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ABSTRACT 
 
 
 

EFFECTS ON PIPING PLOVER (CHARADRIUS MELODUS ORD) FORAGING 
HABITAT FROM SEA-LEVEL RISE: A GEOGRAPHIC INFORMATION SYSTEMS 
APPROACH 
 
Peter Lostritto, MS 
 
George Mason University, 2013 
 
Thesis Director: Dr. George Taylor 
 
 
 
Sea-level rise from global climate change is becoming increasingly important especially 

in geographic sciences, where space and time are taken into account. Globally, the mid-

Atlantic shoreline of the United States is expected to be at greater risk than the observed 

global sea-level rise due to localized sinking of the land surface. The shorebird species 

Piping Plover (Charadrius melodus), an endangered species, is predicted to be 

particularly at risk from the estimated rising sea levels due to their already vulnerable 

breeding habitat within their distribution along the United States Atlantic coast. 

Traditionally, research has examined the threats to C. melodus nesting habitats; however, 

one of their most important foraging habitats, coastal wetlands, which is often depended 

upon by recently hatched chicks, is preferentially at risk from future rising sea levels. 

This study investigates how wetlands within C. melodus predicted suitable habitat may be 

affected from rising sea levels for up to 120 years into the future (from 2006). The 



 

 
 

specific objectives are threefold:  (i) parameterize a functional habitat suitability model 

for C. melodus; (ii) evaluate the accuracy of the habitat suitability model in field sites; 

and (iii) investigate the prospective effects of sea-level rise on wetlands within the 

predicted suitable habitat of C. melodus at time intervals of 30, 60, and 120 years. 

Geographic Information Systems (GIS) were used as a tool to predict future outcomes to 

C. melodus wetlands foraging habitat from sea-level rise. Maps for three different 

locations within Piping Plover breeding distribution (Cape May, Assateague NWR, and 

Chincoteague NWR) were created showing outcomes for several sea-level rise scenarios. 

Results indicate that effects from sea-level rise on C. melodus wetlands habitat vary 

based on location. Two of the locations (Assateague NWR and Chincoteague NWR), 

which are barrier islands, are predicted to be negatively affected from sea-level rise (73-

94% net loss for Assateague NWR and 48-90% net loss for Chincoteague NWR in 120 

years), whereas the Cape May location, which is not a barrier island, is predicted to have 

little to no negative impact from sea-level rise on the wetlands within Piping Plover 

predicted suitable habitat.   From these investigations of three locations in the mid-

Atlantic region, it is concluded that the effect of sea level rise in the future on wetlands 

foraging habitat for C. melodus is site specific, with two of the three locations exhibiting 

significant losses (48-94%) in habitat within 120 years.  Given that this species is already 

endangered, this conclusion indicates that future changes in sea level will place an 

additional stress on the species. 
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CHAPTER 1 INTRODUCTION 

 

	   Global climate change is expected to increase the rate of habitat loss for certain 

wildlife, resulting in the possible extinction or expirpation of many vulnerable species 

(Thomas et al., 2004). Habitat loss is predicted to be high among low-lying coastal 

ecosystems because of their vulnerability to sea-level rise (Farbotko, 2010). Globally, the 

mid-Atlantic United States shoreline has a higher probability of inundation due to sea-

level rise (Cahoon et al., 2007). The mid-Atlantic sea-level rise likely to be at a 

significantly greater risk than the observed global sea-level rise due to localized sinking 

of the land surface. The sinking has been attributed to ongoing adjustment of the Earth’s 

crust due to the melting of former ice sheets, sediment compaction and consolidation, and 

withdrawal of hydrocarbons from the lithosphere (Cahoon et al., 2007). Sea level has 

risen about 120 meters due to natural processes since the end of the Last Glacial 

Maximum (~23,000 years ago). Currently, the sea-level rise rate has increased over the 

natural rise rate due to an increase in climatic changes (Cahoon et al., 2007).  

Habitat loss associated with the above natural rate of sea-level rise threatens many 

coastal organisms. For example, several Sea Turtle species nesting in the Caribbean could 

have up to 32% of their current beach nesting habitat submerged from a 0.5m sea-level 

rise (Fish et al., 2005). Marine mammals will also be affected by sea-level rise a rising 

sea levels could submerge haul-out sites of the Mediterranean Monk Seal (Monachus 
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monachus), especially by the flooding of caves that provide the only refuges for some 

groups (Würsig et al., 2002).  

 Shorebirds are particularly at risk from sea-level rise. Recent projections of 

habitat loss for shoreline-dependent birds at coastal sites in the U.S. range from 20% - 

70% loss (Galbraith et al., 2002). This prediction is particularly threatening for shoreline-

dependent species such as the Snowy Plover (Charadrius nivosus), Piping Plover 

(Charadrius melodus), and Red Knot (Calidris canutus) that are already experiencing 

significant habitat loss from increased human disturbance in breeding/nesting, brood-

rearing, wintering, and migratory stopover areas (Convertino, 2011).  

 One particular shorebird species of interest is the Piping Plover (Charadrius 

melodus Ord, 1824) (Figures 1 & 2), which became federally listed as a threatened and 

endangered species in 1986, due to habitat loss and degradation from human 

development (USFWS, 2009).  During the 1996 revised recovery plan, the most critical 

listed factors were habitat loss and degradation, predation, human disturbance, and 

inadequacy of regulatory mechanisms (USFWS, 2009). Oil spills are a continuing 

moderate threat, but a population that has attained abundance and productivity targets 

will be less vulnerable to temporary injuries from localized oil spills, especially if 

restoration is implemented promptly (USFWS, 2009). 
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Figure 1: Piping Plover (C. melodus) in breeding plumage. Breeding features: a single black neck band, black bar 
above forehead, and orange bill with black tip  

 
 
 

 
 

Figure 2: C. melodus in non-breeding plumage. Non-breeding features: no black neck band, no black bar above 
forehead, and bill is almost completely black 
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Conservation management over the past 20 years has led to an overall increase of 

25% in C. melodus populations; however, recovery goals have not been met, causing 

some conservationists to shift their research to the impacts of climate change, especially 

sea-level rise (USFWS, 2009). The best available information indicates that disease, 

environmental contaminants, and overutilization are currently minor threats to Atlantic 

coast C. melodus (USFWS, 2009). In light of the population’s small size, continued 

vigilance relative to these potential factors is appropriate, but no new recovery criteria are 

warranted at this time. However, two threats that have emerged since the 1996 revised 

recovery plan are wind turbine generators and climate change. Although some measures 

should be taken immediately to reduce threats on C. melodus, a better understanding of 

climate change effects on C. melodus and their habitat is required before appropriate 

recovery criteria can be formulated (USFWS, 2009). 

 The Atlantic population of C. melodus is vulnerable to global climate change 

because of the threat of sea-level rise on their coastal habitat, making them one of the 

most threatened shorebird species on the U.S. Atlantic coast (Convertino et al., 2011). 

Since the Atlantic C. melodus population spends their breeding season directly on the 

coast (Loegering & Fraser, 1995), which is at risk from sea-level rise, this study focuses 

on three Mid-Atlantic locations The three Mid-Atlantic sites are Cape May Point State 

Park, NJ, Assateague Island National Wildlife Refuge (NWR), MD and Chincoteague 

NWR, VA. Because of Cape May’s geographical location and orientation between 

Delaware Bay and the Atlantic Ocean, large numbers of migratory birds congregate on 

the Cape May Peninsula in the spring to rest and feed before continuing on their journey 
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to their breeding grounds further north, or stay to breed directly on the grounds. The 

Delaware Bay was the first site to be classified by the Western Hemisphere Shorebird 

Reserve Network (WHSN) and is considered a shorebird site of Hemispheric Importance 

(WHSRN, 2003). Hemispheric sites are those visited by 500,000 or more shorebirds per 

year and accounts for more than 30 percent of the biogeographic population for a species.  

Most shorebirds depend on intertidal flats (i.e., sand beaches or mudflats) for their 

foraging habitat. Research on the Cape May Peninsula has shown that migrating 

shorebirds also feed in a mosaic of habitat types ranging from mudflats to high marshes 

(Burger et al., 1996).  

