
MARA FOUNDATIONS December 2000 • Ecosystems 
 

 214

Chapter 8. Ecosystems* 
 

Introduction 

Human activities alter the dynamics within ecosystems, which are ‘interacting systems of 
biological communities and their non-living surroundings’ (US Environmental Protection 
Agency [EPA] 1999), and result in changes of societal concern. This chapter focuses on 
ecosystems of the Mid-Atlantic Region (MAR), and addresses 4 questions that guide the 
National Assessment process: (1) What is the status of resources and what are the current 
stresses? (2) How might changes in climate and climate variability exacerbate or ameliorate 
current conditions? (3) What are the potential strategies for coping with risk and taking 
advantage of new opportunities? and (4) What are the policy-relevant research gaps? Other 
chapters in this report focus on forests, water, coastal systems, agriculture, and human health.  
Issues treated in these chapters are relevant, but to avoid redundancy are not treated in depth 
here. Cities and farms, important ecosystems in their own right, are discussed primarily in terms 
of how they affect other ecosystems, such as forests, wetlands, freshwaters, and coastal 
ecosystems. 

Underlying our approach is the question: What aspects of ecosystems are important to people in 
the MAR? Unfortunately, our understanding of how people depend upon ecosystems and how 
people value different aspects of ecosystems is very incomplete. Based on currently available 
information, we emphasize aspects of ecosystems that we believe are important to residents of 
the MAR. Previous workshops (Climate Institute 1996a,b, Fisher et al. 1999, U.S. National 
Assessment 1997) provided useful guidance in identifying issues of concern.  Assessment is an 
ongoing process.  We expect to refine assumptions guiding the selection and treatment of 
specific assessment topics as our understanding improves about stakeholder values and the 
dependence of people on ecosystems. 

 

Current Status and Stresses 

The MAR (Figure 8.1), with its mountains, valleys and coastal plains, exhibits tremendous 
physical and ecological diversity (Jones et al. 1997). The lowlands of the Coastal Plain are 
characterized by estuaries, including the Chesapeake and Delaware Bays, and coastal wetlands. 
Rare terrestrial and inland communities arise in low-lying wetlands and in areas with sandy soils.  
Rising in elevation to the foothills of the Appalachians lies the Piedmont.  Despite its dense 

                                                 * This chapter is based on Rogers and McCarty, (2000) “Climate change and ecosystems of the 
Mid-Atlantic Region,” Climate Research, 14:2.  It appears with permission of Inter-Research. 
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population, the Piedmont still contains significant natural communities. The relatively rich soils 
and moderate climate of this region historically supported large expanses of deciduous forest but 
also made the land valuable for agriculture. To the west and north lie the Ridge and Valley 
System of the Appalachian Mountains and the Appalachian Plateau regions with their diverse 
forest communities and numerous, meandering streams and rivers. The ecological diversity of 
the MAR is in part a function of the large variations in topography, soils, and climate within the 
MAR. 

 

Figure 8.1. Land use in the Mid-Atlantic Region. 

(Source:  US EPA MAIA program) 
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Prior to European settlement, forests covered about 95% of the MAR. Peak deforestation 
occurred in the mid-1800s, followed by substantial reforestation of agricultural lands in the last 
100 years, and followed most recently by a slow loss of forests to urban development (Chapter 
5). Forests currently cover 65% of the MAR; agriculture, wetlands and urban lands cover most of 
the rest, 25, 4, and 4%, respectively (Table 2.1). Agriculture is unevenly distributed: more than 
70% of the Delmarva Peninsula is cleared, while parts of West Virginia and western Virginia 
remain more than 97% forested (Jones et al. 1997). Human population also is distributed evenly: 
the highest population densities occur along the urban corridor from Richmond VA, through 
Washington, DC, Baltimore MD, and Philadelphia PA, as well as in the Pittsburgh metropolitan 
area. During the past 30 years, human population in the region increased at approximately 0.7% 
per year, with higher rates in northern Virginia and the Delmarva Peninsula and low or negative 
growth rates in much of the western half of the MAR (Jones et al. 1997). 

In addition to the urban and agricultural ecosystems that have substantial management, the MAR 
includes forested, wetland, freshwater and coastal ecosystems that are more natural.  These 
ecosystems are described in the following subsections.  Each discussion proceeds from value to 
status to stresses.  Values determine the selection of attributes to describe status, and the 
selection and description of stresses emphasizes the key threats to valued attributes of 
ecosystems. 

