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Chapter 7

GoMAMN STRATEGIC BIRD MONITORING
GUIDELINES: SHOREBIRDS
DESCRIPTION OF SPECIES GROUPS AND
IMPORTANT HABITATS IN THE GULF OF
MEXICO REGION

T

here are 215 recognized shorebird species

worldwide and approximately 50 species that breed
in North America (Colwell 2010). Shorebirds are
distributed among 14 families in the order Charadriiformes.
The order Charadriiformes also includes seabird families such
as jaegers, gulls, terns, skuas, alcids and skimmers (See Seabird
Chapter 6). At least 39 shorebird species can be found in the
Gulf of Mexico (GoM) for portions of their annual cycle
(Withers 2002). The Gulf of Mexico Avian Monitoring Network (GoMAMN) considers 10 of the 39 shorebird species to
be species of conservation concern: American Oystercatcher
(Haematopus palliatus); Buff-breasted Sandpiper (Calidris
subruficollis); Dunlin (Calidris alpina); Long-billed Curlew
(Numenius americanus); Marbled Godwit (Limosa fedoa);
Piping Plover (Charadrius melodus); Red Knot (Calidris canutus); Snowy Plover (Charadrius nivosus); Western Sandpiper
(Calidris mauri); and Wilson’s Plover (Charadrius wilsonia)
(Table 7.1; see also Appendix 1). The Red Knot and Piping
Plover are federally listed under the Endangered Species Act
and most of the other shorebird species of conservation concern are state-listed in one or more GoM states. Six of the
ten GoMAMN shorebird species of conservation concern
have geographic ranges that include the majority of the GoMAMN region (Figure 1.2). Species with limited ranges include Buff-breasted Sandpiper, Long-billed Curlew, Marbled
Godwit, and Snowy Plover. Three shorebird species, American
Oystercatcher, Snowy Plover, and Wilson’s Plover, breed and
winter in the northern GoM. All the species of conservation
concern except the Buff-breasted Sandpiper, Marbled Godwit,
and Long-billed Curlew were confirmed as injured during the
Deepwater Horizon oil spill (DHNRDAT 2016: module 4).
Many life history and behavioral attributes of shorebirds
are relevant to the development of monitoring plans and study
questions, and as such are specifically referenced in subsequent
sections of this chapter. Although shorebirds are a diverse
group, there are overlapping factors that characterize them
and guide management strategies. For example, shorebirds are
generally long-lived, solitary breeders that raise semi-preco-
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cial (e.g., American Oystercatcher) or precocial (e.g., Snowy
Plover, Wilson’s Plover) young. The GoM shorebird species of conservation concern overlap significantly in site use,
habitat requirements, and threats. Shorebirds are largely
dependent on management because habitats that are critical for both reproduction and survival overlap with areas of
near-constant anthropogenic influence (Burger 2016, 2017).
Breeding Season
Shorebirds rely on a variety of coastal habitat types for reproduction across the GoM. Broadly, the coastal habitat types
include beach/dune, unconsolidated shore, and estuarine
emergent wetland (Table 7.1; see also Appendix 2). Common
plants associated with coastal habitats in the GoM are Sea
Oats (Uniola paniculata), Beach Elder (Iva imbricata), and
Saltmeadow Cordgrass (Spartina patens). Three GoMAMN
shorebird species of conservation concern (American Oystercatcher, Snowy Plover, Wilson’s Plover) breed in every state
in the northern GoM and breeding locations often overlap
(Page et al. 2009, American Oystercatcher Working Group
et al. 2012, Zdravkovic et al. 2018). These species nest almost exclusively in coastal habitats in the GoM; however,
a small number of Snowy and Wilson’s Plovers have been
documented nesting at inland sites, primarily in Texas and
Florida (Page et al. 2009, Zdravkovic et al. 2018). The Snowy
Plover commonly nests in open sand habitats and sparsely
vegetated beach/dunes (Page et al. 2009). In contrast, the
Wilson’s Plover and American Oystercatcher nest in sparsely to densely vegetated habitats that include beach/dunes,
salt flats, coastal lagoons, dredge spoil islands, salt marsh
islands, and oyster shell rakes (Schulte et al. 2010, American
Oystercatcher Working Group et al. 2012, Zdravkovic et al.
2018). The American Oystercatcher feeds almost exclusively
on shellfish (e.g., bivalves, mollusks, crustaceans) and consequently usually nests on or near oyster shell rakes (American
Oystercatcher Working Group et al. 2012). All three species
exhibit strong nest site fidelity (Warriner et al. 1986, Stenzel et al. 2007, American Oystercatcher Working Group
et al. 2012) and can be found in a wide variety of habitats.
Shorebird nest initiation typically begins February to
April depending on the species, location in the GoM, and

Mississippi Agricultural & Forestry Experiment Station

Table 7.1. Shorebird species to be considered for monitoring programs at multiple geographic scales across the
northern Gulf of Mexico. Table includes species residency status, landcover association, and the North American
continental trend and conservation concern scores (Partners in Flight 2017).
Common Name

Breeding

Wintering

Migratory

Landcover Association(s)a

Trend
Score

Continental
Concern
Score

X

X

X

Beach/Dune, Estuarine
Emergent Wetland, Oyster Reef,
Unconsolidated Shore

3

14

X

X

Beach/Dune, Estuarine Emergent
Wetland, Unconsolidated Shore

5

18

X

Beach/Dune, Estuarine
Emergent Wetland, Oyster Reef,
Unconsolidated Shore

4

16

Beach/Dune, Estuarine Emergent
Wetland, Unconsolidated Shore

4

15

X

Beach/Dune, Cultivated,
Estuarine Emergent Wetland,
Grassland/Herbaceous,
Unconsolidated Shore

2

12

3

14

American
Oystercatcher

Haematopus
palliatus

Piping Plover

Charadrius
melodus

Wilson's Plover

Charadrius
wilsonia

X

X

Snowy Plover

Charadrius
nivosus

X

X

Long-billed
Curlew

Numenius
americanus

X

Marbled Godwit

Limosa fedoa

X

X

Beach/Dune, Estuarine
Emergent Wetland, Grassland/
Herbaceous, Oyster Reef,
Palustrine Emergent Wetland,
Unconsolidated Shore

Red Knot

Calidris canutus

X

X

Beach/Dune, Estuarine Emergent
Wetland, Unconsolidated Shore

5

13

Dunlin

Calidris alpina

X

X

Beach/Dune, Estuarine Emergent
Wetland, Unconsolidated Shore

4

11

Buff-breasted
Sandpiper

Calidris
subruficollis

X

Cultivated, Grassland/
Herbaceous

4

14

Western
Sandpiper

Calidris mauri

X

Beach/Dune, Estuarine
Emergent Wetland, Oyster Reef,
Palustrine Emergent Wetland,
Unconsolidated Shore

3

12

X

See Chapter 1 and Appendix 2 for full description of landcover associations.