The barrier island including both Assateague NWR and Chincoteague NWR has 

more than 57 km2 of beach, dunes, marsh, and maritime forest which provide habitat for 

waterfowl, wading birds, shorebirds, and songbirds as well as other species of wildlife 

and plants. Chincoteague is also one of the top five shorebird migratory staging areas in 

the eastern United States.  In 1990, the barrier island which makes up Chincoteague and 

Assateague along with barrier islands of the eastern shore of VA and MD were 

designated as an International Shorebird Reserve. This coastal barrier island/lagoon 

system has also been designated a World Biosphere Reserve by UNESCO, and the US 

Department of Interior has designated the area a National Natural Landmark. 

Although C. melodus nest on bare sandy or pebble beaches (Figure 3), they take 

advantage of wetlands habitats since chicks (Figure 4) choose to forage in bay tidal flats, 

salt- and freshwater marshes, and herbaceous wetlands, giving them access to greater 

food sources than chicks foraging only in ocean beach habitats. This advantage increases 
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the chances of survival in C. melodus chicks (Loegering & Fraser, 1995). The main cause 

of death in C. melodus chicks is starvation. Chicks foraging in only ocean beaches forage 

at a lower rate, tend to weigh less, and have a higher mortality than chicks with the 

availability of interior wetlands for a foraging option (Loegering & Fraser, 1995).  

Despite there being other foraging habitat options, this study focuses on the foraging 

habitat of wetlands, since the advantage of having wetlands is so important to C. melodus 

chick survival.  

 

 

 
 

Figure 3: C. melodus nest with recently hatched chicks and egg hatching. Nest is located on Assateague Island NWR 
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Figure 4: Recently hatched C. melodus chick outside of nest at Assateague Island NWR 

 
 
 
 Coastal wetlands support both terrestrial and aquatic animals and have far greater 

net primary productivity than that found on more upland sites (Titus, 1988). Coastal 

wetlands habitats are expected to experience acute negative impacts from sea-level rise as 

compared to continental coasts because of (i) their low elevations and (ii) the process of 

vertical land building (wetland accretion and shallow subsidence) is not expected to keep 

pace with future relative sea-level rise (Titus, 1988). The elevation change (accretion and 

subsistence) of coastal wetlands has kept pace with the rate of relative sea-level rise for 

the last several thousand years (Titus et al., 1988). However, relative sea-level rise is 

projected to occur at a much faster rate than in the past, resulting in the possible loss of 

coastal wetland habitats (Titus, 1988). A coastal wetland becomes submerged and 

disappears if sea level rises faster than the marsh surface accretion. If elevation gain of 
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coastal wetlands lags behind relative sea-level rise, an elevation deficit exists and the 

potential for wetlands submergence is high (Cahoon, 1997). 

 The Atlantic population of C. melodus during breeding season comprises almost 

half of the entire United States C. melodus population (Elliott-Smith et al., 2006). 

Studying the impacts of sea-level rise on C. melodus habitat along wetlands on the United 

States Atlantic coast during breeding season is critical for their recovery plan. Potential 

changes to C. melodus breeding season habitat on coastal wetlands from rising sea levels 

under several sea-level rise scenarios over the next 120 years are investigated.  

With these analyses, the overall goal is to quantify potential sea-level rise impacts 

to C. melodus habitat on coastal wetlands. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

9 
 

 
 
 
 
 

CHAPTER 2 BIOGEOGRAPHY OF C. melodus 

 

According to the 2006 Piping Plover census (Elliott-Smith et al., 2006), there are 5,923 

breeding adult C. melodus in the United States, and 2,855 adults of C. melodus breeding 

on the U.S. Atlantic coast from Maine to North Carolina (Figure5). This Atlantic coast 

population represents 48% of the C. melodus population in the United States. In 2001 the 

Atlantic coast population of C. melodus represented 54% of the United States breeding 

population, a 6% drop in the Atlantic Population from 2001 to 2006 (Haig et al., 2005; 

Elliott-Smith et al., 2006). Although both Atlantic coast and Great Plains C. melodus 

populations increased from 2001 to 2006, the increase in the Atlantic coast population 

(17%) is less than the increase in the Great Plains population (49%) (Haig et al., 2005). 

Thus, the C. melodus populations not associated with the Atlantic coast are improving 

faster than the Atlantic population.  

On the United States east coast, C. melodus arrive on breeding grounds from mid-

March to mid-May and depart for their wintering grounds from mid-July through late 

October.  Breeding chronology is consistent with egg laying from late April until early 

July, with the peak being in mid-May (Burger, 1987). C. melodus select nest sites close to 

dunes and vegetation, far from other nest sites, and with plenty of shell cover (Burger, 

1987). The majority of chick mortality occurs in the first 10 days after hatching 
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(Loegering & Fraser, 1995). C. melodus forage on sparsely vegetated sand, mud, or 

gravel shorelines within 5 m of water's edge (Elliott-Smith and Haig 2004). Although C. 

melodus typically choose their nest location directly on sandy beaches (Figure 3), by 

having access to forage in interior wetland habitats, chicks have a higher daily survival 

rate than those with access only to ocean-side habitats (Loegering & Fraser, 1995). 

Chicks (3-20 days old) (Figure 4) with access to interior wetland habitats will choose to 

forage in those areas over ocean beaches, giving them access to greater food sources than 

chicks foraging only in ocean beach habitats (Loegering & Fraser, 1995). This advantage 

increases the chances of survival in C. melodus chicks (Loegering & Fraser, 1995). The 

main cause of death in C. melodus chicks is starvation. Chicks foraging in only ocean 

beaches forage at a lower rate, tend to weigh less, and have a higher mortality than chicks 

with the availability of interior wetlands for a foraging option (Loegering & Fraser, 

1995). 

A loss of wetlands from sea-level rise would cause a loss of potential suitable 

habitat of foraging options for C. melodus. Since chicks have a greater chance of survival 

by having access to interior wetlands as a foraging option (Loegering & Fraser, 1995), a 

loss of wetlands due to sea-level rise would decrease the nesting habitat available that has 

the accessibility of wetlands as a foraging habitat for newly hatched C. melodus chicks. 

This would also cause an overall lower survival rate in newly hatched C. melodus chicks.  

To characterize the potential habitat for C. melodus, a habitat suitability model 

(USGS Gap Analysis Program, 2011) is used.  This model is based on the C. melodus 

distribution data, defined as the spatial arrangement of environments suitable for 
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occupation by a species (USGS Gap Analysis Program, 2011). A species distribution is 

created using a deductive model to predict areas suitable for occupation within a species’ 

biogeographical range (Figure 5)( USGS Gap Analysis Program, 2011).  According to the 

USGS Gap Analysis Program, the biogeographical range data are defined as a coarse 

representation of the total areal extent of a species or the geographic limits within which 

a species can be found. To represent the geographic limits, a national database of 

standardized 12-digit hydrological units was used (HUCs; U.S. Geological Survey and 

U.S. Department of Agriculture, Natural Resources Conservation service 2009). Ranges 

maps were compiled and attributed with information from SWReGAP, SEGAP, 

NatureServe, and IUCN (USGS GAP, 2012). Each range map contains information 

regarding occurrence/presence, origin, reproductive use, and seasonal use (USGS Gap 

Analysis Program, 2011) (Figure 5). In broad terminology, the biogeographical range is 

based on observed data, and the distribution is based on the predicted suitable habitats 

from within the species’ range.  
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Figure 5: Extent of the Atlantic C. melodus range and distribution during breeding season (March –October) 
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CHAPTER 3 OBJECTIVES 

 

While the overall goal of this research is to investigate the effect of sea-level rise on the 

habitat for C. melodus, the research has three specific objectives as follows: 

1.  Parameterize a functional habitat suitability model for C. melodus 

2. Evaluate the accuracy of the habitat suitability model in field sites - Assateague 

Island National Wildlife Refuge (NWR) and Chincoteague National Wildlife 

Refuge (NWR) 

3. Investigate the prospective effects of sea-level rise on wetlands within the 

predicted suitable habitat of C. melodus at time intervals of 30, 60, and 120 years 

(from 2006).  
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CHAPTER 4 METHOLOGY 
 

4.1 Habitat Suitability Model (Objective No. 1) 
The habitat suitability model for C. melodus is derived from the species range available 

in the public domain (USGS Gap Analysis Program, 2011). The species range is 

generated from observed sightings regarding occurrence/presence, origin, reproductive 

use, and seasonal use of C. melodus, of from the following sources: NatureServe, South 

East Regional GAP, Birds of North America (2004), and the Fish and Wildlife Piping 

Plover Recovery Plan (USGS Gap Analysis Program, 2011). The range data are 

represented by 12-digit hydrologic units (HUCs) with attributes including reproductive 

and seasonal use of the species.  