 

Forested Ecosystems 

In addition to the direct economic value of forest products (Chapter 5 and Appendix F), forests 
also provide habitat for wildlife and play important roles in the cycling of water and nutrients in 
ecosystems (Daily et al. 1997). Public natural areas provide recreational opportunities and 
protect important communities and species. State and National Forests in Pennsylvania, West 
Virginia and Virginia provide some of the largest contiguous blocks of forest habitat in the 
region. 

The forest ecosystems of the MAR include a diverse array of communities and species (Currie & 
Paquin 1987). The diversity of trees provides the basis for the wide range of forested community 
types found in the MAR (Barbour & Billings 1988). Forests of the MAR are dominated by oak-
hickory communities, followed by maple-beech-birch communities; in localized regions, pine 
and mixed pine-hardwood forests are important forest types (Chapter 5). In addition, locally 
important terrestrial ecosystems include shrublands that provide crucial habitat for wildlife, and 
communities such as limestone and dolomite glades that are home to endangered plant species. 
On the coastal plain, extensive stands of northern pine-oak forest (also known as pine barrens) 
form unique habitats for rare plants and animals. 
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Forest ecosystems are stressed by fragmentation, which occurs as humans subdivide forest plots 
into ever smaller and more isolated sections. Fragmentation can result in reduced genetic 
diversity within populations, losses of species, and increases in undesirable non-native and 
weedy species (Noss & Csuti 1997). Large continuous forest patches exist in the region’s 
southwestern area, but remaining forests in the region’s urban corridor, Delmarva Peninsula, and 
the extreme eastern and western portions of Pennsylvania are heavily fragmented (Jones et al. 
1997). 

Ground level ozone and acid deposition (caused by NOx and SOx emissions from cars and power 
plants) stress forest trees (Likens et al. 1996), especially in Pennsylvania (Jones et al. 1997). 
Emissions have declined, and some areas are showing reduced levels of acid deposition 
(Schreiber 1995).   Within the MAR, wet deposition of nitrates and sulfates is concentrated in 
Pennsylvania and declines to the south (Jones et al. 1997).  Dry deposition of nutrients also 
contributes significantly to total inputs of nitrates and sulfates, but is more spatially variable, 
with dry deposition being concentrated closer to the source of pollutants than is wet deposition 
(Lovett 1994).  Dry deposition can be responsible for over half the atmospheric inputs of 
nutrients. 

Forests are also threatened by the invasion of non-native species. Non-native fungal diseases 
caused the effective extinction of two previously dominant trees, the American elm (Ulmus 
americana) and American chestnut (Castanea dentata), and threaten a third, the butternut 
hickory (Juglans cinerea) (Schlarbaum et al. 1999). Insect pests such as gypsy moths (Lymantria 
dispar) and balsam wooly adelgids (Adelges piceae) can severely stress forests (Office of 
Technology Assessment 1993). 

 

Freshwater Wetland Ecosystems 

Marshes and forested wetlands exist at the interface of terrestrial and aquatic ecosystems. 
Wetlands play a role in nutrient cycling, provide crucial fish and wildlife habitats, and remove 
pollutants from water (National Research Council 1995, Hammer 1997). 

Several types of forested wetlands exist in the MAR. Northern swamp forests, dominated by red 
maple (Acer rubrum), are widespread. Red spruce-balsam fir and bald cypress-black gum 
wetland forests are found in some locations. Seasonally flooded forests along streams and rivers 
contain a mix of species. The MAR is home to one of the most critically endangered ecosystems 
in the United States: more than 98 percent of the original stands of the distinctive Atlantic white-
cedar (Chamaecyparis thyoides) swamp forest of the Great Dismal Swamp of Virginia and 
northern North Carolina has been destroyed (Noss et al. 1995). 
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Non-forested wetlands or marshes in the region tend to be dominated by emergent plants such as 
cattails (Typha). These marshes often form the transition between uplands and freshwater 
ecosystems and include several species of sedges and rushes (National Research Council 1995). 
Losses of lowland evergreen shrub bogs (pocosins) and montane sphagnum bogs have exceeded 
85% in some states in the region (Noss et al. 1995). 