annual weather patterns. Chicks fledge throughout the
summer months until the end of August. Shorebirds start
breeding earlier in the nesting season than beach-nesting
colonial seabird species (i.e., gulls, terns, skimmers) and often
earlier than their conspecifics in northern nesting areas. The
tendency to nest earlier in the GoM is likely because many
of the breeding individuals, particularly Snowy Plover and
American Oystercatcher, are year-round residents in the GoM
and initiate nesting based on warming spring subtropical
temperatures (Working Group et al. 2012). The long breeding
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season accommodates the potential for multiple breeding
attempts and shorebirds will typically renest if earlier nests or
broods are lost (Warriner et al. 1986, Zdravkovic et al. 2018).
Snowy Plovers follow a serial polygamous mating system,
maximizing their ability to breed multiple times a season,
and adults generally acquire multiple mates within the same
breeding season after successfully hatching early clutches
(Page et al. 2009). Females may breed more frequently than
males because males are more likely to tend the chicks after the female departs in search of a new mate (Warriner
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et al. 1986). Under ideal conditions, Snowy Plovers can
fledge chicks from multiple broods during a single season.
Habitat requirements for breeding shorebirds include
nesting sites and territories, chick-rearing areas, and foraging
areas. Landscape-level habitat features, such as the availability,
quantity, and quality of foraging habitat, influence the nest
territory selection and habitat use patterns of shorebirds.
Parental foraging typically occurs near the vicinity of the nest
(Snowy Plover, Wilson’s Plover) to allow adults to defend
their territories from conspecifics, interspecifics and predators
(Page et al. 2009). The American Oystercatcher often nests
adjacent to foraging areas, but may regularly commute varying
distances to feed elsewhere, depending on the distance to
preferred foraging habitat (e.g., oyster beds) (Thibault 2008,
Virzi and Lockwood 2010, Working Group et al. 2012).
Shorebird chick-rearing may occur at areas near or far
from nest sites depending on the availability and quality
of foraging habitat. Snowy Plovers, whose chicks are both
nidifugous and precocial, may move large distances with
their chicks to access more productive foraging locations
(up to 15 km) (Pruner et al. 2015). At breeding sites with
higher disturbance pressures and where access to high
quality foraging habitat is unavailable, plover chicks may
exhibit a protracted brood-rearing period and chicks remain vulnerable for longer periods of time before becoming
flight-capable (Pruner et al 2015). Unlike other shorebirds,
American Oystercatcher chicks can be dependent on their
parents for at least 25 days post fledging (60 days total) as
newly fledged chicks learn sophisticated prey-handling skills
(i.e., learn to open shellfish; Working Group et al. 2012).
Monitoring and conservation of breeding shorebirds and
habitats can be extensive, fluctuating, and ephemeral; yet to
encompass the monitoring and conservation needs in a given
season requires vast resources and protracted effort. Effective
monitoring requires specific knowledge of the landscape and
the distribution of required habitat features. Additionally, all
three of the GoM breeding shorebird species may breed in
close proximity to other beach-nesting shorebirds or seabirds;
as such, monitoring, management, and conservation efforts
may affect more than one species at a given location.
Spring and Autumn Migration Seasons
Shorebirds undertake some of the longest-distance migrations of all animals (Brown et al. 2001). The GoM is a vitally
important region for migratory shorebirds, most of which
either conduct Trans-Gulf or circum-Gulf migrations when
traveling between North America and the Neotropics (Russel
2005). For many migratory species, the wetlands, barrier
islands, and other coastal habitats in the GoM represent the
first areas of suitable stopover habitat between near-arctic
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breeding grounds and distant wintering grounds in South
America. There are seven migratory shorebird species of conservation concern that breed completely outside of the GoM,
but use the region as a stopover during migration (Table
7.1). The Buff-Breasted Sandpiper, one of the longest distant
migrants that breeds in North America, is the only species
of conservation concern that can be found in the GoM only
during migration (McCarty et al. 2017). The Long-billed
Curlew primary uses the GoM during migration with only
a few locations in the GoM documenting rare nonbreeding
resident birds (Dugger and Dugger 2002). Nearly half a million Western Sandpipers use stopover habitats in the GoM
during fall migration (Franks et al. 2014). Many species of
migratory shorebirds use a ‘long-hop’ strategy, meaning that
some sections of their journeys are completed in long, nonstop flights. For example, Red Knots have been documented
stopping over in Texas on their northbound migration route
following nonstop flights (6 days) from Argentina (Newstead
et al. 2013).
Shorebirds expend substantial amounts of energy during
long-distance migration and rely on stopovers along the way to
replenish their fat reserves before continuing to their northern
breeding or southern wintering grounds. Successful migration
and subsequent reproduction depends on food availability
at refueling stops (Krapu et al. 2006) and typically relies
on seasonally wet areas that include mudflats, wetlands, impoundments, flooded agriculture fields or coastal shorelines
and estuaries. Stopover habitat should also provide a matrix
of undisturbed resting sites in addition to foraging locations.
Migrating shorebirds exhibit predictable seasonal movement patterns and consequently depend on stopover habitats that are consistent from year-to-year to gain the weight
necessary (often at short time intervals) to complete their
migration in good condition. For many shorebirds, spring
migration begins in March or April and peaks in May, while
fall migration begins in late July and peaks in August or September. However, migratory patterns and thus, dependence
on specific stopover habitat differs among shorebirds species.
For example, peak fall migration for Buff-breasted Sandpipers
through the GoM occurs in August and September (McCarty
et al. 2017), while Dunlin do not begin to arrive in the GoM
until late September, with peak arrival occurring in November
(Warnock and Gill 1996). In addition, differences in migration ecology (i.e., stopover duration) have been documented
not only among species, but also within species (Henkel and
Taylor 2015).
Winter Season
The species that winter in the GoM consist of a mix of
individuals or species with varying migratory tendencies,

Mississippi Agricultural & Forestry Experiment Station
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Wilson's Plover (Charadrius wilsonia). Photo credit: Britt Brown

CONSERVATION CHALLENGES
AND INFORMATION NEEDS
Primary Threats and Conservation Challenges
Shorebirds are relatively long lived and as such, adult mortality combined with low productivity tend to be limiting
factors in population recovery (Colwell 2010). Although most
shorebirds likely have relatively high adult survival rates (e.g.,
Working Group et al. 2012), data are lacking for the lesser
studied species due to expansive ranges. Shorebirds tend to
have high interannual site fidelity; however, the connectivity
of populations via dispersal and immigration has important
implications for the stability of GoM-wide populations.
Coastal habitats are naturally dynamic environments
that are globally stressed by human population growth, climate change, and perturbations such as oil spills, resulting in
the need for increased management for coastal habitats and
coastal-dependent species. Coastal habitats (i.e., beach/dunes)
are highly sought after for development and tourism because
of their aesthetic and recreational values. Consequently, there
is little undeveloped beach habitat remaining, and what does
remain is often disturbed and degraded to the detriment of
shorebirds. The greatest limitations to rebuilding shorebird
populations are the threats associated with human-related
disturbance and the rapid rate of habitat loss or alteration
(Burger 2018).
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where some portions of the population migrate through the
GoM and others remain in the area as winter residents. All
the shorebird species of conservation concern, except the
Buff-Breasted Sandpiper, winter in the GoM (Table 7.1). The
GoM is particularly important for wintering Piping Plover and
American Oystercatcher. Range-wide winter census results indicate that 65-93% of known wintering Piping Plovers use the
GoM, with Texas supporting the greatest numbers (Plissner
and Haig 1997, Ferland and Haig 2002, Elliott-Smith et al.
2009, Elliott-Smith et al. 2015). Coastal Texas is particularly
important for Piping Plovers from the Prairie Canada and
Northern Great Plains breeding populations (Gratto-Trevor
et al. 2012). Wintering American Oystercatchers can be found
in every GoM state, with Florida having the largest wintering
concentrations (Schulte et al. 2010).
Wintering birds frequently move between intertidal
flats and inland areas depending on tidal stages and foraging
and roosting habitat availability. They can be found widely
distributed among coastal habitats as prey item preference
and foraging strategies differ by species. For example, wintering Red Knots in the GoM generally use sandy beaches,
although they also use other available habitat types such as
salt marshes, brackish lagoons, tidal mudflats, and mangrove
islands (Baker et al. 2013, Newstead 2014). Dunlin and Western Sandpipers use coastal beaches, but are more commonly
observed in coastal estuaries, bays, interior seasonal wetlands,
flooded fields, and other agricultural lands (Warnock and Gill
1996). Long-billed Curlews and Marbled Godwits primarily
use shallow inundated mudflats, flooded fields, and estuaries
(Gratto-Trevor 2000, Dugger and Dugger 2002). Marbled
Godwits will also use sandy beach habitats (Gratto-Trevor
2000).
Overwintering groups of American Oystercatchers,
Snowy Plovers and Wilson’s Plovers consist of a mix of resident GoM breeders and individuals that breed in northern
portions of their range. Snowy Plovers are predominantly
found on coastal beaches during the winter, but also utilize
tidal mudflats and pools when available (Page et al. 2009).
American Oystercatchers use a variety of habitats during
the tidal cycle and are commonly found in intertidal areas,
mud flats, shell rakes, and oyster reefs (Working Group et al.
2012). Wilson’s Plover habitat use is often tied to the presence
of fiddler crabs (Uca spp.) and includes intertidal mudflats,
beaches, salt ponds, saltmarshes, and mangrove wetlands
(Zdravkovic et al. 2018).
Throughout the remaining sections of this chapter, we
use the term ‘nonbreeding’ to refer to wintering and migratory shorebirds, as well as shorebirds that are not breeding, but present in the GoM during the breeding season.
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As the processes of climate change and sea-level rise
accelerate, the coastal habitats of the GoM are expected to
experience increased levels of flooding and saltwater intrusion, leading to accelerated and dramatic habitat loss and
change (Burger et al. 2012, Burger 2018). The consequences
to shorebirds will depend on the vulnerability of the species
to environmental change and habitat loss, as well as impacts
to food resources. Alterations to the coastal environment that
affect prey resources can have devastating effects on migratory
and wintering shorebirds (Baker et al. 2004, McGowan et
al. 2011). Migratory shorebirds are particularly vulnerable
to habitat loss and alteration as they require sites that have
abundant, predictable food resources. There is potential for
catastrophic loss of populations where individuals congregate
in large numbers (e.g., Buff-breasted Sandpiper along migration routes) (McCarty et al. 2017). There is much uncertainty
related to the impacts of sea-level rise and changing temperatures on prey base and the resulting impacts to potential
stopover, wintering, and breeding locations for shorebirds in
the GoM (Gallbraith et al. 2002, Rehfisch and Crick 2003,
Piersma and Lindstrom 2004).
Many studies have documented the effects of anthropogenic disturbance on shorebird abundance, behavior, and
habitat use patterns (USFWS 1996, USFWS 2009, Brown
et al. 2001, Gill et al. 2001, Thomas et al. 2003, Burger et al.
2004, Blumstein et al. 2005, Yasue 2006, Niles et al. 2010).
Shorebirds are considered highly susceptible to disturbance
because they commonly use areas that are subject to repeated
high levels of human recreation (e.g., beaches, wetlands) and
generally experience human disturbance throughout their
lifecycle (Gill et al. 2001). Shorebird response to disturbance
may be related to site-specific variables, time of year, as well
as fitness costs (Stillman and Goss-Custard 2002, Beale and
Monaghan 2004, Gibson et al. 2018). Shorebirds have higher metabolic rates compared to other avian taxa (Kersten
and Piersma 1987) and need to forage more frequently to
compensate for rapid energy expenditure. The energetic cost
of disturbance to roosting or foraging shorebirds has been
studied extensively (e.g., Hill et el. 1997, Rogers et al. 2006),
demonstrating that repeated disturbance of foraging and
roosting shorebirds creates stress and potential loss of fitness
over time (Schlacher et al. 2013, Gibson et al. 2018). Reoccurring disturbances can also result in the abandonment of
sites that are otherwise of high-quality (Burger 1986, Brown
et al. 2001, Koch and Paton 2014) or force shorebirds to find
alternative undisturbed feeding sites, especially at higher tides,
which is energetically costly (Hill et al. 1997).
The presence of human activity and disturbance can
have serious impacts during the nesting season resulting in
the direct and indirect loss of nests and chicks and adult
mortality. The body condition of breeding shorebirds can
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influence reproductive success and for chicks can be a limiting factor for survival to fledging (Ens et al. 1992, Hunt et
al. 2017). Nest abandonment may occur after prolonged or
repeated disturbance events. In addition, shorebirds may leave
their eggs or young exposed to environmental conditions and
opportunistic predators (e.g., gulls, crows) when responding
to disturbance (e.g., pedestrians, dogs, vehicles), and young
may be subjected to reduced parental brooding and limited
foraging (Yalden and Yalden 1990). Regular and repetitive
disturbance can contribute to protracted chick-rearing periods
(>7 weeks instead of 4), thus reducing fledge rates (Pruner et
al. 2015). Recreational activities can push prematurely fledged
chicks into habitats with lower food availability, resulting in
lower feeding rates, slower growth, and decreased survival
(DeRose-Wilson et al. 2018).
Incompatible beach management practices are one of
the primary threats to shorebirds in the GoM. Incompatible
practices include, but are not limited to, mechanical beach
cleaning, beach driving, incompatible recreation (i.e., dune
surfing), large organized social events (i.e., concerts, parties),
and even revegetation projects. Incompatible management
activities can result in the abandonment of sites or decreased
body condition, reproductive success and survival. The direct
loss of eggs, chicks, and adults may occur due to beach driving,
roads adjacent to nesting areas, and mechanical beach cleaning. Many of the shorebird species of conservation concern
prefer sparsely vegetated, early successional habitats. Coastal
revegetation projects are often undertaken in response to
catastrophic impacts in the wake of tropical activity (e.g.,
hurricanes, tropical storms, etc.), as a restoration tool to improve the beach/dune ecosystem. However, in the absence of
repeated hurricane or tidal overwash events, prime habitat can
quickly succeed to densely vegetated, unsuitable habitats for
shorebirds and the rate of succession is heightened following
revegetation.
An additional and often overlooked incompatible management practice that impacts shorebirds is freshwater management. Worldwide, the loss and degradation of wetland
habitats has been associated with the decline of shorebird
populations, where loss of wetland habitat influences individual mortality and population size (Colwell 2010). Freshwater
input can drive the composition, distribution, and health of
estuaries and is important for the management of coastal
wetlands, in terms of influence on the wetland habitat and via
water depth and the consequent influence on the availability
of food for shorebirds. Reduced freshwater flows to estuaries
are becoming more common in coastal areas (Alber 2002)
and could become a major threat to local populations of
shorebirds. Intermediate salinities typical of estuaries are at
least partly responsible for greater productivity of fishes and
invertebrates found there (Livingston et al. 1997), as well as