A USGS model is used to identify suitable variables within the species range to 

determine the predicted suitable habitat of C. melodus (i.e., ‘distribution’). The identified 

areas are displayed as its distribution (or its predicted suitable habitat) (Figure 5). The 

land cover types and other suitable habitat variables for C. melodus are derived by the 

USGS from six peer-reviewed articles describing the species habitat.  

4.2 Field Study to Assess the Validity of the Habitat Suitability Model for C. 
melodus (Objective No. 2) 
A field study in summer 2012 took place on Assateague Island NWR (MD) and 

Chincoteague NWR (VA) to evaluate the accuracy of the predicted suitable habitat (see 

objective no 1). The predicted suitable habitat displays much of the habitat for C. 
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melodus on sandy beaches and wetlands habitats (Figure 5). Since sea-level rise affects 

coastal wetlands greater than ocean side habitat, and C. melodus utilizes interior wetlands 

habitats for foraging, it is important to evaluate the accuracy of the wetlands within 

predicted suitable habitat. Since the bay side of Assateague Island NWR and 

Chincoteague NWR consists of coastal wetlands, these habitats within the predicted 

suitable habitat (Figure 5) were visited on the Assateague Island NWR and Chincoteague 

NWR and observed to determine if C. melodus is foraging or utilizing these areas.  

 Since peak egg laying is mid-May (Burger, 1987), investigating these field 

locations at the end of May/early June offers the greatest chance of seeing recently 

hatched C. melodus chicks; moreover, the foraging of chicks can also be observed, 

because chicks 3-20 days old (Figure 4) with access to interior wetlands habitats choose 

to forage in those areas over ocean beaches (Loegering & Fraser, 1995). 

 At 7:00am to 11:00am on June 01, 2012 six C. melodus nest sites were observed 

on the publically restricted North section of Assateague Island NWR with the guidance 

from the National Park Service (NPS). There was also one nest site visited at 

Chincoteague NWR, the Virginia portion of Assateague Island, at 11:00am on May 31, 

2012. Each of the seven nest sites was visited for at least 30 minutes, making the total 

observation time approaching 3.5 hours. All C. melodus were counted and wetlands 

habitats utilized were recorded. If C. melodus were utilizing or foraging in the wetland 

habitats within the modeled predicted suitable habitat area, the accuracy of the predicted 

suitable habitat and the wetlands within the predicted suitable habitat is accepted for its 

accuracy. Although this research focuses on the foraging habitat of C. melodus, the nest 
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sites were studied because C. melodus and their chicks forage in areas near their nest. 

Accordingly, investigating their nest sites is an efficacious way of finding foraging areas.  

4.3 Effects of Seal-Level Rise on C. melodus habitat using Geographic Information 
Systems (Objective No. 3) 
Since this study focuses on the effects of sea-level rise on wetlands within C. melodus 

habitat, wetlands habitats were identified from all other suitable habitats within the C. 

melodus predicted suitable habitat. Using 30 m land cover data, wetlands habitats (i.e., 

salt marshes, herbaceous wetlands, and tidal flats) within the predicted suitable habitat 

were separated from other habitat types. This process was performed for each of the three 

Mid-Atlantic locations (Figure 6). Figure 6 are the geographic locations in the United 

States of the three Mid-Atlantic locations. The areas generated for the three locations 

(only wetlands within the predicted suitable habitat) were treated as the final areas used 

to show the effects of sea-level rise (Figure 7). 
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Figure 6: Geographic locations of the three chosen C. melodus study areas 
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Figure 7: Predicted suitable habitat and wetlands within the predicted suitable habitat for C. melodus at the three 
locations 
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 In Figure 7, the entire orange area (both the light orange and dark orange), 

represent the entire predicted suitable habitat for C. melodus; and dark orange by itself 

represents the wetlands within C. melodus predicted suitable habitat. The light orange 

color represents all habitat types that are not wetlands within the predicted suitable 

habitat for the species.   

A 30 m North American digital elevation model (DEM) was used for displaying 

and analyzing the height of the predicted sea-level rise on the C. melodus predicted 

suitable habitat. The DEM is cut to only the area of the wetlands within C. melodus 

predicted suitable habitat generated from the data in Figure 7 (Figure 8). Elevation 

outside of the wetlands within C. melodus predicted suitable habitat (light orange areas 

from figure 7) was not necessary for this analysis.  
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Figure 8: A 30 meter digital elevation model of the wetlands within C. melodus predicted suitable habitat 
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 The net loss or gain of wetlands from sea-level rise was predicted from a well 

documented equation used to calculate the difference of wetlands accretion from relative 

sea-level rise (Cahoon, 1997).  

!" −!" = !"!#$%&'(  !ℎ!"#$ 

SL= Average yearly relative sea-level 
rise (NOAA, 2006) 
 
WA= Predicted average yearly 
wetlands accretion (Reed et al., 2008) 

  

This equation was applied to three time intervals: 30, 60, and 120 years in the 

future (from 2006), with ‘SL’ equaling the mean, high, or low yearly rates of sea-level 

rise for each of the three locations. Thus, nine total scenarios at each of the three 

locations were investigated. The accretion rate is the rate which wetlands naturally 

vertically accrete, thus raising its elevation, meant to keep pace with sea-level rise. 

 The nine scenarios for each of the three locations show a unique change of the 

amount of wetlands habitat from the calculated amount of elevation change from the 

difference of relative sea-level rise and wetlands accretion.  

 The differences in the height of the elevation change equation were mapped. The 

30m DEM is used to display the results of the equations for each of the nine scenarios at 

each of the three locations (Figure 8). All wetlands habitat within the C. melodus 

predicted suitable habitat show a loss, gain, or balanced rate of elevation change.  

 If sea-level rise was greater than the vertical accretion of wetlands, an elevation 

deficit was present and all wetland habitat within the C. melodus predicted suitable 

habitat elevated less than the elevation deficit is mapped as submerged. If the difference 
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between the accretion of wetlands and relative sea-level were equivalent, than the 

wetland persists at its current state. If relative sea-level rise was less than the vertical 

accretion of wetlands, elevation deficit was not present and additional wetland habitat 

would be added to the existing wetlands habitat within C. melodus predicted suitable 

habitat. However, the actual gain of wetlands from a possible nonexistent elevation 

deficit were not mapped, but rather treated as a positive effect to C. melodus. Only 

negative effects to C. melodus were mapped. However, if a gain of wetlands was present 

for a given scenario, then no elevation deficit is mapped for that scenario, only negative 

effects will be shown, and the gain of wetlands is discussed for the given scenario. 

 Each of the maps showed where elevation deficit was present and how the 

deficit’s presence, showed a loss (or no loss) in wetland habitat within the C. melodus 

predicted suitable habitat. 

 If there was a net loss of wetlands habitat, the height of the wetlands within the 

predicted suitable habitat less than the elevation deficit represents coastal wetlands 

habitat that were submerged. Thus, the coastal wetlands within the predicted suitable 

habitat that were less than the height of the elevation deficit were isolated from the 

remaining coastal wetlands, which was elevated higher than the elevation deficit; these 

were represented as wetlands that were submerged due to sea-level rise.  Accordingly, 

these were no longer wetland habitats suitable for C. melodus. 