Drainage (for agricultural and urban purposes) is the major threat to freshwater wetlands. Total 
losses for all wetland types vary across the region. For Maryland, it is estimated that 73% of the 
original wetlands were drained between 1780 and 1980 (Noss et al. 1995). During the same 
period, approximately half of the wetlands in Pennsylvania and Virginia were destroyed, but 
losses were as low as 24% in West Virginia (Noss et al. 1995). 

Additional threats to wetland ecosystems include pollution and non-native invasive species. High 
levels of chemical pollutants can accumulate in wetlands because pollutant-carrying sediments 
are trapped in wetland vegetation. Non-native invasive species, such as the European plant 
purple loosestrife (Lythrum salicaria), force out more beneficial native marsh plants. 

 

Freshwater Ecosystems 

The importance of freshwater ecosystems to residents of the MAR is difficult to put into words, 
in part because of the deep attachments that many people have to streams, rivers and reservoirs 
in their communities. Freshwater resources have multiple, sometimes conflicting, values. These 
include fishing, swimming, boating, water supply, beauty, flood control, navigation and 
transportation, and hydropower. Freshwater ecosystems support aquatic plants and animals, as 
well as organisms in wetland and terrestrial ecosystems that depend upon freshwater. 
Downstream estuaries, such as the Chesapeake Bay, also depend on freshwater inflows. 

The diversity of freshwater mussels in the Southeast, which includes southern portions of the 
MAR, is unmatched by any other area in the world (Williams & Neves 1995). The number of 
mussel species historically known to occur ranges from 12 to 80 across the MAR’s states, but the 
percentages at risk of extinction range from 46 to 71% (Williams & Neves 1995). The number of 
native freshwater fishes range from 70 to 201 across these states, and the percentages of these 
fish estimated to be imperiled range from 3 to 12% (Warren & Burr 1994). 

Freshwater ecosystems, like terrestrial and wetland ecosystems, are stressed by habitat alteration, 
pollution and non-native invasive species. Stream habitat alterations include dams, road 
crossings, channelization, and loss of streambank vegetation. Dams are built to supply water for 
human uses, to control flooding, and to generate electricity. Dams also alter streamflow, 
sedimentation, temperature, and dissolved oxygen concentrations, impairing the ability of 
streams and rivers to support native fauna, especially freshwater fish and mussels. Dams occur in 
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the highest densities in northeastern portions of the region and in southeastern Virginia; the 
largest electricity-producing structures are in mountainous areas (Jones et al. 1997).  

Urban development diminishes the resilience of freshwater ecosystems to climate variability. 
Streamflows are moderated in vegetated watersheds because rain is absorbed into the ground and 
slowly released to streams. In contrast, in heavily paved urban areas, peak flows during storms 
are sharply increased, scouring stream banks, decreasing the reproductive success of aquatic 
insects and of fish that lay eggs near the edges of streams (Karr et al. 1986). Streamflows during 
dry periods are likewise diminished, significantly reducing available habitat for fish and aquatic 
insects. 

The replacement of forests and wetlands by urban and agricultural ecosystems generally 
increases the input of sediments, nutrients and toxic chemicals into rivers, streams, lakes and 
estuaries. Sediments reduce water clarity, smother bottom organisms, and clog waterways; 
excessive inputs of nutrients cause eutrophication, and toxic chemicals affect plants and animals. 
Jones et al. (1997) describe the region’s ecological status as resulted to its distribution of roads; 
agricultural, urban and forest land cover; land cover along stream banks; and areas with high 
potential for soil loss. Acid deposition and/or mine drainage are issues for about 1865 miles 
(3000 km) of trout streams in Pennsylvania (Carline et al. 1992), and 93% of 344 streams 
surveyed in western Virginia (Schreiber 1995). 

Non-native invasive species, such as non-native fish and zebra mussels (Dreissena polymorpha), 
are other important stresses. Non-native fish prey upon native species and/or outcompete them 
for available food or habitat, posing serious threats in some areas (Frank McCormick, personal 
communication). Observations of zebra mussels in New York, Pennsylvania and West Virginia 
(U.S. Geological Survey: http://nas.er.usgs.gov/zebra.mussel) show that these mussels are 
invading the MAR. Although their effects in the MAR are currently minor, zebra mussels have 
had major impacts in areas near the MAR (e.g., in the Great Lakes region), suggesting the 
possibility of greater impacts in the future.  