Mississippi Agricultural & Forestry Experiment Station

Long-billed Curlew (Numenius americanus). Photo Credit: Woody Woodrow
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patterns that are both seasonal and patchy. Shorebirds are
equally at risk of predation when foraging and roosting and
often form dense flocks as an antipredator strategy. Roosting
shorebirds typically choose to roost in habitat characterized by
high visibility, low predator density, and absence of vegetation
that may harbor predators (e.g., wooded areas, perches, dense
vegetation) (Brush et al. 2017).
Predation is included as a major threat category in shorebird conservation planning initiatives because it could have
catastrophic impacts on shorebird populations (Schulte et al.
2010, AFSI 2015, Schulte 2016). Integrated predator control
is implemented throughout the GoM as a management tool.
However, predator removal programs may have unforeseen
consequences for nesting beaches by altering the predator
community structure (Stapp 1997). Equivalently, removing
the top predator from a system can result in the compensatory
predation on shorebirds (Ellis-Felege et al. 2012).
Avian survival during the non-breeding season is linked
to availability of food, local weather events, and refuge from
predation (Sherry and Holmes 1996, Placyk and Harrington
2004). Roosting and its associated activities such as rest, digestion, and maintenance are also critical for shorebird survival
(Conklin et al. 2008). Roost and breeding site selection is
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structuring habitat in other ways (Flemer and Champ 2006).
Predation is often the primary cause of reproductive failure for shorebirds and could have important population-level
consequences by reducing recruitment (Chalfoun et al. 2002)
and survival. There is limited knowledge linking shorebird
survival to predators although it is generally assumed that
predators are a key limiting factor. High predation rates
of shorebirds have been linked to the local abundance of
predator species (Angelstam 1986, Pruner et al. 2015) and
habitat features and connectivity (Powell and Collier 2000,
Hood 2006). However, relatively little is known about the
importance of individual predators on observed patterns
of reproductive success, and how the ecology of predators
may influence patterns of loss (Benson et al. 2010). Greater
densities of coyotes and other potential mammalian predators
are related to an increase in vegetation density and structure
(Thompson and Gese 2007), thus, seasonal changes in habitat
(e.g., impacts from hurricanes, vegetation succession) across
the GoM influence annual predator pressures. Additionally,
humans have fundamentally altered predator-prey dynamics
in many coastal systems. As a result, there is an increase in
predator presence and predation of shorebirds across temporal and spatial scales in the GoM in relation to human use
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typically associated with proximity to feeding habitats because
of the energetic costs of commuting (van Gils et al. 2006).
The selection of habitat for foraging and roosting often takes
the form of local daily movement within the landscape of a
wintering area which is often a tradeoff between prey availability, habitat quality, and predation risk. Food resources
may likely be the predictor of foraging distribution, as prey
availability has been shown to outweigh predation risk in
some areas (Schwarzer 2011).
Shorebirds face a range of anthropogenic stressors such
as oil, metals, contaminants, wind towers, agricultural and
urban runoff, and pesticides. Contact with any of these stressors could produce adverse effects and the risk to shorebirds
depends on the probability of exposure (Burger 2018). The
timing and magnitude of anthropogenic stressors are critical
in understanding the potential effects on shorebirds. Given
the quantity and extent of agriculture across the GoM landscape, pesticides probably have a larger impact on shorebird
productivity and survival than has been documented (Colwell
2010). Additionally, activities associated with stressors, such
as a clean-up response following an oil spill, can have negative
consequences for shorebirds (Henkel et al. 2014). The impacts
of red tides and other harmful algal blooms have been documented to impact shorebirds in the GoM (Newstead 2014).
The full scale of impacts of red tides to shorebirds is largely
unknown, but potentially significant since they can occur on
almost any shoreline used by shorebirds and can occur at any
time of year. Brevetoxin, a potent neurotoxin produced by a
red tide dinoflagellate (Karenia brevis), is capable of accruing
to lethal concentrations and has been found in the tissues of
dead shorebirds. In addition, exposure could contribute to
secondary infections, neurological disorders, and increased
chance of mortality (e.g., Newstead 2014). In addition, disease
is something that shorebirds will be increasingly vulnerable
to as they continue to be stressed by habitat loss and change,
environmental contaminants, toxins, and climate change.
Framing the Uncertainty – Influence Diagrams
The GoMAMN developed species-specific shorebird conceptual models (influence diagrams) to: 1) connect management decisions to outcomes; 2) identify key variables to
monitor; 3) facilitate development of questions of interest
for monitoring and adaptive management; and 4) identify
uncertainties related to management and ecological processes
(Figure 7.1, Appendix 7, Tables 7.2 and 7.3). The most common type of uncertainty that can influence the management
of shorebirds is structural or process uncertainty. Structural
or process uncertainty is a lack of understanding about the
structure of biological and ecological relationships that drive
resource dynamics (Williams 2011). In addition, uncertain-
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ty related to environmental variation should be considered
for the suite of shorebird species of conservation concern.