 Maps were generated for each time interval for each location. For example, sea-

level rise 30 years into the future for Chincoteague is one map, and sea-level rise 60 years 

into the future for Chincoteague will be a separate map. Thus, a total of 9 maps were 
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created (3 time intervals and 3 locations). The reason for generating the final maps by 

location and time intervals was so that the high, average, and low averages of sea-level 

rise for each time interval could be displayed on the same map.  

 After all scenarios were mapped for each locations, a pixel calculator on the net 

loss or gain of wetlands from the mapped scenarios was performed to estimate the actual 

wetlands area (m2) within C. melodus predicted suitable habitat that were submerged 

and/or gained. To calculate pixel data, a raster calculation was performed for each 

scenario at each location within the GIS. Within the raster calculation, the following 

formula was used to obtain the area of wetlands within C. melodus predicted suitable 

habitat that has been lost/gained for each scenario.  

 

Con("file_name" <= Xi,1,0) + Con("file_name" <= Xii,1,0) + Con("file_name" <= Xiii,1,0) 

 

File_name = the file name of the DEM of the wetlands within C. melodus predicted 

suitable habitat 

Xi = the height of the high rate of predicted sea-level rise 

Xii = the height of the mean predicted sea-level rise 

Xiii = the height of the low rate of predicted sea-level rise 

 

 The outcome of the formula entered into the GIS raster calculator created a new 

data layer containing four classes, labeled 0, 1, 2, and 3. The data within class 0 

represents the total pixel count for the area of wetlands within C. melodus predicted 
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suitable habitat that were still elevated above the sea-level rise for the specific scenario 

(NOTE: this was not the same layer used to create the final maps for each scenario; this 

layer was only used for quantitative purposes). The data within class 1 represented the 

total pixel count for the net loss of area of wetlands within C. melodus predicted suitable 

habitat that were elevated between the height for the high rate of predicted sea-level rise 

and the mean of predicted sea-level rise. The data within class 2 represents the total pixel 

count for the net loss of area of wetlands within C. melodus predicted suitable habitat that 

were elevated between the height for the mean predicted sea-level rise and the low rate of 

predicted sea-level rise for the specific scenario. The data within class 3 represents the 

total pixel count for the net loss of area of wetlands within C. melodus predicted suitable 

habitat at the height for the low rate of predicted sea-level rise and everything lower for 

the specific scenario. 

 The calculated pixel counted data were extrapolated to obtain the following data 

necessary for an analysis: 

 Data 1: The sum of the total pixel count for all four classes equaled the total 

amount of wetlands within C. melodus predicted suitable habitat for the given location, 

x30 m2  (because a 30m DEM was used). 

 Data 2: The total amount of pixels within class 0 equaled the area of wetlands 

within C. melodus predicted suitable habitat that were elevated above the sea-level rise, 

after all three estimates of sea-level rise were accounted for the given scenario, x30 m2. 

The total area was divided by the total area from ‘Data 1’ to estimate the percentage of 
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wetlands within C. melodus predicted suitable habitat that were not affected by sea-level 

rise for the specific scenario.  

Data 3: The total pixels within the classes labeled 1, 2, and 3 equaled the total 

area of wetlands within C. melodus predicted suitable habitat that were submerged from 

the high rate of predicted sea-level rise for the specific scenario, x30 m2.  

Data 4: The total pixels within the classes labeled 2 and 3 represented the total 

area of wetlands within C. melodus predicted suitable habitat that were submerged from 

the mean predicted sea-level rise for the specific scenario, x30 m2.  

Data 5: The total pixels within the class labeled 3 equaled the total area of 

wetlands within C. melodus predicted suitable habitat that were submerged from the low 

rate of predicted sea-level rise for the specific scenario, x30 m2. The total area obtained 

was divided by the total area from ‘Data 1’ to calculate the percentage. 

 From the quantitative data from the pixel calculator, an analysis was performed to 

examine the most at-risk and the most stable habitats. A table created from the pixel 

calculator displays all submerged or no net loss of wetlands within C. melodus predicted 

suitable habitat for all three locations in an organized manner.  

 

 

 

 

 

 



 

26 
 

 

 

CHAPTER 5 RESULTS 

 

The results for this study are split into three parts, the habitat suitability model, 

the field study, and the effect of sea-level on wetlands habitat for C. melodus for each of 

the nine scenarios at each of the three locations. 

 Results of Field Study: The results for the field study are focused on C. melodus 

of Assateague Island and Chincoteague NWR. All nest sites being observed are within 

the C. melodus modeled predicted suitable habitat, so if C. melodus are seen at these nest 

sites, then the predicted suitable habitat can be confirmed as accurately capturing their 

suitable habitat. There were no observed C. melodus outside of the modeled predicted 

suitable habitat.  

 All C. melodus foraging or utilizing wetlands habitats within the area of the 

predicted suitable habitat were inventoried. There were seven total nest sites, six on 

Assateague Island and one on Chincoteague. The single nest site on Chincoteague had 

two adults with eggs. This nest was unusual, as it was located close to bayside interior 

wetlands. Both adults at the Chincoteague site were observed foraging in wetland 

habitats. 

Of the six nest sites on Assateague, three of them had hatched chicks. The rest of 

the nest sites (three) had eggs. There was one wetlands site that had eight C. melodus 

foraging simultaneously. There were two adults from one of the nest sites that still had 
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eggs, and one entire family that had all of their chicks recently hatched (<1 week old). 

The remainder of the C. melodus were either incubating eggs or a keeping safe distance 

from the observers. If observers got too close to a nest site with only eggs in it, the adults 

would often get a safe distance from the observers (about 30 m) and wait until the 

observers left. Adult C. melodus do not attack predators (or supposed predators) that 

approach their nest if chicks have not been hatched yet. They rely on the camouflage of 

their eggs and flee the scene to a safe distance. If however, their chicks have hatched and 

are within the nest site, then the adult C. melodus will display a feign wing to try to 

distract any possible threats, making the adults seem like an easy catch, distracting the 

enemy away from the nest. There was one nest site with recent hatched chicks (< 1 day 

old) where the adults did display their feign wing distraction (Figure 9). However, despite 

their being chicks at their nest and displaying their feign wing, none of these C. melodus 

were seen foraging or utilizing wetlands habitats.  

 



 

28 
 

 
 

Figure 9: Personal observation of an adult C. melodus doing a feign wing display to distract the observers from recently 
hatched chicks at nest site 

 
 
 

 Out of the seven nest sites visited with the 22 total C. melodus counted (not 

including eggs), there were ten C. melodus foraging or utilizing wetlands habitats, four of 

which were recently hatched chicks (< 1 week old). There were no C. melodus foraging 

on the ocean side of Assateague or Chincoteague during the field session. It can be 

confirmed that C. melodus are foraging/utilizing wetlands habitats within the modeled 

predicted suitable habitat. 

 The purpose of the field study results are not for an extra statistical analysis but 

rather a conformation that C. melodus exist within the predicted suitable habitat, and if 

there are C. melodus foraging/utilizing wetlands within the modeled habitat. Since the 

original range data (Figure 5), from which the predicted suitable habitat is derived, is 

developed by observation, there is no need to re-create any distribution or range for C. 
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melodus. The purpose of the field study was to accept or disprove the accuracy of the 

modeled predicted suitable habitat. From the field study conducted, the results are to 

accept the modeled predicted suitable habitat.  