 

Coastal Ecosystems 

The coastal zone of the MAR harbors a series of distinct ecosystems with enormous recreational, 
commercial and aesthetic value. The Chesapeake Bay is the largest and most productive estuary 
in the United States (U.S. EPA 1997). The Delaware Bay is an extremely important habitat for 
migratory shorebirds. Tidal salt marshes, occurring along the fringes of much of the coast, 
provide vital habitat for fish and wildlife and help to reduce the inputs of sediments, nutrients, 
and chemical pollutants from upland areas. Tidal marshes also help minimize damage from 
flooding, erosion, and storm surges. 
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The major threats to coastal ecosystems are habitat loss and pollution. Human development of 
coastal areas is associated with extensive loss of barrier island dunes, beaches and estuarine 
wetlands (Noss et al. 1995). Although 1.7 million acres (~0.69 million ha) of tidal and non-tidal 
wetlands still remain, over half of the original wetlands surrounding the Chesapeake Bay have 
been lost (Chesapeake Bay Program 1995a). Rising sea levels threaten many Chesapeake Bay 
communities. Historically, sea level has been increasing at a rate of about 1.6 inch per decade (3 
to 4 mm per year) in the MAR (Titus & Narayanan 1995). Rising water levels threaten low-lying 
islands and change hydrologic and salinity characteristics of coastal wetlands. One-third of the 
Blackwater National Wildlife Refuge has been lost to sea-level rise in the last few decades 
(Climate Institute 1996a,b). 

The greatest threat to the Chesapeake Bay (Chesapeake Bay Program 1995b) is eutrophication. 
Excessive nutrient inputs feed algae that block sunlight and reduce levels of dissolved oxygen in 
bottom waters when they die, sink and decompose. Submerged aquatic vegetation provides 
crucial habitat, but needs sunlight to grow. The combination of low oxygen conditions and 
reduced availability of submerged aquatic vegetation habitat seriously threatens fish, crabs and 
waterfowl.  This problem is the motivation for a coordinated program to reduce nutrient inputs 
that has been in place since 1987 (U.S. EPA 1997).  

Other threats to the Chesapeake and Delaware Bays include over-harvesting of commercially 
valuable species and loss of fish and shellfish to disease and toxic organisms. Oysters have not 
recovered from mass mortalities (losses >75%) in the 1980s caused by 2 parasites: Perkinsus 
marinus and Haplosporidium nelsoni (U.S. EPA 1998). These parasites, which cause oyster 
diseases known as Dermo and MSX, thrive in saline waters (15 to 30 ppt). Especially warm and 
dry years resulted in the intrusion of saline waters further up the estuaries than usual, resulting in 
the devastating incidence of oyster disease. Pfiesteria-caused fish kills have been centered in the 
southeast part of the region, especially the Pamlico Sound in North Carolina (Burkholder et al. 
1995). Pfiesteria develop from cysts into toxin-producing/fish-killing cells when conditions are 
right (warm water, high nutrient loads, moderate salinity, poor flushing and large numbers of fish 
present; U.S. EPA 1998). 

 

How Might Changes in Climate and Climate Variability Exacerbate or 
Ameliorate Current Conditions?  

The following discussion of potential ecological responses to changes in climate and climate 
variability uses the Chapter 3 climate scenarios for the MAR, which are based on transient 
numerical models developed by the Hadley Centre for Climate Prediction and Research and the 
Canadian Climate Centre (CCC). These models project climate conditions for the next 100 years, 
accounting for sulfate aerosols and a 1% per year increase in carbon dioxide. Projections for sea-
level rise are discussed in Chapter 7.  Compared to 1990, sea level is projected to rise 4-12 
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inches (11 to 31 cm) by 2030 and 15-40 inches (39 to 102 cm) by 2095. Historical climatic 
conditions in the MAR provide context for these potential future changes. Over the last 100 
years, average conditions have become warmer and wetter: average precipitation has gone up 
10% (linearly) and average temperature has risen by 1°F. In the same period, the MAR region 
has seen a decrease in the number of very hot days (i.e. temperatures above 90°F [32°C]), yet an 
increase in the number of very cold days (i.e. below 0°F [-18°C]). This section’s discussion of 
ecological impacts is rather general, due to uncertainties regarding the rate, magnitude, spatial 
distribution, and seasonality of temperature and precipitation changes. 