IDENTIFICATION OF PRIORITIES
Priority Status and Trend Assessments
The structured decision-making tool (Fournier et al. (in
press)) developed by the GoMAMN assumes that changes in
status and trends derive from two main sources: management
actions and ecological processes. The creation of strategies that
identify what to monitor for shorebirds will depend strongly
on the development of questions about specific management
actions and ecological processes, with prioritization dependent
on uncertainty and effect size. Overall, reducing uncertainty
and addressing the questions are a central means of learning
about the GoM as a system, of distinguishing management
effects and ecological processes from background variation,
and will provide a critical mechanism for accomplishing adaptive management of monitoring.
The GoMAMN has defined the values that a comprehensive shorebird monitoring program in the GoM should
reflect (Figure 2.2). These include maximizing the relevance
of monitoring data to increase the: 1) ability to detect population changes in species of conservation concern; 2) ability to
measure effects of restoration, management, and conservation
actions; and 3) ability to understand the ecological processes
between shorebirds, their habitats, and other components
of their environment, biotic and abiotic. Scientific rigor in
design and implementation of monitoring plans and projects
is valued to ensure that there is a reduction in uncertainty
about effects of management actions and ecological processes
on population status and trends. In addition, GoMAMN has
included prioritization of integration, through partnerships,
leveraging resources, data sharing, and other mechanisms to
maximize the use of resources and the likelihood that data
from monitoring are shared, used, and have maximal impact
on conservation outcomes for shorebirds.
Status and trends monitoring is important for shorebird
populations and the habitats on which they depend. Understanding both species and habitats increases the likelihood
of managers and decision-makers being able to respond to
changes at appropriate spatial and temporal scales. Monitoring should focus on the status and trends of the species of
conservation concern to understand mechanisms underlying
change, and to appropriately assess the full geographic scale
and time frame for protection of populations. Monitoring a
geographic area appropriate to each species and habitat within
the GoM increases the ability to distinguish between local
population fluctuations and regional population change. In
addition, because of the complexity of factors influencing
both population size and habitat extent, it is important to
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support monitoring across longer temporal scales to detect
delayed effects, changes that occur at thresholds, and to detect
trends that are overwhelmed in short time spans by natural
variability.
The collection and quality of status and trend data for
species is critical to inform conservation planning, management monitoring, and decision making. For the shorebird
species which do not breed in the GoM, and for which we
do not know the proportion wintering in the GoM, population-level status and trends assessment specific to the GoM
may not be available. Within the GoM, status and trend
data for specific species of conservation concern that breed
are largely available at the state-level. However, monitoring
efforts throughout the GoM are typically not coordinated
(i.e., timing, standardized protocols). Although each state
collects some level of data on abundance of breeding and nonbreeding shorebirds, efforts are not yet regionally coordinated
or integrated in a way that would allow regional assessments
to occur. Region-wide monitoring efforts are most effective
when data can be compiled among states and readily accessed
via shared and/or compatible databases (e.g., The American

Oystercatcher Working Group). Refining data collection
methods to ensure data compatibility and establishing regional
baseline estimates should be a high priority to ensure clear
and comprehensive data are available to develop meaningful
interpretations, inform species conservation, and to evaluate
the outcomes of management or restoration actions.
Most states in the GoM monitor breeding shorebirds
and to a lesser extent, wintering and migratory shorebirds.
Monitoring of shorebirds should be framed within the context of the full-life cycle of the species, where they may face
severe pressures outside the GoM (AFSI 2016). Assessments
of regional reproductive metrics, movement patterns and survival trends for breeding and non-breeding shorebirds would
greatly enhance the understanding of mechanisms underlying population dynamics and trends in the GoM. Spatially
and temporally extensive baseline measures of distribution,
abundance, and status are necessary for effective conservation and management of breeding, migratory and wintering
shorebirds in the GoM. For species where this information
is available, a focus on identifying and standardizing how
key metrics are measured is a priority. Additionally, priority

Integrated
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Predators

Coastal Habitat
Restoration and
Management

Roosting and foraging
habitat quality,
quantity, availability,
and connectivity

Prey Availability &
Abundance
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Reproductive
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Sea Level Rise,
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Hurricanes, Seasonal
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Figure 7.1. Influence diagram of the relationship between management actions (green boxes), intermediate
processes (gold boxes) and population (metrics) size (blue hexagons) for the American Oystercatcher
(Haematopus palliatus) within the Gulf of Mexico Region (see Appendix 7 for additional influence diagrams of
priority shorebirds).
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should be placed on determining site-specific and region-wide
population limiting factors to guide adaptive management
strategies. Important metrics such as reproductive success,
prey availability, body condition, and annual survival (adult
and juvenile) should be investigated to understand variability through the GoM and how they are influenced by local
threats, management practices, restoration activities, predation, predator presence, climate patterns, and disturbance.
The species of conservation concern were chosen because:
1) they are listed species at state and/or federal levels, 2) they
had Partners in Flight (2017) Species Assessment scores >3,
indicating high uncertainty as to population status, 3) they
are species that were particularly at risk during the Deepwater
Horizon oiling event, or 4) they are common species that are
able to serve as surrogates for less widespread or abundant
species and the management actions or ecological processes
that maintain the latter.
The population status of each of the GoMAMN species
of conservation concern can be found in Table 7.1. These
trends are from the Partners in Flight (PIF) Species Assessment (2017). Shorebirds for which the population trend is
highly uncertain or highly variable receive a score of at least 3.
Species with a score <3 are of less concern, those with a score
>3 are of higher concern. Of the 10 shorebirds included in the
GoMAMN birds of conservation concern list, one received
a PIF score <3, three received a score of 3, and six received
a score >3 (Table 7.1). Furthermore, the Piping Plover (endangered and threatened) and Red Knot (threatened) both
received a PIF score of 5. The need for status and trends data
parallel the ranking received for each species by their PIF
score.
Priority Management Actions
Management and restoration are the broad tools available
to resource managers and conservationists to mitigate the
threats facing shorebirds. For the purposes of this document,
restoration actions are a subset of management actions; these
actions are ways to manage, mitigate, and offset threats, both
natural and anthropogenic, and to create benefits, such as new
habitats or new configurations of resources within existing
habitats. Management actions may be designed to eliminate or reduce a direct threat, to improve habitat (directly
or indirectly), or to provide additional resources to species
of conservation concern. It is imperative that managers and
the conservation community understand, prioritize, and use
actions that benefit each shorebird species of conservation
concern and their associated habitats.
The best way to reduce uncertainty associated with
management actions is to integrate monitoring into a decision-making adaptive management framework (e.g., Lyons
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Snowy Plover (Charadrius nivosus). Photo Credit: Britt Brown

et al. 2008). Adaptive management can be an application
of structured decision making (Williams et al. 2009), incorporating integrative decision making with respect to
uncertainty (Williams 2011). This context monitoring: 1)
provides information necessary for state-dependent decision
making, 2) evaluates management/restoration actions, and 3)
facilitates improved management through learning (Nichols
and Williams 2006). Monitoring that is statistically rigorous
and designed to capture potential changes in key shorebird
response variables (i.e., prey availability, body condition,
habitat features, etc.) will contribute to the assessment of performance metrics (i.e., population size, reproductive success,
survival). The management actions (Table 7.2) include a list
of the specific priority questions, uncertainty descriptions,
and associated response metrics for measuring management
and restoration performance.
Response metrics related to some component of breeding, roosting, and foraging habitat underpin the monitoring associated with determining management or restoration
performance as well as reducing uncertainty. Management
and restoration strategies may have a substantial impact on
predation and survival of shorebirds, as well as the availability
and/or quality of habitat and prey resources. Several studies
(Wolff 1969, Sherfy et al. 2000, Dugan et al. 2003, Placyk and
Harrington 2004, Colwell et al. 2005) have highlighted the
role of prey density in influencing shorebird distributions. The
influence diagrams for each shorebird species show where the
management actions intersect with habitat-related variables
leading to avian response variables and ultimately performance
metrics. The habitat node in the influence diagram includes
habitat quality, quantity, availability, and connectivity. These
habitat characteristics are also specifically referenced in Table
7.2.
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foraging success, body condition, fat gain, time of departure,
predation rates, habitat quality, disturbance, survival, and
reproductive success. There are eight questions associated with
human activity management (Table 7.2). While one question
has a high effect size with low uncertainty; most aspects of
human activity management have high uncertainty. Reducing
the uncertainty associated with human activity management
should focus on: 1) population-level impacts; 2) quantifying
disturbance events and associated impacts to shorebirds; 3)
disturbance thresholds and buffer distances; and 4) how
human activity intersects with integrated predator control
and predation.
Integrated predator control includes both lethal and
non-lethal control and can be applied during the breeding and
non-breeding seasons. A systematic review of lethal (Coté and
Sutherland 1997, Smith et al. 2010) and nonlethal (Smith et
al. 2010, Smith et al. 2011) predation management suggests
that both can be effective strategies for increasing productivity
of nesting birds. The shorebird influence diagrams (Figure 7.1,
Appendix 7) show that reductions or increases in predation
can be a direct result of integrated predator control or human
activity management. Human presence at a location may:
1) increase diversity of predators and realized depredation
rates (nests, chicks, adults), 2) increase abundance/activity
of predators, and 3) introduce mesopredators. Predation can
also be related to habitat type and quantity. A management
or restoration activity can increase or decrease the amount of
vegetation that can harbor predators. The presence/abundance
of predators can also be a sublethal pressure resulting in decreased body condition and survival. There are three questions
associated with integrated predator control (Table 7.2) and
all have a high effect size with high uncertainty. Reducing
the uncertainty associated with integrated predator control
should focus on: 1) efficacy of targeted predation management in an adaptive management framework, 2) removal of
predators and subsequent survival estimates for breeding and
nonbreeding shorebirds, and 3) removal of predators and
impacts to reproductive success of breeding shorebirds.
Freshwater management can influence salinity in estuaries
impacting habitat and prey abundance and availability. These
impacts can directly affect reproductive success during the
breeding season or influence other response variables (i.e., fat
gain, time of departure) during the non-breeding season. There
is uncertainty associated with predicting the future state of
estuarine communities and how much of an impact freshwater
management will have on estuary habitat, prey abundance, and
nutrient loads. Alterations to estuaries may push shorebirds
into sub-optimal habitats potentially impacting reproductive success, survival, and ultimately, shorebird populations.