 Effects of sea-level rise on C. melodus: The results for the yearly mean sea-level 

rise and accretion rates for each location are shown in Table 1. All data are averaged for 

the previous years for which they were counted. The yearly mean sea-level rise rates with 

a +/- a 95% confidence interval, were accounted for by adding the confidence interval 

amount to the mean sea-level rise to equal the “high” yearly sea-level rise rate and then 

was subtracted from the mean sea-level rise rate to equal the “low” sea-level rise rate 

(Table 1). The sea-level rise rates and the accretion rates for Assateague and 

Chincoteague are the same because the data were collected locally from Chincoteague 

Bay; since both share Chincoteague Bay (Table 1). However, the same sea-level rise and 

accretion rates will have different impacts on the two locations because the site specific 

elevations are different. 
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Table 1: Yearly sea-level rise and accretion rates for each location 

 

 

 

 

The three rates of sea-level rise (low, mean, high) and the accretion rates were 

then multiplied by the three time intervals (30, 60, and 120 years from 2006) for each 

location (Table 2). The further into the future, the higher the accretion and sea-level rise 

rates (Table 2). Cape May has the highest predicted future accretion rates and the lowest 

predicted future sea-level rise (Table 2). Assateague and Chincoteague have the highest 

predicted future sea-level rise rates and the lowest predicted future accretion rates (Table 

2). 

 

ACCRETION/yr	  (mm)
LOW MEAN HIGH

Assateague 4 5 7 2
Chincoteague 4 5 7 2
Cape	  May 3 4 5 4

SEA-‐LEVEL	  RISE/yr	  (mm)
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Table 2: Predicted sea-level rise and accretion changes for 30, 60, and 120 years for each location 

 

 

 

Table 3 represents the application of the elevation change equation once applied 

to the site-specific data in Table 2. A positive elevation change is one that is submerged 

due to sea-level rise, and a negative elevation change is one that will be gained due to 

sea-level rise (Table 3).  

For Cape May the low rate of sea-level rise for all the time intervals will have 

more wetlands gained than lost/submerged. The negative number represented the 

difference (in mm) that the wetlands will naturally vertically accrete than the sea-level 

will rise. 

PREDICTED	  FUTURE	  
ACCRETION	  (mm)

30	  years
LOW MEAN HIGH

Assateague 114 164 215 45
Chincoteague 114 164 215 45
Cape	  May 100 122 144 120

60	  years
LOW MEAN HIGH

Assateague 229 329 429 90
Chincoteague 229 329 429 90
Cape	  May 199 244 288 240

120	  years
LOW MEAN HIGH

Assateague 457 658 858 180
Chincoteague 457 658 858 180
Cape	  May 398 487 576 480

PREDICTED	  FUTURE	  RELATIVE	  SEA-‐
LEVEL	  RISE	  (mm)
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The majority of scenarios project a loss of habitat, except for three scenarios; 30, 

60, and 120 years for Cape May with the low average of sea-level rise had an increase in 

wetlands habitat within the C. melodus predicted suitable habitat (Table 3). These three 

scenarios had accretion rates that were faster than sea-level rise (Table 3). While 

Assateague and Chincoteague had the highest predicted elevation change with the 

scenario consisting of the high rate of sea-level rise in 120 years, for an elevation change 

of 678 mm (Table 3).  
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Table 3: Calculated elevation change after applying the elevation change equation (Note: positive numbers indicate the 
height that will be submerged from the elevation change, while negative numbers indicate height for witch wetlands 

could be gained) 
 

 
 

 
Assateague is predicted to experience some very unique effects from sea-level 

rise on the wetlands habitat within the C. melodus predicted suitable habitat, and some 

effects very similar to other locations. Figure 2 shows the effects sea-level rise had on 

wetlands habitat within the C. melodus predicted suitable habitat for Assateague for 30, 

60, and 120 years into the future (from 2006). 

For Assateague, there is a large predicted net loss of wetlands habitat for C. 

melodus after the first 30 years, even with the low average rate of sea-level rise (Figure 

10). Assateague then loses the majority of the remaining wetlands habitat 60 and 120 

years into the future (Figure 10).  There is no drastic change in the net loss of wetlands 

30	  years
LOW MEAN HIGH

Assateague 69 119 170
Chincoteague 69 119 170
Cape	  May -‐20 2 24

60	  years
LOW MEAN HIGH

Assateague 139 239 339
Chincoteague 139 239 339
Cape	  May -‐41 4 48

120	  years
LOW MEAN HIGH

Assateague 277 478 678
Chincoteague 277 478 678
Cape	  May -‐82 7 96

ELEVATION	  CHANGE	  (mm)

ELEVATION	  CHANGE	  (mm)

ELEVATION	  CHANGE	  (mm)
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habitat for C. melodus for Assateague, as a large portion of the area is already lost from 

the least possible negative scenario (30 years with the low sea-level rise rate).  Overall, 

with any of the sea-level rise rates occuring (even the low rate), Assateague will lose 

most of its wetlands habitat within the C. melodus predicted suitable habitat in 120 years 

(Figure 10).  
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Figure 10: Predicted net loss of wetlands within C. melodus predicted suitable habitat due to sea-level rise for 

Assateague NWR 
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Chincoteague is predicted to experience unique consequences from sea-level rise 

on the wetlands habitat within the C. melodus predicted suitable habitat. Figure 3 shows 

the effects of sea-level rise on wetlands habitat for C. melodus for Chincoteague for 30, 

60, and 120 years into the future (from 2006). For Chincoteague, there is a large 

predicted net loss of wetlands habitat after the first 30 years, but only for the low average 

rate of sea-level rise (Figure 11). The low rate and mean net loss of wetlands habitat is 

negligible for Chincoteague in 30 years, but accelerate to a large net loss from the high 

rate of sea-level rise in 30 years. This means that a large portion of the wetlands habitat 

for C. melodus for Chincoteague is elevated between 119 and 170 mm (Table 3). This 

explains why the predicted net loss of wetlands habitat for C. melodus is shown as such a 

small amount for 30 years (with only a few dark red areas) and then the net loss 

drastically increases in 60 years (Figure 10)(see Figure 13 for more details).  

Chincoteague then continues to lose the majority of the remaining wetlands 

habitat within the C. melodus predicted suitable habitat 60 and 120 years into the future 

(Figure 11).  There are no drastic changes in the net loss of wetlands habitat for C. 

melodus for Chincoteague, as a large portion of the area is lost from the least possible 

negative scenario (30 years with the low sea-level rise rate).  Overall, with any of the sea-

level rise rates occurring, Chincoteague will lose roughly its entire wetlands habitat for C. 

melodus in 120 years (Figure 11).  
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Figure 11: Predicted net loss of wetlands within C. melodus predicted suitable habitat due to sea-level rise for 

Chincoteague NWR 
 
 
 

Cape May is predicted to experience different effects from sea-level rise on the 

wetlands habitat within the C. melodus predicted suitable habitat, compared to the other 

locations. Figure 4 shows the effects sea-level rise had on wetlands habitat for C. melodus 

for Cape May for 30, 60, and 120 years into the future (from 2006). For Cape May, there 

is no predicted net loss of wetlands habitat for C. melodus for the low rate of sea-level 

rise, as evidence by the absence of light red areas shown (Figure 12). Even with the mean 

and high rate of sea-level rise, Cape May has little predicted net loss of wetlands habitat 
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for C. melodus for all time intervals. There are only slight changes in the predicted net 

loss between the time intervals (Figure 4). With any of the sea-level rise rates occurring 

(even the high rate), Cape May will have minor or no negative effects from sea-level rise 

on the wetlands habitat for C. melodus (Figure 12).  
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Figure 12: Predicted net loss of wetlands within C. melodus predicted suitable habitat due to sea-level rise for Cape 

May 
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 To illustrate the specific wetlands loss for C. melodus, Figure 13 shows a higher 

resolution of one area of the predicted net loss of wetlands for C. melodus (Figure 11). 