Changes in long-term climate patterns and climatic variability would have significant effects on 
natural ecosystems, but will have different, and in many ways greater, impacts on the already-
stressed ecosystems of the MAR. The preceding discussion of forested, wetland, freshwater and 
coastal ecosystems emphasized the combined impacts of habitat degradation/loss/fragmentation, 
pollution and non-native species. This section explains how changes in climate and climate 
variability might affect ecosystems already weakened by these other stresses (e.g., following 
discussion and Table 8.1). 

When conditions change, some species benefit and some aspects of ecosystem functioning are 
potentially enhanced. Still, a discussion of the ‘benefits’ of climate change for ecosystems is 
problematic. The focus of conservation science is on minimizing or reversing changes in 
ecosystem structure and functioning, in part because of the value people place on local and 
familiar species and communities (Hunter & Hutchinson 1994). It is possible that timber 
productivity in the MAR could increase as a result of climatic changes, but it could take decades 
for the conditions underlying this projection to occur, and the new forests are likely to retain 
lower levels of native biodiversity due to the loss of some species that are unable to cope. Some 
species will become more abundant and widely distributed, as already seen in response to recent 
climate change (Alward et al. 1999, Parmesan et al. 1999, Thomas & Lennon 1999).  

However, even some of these supposed benefits are likely to be reversed as expanding 
populations encounter new pathogens, parasites, competitors, and predators (Dukes & Mooney 
1999, Harvell et al. 1999). In addition, increases in species may not be beneficial if those that 
respond favorably to climate change are invasive, exotic species already considered pests (Dukes 
& Mooney 1999).  

It may be helpful to consider the ecological processes that determine how changes in climate and 
climate variability could affect ecosystem structure (e.g., which species are present, and in what 
abundances) and functioning. Environmental variables projected to change in the MAR include: 
carbon dioxide concentrations (increases are certain), temperature (increases are highly likely, 
but the distribution across space and time is uncertain), precipitation (projections are uncertain, 
increased frequency and intensity of severe storms and overall increases in precipitation are 
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possible), sea level (already rising, highly likely to accelerate) and fires (predictions remain 
uncertain, Houghton et al.1996).  

Table 8.1. The potential for adverse ecosystem impacts when changes in climate and climate variability interact 
with existing stresses. 

Ecosystem Existing stress Interaction with climatic changes 

Multiple 
ecosystems 

Non-native invasive species Climatic changes will probably tend to favor invasive species over 
rare and threatened species 

 UV-B, air pollution Adverse interactions with climatic changes (see text; Oppenheimer 
1989) 

Forests 

 

Fragmentation Fragmentation may hinder the migration of some species, and the 
loss of genetic diversity within fragments will reduce the potential 
for populations to respond to changing conditions through adaptive 
evolution (Peters & Darling 1985) 

Freshwater 
wetlands 

Habitat loss Habitat loss reduces the resiliency of the MAR to the negative 
effects of storms because wetlands play a role in moderating 
destructively high stream-flows and pollution runoff 

Freshwaters Habitat degradation: stream 
channelization 

Straightening stream channels reduces their resiliency to 
destructively high flows 

 Altered streamflow in urban 
areas 

Increases in the frequency or intensity of storms could exacerbate 
this existing problem 

 Pollution: nutrients, 
sediments, toxics 

Increased precipitation could increase pollution runoff 

Coastal 
ecosystems 

Habitat loss Accelerated sea-level rise could accelerate the loss of coastal 
wetlands 

 Pollution: nutrients, 
sediments, toxics 

Increased precipitation could increase pollution runoff 

 Disease and toxic organisms Changes in temperature, precipitation and sea level may promote 
conditions favorable to Dermo, MSX and Pfiesteria 

 

Species may respond to changes in environmental variables by adapting, shifting their range, 
changing their abundance, or by disappearing altogether. Rapid evolution might help species 
with short generation times, such as insects and annual plants, to adapt to environmental changes 
(Rodríguez-Trelles et al. 1998). Evolution may be slower in long-lived species, such as trees 
(Mátyás 1997). Optimal climates for the MAR’s dominant tree species in maple-beech-birch and 
oak-hickory forest communities are predicted to shift to the north (Iverson & Prasad 1998), while 
conditions for southern species such as longleaf and loblolly pine will become more favorable in 
the MAR (Watson et al. 1996). Pest species may shift north or increase in abundance if 
temperatures increase. Shifts in fish species from cool and cold water species to warmer water 
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species are likely (U.S. EPA 1995). Species (or whole coastal wetland ecosystems, in the case of 
sea-level rise) could fail to shift their range if they cannot disperse fast enough to keep pace with 
change, if landscape features (such as cities) block their movement, or if new suitable habitats 
are simply not available (Pitelka and the Plant Migration Workshop Group 1997). A species may 
fail to colonize a prospective habitat if it cannot adapt to that habitat’s soils, to the level of 
human development, or if it cannot coexist with other species already in residence. 