Gulf of Mexico Avian Monitoring Network | 181

Shorebirds

The highest priority management actions for shorebirds
in the GoM include: 1) coastal habitat restoration and management, 2) human activity management, 3) integrated predator control, and 4) freshwater management. These priority
management actions affect the greatest number of shorebird
species of conservation concern, are applied frequently in
the GoM, have a potentially large foot-print, have high uncertainty, and have high or unknown effect size (Table 7.2).
Sustainable agriculture is a medium priority management
action, because it benefits fewer species and is typically implemented at smaller spatial scales.
Coastal habitat restoration and management actions
can directly or indirectly affect shorebirds either positively or
negatively. These management actions typically impact some
habitat component and have the potential to alter breeding
habitat, prey availability, and roosting or foraging habitats.
There are eight questions associated with coastal habitat restoration and management actions (Table 7.2), each with high
uncertainty and high or unknown effect size. Reducing the
uncertainty associated with coastal habitat restoration and
management should focus on: 1) how habitat structure and
composition relate to reproductive success and survival, 2)
understanding the trade-offs for staying vs. emigrating into
new habitats considering site-specific variables (i.e., habitat
alteration, predation, disturbance), 3) impacts to prey, body
condition, reproductive success, and survival, 4) nest site
selection, movement patterns, and intra- and inter-specific
competition and effects on reproductive success, and 5) clearly
documenting incompatible management practices.
Incompatible management practices (i.e., beach raking,
beach driving, revegetation) are one component of coastal habitat management that has a great deal of uncertainty
associated with impacts to shorebirds. These management
practices could have impacts to habitat structure and function,
prey availability, vegetative structure, and distance between
foraging, roosting, and nesting locations. Shorebirds may
exhibit declines in fat gain and overall body condition and
experience increased predation risk with subsequent declines
in reproductive success and survival due to incompatible
management impacts to the habitat (Ruhlen et al. 2003,
Weston et al. 2011, Webber et al. 2013, Maslo et al. 2016).
For example, shorebirds may have decreased survival due to
planting woody vegetation that can harbor predators near a
critical roosting area.
A management action that intersects with almost every
response metric is human activity management. Human
activity management (i.e., beach closure to vehicles, posting
sensitive areas, disturbance management) can influence shorebird habitat use and behavior. In particular, human activity
management can impact prey availability, prey abundance,
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Table 7.2. Uncertainties underpinning the relationship between management decisions and populations of

shorebirds in the northern Gulf of Mexico.
Species
Season(s)

American Oystercatcher, Dunlin,
Long-billed Curlew,
Marbled Godwit,
Piping Plover, Red
Knot, Snowy Plover,
Western Sandpiper,
Wilson's Plover

Management
Categorya

Question(s)

Site/Area
Management
(Habitat
Management)

Do incompatible coastal
habitat management
practices impact prey
availability and the
required distance
necessary in order to
obtain prey, leading
to decreases in body
condition, fat gain, and
time of departure and
subsequent declines in
reproductive success
and annual survival
for breeding and nonbreeding shorebirds?

Site/Area
Management
(Habitat
Management)

Does incompatible
habitat management
(i.e., beach raking,
over planting, etc.)
decrease reproductive
success and survival for
breeding shorebirds?

All

American Oystercatcher, Snowy
Plover, Wilson's
Plover,
Breeding

American Oystercatcher, Dunlin,
Long-billed Curlew,
Marbled Godwit,
Piping Plover, Red
Knot, Snowy Plover,
Western Sandpiper,
Wilson's Plover

Site/Area
Management
(Habitat
Management)

Will the alteration
of coastal habitat
influence reproductive
success, survival and
population size?

End-point to
measure mgmt.
performance

Site/Area
Management
(Habitat
Restoration)

Breeding

American Oystercatcher, Snowy
Plover, Wilson's
Plover

Site/Area
Management
(Habitat
Restoration)

Breeding
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Will islands designed
and managed for
shorebirds support
larger nesting
populations?

Does creation of new
shorebird breeding
habitat move existing
nesting individuals or
expand nesting?

Uncertainty
Categoryb, d

Effect
Sizec, d

Reproductive
Success,
Survival,
Population Size

Uncertainty in how and
to what extent coastal
management practices
impact prey availability,
body condition and survival.
Monitoring associated with
management practices
typically is not conducted
at appropriate temporal and
spatial scales to determine
direct or indirect impacts to
shorebirds.

High

High

Reproductive
Success,
Survival,
Population Size

High uncertainty in how
reproductive success and
survival are reduced by
incompatible management.
Limited research outside of
documented direct take of
nesting birds. Impact likely
varies based on the degree
and type of incompatible
management implemented.

High

High

Survival,
Population Size,
Reproductive
Success

This action can be positive
and negative. It creates
habitat, but a variety of
habitats are required for
shorebirds. Need to examine
how habitat structure relates
to reproduction and survival.
It is unclear how it equates
to population level metrics
and population trends.

High

High

Population Size

The creation of islands is
known to be successful
for seabird colonies,
uncertainties in the
colonization of created sites
by solitary species (AMOY,
SNPL, WIPL). Tolerance
to nearby pairs unknown.
Little information is available
for WIPL. Few documented
records of SNPL nesting
on dredge spoil islands and
may not tolerate nesting
within large colonies of
mixed seabirds.

High

Unknown

Population Size

Uncertainity related to
population size and
reproductive success. Does
newly created shorebird
breeding habitat move
shorebirds from adjacent
nesting sites or grow
numbers of nesting birds? If
birds moved, are they more
productive at the new site?

High

Unknown

Wintering, Migratory

American Oystercatcher, Snowy
Plover, Wilson's
Plover

Uncertainty Description
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Table 7.2 (continued).

Species

Management
Categorya

Season(s)

American Oystercatcher, Snowy
Plover, Wilson's
Plover
Breeding

All
All

American Oystercatcher, Snowy
Plover, Wilson's
Plover

Site/Area
Management
(Habitat
Restoration)

Will shorebirds have
greater reproductive
success when islands
are designed and
managed specifically
for them?

Invasive/
Problematic
Species
Control
(Vegetation)

Will targeted removal
of woody vegetation
(pines, etc.) near
key roosting and
nesting sites decrease
predation rates and
increase reproductive
success and survival?

Site/Area
Management
(Habitat
Management)

Breeding

Site/Area
Management
(Habitat
Management)

Wintering, Migratory
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Does increased
density of non-woody
vegetation at or near
breeding sites limit
reproductive success
and survival?

Does increased
density of non-woody
vegetation at or near
wintering foraging and/
or roosting sites limit
overwinter survival?

End-point to
measure mgmt.
performance

Uncertainty Description

Uncertainty
Categoryb, d

Effect
Sizec, d

Reproductive
Success

Uncertainty is high
because species of interest
(American Oystercatcher,
Snowy Plover, Wilson's
Plover) typically nest in
solitary situations and often
experience higher predation
rates when nesting in high
nest densities. Additionally,
other site specific factors
contribute to reproductive
success (e.g., proximity
to Laughing Gull colonies
or other avian predator
species), much less
information is available for
Wilson's Plover.

Reproductive
Success,
Survival,
Population Size

It is known that nonbreeding
shorebirds select roosting
locations that are far from
habitat features that may be
attractive to mammalian and
avian predators (ex. woody
vegetation, perches, etc.).
This management strategy
has not been implemented
in an adaptive management
framework.

High

Unknown

Reproductive
Success,
Survival,
Population Size

This specific metric has
not been studied tied
to integrated predator
control. Presence of dense
vegetation potentially
provides cover for
mammalian predators, likely
contributes to increases
in ghost crabs and may
contribute to the increased
presence of overwintering
raptor species (e.g.,
Northern Harrier).

High

Unknown

Survival,
Population Size

There is very little
information on the sources
of overwinter mortality
events for most shorebirds.
However, the presence
of dense vegetation
potentially provides cover
for mammalian predators
and may contribute to the
increased presence of
overwintering raptor species
(e.g., Northern Harrier).

High

Unknown

High

Unknown

Shorebirds

American Oystercatcher, Dunlin,
Long-billed Curlew,
Marbled Godwit,
Piping Plover, Red
Knot, Snowy Plover,
Western Sandpiper,
Wilson's Plover

Question(s)
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Table 7.2 (continued).