The information displayed in Figure 5 is an enlarged area of the northern most section of 

Chincoteague. The Northern portion of Chincoteague experiences particularly high 

predicted net loss changes throughout the time intervals (Figure 13).  In 30 years, this 

Northern section has one small area elevated very low, being submerged just from the 

low rate of sea-level rise even in 30 years (Figure 13). However, in 30 years, that is about 

the only main area that is affected from sea-level rise (Figure 13). In 60 years, almost the 

entire wetlands portion behind the beach (to the east) is predicted to become submerged 

from the high rate of sea-level rise (Figure 13). In 120 years, even with the low rate of 

sea-level rise, almost the entire wetlands habitat within the C. melodus predicted suitable 

habitat is predicted to be submerged, and that is for the low rate of sea-level rise (Figure 

13).  
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Figure 13: Predicted net loss of wetlands within C. melodus predicted suitable habitat due to sea-level rise for an 

enlarged extent of a northern section of Chincoteague to increase change visibility 
 
 
 
 The data from Table 4 were essential for calculating the net loss of area from each 

of the elevation change scenarios (Table 5). The actual total area of each location is of 

little importance, as the areas with a larger total area, like Chincoteague, will naturally 

have more total area which will be at risk from being affected by sea-level rise.  
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Table 4: Total meters2 of wetlands within C. melodus predicted suitable habitat for each location 

	  	  

 
 
 
 Table 5 represented the predicted net loss of area from the raster calculation 

equation used on each scenario on the net loss of wetlands for C. melodus (Figures 10, 

11, 12). The amount of pixels from each of the net loss scenarios (Figures 10, 11, 12), 

were multiplied by 302 (each pixel is 30m2). The data from Table 5 represented the net 

loss area for each of the possible elevation change scenarios (Table 3). The data from 

Table 5 are the net loss scenarios, which were mapped (Figures 9, 10, 11).  

 

 

 

 

 

 

 

 

 

 

TOTAL	  AREA	  (sq	  meters)
Assateague 40,461,300
Chincoteague 49,842,900
Cape	  May 18,694,800
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Table 5: The predicted net loss of wetlands within C. melodus predicted suitable habitat submerged for each scenario 
(meters2) 

 
 
 
 
 

 The data from Table 5 were divided by the total area for each location (Table 4), 

to obtain the percentage predicted net lost from each sea-level rise scenario (Table 6). 

Table 6 shows the predicted net loss percentage of wetlands for C. melodus for every 

scenario at each of the locations. The higher the percentage, the greater amount of 

wetlands for C. melodus that are submerged. If there was not a net loss, but rather a net 

gain, than those scenarios were simply shown as 0%, as the research is focusing on the 

net loss of wetlands habitat for C. melodus. An example of this outcome is shown for 

Cape May with all time intervals with the low sea-level rise rate (Table 6). Any gain of 

30	  years
LOW MEAN HIGH

Assateague 10,431,000 13,321,800 17,933,400
Chincoteague 2,125,800 3,699,900 14,418,000
Cape	  May 0 738,900 845,100

60	  years
LOW MEAN HIGH

Assateague 14,809,500 25,365,600 33,831,900
Chincoteague 12,960,000 19,935,900 30,600,000
Cape	  May 0 750,600 911,700

120	  years
LOW MEAN HIGH

Assateague 29,517,300 36,600,300 38,030,400
Chincoteague 23,868,900 41,215,500 45,013,500
Cape	  May 0 778,500 993,600

PREDICTED	  NET	  AREA	  LOSS	  (sq	  meters)

PREDICTED	  NET	  AREA	  LOSS	  (sq	  meters)

PREDICTED	  NET	  AREA	  LOSS	  (sq	  meters)
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wetlands within the C. melodus predicted suitable habitat is a positive outcome for C. 

melodus, and therefore, is not to be included in the negative impacts study.    

Chincoteague and Assateague are affected by sea-level rise by at least double the 

amount of predicted net loss than Cape May for every sea-level rise scenario at every 

time interval. Assateague and Chincoteague are the most at risk locations (Assateague 

being the most), while Cape May, is the least, having minimal to no risk at all wetlands 

habitat for C. melodus from sea-level rise. For Cape May, the yearly accretion rates 

generally keep pace with the yearly sea-level rise. Whereas for Assateague and 

Chincoteague, the predicted yearly rate of sea-level rise is faster than the predicted yearly 

accretion rate (Table 2).  

Table 6 examines the changes among each combination of scenario and time 

intervals at each location. The analyses from the data in table 6 are shown in figures 14, 

15, 16, 17, 18, and 19.  
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Table 6: The predicted net loss of wetlands within C. melodus predicted suitable habitat submerged for each scenario 
(%)	  

 
 

 

 For Assateague, there is a predicted net loss of wetlands habitat for C. melodus 

ranging from 26-44% in 30 years, of 37-84% in 60 years, and of 72-94% in 120 years 

(Figure 14). Even in 30 years, the predicted net loss for Assateague ranging from 25.78% 

(low rate), 32.92% (mean), and 44.32% (high rate) from sea-level rise (Figure 14). 

Assateague loses the majority of its remaining wetlands habitat for C. melodus 60 and 

120 years into the future (Figure 14). There are no drastic changes in the net loss of 

wetlands habitat for Assateague, as a large portion of the area is already lost from the 

least possible negative scenario (30 years with the low sea-level rise rate).  If any of the 

30	  years
LOW MEAN HIGH

Assateague 26% 33% 44%
Chincoteague 4% 7% 29%
Cape	  May 0% 4% 5%

60	  years
LOW MEAN HIGH

Assateague 37% 63% 84%
Chincoteague 26% 40% 61%
Cape	  May 0% 4% 5%

120	  years
LOW MEAN HIGH

Assateague 73% 90% 94%
Chincoteague 48% 83% 90%
Cape	  May 0% 4% 5%

PREDICTED	  NET	  AREA	  LOSS	  (%)

PREDICTED	  NET	  AREA	  LOSS	  (%)

PREDICTED	  NET	  AREA	  LOSS	  (%)	  
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sea-level rise rates are realized (even the low rate), Assateague will lose the majority of 

its wetlands habitat for C. melodus in 120 years (Figure 14).  

 

 

 
 

Figure 14: The predicted net loss of wetlands within C. melodus predicted suitable habitat submerged at Assateague for 
every time interval and with all sea-level rise rates (%) 

 
 
 
 
 For Chincoteague, there is a predicted net loss of wetlands habitat for C. melodus 

of a possible 4-29% in 30 years, of a possible 26-62% in 60 years, and of a possible 48-

90% in 120 years (Figure 15). Chincoteague experiences the majority of the loss of 

wetlands habitat for C. melodus 60 and 120 years into the future (Figure 15). There is a 
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large difference between the net loss of wetlands habitat for C. melodus for Chincoteague 

from the mean sea-level rise to the high rate of sea-level rise in 30 years (Figure 15). The 

increase goes from a net loss of 7% from the mean to 29% from the high rate of sea-level 

rise. Thus, the wetlands habitat for C. melodus in Chincoteague has a large amount of 

area elevated between 119 and 170 mm (Table 3), which become submerged by the high 

rate of sea-level rise in 30 years. If the mean or high rate of sea-level rise occurs, 

Chincoteague will lose the majority of its wetlands habitat for C. melodus in 120 years 

(Figure 15).  
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Figure 15: The predicted net loss of wetlands within C. melodus predicted suitable habitat submerged at Chincoteague 
for every time interval and with all sea-level rise rates (%) 

 
 

There is no predicted net loss for Cape May for all time intervals with the low 

sea-level rise rate (Figure 16, Tables 5 &6). The predicted low rate of sea-level rise for 

Cape May gains wetlands habitat for C. melodus (Table 3), but since only a net loss of 

wetlands habitat within the C. melodus predicted suitable habitat could produce a 

potential negative impact for C. melodus, the amount of wetlands habitat for C. melodus 

gained from this rate of sea-level rise is not calculated, and therefore, just shown as 

having a 0% net loss of wetlands habitat for C. melodus (Figure 16), since having a gain 

of wetlands and a 0% change are both non-negative outcomes. The high rate of sea-level 

rise for Cape May 120 years into the future has a predicted 5.31% net loss of wetlands 
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habitat within the C. melodus predicted suitable habitat, with 4.16% predicted net loss 

from the mean, and a 0% predicted net loss from the low average sea-level rise (Figure 

16). Overall, Cape May is only predicted to experience a 5% net loss of wetlands habitat 

within the C. melodus predicted suitable habitat for the highest sea-level rise rate and in 

120 years into the future (the most negative possible scenario) (Figure 16). 