Invasive species share a set of traits that predispose them to invade pre-existing communities 
successfully (Dukes & Mooney 1999). These traits include a high rate of population growth, 
which contributes to rapid colonization; ability to move long distances, which contributes to 
colonizing distant habitats; tolerance of close association with humans; and tolerance of a broad 
range of physical conditions (Rejmánek & Richardson 1996). Since the traits of successful 
invaders tend to increase their resilience to a variety of disturbances, including climate and non-
climate stresses, climate change could work in concert with other stresses to further reduce 
populations of rare and endemic species, while increasing populations of already abundant, 
widespread species (Dukes & Mooney 1999). MAR residents would be unlikely to welcome the 
northward spread of problem species such as kudzu and myriad non-native species currently 
damaging ecosystems in Florida, such as melaleuca, brazilian pepper, and a variety of non-native 
freshwater fishes. 

In addition to potentially exacerbating problems with non-native invasive species, changes in 
climate and climate variability might interact adversely with other existing stresses (see Table 
8.1). Oppenheimer (1989) proposed that the concentrations of hydrogen peroxide—an oxidant 
that is toxic to terrestrial vegetation and to many aquatic organisms—in fog, precipitation and 
surface waters may increase due to the combined effects of increased temperature, UV-B, NOx 
and hydrocarbons. Increased levels of acidity and ground-level oxidants (including hydrogen 
peroxide) could degrade forests and watersheds and accelerate nutrient fluxes, leading to 
eutrophication of fresh- and coastal waters. 

Stream channelization and wetland loss increase the MAR’s vulnerability to precipitation 
changes. An increase in the frequency or intensity of storms could exacerbate existing problems. 
According to the Watson et al. (1998), increases in hydrological variability (larger floods and 
longer droughts) could result in increased sediment loading and erosion, degraded shorelines, 
reductions in water quality, and reduced stability of aquatic ecosystems, with the greatest 
impacts occurring in urban areas with a high percentage of impervious surface area. These 
changes may reduce productivity and biodiversity in streams and rivers. Increases in water 
temperature may lower dissolved oxygen concentrations, particularly in summer low-flow 
periods in mid-latitude areas. Altered precipitation and temperature patterns will affect the 
seasonal pattern and variability of water levels of wetlands, potentially affecting valued aspects 
of their functioning, such as flood protection, carbon storage, water cleansing, and 
waterfowl/wildlife habitat (Watson et al. 1998). 
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Watershed responses to climate change are complex. For example, the simulated impact of 
temperature and precipitation changes upon simulated fluxes of energy, water, carbon and 
nutrients is reduced by incorporating how the canopy physiology in forested watersheds adjusts 
to elevated concentrations of carbon dioxide (Band et al. 1996). Inputs of nutrients and other 
pollutants into aquatic habitats will vary with rainfall and other characteristics of the watershed 
(Meyer & Pulliam 1992). Farmers are likely to adapt to climate change (Chapter 4). Possible 
agricultural changes relevant to natural ecosystems include changes in the types of land cover 
and the use of toxic chemicals and fertilizers. Increases or decreases in agricultural pollution will 
thus depend upon both human responses to climate change and changes in runoff associated with 
altered precipitation patterns. Species will shift their geographic ranges at different rates, and 
some may be unsuccessful in reaching or colonizing new habitats. Because species will be 
affected differently by climatic changes, relationships among species will be altered. Ecosystem 
functions that depend upon interactions among species could be affected. The probability of 
ecosystem disruption and species extinction is positively related to the rate of climate change 
(Watson et al. 1998). Ecosystems are complex, and highly interconnected, making the effects of 
climate change extremely difficult to predict. 