Species

Management
Categorya

Season(s)

All
All

All
All

Habitat
and Natural
Process
Restoration
(Freshwater
Management)

Are shorebird
populations impacted
by decreased
freshwater discharge/
salinity regimes in the
estuary through
changes in habitat
and prey abundance?
Changes in prey
abundance and
availability can affect
body condition and
survival.

Habitat
and Natural
Process
Restoration
(Freshwater
Management)

Blue-green algal
blooms can lead to
reduced or altered prey
production, availability
and abundance. For
shorebirds, will resulting
changes in prey lead
to reduced body
condition, fat gain,
changes in habitat
use and stopover
patterns, consequently
contributing to
declines in shorebird
reproductive success
and survival?

Site/Area
Management
(Habitat
Management)

All
All

American Oystercatcher, Snowy
Plover, Wilson's
Plover

Site/Area
Management
(Disturbance)

Breeding
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Do activities such as
beach driving reduce
habitat use and
quality for breeding
and nonbreeding
shorebirds?

Does the effect of
human disturbance
increase with proximity
to breeding shorebirds,
resulting in reduced
reproductive success
the closer disturbances
occur?

End-point to
measure mgmt.
performance

Uncertainty Description

Uncertainty
Categoryb, d

Effect
Sizec, d

Survival,
Reproductive
Success,
Population Size

Difficult to predict
future state of estuary
communities. Uncertainity
about how much of
an impact freshwater
management has on altering
estuary habitat, prey
abundance, and nutrient
loads and how this impacts
shorebird populations.

High

Unknown

Reproductive
Success,
Survival,
Population Size

High uncertainty related
to the role freshwater
management plays in
reproductive success
and survival directly or
indirectly (prey abundance,
suboptimal habitat used,
etc.) related to algal blooms.
Limited data outside local
mortality events.

High

Unknown

Reproductive
Success,
Survival,
Population Size

The degree of this effect
is highly dependent upon
extent, duration, frequency
of beach driving, and
site configuration. Even
when public beach driving
is eliminated there is
often frequent driving
for management and
enforcement purposes.
Ability to predict events
and effects is poor. There
is little research available
that examines beach habitat
quality and conditions once
beach driving is removed.

High

High

Reproductive
Success

Positive impacts to
shorebird reproductive
success associated with
protection from disturbance
with posting are well known.
However, appropriate
buffer distances are less
understood for specific
species in various habitats
and under various relative
disturbance thresholds.

High

High
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Table 7.2 (continued).

Species

Management
Categorya

Season(s)

American Oystercatcher, Snowy
Plover, Wilson's
Plover

Site/Area
Management
(Disturbance)

Breeding

American Oystercatcher, Snowy
Plover, Wilson's
Plover

Site/Area
Management
(Disturbance)

Breeding

All
Wintering, Migratory

All
Wintering, Migratory

Site/Area
Management
(Disturbance)

Site/Area
Management
(Disturbance)

Wintering,
Migratory

American Oystercatcher, Snowy
Plover, Wilson's
Plover

Site/Area
Management
(Disturbance)

Breeding
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Do the impacts of
human disturbance at
key times during the
nesting season have
variable influence on
reproductive success
based on the stage
of breeding (nest
initiation, incubation,
brood rearing) and
corresponding time
during nesting season
(early, mid, late)?

Does human presence
lead to declines in
reproductive success
and survival?

What is the influence
of anthropogenic
disturbance, predation/
disturbance pressures
in the GoM on body
condition, survival, and
emigration rates?
Do anthropogenic
activities during the
winter reduce prey
availability and foraging
success, resulting in
reduced body condition
and survival for
shorebirds?
Does human
disturbance on
beaches during the
winter reduce prey
availability and foraging
success for migratory
shorebird species,
leading to reductions
in body condition and
subsequent delays in
departure ultimately
resulting in lower
reproductive success
on their breeding
grounds?
Do protection measures
at nesting and broodrearing locations
increase reproductive
success?

End-point to
measure mgmt.
performance

Uncertainty Description

Uncertainty
Categoryb, d

Effect
Sizec, d

Reproductive
Success

There is limited research
to identify points during
the breeding season where
disturbance has the most
influence on reproductive
success incorporating other
site-specific variables (e.g.
predation, presence of
predators).

High

High

Reproductive
Success,
Survival,
Population Size

Recent research found the
presence of people reduced
fledgling survival of Piping
Plovers on northern Atlantic
breeding grounds. There
is limited to no work in the
GoM that has quantified and
evaluated impacts of human
presence on reproductive
success and survival and
how impacts vary in the
GoM.

High

High

Survival,
Population Size

If and at what point and
how do habitat alteration,
predation or disturbance
pressures negatively
impact birds and how likely
are birds to move to new
habitats despite the potential
benefits/consequences of
moving?

High

High

Survival,
Population Size

Degree of this effect is
highly dependent upon
extent, duration, and scale
of anthropogenic activities.
To what extent do activities
impact body condition and
survival?

High

Unknown

Reproductive
Success

Degree of this effect is highly
dependent upon extent,
duration, and frequency of
disturbance events. May
be interactive with other
unknown stressors on the
breeding grounds.

High

Unknown

Reproductive
Success

Increases in nesting
populations have been
documented following
implementation of protection
measures at nesting sites
across the GoM.

Low

High

Shorebirds

All

Site/Area
Management
(Disturbance)

Question(s)
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Table 7.2 (continued).

Species
Season(s)

American Oystercatcher, Snowy
Plover, Wilson's
Plover
Breeding

All
Wintering,
Migratory

American Oystercatcher, Snowy
Plover, Wilson's
Plover
Breeding

Buff-breasted
Sandpiper, Longbilled Curlew
Migratory

Management
Categorya

Question(s)

Invasive/
Problematic
Species
Control
(Predator
Management)

Targeting problematic
individual predators
will increase the
efficacy of predation
management and limit
potential negative
impacts to other coastal
dependent nesting
species (i.e. beach
mice) and increase
reproductive success at
nesting sites.

End-point to
measure mgmt.
performance

Uncertainty Description

Uncertainty
Categoryb, d

Effect
Sizec, d

Reproductive
Success,
Survival

Will targeting problematic
individual predators increase
the efficacy of predation
management and limit
potential negative impacts
to other coastal dependent
nesting species (e.g.,
beach mice) and increase
reproductive success at
nesting sites?

High

High

Survival

It is known that nonbreeding
shorebirds select roosting
locations that are far from
habitat features that may be
attractive to mammalian and
avian predators (ex. woody
vegetation, perches, etc.).
When shorebirds are pushed
out of preferred (safe)
areas (i.e. high tide roosts
subjected to overwash, etc.),
to what degree are they
susceptible to predation and
reduced survival?

High

High

High

High

High

High

Invasive/
Problematic
Species
Control
(Predator
Management)

Does removal of
predators improve
survival for wintering
and migratory
shorebirds?

Invasive/
Problematic
Species
Control
(Predator
Management)

Does removal
of predators
improve survival
and reproductive
success for breeding
shorebirds?

Survival,
Reproductive
Success

The influence of predator
pressures on shorebird
reproductive success has
been well documented
in literature, however
predation rates on solitary
nesting shorebirds
poorly understood and
documented.

Site/Area
Management
(Contaminants)

Does the presence of
pesticides and other
contaminants at key
stopover locations
result in decreased
reproductive success
and survival? How
much of a role does
decreased prey
abundance and
availablilty play?

Reproductive
Success,
Survival,
Population Size

Direct mortality has been
observed, risks associated
with new classes of
pesticides are not known.
Exposure to other classes of
toxins are unknown.

Categories follow the classification scheme and nomenclature presented by Salafsky et al. (2008) and Conservation Measures Partnership (2016).
Based on expert opinion using two levels of classification (high level of uncertainty or low level of uncertainty) based on anecdotal observations
and published literature.
c
Based on expert opinion using three levels of classification (high, low, and unknown) per the potential positive or negative impact on a population.
Where high represents the likelihood of a major impact; low represents a minor impact; and unknown represents unknown consequences.
d
To facilitate decision making, we utilized a scoring rubric that contrasted the degree of uncertainty against the presumed population effect size,
where High-High=1 (highest priority); High-Unknown=2; Low-Unknown=2; Low-High=3; High-Low=4; and Low-Low=5 (lowest priority). Here, we
only present questions that scored a 1, 2, or 3.
a

