to
send more water southward across the landscape as once occurred
naturally before water was diverted away from the central and
southern Everglades through a system of canals (Davis and Ogden,
1994). The Everglades is heavily managed whereby water is moved
across wetland compartments using infrastructure such as canals,
pumps, and gates. Because of the narrow hydrologic band to create
and sustain marl prairie habitat conditions for sparrows during the
breeding season, the current water operations plan, COP, provides
flexibility for operations, for example delayed opening or closing of
water control structures to the north of sparrow habitat (U.S. Fish
and Wildlife Service, 2020). Although not all subpopulation areas
will benefit evenly, overall, sparrow habitat is expected to benefit
from the current water operations plan (U.S. Fish and Wildlife
Service, 2020). Under COP, the area housing subpopulation E is
becoming wetter (Sah et al., 2021) and is expected to become less
suitable for sparrows as a result (U.S. Fish and Wildlife Service,
2020). The area for subpopulation E holds the second highest
sparrow population numbers (after subpopulation B; U.S. Fish and
Wildlife Service, 2020) and is situated inland from the coastal
subpopulations that we considered in our analysis. Implementing
water management and restoration strategies that provide
appropriate hydrologic conditions for the sparrow in subpopulation
E could have an added benefit of providing a refuge from SLR.

Impacts from sea level rise are already evident in southern
Florida through vegetative shifts and landscape level change (Ross
etal,, 2000; Krauss et al., 2011; Smith et al., 2013). Many studies
have investigated the effects of increased salinity on freshwater
marsh communities, which are wetter than the freshwater prairie
the sparrow occupies (Ross et al., 2006). Studies have examined
salinity tolerances of freshwater marsh species and mechanisms
for movement of mangroves into marshes (McKee and
Mendelssohn, 1989; Howard and Mendelssohn, 2000; Jiang et al.,
2014). The movement and intrusion of salt-tolerant mangroves
into freshwater marsh communities with increased salinity is well
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documented in south Florida (Ross et al., 2000; Krauss et al.,
2011; Smith et al,, 2013). Additional studies are warranted on the
effects of saltwater intrusion on the freshwater prairie
communities (e.g., Muhlenbergia) occupied by the sparrow.
However, mangroves are already reported as encroaching into the
southern portions of subpopulations B and D (Sah et al., 2020;
Benscoter et al., 2021; Benscoter and Romanach, 2022).
Continued sea level rise could also make freshwater marsh and
wet prairie communities more susceptible to negative effects of
hurricanes (e.g., Alexander, 1967), especially if there are severe
storm surges that transport large amounts of saltwater inland
(Jiang et al., 2014). As the presence of breeding sparrows is
considered an indicator of marl prairie condition (Elderd and
Nott, 2008), integrating marl prairie succession and underlying
marl substrate dynamics with SLR has the potential to help
natural resources managers gain insight toward water and habitat
management for the sparrow.

Achieving freshwater flow and water depths for successful
breeding may allow for the persistence of the Cape Sable seaside
sparrow in the near term. However, at the current rate of SLR,
sparrow habitat is projected to continue to shrink, and our results
show a significant projected decline in probability of sparrow
presence within 50years. Given rates of SLR, the effectiveness of
freshwater flow into Everglades National Park to reduce salinity
depends on the timing of water releases from the retention areas to
the north of Everglades National Park, whereby releases earlier in
the dry season are better able to reduce salinity (Dessu et al., 2018).
Although climate change mitigation and increased freshwater flow
can reduce undesired impacts from SLR, vegetation communities
are already changing on the landscape. With these changes already
evident and climate change not explicitly addressed in the
Endangered Species Act, natural resource agencies may face a short
timescale to determine best practices for endangered species
management under changing environmental conditions.
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