Losses of coastal wetlands are relatively easy to predict. Accelerated sea-level rise is likely and 
coastal wetlands are unlikely to be able to migrate inland quickly enough, particularly because 
the MAR’s coast is heavily developed (Chapter 7). Changes in climate and climate variability 
would affect the Chesapeake and Delaware Bays via changes in temperature, sea level, 
precipitation, wind and water circulation patterns. Temperature is particularly important because 
it influences activity, feeding, growth, metabolism and reproduction. (See Chapter 7 for 
discussion of some of the consequences of climate change upon coastal ecosystems.) The 
incidence of two oyster diseases, Dermo and MSX, could increase if sea-level rise mimics 
saltwater intrusions caused in the mid-1980s by unusually warm and dry years that resulted in 
mass mortalities of oysters. If summer precipitation increased and resulted in increased 
streamflow, it could have an ameliorating effect by reducing salinities. Fish kills caused by 
Pfiesteria tend to occur in warm water with high nutrient loads, moderate salinity and poor 
flushing (U.S. EPA 1998). Harmful algal blooms caused by Aureococcus anopahagefferens are 
also sensitive to changing climate conditions and are favored by warm, saline, eutrophic waters 
(Beltrami 1989). Uncertainty in projections of climate and nutrient loading make it difficult to 
predict the future extent and magnitude of these problems. 

 

What Are the Potential Strategies for Coping with Risk and Taking 
Advantage of New Opportunities? 

Maintaining resilience in ecosystems is the primary objective of adaptation strategies to protect 
wildlife and habitats (Watson et al. 1996, Markham & Malcolm 1996). Compared to other 
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sectors, adaptation options for ecosystems are limited, and their effectiveness is uncertain 
(Watson et al. 1998). 

There is general agreement that humans already have overwhelming impacts on natural 
ecosystems (Vitousek et al. 1997) and that this interferes with the functioning of ecosystems in 
ways that are detrimental to our well being. A panel of 11 scientists (Daily et al. 1997, p.1) was 
“certain” that “ecosystem services are essential to civilization,” that “human activities are 
already impairing the flow of ecosystem services on a large scale,” and that “if current trends 
continue, humanity will dramatically alter virtually all of the earth’s remaining natural 
ecosystems within a few decades.” The primary threats are: land-use changes that cause loss of 
biodiversity; disruption of carbon, nitrogen and other biogeochemical cycles; human-caused 
nonnative species invasions; releases of toxic substances; possible rapid climate change; and 
depletion of stratospheric ozone. This panel was “confident that … the functioning of many 
ecosystems could be restored if appropriate actions were taken in time” (Daily et al. 1997, p.1). 

Attempts to take timely action to minimize climate-related risks are hampered by: (1) the 
perception by some decision-makers that the impacts of climate change are distant and 
speculative and therefore do not warrant action, (2) the difficulty in making site-specific 
predictions of future climate at a scale relevant to ecological processes (Root & Schneider 1993), 
and (3) the global nature of climate change requiring large-scale efforts integrating local, 
regional, and national activities. It is increasingly unlikely that greenhouse gas emissions will be 
reduced quickly enough to fully prevent significant warming. Likewise, measures directed at 
specific effects of climate change are unlikely to be applied widely enough to protect the range 
of ecosystem services upon which society depends. Fortunately, reducing the impacts of 
nonclimate stresses on ecosystems would also buffer ecosystems from negative effects of climate 
change. The range of potential strategies (Table 8.2) is broad enough to involve every resident of 
the MAR. Activities that conserve biological diversity, reduce fragmentation and degradation of 
habitat, and increase functional connectivity among habitat fragments will increase the ability of 
ecosystems to resist anthropogenic environmental stresses, including climate change (Markham 
& Malcolm 1996; Watson et al. 1998, p. 279). 