 
 

Figure 16: The predicted net loss of wetlands within C. melodus predicted suitable habitat submerged at Cape May for 
every time interval and with all sea-level rise rates (%) 

 
 
 
 

 The low rate of sea-level rise suggests several different outcomes for each 

location. The low rate of sea-level rise for Assateague 30 years into the future shows a 

26% net loss of wetlands habitat within the C. melodus predicted suitable habitat, 

0%	  

10%	  

20%	  

30%	  

40%	  

50%	  

60%	  

70%	  

80%	  

90%	  

100%	  

30	  years	   60	  years	   120	  years	  

PREDICTED	  NET	  AREA	  LOSS	  
(Cape	  May)	  

LOW	  

MEAN	  

HIGH	  



 

50 
 

Chincoteague has a net loss of 4%, and Cape May won’t have a net loss (Figure 17). The 

low rate of sea-level rise for Assateague 120 years into the future is predicted to be a 73% 

net loss of wetlands habitat for C. melodus, Chincoteague of 48%, and Cape May of zero 

(Figure 17). If the low rate occurs, Chincoteague will have a predicted net loss of roughly 

half of its wetlands habitat for C. melodus, Assateague will have a predicted net loss 

roughly ¾ of its wetlands, and Cape May a net loss of zero. Thus, for the low rate of sea-

level rise for Cape May, there will be no negative effect from sea-level rise on the 

wetlands habitat for C. melodus. Overall, Assateague is predicted to experience the most 

negative effects on wetlands habitat for C. melodus predicted from the low rate of sea-

level rise for all time intervals, Chincoteague the second most negative impacts, and Cape 

May having no negative impacts (Figure 17). 
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Figure 17: The predicted net loss of wetlands within C. melodus predicted suitable habitat submerged from the low rate 
of sea-level rise for every time interval and all locations (%) 

 

 

The mean sea-level rise predicts many different outcomes for all three locations. 
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net loss of 4% (Figure 18). The mean sea-level rise for Assateague 120 years into the 

future has a predicted 90% net loss of wetlands habitat for C. melodus, Chincoteague a 

net loss of 83%, and Cape May has the same net loss of 4% (Figure 18). If the mean sea-

level rise occurs, Chincoteague and Assateague will have a predicted net loss of the 

majority of its wetlands habitat for C. melodus in 120 years, and Cape May will only 
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have a very small net loss of 4%. Overall, Assateague is predicted to experience the most 

negative effects on wetlands habitat for C. melodus from the mean sea-level rise for all 

time intervals, Chincoteague will experience the second most negative impacts, and Cape 

May is predicted to have only a  little negative impact (Figure 18). 

 
 
 

 
 

Figure 18: The predicted net loss of wetlands within C. melodus predicted suitable habitat submerged from the mean 
sea-level rise for every time interval and all locations (%) 
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Assateague 120 years into the future has a predicted 94% net loss of wetlands habitat for 

C. melodus, Chincoteague a net loss of 90%, and Cape May has the same net of 5% 

(Figure 19). If the high rate of sea-level rise occurs, Chincoteague and Assateague will 

have a predicted net loss of the majority of its wetlands habitat for C. melodus in 120 

years, and Cape May will only have a very small net loss of only 5%. There is a predicted 

89% difference between Assateague and Cape May and a predicted 85% difference 

between Chincoteague and Cape May for the high rate of sea-level rise in 120 years, 

while the predicted difference between Chincoteague and Assateague for the high rate of 

sea-level rise in 120 years is only 4% (Figure 19).  Thus, Chnicoteague and Assateague 

will experience similar negative affects from sea-level rise on the wetlands for C. 

melodus, but Cape May will experience little to no net loss of wetlands for C. melodus 

from sea-level rise.  

For this scenario, Assateague is predicted to experience the most negative effects 

on wetlands for C. melodus habitat from the high rate of sea-level rise for all time 

intervals, Chincoteague will experience the second most negative impacts, and Cape May 

is predicted to have only a very little negative impact (Figure 19). 
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Figure 19: The predicted net loss of wetlands within C. melodus predicted suitable habitat submerged from the high 
rate of sea-level rise for every time interval and all locations (%) 
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CHAPTER 6 DISCUSSION 

 

In the field study, C. melodus were observed at both field sites, and more 

specifically, C. melodus were seen foraging or utilizing wetlands habitats. The objective 

of the field study was not only to test the accuracy of the C. melodus predicted suitable 

habitat, but to observe any C. melodus foraging/utilizing wetlands habitats. Since the 

advantage of having access to wetlands as an available foraging resource increases C. 

melodus chick survival (Loegering & Fraser, 1995), it was important to indicate that C. 

melodus were actually utilizing wetlands habitats. The main cause of death in C. melodus 

chicks is starvation. Chicks foraging in only ocean beaches forage at a lower rate, tend to 

weigh less, and have a higher mortality than chicks with the availability of interior 

wetlands for foraging (Loegering & Fraser, 1995). To conclude, C. melodus (adults and 

chicks) take advantage of interior wetlands habitats, which are within the locations of 

wetlands habitat within the C. melodus predicted suitable habitat. 

 There is no coincidence that Assateague and Chincoteague have a higher yearly 

rate of sea-level rise and a lower yearly accretion rate than Cape May (Table 1). 

Assateague and Chincoteague are part of the same barrier island, and their wetland 

interiors are directly connected to the ocean, as their wetlands face the Chincoteague Bay. 

On the other hand, Cape May is not a barrier island, and its interior wetlands are not as 
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directly affected by the rise of the sea-levels as are the bay side wetlands of the barrier 

islands. The accretion rates of Cape May are projected to generally keep pace with the 

sea-level rise rate, and with the low average rate of sea-level for Cap May, the accretion 

rate is actually higher than the sea-level rise rate. Thus, there will be more sediment 

vertically accreted by the wetland than the sea-level rise, resulting in a gain of wetlands if 

the scenario of a low rate of the sea-level (Table 3). Table 3 is one of the most important 

figures from this research. The data represented in Table 3 are the change in elevation for 

each scenario at each location, once the elevation change equation had been applied.  

 The effects of sea-level rise on the wetlands habitat within the C. melodus 

predicted suitable habitat for Assateague are every different than the effects of sea-level 

rise on the wetlands habitat for C. melodus for Chincoteague (Table 3). Assateague is 

predicted to lose a majority of its wetlands habitat for C. melodus after the first 30 years, 

even with the low average rate of sea-level rise (Figures 9, 10, 11). Chincoteague, on the 

other hand, is only predicted to lose a majoity of its wetlands habitat for C. melodus after 

30 years, given the high rate of sea-level rise (Figure 9, 10, 11).  

Chincoteague and Assateague are more greatly affected by sea-level rise by a 

factor of 2 the net loss than Cape May for every sea-level rise scenario at every time 

interval. Assateague and Chincoteague are the most at risk locations (Assateague being 

the most), while Cape May, having almost no risk wetlands habitat for C. melodus from 

sea-level rise. For Cape May, the yearly accretion rates generally keep pace with the 

yearly sea-level rise.  
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Although Assateague and Chincoteague are predicted to experience extreme 

negative impacts to wetlands habitat for C. melodus, it is uncertain how C. melodus will 

respond. For example, if Assateague has a net loss of wetlands habitat for C. melodus of 

63% in 60 years (as predicted with the average sea-level rise rate (Table 6) will the 

population of C. melodus decrease, or will C. melodus adjust to the situation and survive 

at different locations? The irrespective effective response of C. melodus from the threat 

from the loss of dependable foraging habitat for chicks will not be positive. Left 

unresolved is the concern of whether the species can survive to the predicted 

environmental changes that will likely negatively impact their foraging habitat. 

Since the differences between the net loss of wetlands habitat for C. melodus for 

the study sites are so different, an important factor when conduction conservation efforts 

is site specific management. Assateague and Chincoteague will need the most 

conservation management to help preserve wetlands. On the other hand Cape May will 

likely need little to no conservation management for preserving wetlands, since there is 

little to no loss of its wetlands from sea-level rise, even 120 years into the future with the 

high rate of sea-level rise. The importance of the sea-level rise research is that it 

illustrates that each C. melodus location for their breeding season is unique, and requires 

individual management to help conserve habitat and survivorship for C. melodus.  