b
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Sustainable agriculture is a management action that
can influence populations of shorebirds in the GoM during
migration (e.g., Buff-breasted Sandpiper, Long-billed Curlew). There is uncertainty related to direct (i.e., mortality)
and indirect (i.e., prey density, body condition) impacts to
shorebirds (Figure 7.2, Appendix 7). Exposure to new classes
of pesticides, as well as other classes of toxins have unknown,
but potentially harmful effects (Tang et al. 2015). Duration
and extent of exposure could impact reproductive success and
survival.
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Priority Ecological Processes
The occurrence of large-scale natural and anthropogenic
ecosystem perturbations underscores the value of long-term
monitoring data. The influences of demographic and environmental processes are routinely incorporated in population
viability models and applied to species management (Bennett
et al. 2009). Understanding changes in populations that arise
from natural fluctuation in physical or climatic patterns will
allow for predictions of population fluctuations in the absence
of management actions. Understanding those relationships
and how they affect demography of shorebirds is of high
priority to the GoMAMN value model.
Shorebird population status and trends are driven by
a suite of ecological processes in coastal, freshwater, and estuarine habitats that vary in spatial and temporal scale and
can have disparate affects at distinct lifecycle stages. The
GoMAMN value model prioritizes reduction of uncertainty about ecological processes that typically drive avian
populations. The GoMAMN identified the most important
ecological processes and mechanisms of action by shorebird
species or suite of species (Table 7.3). The highest priority
ecological processes for shorebirds in the GoM include: 1)
habitat succession and transition, 2) hurricanes, severe weather
events, and 3) sea-level rise, climate change, seasonal weather.
These priority ecological processes affect the greatest number
of shorebird species of conservation concern, impact large
geographic areas, and have components of high uncertainty
(Table 7.3). In addition, hydrological processes (nutrient
loads), and natural disturbance regimes (red tide) are high
priority ecological processes, but impact to species is less
known and they tend to occur across smaller spatial scales. It
is important to understand the seasonality of ecological processes because a process impacting a system or species during
the breeding season (e.g., storm event causing reproductive
failure) could result in a positive impact (e.g., accretion of
habitat) for important nonbreeding shorebird species. Uncertainty about how a process impacts a system or species
may also vary spatially, especially at larger scales (e.g., habitat
availability, predator presence).

Habitat succession and transition, part of formation
of biophysical habitats (Bennett et al. 2009), are ongoing
processes across the full extent of the GoM region that have
high effect size on some shorebirds, ultimately influencing
everything from prey and predation, to body condition, time
of departure, survival, and reproductive success. For example,
the beach/dune habitat (Appendix 2) is highly dynamic and
is shaped over time by wind, water, and other climatic forces.
This habitat is typically comprised of a series of multiple dune
ridges and pockets that differ in size, vegetation cover, and
composition. It is this variation in the dune features that create
the opportunities for diverse coastal-dependent wildlife, such
as shorebirds. For example, Snowy and Wilson’s Plovers are
primarily limited to the early successional beach/dune habitat,
where habitat is open and sparsely vegetated, for nesting and
foraging (Page et al. 2009, Burger 2018). Additionally, the
locations of plover brood-rearing areas are related to prey
availability, but survival of the broods relates not only to prey,
but to predator activity and physical features of the habitat
such as dunes and vegetation (Pruner 2010). The preferred
early successional habitat is typically maintained by tidal overwash and hurricanes. Naturally occurring plants like sea oats
(Uniola paniculata) and bitter panicum (Panicum amarum)
are dune engineers; they capture and stabilize moving sand
and facilitate natural beach/dune habitat succession. In the
absence of tidal or storm activity, the beach/dune habitat can
become quickly over-vegetated for early-successional species
and can contribute to a decline in reproductive success, habitat
availability, and survival through increased predation rates.
However, there is uncertainty in the relationship between
predators and dune succession. Mammalian predators generally show a strong response to an increase in vegetation
structure (Thompson and Gese 2007) and predators such as
ghost crabs occur at higher densities as vegetation increases
across the landscape (Pruner et al. 2015). Habitat succession
likely improves connectivity between primary and secondary
dunes and scrub/shrub habitats creating corridors and habitat
favored by predators. Shorebird foraging habitat is also influenced by beach/dune succession where established dunes may
prevent regularly occurring tidal overwash, thus reducing the
occurrence of and formation of tidal ephemeral pools and flats.
These types of foraging habitats are critical for Piping Plovers
that use the GoM during migration and winter. Piping Plovers
exhibit high winter site fidelity and often remain site-faithful
even after conditions become unsuitable, resulting in reduced
body condition and survival (Gibson et al. 2018).
Hurricanes and severe weather are natural disturbance
regimes (Bennett et al. 2009) that can create or destroy habitats and indirectly or directly impact shorebirds. We are using
the term ‘hurricane’ to include all tropical cyclone activity:
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Table 7.3. Uncertainties related to how ecological processes impact populations of shorebirds in the northern
Gulf of Mexico.

Species

Ecological
Process
Categorya

Season(s)

Snowy
Plover,
Wilson's
Plover

Wintering,
Migratory

All
All

All

All

188

M

A

Uncertainty
Categoryb, d

Effect
Sizec, d

Reproductive
Success, Survival

For these species we know early
successional habitat is preferred.
Some information exists on
transitional states, reproductive
success and survival. Preliminary
work suggests dune succession
leads to increased predation
rates at the local scale, leading
to reduced reproductive success
and survival. Population level
impacts unknown.

High

High

High

High

Formation of
Biophysical
Habitats

Does change in habitat
over time, through
natural habitat succesion,
lead to loss of foraging
habitat availability and
subsequently to declines
in overwinter survival and
population size?

Reproductive
Success,
Survival,
Population Size

Piping Plovers have very high
winter site fidelity. What is the
rate of emmigration to new
wintering areas due to habitat
succession and what are the
potential impacts of staying vs.
emmigrating (body condition,
survival, time of departure,
reproductive success)?

Natural
Disturbance
Regimes

When key stopover,
wintering, and breeding
habitats are lost and
shorebirds are forced to
shift to new habitats, does
it result in survival and
population declines?

Reproductive
Success,
Survival,
Population Size

Degree of impact of habitat loss
due to hurricanes and severe
weather events on survival,
reproductive success, and
population trends.

High

High

Reproductive
Success, Survival

Impacts to shorebirds have not
been studied and the risks of
cyanotoxins to natural resources
remain relatively unknown.
There is a potential to impact
shorebirds year-round. The
seasonality of occurrence will
impact the direction of overall
influence and the spatial scale.
Degree and direction of this
effect is highly dependent upon
extent, duration, and frequency
of blue-green algal blooms.

High

Unknown

Reproductive
Success,
Survival,
Population Size

Red tide is a frequently cited
conservation threat to shorebirds
but little is known. It is unclear
why some shorebird species are
impacted more than others and
which environmental factors to
consider. Very little work has
been completed on survival
and reproductive success
of impacted birds as well as
tracking birds in the area that
emmigrated or were documented
as not impacted.

High

Unknown

Natural
Disturbance
Regimes

All

Uncertainty Description

Does habitat succession
and transition within the
beach/dune system impact
reproductive success and
survival via loss or gain of
nesting habitat?

Hydrological
Processes

All

End Point To
Measure

Formation of
Biophysical
Habitats

Breeding

Piping
Plover

Question

F

E

S

Does the occurrence
of blue-green algal
(Cyanobacteria) blooms
lead to declines in
shorebird reproductive
success and survival?

What is the extent of
the impact of red tide
on shorebird survival,
reproductive success and
populations?
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Table 7.3 (continued).

Species
Season(s)

American
Oystercatcher,
Snowy
Plover,
Wilson's
Plover

Ecological
Process
Categorya

Question

Climatic
Processes

Does sea level rise impact
reproductive success,
survival, and populations
via loss or gain of nesting
habitat?

Climatic
Processes

Sea level rise and changes
in seasonal weather
patterns will likely influence
prey base, roosting and
foraging habitat availability
and connectivity. Will
changes result in a
decline in body condition
and fat gain influencing
survival, time of departure,
reproductive success and
population size?

End Point To
Measure

Uncertainty Description

Uncertainty
Categoryb, d

Effect
Sizec, d

Reproductive
Success,
Survival,
Population Size

Uncertainty in response of
shorebirds to SLR, most models
predict population declines. Also
expected gains as the beach
migrates.

High

High

Reproductive
Success,
Survival,
Population Size

We know that body condition
and time of departure can
influence reproductive success
and survival. No information
available on how SLR, climate
change, and seasonal weather
will change prey base as well
as foraging and roosting habitat
availability and connectivity and
the resulting body condition,
time of departure, reproductive
success, and survival.

High

High

Breeding

All
All

Categories follow the classification scheme and nomenclature presented by Bennet et al. (2009).
Based on expert opinion using two levels of classification (high level of uncertainty or low level of uncertainty) based on anecdotal observations
and published literature.
c
Based on expert opinion using three levels of classification (high, low, and unknown) per the potential positive or negative impact on a population.
Where high represents the likelihood of a major impact; low represents a minor impact; and unknown represents unknown consequences.
d
To facilitate decision making, we utilized a scoring rubric that contrasted the degree of uncertainty against the presumed population effect size,
where High-High=1 (highest priority); High-Unknown=2; Low-Unknown=2; Low-High=3; High-Low=4; and Low-Low=5 (lowest priority). Here, we
only present questions that scored a 1, 2, or 3.
a

b
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in reduced habitat availability through localized losses of
beach and estuary habitat (Bender et al. 2010, Geselbracht
et al. 2015). Given the site-faithful nature of breeding and
non-breeding shorebirds, there is uncertainty related to the
impacts of habitat loss and suitability and the potential for
subsequent declines in shorebird populations.
There is a great deal of uncertainty surrounding the
response of shorebirds to climatic processes such as sea-level rise, climate change, and seasonal weather. Most climate
change models predict a decline in population size for most
species (Galbraith et al. 2002, Aiello-Lammens et al. 2011,
Iwamura et al. 2013) and increased habitat fragmentation
and loss which can result in a considerable reduction in both
foraging and breeding areas for shorebirds (Chu-Agor et
al. 2012). Large-scale changes to weather patterns, such as
increased frequency of severe or unseasonable weather, also
may have effects on reproductive success, survival, and movement patterns (Colwell 2010). There is much uncertainty
associated with how and at what rate sea-level rise, climate
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hurricanes, tropical storms, and tropical depressions, that
differ based on maximum obtained wind speed. Hurricanes
modify the beach profile by redistributing sand from the dunes
to new forefront areas and creating ephemeral pools and large
overwash fans that significantly increase nesting, brood-rearing, and roosting habitats for shorebirds (Leatherman 1979,
Otvos 2004). Conversely, hurricanes and severe storms can
alter biotic structure, wetland hydrology, geomorphology,
and nutrient cycles in estuaries, which affect the availability
and suitability of nesting and foraging habitats (Michener et al. 1997). Snowy Plovers, for example, were found to
nest in higher densities in locations that had been impacted
by hurricanes the previous year (Convertino et al. 2011).
However, uncertainty exists in whether hurricanes would
continue to provide the positive population-level benefits if
they occurred frequently, at greater intensities, and during
critical periods of the breeding season resulting in reduced
annual recruitment. Future climate change scenarios depict
more frequent and stronger hurricane events which may result
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change, and seasonal weather will impact the shorebird prey
base and foraging, roosting, and nesting habitat availability
and connectivity. There is also uncertainty in the response of
shorebirds to changing conditions and if, when, and at what
rate changing conditions will impact survival and reproductive
success of shorebirds.
Red tide is a natural disturbance regime (Bennett et al.
2009) that can impact shorebirds. Red tide is a frequently cited conservation threat to shorebirds, but little is known about
how or to what extent shorebirds are affected. It is unclear
why some shorebird species (e.g., Red Knot, Sanderling, and
Ruddy Turnstone) seem more susceptible to negative effects
than others and which environmental factors contribute to
the degree of impacts. Mortality of affected shorebirds is often
documented; however, very little work has been completed
on survival and reproductive success of exposed birds, as well
as shorebirds that either emigrated out of the impacted area
or avoided the impacted area.
High-water events can contribute to concentrations of
nutrients in a system and the occurrence of blue-green bacteria
(cyanobacteria). Direct or indirect impacts to shorebirds
have not been studied and the risks of cyanotoxins to natural
resources remain relatively unknown. There is potential for
blue-green algal blooms to impact shorebirds year-round
across the GoM. The seasonality of occurrence will impact
the direction of the overall influence and the spatial scale
of potential impacts. Degree and direction of this effect is
highly dependent upon extent, duration, and frequency of
blue-green algal blooms.

SUMMARY & MONITORING
RECOMMENDATIONS
Monitoring plays a critical role in natural resource
management to inform the decision-making process,
and monitoring design should be driven by the decision
context and associated uncertainties (Lyons et al. 2008).
Lack of knowledge may limit the ability to identify,
implement, and assess the most effective management
and restoration strategies. Investments in monitoring
will be required to maximize the effectiveness of
management and restoration actions (Schulte 2016).
Status and trend assessments focusing on system-state
variables (e.g. population size, reproductive metrics,
survival, movement patterns) at appropriate temporal
and spatial scales will enhance the understanding of
mechanisms underlying population dynamics and
trends in the GoM. Monitoring should enable the
evaluation of management performance and impacts of
ecological processes and identify background variation.
Conservation planning for the GoM will benefit from
clear articulation of fundamental monitoring objectives.
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Monitoring priorities:
Establish standardized baseline monitoring of breeding shorebirds to facilitate status and trend assessments across the GoM that can be used as a state-dependent variable to assess geographical movements,
impacts of anthropogenic and natural perturbations
(e.g. oil spills, hurricanes), changes in habitat, and/
or impacts of management and restoration actions.
Establish or expand on existing studies designed to
monitor changes in reproductive success during both
stages of breeding (i.e., nest and chick survival) in
response to management and restoration actions,
changes in habitat and impacts of anthropogenic
and natural perturbations (e.g. oil spills, hurricanes).
Establish baseline monitoring of migratory and wintering
shorebirds to facilitate status and trend assessments that
can be used as a region-wide variable to assess habitat
use, habitat loss, changes in habitat, overwinter survival,
and/or effects of management and restoration actions.
Establish monitoring of shorebirds at stopover and
wintering sites to facilitate the identification of critical habitats and locations. Monitoring strategies
should include coverage of habitat adjacent to known
stopover sites to document shifts in habitat use.
Develop a better understanding of the ecology of
shorebirds during migration through the GoM
to predict the potential population-level effects of
continued habitat loss and change in the GoM.
Establish or expand on existing studies designed to increase the knowledge of the effects of predation, predator presence, and effectiveness of targeted predation
management in an adaptive management framework on
demographics of breeding and nonbreeding shorebirds.
Monitoring strategies should include the assessment of
predator presence and predation frequency in relation to
vegetation structure.
Establish or expand on existing studies designed to
determine the effect of anthropogenic disturbance
during different life stages (i.e., nesting, brood-rearing, non-nesting) on shorebird demographics with a
focus on understanding the impacts of human activities
and identification of important site-specific variables.
Evaluate and assess the impacts of incompatible beach
management activities (e.g., beach nourishment,
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revegetation, etc.) on breeding and nonbreeding shorebird
movement patterns, reproductive success, and survival.
Establish or expand on existing studies designed to monitor change and loss of coastal habitat through management/restoration, vegetation succession, or ecological
processes, focusing on shorebird foraging, roosting,
and breeding habitats to determine impacts to shorebird survival, reproductive success, and population size.

Evaluate the importance of site fidelity in breeding and
nonbreeding shorebirds and incorporate site specific variables to determine rates of mortality and emigration.
Establish a monitoring program that allows rapid assessment of the effects of natural or man-made perturbations
including episodic coastal oiling, red tide, or similar events
on shorebird survival and health. This program may extend to tracking of survival of impacted birds as well as
the tracking of birds in the area that were not impacted. 🐦
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Mixed species shorebird flock, including the American Oystercatcher (Haematopus palliatus). Photo credit: Janell Brush
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A P PENDIX 7
Supplementary influence diagrams depicting mechanistic relationships between management actions and
population response of shorebirds.
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Influence diagram of the relationship between management actions (green boxes), intermediate processes (gold
boxes) and population (metrics) size (blue hexagons) for the Piping Plover (Charadrius melodus) within the Gulf of
Mexico Region.
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Influence diagram of the relationship between management actions (green boxes), intermediate processes (gold
boxes) and population (metrics) size (blue hexagons) for the Wilson's Plover (Charadrius wilsonia) within the Gulf
of Mexico Region.
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Influence diagram of the relationship between management actions (green boxes), intermediate processes (gold
boxes) and population (metrics) size (blue hexagons) for the Snowy Plover (Charadrius nivosus) within the Gulf of
Mexico Region.
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Influence diagram of the relationship between management actions (green boxes), intermediate processes (gold
boxes) and population (metrics) size (blue hexagons) for the Long-billed Curlew (Numenius americanus) within
the Gulf of Mexico Region.
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Influence diagram of the relationship between management actions (green boxes), intermediate processes (gold
boxes) and population (metrics) size (blue hexagons) for the Marbled Godwit (Limosa fedoa) within the Gulf of
Mexico Region.
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Influence diagram of the relationship between management actions (green boxes), intermediate processes (gold
boxes) and population (metrics) size (blue hexagons) for the Red Knot (Calidris canutus) within the Gulf of Mexico
Region.
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Influence diagram of the relationship between management actions (green boxes), intermediate processes (gold
boxes) and population (metrics) size (blue hexagons) for the Dunlin (Calidris alpina) within the Gulf of Mexico
Region.
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Influence diagram of the relationship between management actions (green boxes), intermediate processes (gold
boxes) and population (metrics) size (blue hexagons) for the Buff-breasted Sandpiper (Calidris subruficollis)
within the Gulf of Mexico Region.

Integrated
Predator
Control

Predators

Body Condition and
Fat Gain

Time of Departure

Coastal Habitat
Restoration and
Management

Roosting and foraging
habitat quality,
quantity, availability,
and connectivity

Red Tide

Reproductive
Success

Human Activity
Management

Disturbance

Nutrient Loads

Population
Size

Sea Level Rise,
Climate Change,
Hurricanes, Seasonal
Weather

Prey Availability &
Abundance

Survival

Freshwater
Management

Influence diagram of the relationship between management actions (green boxes), intermediate processes (gold
boxes) and population (metrics) size (blue hexagons) for the Western Sandpiper (Calidris mauri) within the Gulf of
Mexico Region.
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