Site-specific risk identifiers need to be conducted with all possible threat factors 

for C. melodus. The purpose of this study is not to base conservation efforts directly from 

the research conducted; it is simply a starting point to state that research is needed to 
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study C. melodus foraging habitats and for studying differences in the risk factor with C. 

melodus distribution, as there is much risk variability within its distribution.  

This research is unique as it a study of C. melodus, but uses many disciplines for 

the study, in addition to the Ornithological study of C. melodus. Overall, it is a 

conservation study of C. melodus, but the conservation aspects are based solely on the 

effects of sea-level rise on wetlands, which is a climate change related discipline. The 

tool being used to study the effects of sea-level rise on C. melodus is Geographic 

Information Systems (GIS), which is a Geography related discipline. There is a short 

discussion for how the study fits within to each of the listed disciplines in current 

literature.  

Within ornithology, The Piping Plover (C. melodus) has been studied and is often 

considered an iconic species for avian species’ endangerment in the United States. Of 

only a selected number of avian species, C. melodus has an observation census that takes 

place every five years. 

One of the most important aspects of this study is the bases of C. melodus 

(especially chicks) choosing to forage in coastal wetlands versus ocean-side habitats. 

Research shows that when C. melodus have access to foraging in wetlands habitat, they 

choose to forage in those habitats over ocean-side habitats, especially chicks (Elias et al. 

1991, Loegering 1995, Fraser 1995, and Patterson et al. 2000). The biggest cause of 

death in C. melodus chicks is starvation, and having access to wetlands habitats to forage 

increases the chances of survival (Loegering 1995 and Fraser 1995). The majority of 

conservation efforts are still being enforced based on C. melodus nesting locations, and 
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not the availability of foraging habitats within their distribution. This study, conversely, 

focuses solely on wetlands habitats within C. melodus distribution. Thus, the future 

effects from climate change on one of C. melodus most important and dependent habitats 

(wetlands) is emphasized.  

Climate change is a threat to the recovery of C. melodus. Sea-level rise, the most 

dominant climatic change factor affecting C. melodus, has many negative impacts on the 

species survivorship. Sea-level rise is a relatively popular researched variable from 

climate change. There are many sources that cause sea-level rise, of them being; thermal 

expansion, melting of glaciers and ice caps, the Greenland ice sheet, and the Antarctic ice 

sheet (Titus 2002). From the causes of sea-level rise, scientists are able to make proper 

rates of yearly sea-level rise for localized areas across the world (NOAA).  

GIS fits well with sea-level rise, as mapping submergence is a popular trend to 

show impacts to coastal environments, including both effects on natural habitats and 

urban environments (FitzGerald et al. 2008). However, applying the same GIS techniques 

for mapping future sea-level rise effects on coastal habitats and then narrowing down 

those coastal habitats to just a shorebirds distribution is little studied. Many studies have 

been done looking at effects of sea-level rise on shorebird habitat (Galbraith et al. 2002), 

but GIS is not often used to show the effects. If GIS is used, it does not include future 

sea-level rise scenarios (Convertino 2011). Using GIS allows for visualized scenarios of 

sea-level rise on site-specific habitat (wetlands habitat within the C. melodus predicted 

suitable habitat). GIS also allows for exact area lost from sea-level rise, as the study is 

switched to a biogeographical study from ecological, and this study is directly concerned 
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with habitat loss, and not directly concerned with species loss. However, the geographical 

habitat will have a direct connection to species loss. The maps predicted from the GIS 

give quantitative data of habitat loss for each predicted scenario. Past research would 

likely require timely surveying techniques for each location to obtain site-specific 

predicted net area loss from sea-level rise, before the technology of GIS.   

For C. melodus conservation has always been the key issue. For a species under 

threat from many factors, how can conservation efforts help the survivability of the 

species? The Migratory Bird Treaty Act of 1918 greatly aided the recovery of the overall 

population. However, C. melodus population started to fall again after World War II 

when there was an increase in development on coastal environments in the United States 

(USFWS 2009). Currently, conservation efforts for C. melodus include the following: 

identification of nesting sites, public education, prevention of pedestrians near nesting 

sites, limiting off-road vehicles near nesting sites, preventing free-ranging pets, and 

removal of foxes, raccoons, skunks, and other predators which live near the nesting 

locations (USFWS 2009). With these conservation enforements taking place, there has 

been a steady increase in overall population of C. melodus. While all these conservation 

efforts require human dependence and time for enforcement, as they are still very 

important for the species recovery, there are still few conservation efforts focusing on C. 

melodus foraging habitat. This study looks at the importance of the foraging habitat of 

wetlands for C. melodus survivorship, and how they are affected from future changes 

from the sea-level rise. While results show that some locations within C. melodus 

predicted suitable habitat will have a negative impact from sea-level rise in the future for 
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their wetlands habitats, other areas, like Cape May, will have no negative impacts. In 

order to apply conservation efforts for C. melodus wetlands foraging habitat, it will 

important to first implement more detailed site specific studies of sea-level rise effects on 

foraging habitats for each locations, as different locations within C. melodus will have 

different risk factors from sea-level rise on wetlands habitats.  
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CHAPTER 7 CONCLUSION 

 

The overall goal of this research was to quantify potential sea-level rise impacts to C. 

melodus habitat on coastal wetlands. The three objectives of the research were met to 

reach the requirements of the overall goal.  

The habitat suitability model for C. melodus (Objective No. 1) was judged as 

appropriate to represent the necessary features of the species’ nesting and foraging 

characteristics.  The in situ validation of the model’s attention to the species’ foraging 

behavior of C. melodus (Objective No. 2) confirmed that adult and chicks preferentially 

utilize the bay-side wetland habitats.  

 The prospective effects of sea-level rise (Objective No. 3) on wetlands habitat for 

C. melodus was investigated using GIS focusing on three locations (Assateague NWR, 

Chincoteague NWR and Cape May) and nine scenarios (30, 60 and 120 years into the 

future)(low, mean and high rates of sea-level rise). The results of sea-level rise effects on 

wetlands habitat within C. melodus predicted suitable habitat    . The further into the 

future and the higher the rate of sea-level rise, the greater the amount of predicted 

submergence of wetland habitats for C. melodus.  This pattern is most evident for bay-

side wetlands of barrier islands. At Chincoteague and Assateague, both barrier islands, 

the scenario using the high rate of sea-level rise at 120 years into the future shows the 
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greatest net loss of wetland habitat that was suitable for C. melodus at all locations 

(Assateague 94%, Chincoteague 90%, and Cape May 5%). 

 There is a hierarchy of the three locations based on percent net loss for each 

scenario. Assateague experienced the highest net loss of wetlands habitat within C. 

melodus predicted suitable habitat for every scenario (26% with the low sea-level rise 

rate in 30 years and 94% with the high sea-level rise rate in 120 years). Chincoteague 

experienced the second highest net loss of wetlands habitat within C. melodus predicted 

suitable habitat for every scenario (4% with the low sea-level rise rate in 30 years and 

90% with the high sea-level rise rate in 120 years). Cape May experienced the lowest net 

loss of wetlands habitat within C. melodus predicted suitable habitat for every scenario 

(0% with the low sea-level rise rate in 30 years and 5% with the high sea-level rise rate in 

120 years).  

The most important outcome of this study is not the total loss of wetland habitat 

within the C. melodus predicted suitable habitat but rather that different locations within 

C. melodus predicted suitable habitat respond differently to the threat of sea-level rise. 

Many areas within C. melodus predicted suitable habitat (e.g., barrier islands), are more 

at risk than other locations. When conservation plans are offered, it is important to 

recognize site-specific landscape features are the most important factors to consider. 

 There is uncertainty regarding the predictions of how C. melodus will respond to 

the loss of coastal wetlands habitats from sea-level rise in the future. However, with the 

C. melodus population already under threat, the predicted future net loss of wetlands 

habitat for foraging will be an additional threat to their already vulnerable status. 
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