Several factors make it challenging to adopt effective strategies for addressing climate and non-
climate related risks to ecosystems.  Setting priorities among strategies is difficult, partly because 
so little is known about the effectiveness of alternative actions intended to reduce ecosystem 
vulnerability.  Caution is needed in developing adaptive measures because lack of information 
and/or conflicting ecosystem goals can lead to maladaptation.  For example, diverting hazardous 
pollutants from water to air or land may benefit aquatic ecosystems but cause problems in  
terrestrial ecosystems.  Likewise, corridors connecting habitat fragments may help some species 
disperse but might also allow aggressive invasion species to enter fragile habitats (Simberloff et 
al. 1992). 
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 Table 8.2. Strategies to increase resilience of ecosystems to climate change and other 

stressors. 
Stressor Strategy/human response Examples 

Physical habitat alteration Conservation 
 
 
 
 
 
 
 
Restoration 

Establish protected areas 
 
Protect natural features of managed 
landscapes 
 
Minimize water consumption (to protect 
aquatic habitats) 
 
To date:  Long-leaf pone ecosystems, 
Everglades hydrology 
 
Tall-grass prairie 
 
Manage species directly 

Pollution (resulting in 
eutrophication, acid 
deposition, increased UV-B 
radiation, other problems) 

Regulate emissions 
 
 
 
 
 
 
 
 
Regulate land use and 
nonpoint sources 

Control SO2, NOx, and VOC [volatile 
organic compounds] emissions from 
power plants and motor vehicles 
 
Regulate emissions of CFCs (e.g., 
Montreal Protocol) 
 
Reduce point source water pollution 
 
Protect riparian buffers 
 
Change urban and agricultural practices 

Non-native invasive species Prevent introduction and 
establishment 
 
Manage established 
populations 

Monitor areas around ports of entry and 
eliminate new populations 
 
Release biological controls 
 
Eradicate invasive species 

Global climate change Reduce greenhouse gas 
emissions 
 
 
 
Reduce climate impacts via 
reduction of other stressors 
 
 
Reduce climate change impact 
directly 

Reduce emissions from power plants and 
motor vehicles 
 
Conserve energy 
 
Increase ecosystem resiliency to climate 
impacts by protecting habitat, reducing 
pollution, controlling invasive species 
 
Schedule dam releases to protect stream 
temperatures 
 
Transplant species 
 
Establish migration corridors 
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Research that can help to reduce uncertainties is discussed in the next section, but we are still left 
with societal issues that need to be addressed. There is an urgent need for expanded dialogue so 
that societal priorities for ecosystem protection can be articulated. Public education, supported by 
ongoing research, is essential to inform the dialogue. Decisions need to be made, with the 
understanding that the basis for decisions changes with increasing information.  

 

What Are the Policy-Relevant Research Gaps? 

The purpose of assessing the potential impacts of climate change upon ecosystems is to provide 
information to decision-makers and stakeholders about the consequences of possible actions. 
Research should be guided to meet these information needs. Crucial research gaps include: 

• Ecosystem valuation.  
  We need to improve our understanding of how society depends upon ecosystems and 

how people value different aspects of ecosystems. This information should be used in 
developing research priorities and in choosing among alternatives for increasing 
ecosystem resiliency. 

 
• Ecosystem functioning.  
 We still lack basic information about how ecosystems function, limiting our ability to 

predict and understand how changes in one part of an ecosystem affect other parts. Such 
changes include how current stresses, such as habitat loss and alteration, pollution, and 
non-native species are affecting ecosystems, and how these stresses could interact with 
climate change. The limits of our understanding are highlighted by the current 
difficulties in attempting to predict the ecological impacts of climate change. 

 
• Monitoring.  
 Indicators of the status of ecosystems, and the magnitude and distribution of stresses 

upon ecosystems, should be included in long-term ecological monitoring plans. Early 
warning signs of potential losses of valued ecosystem functions should be identified and 
included as indicators. 

 
• Management options.  

Understanding the effectiveness of various management strategies is crucial to targeting 
limited resources for ecological protection. 

 

An example drawn from experiences with the Chesapeake Bay illustrates the value of these areas 
of research. Concern about declines in fish, crabs and waterfowl stimulated research into 
ecosystem functioning and human impacts, revealing the links between land-use practices, 
nutrient runoff, overgrowth of algae, loss of submerged aquatic vegetation and depressed levels 
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of dissolved oxygen in bottom waters, and the animal declines. Ecological monitoring was 
essential to the discovery of these relationships, and to measuring the effectiveness of ongoing 
efforts to control inputs of nutrients to the Bay. Such experience can serve as a model to design 
an integrated research strategy for the other major types of MAR ecosystems likely to be 
sensitive to climate change. 
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Box 8.1 Climate Change and Bird Distributions in the Mid-Atlantic 
Region (Price) 

 
There are both economic and ecological reasons to care about birds.  Watching and feeding 
birds is big business, generating about $885 million annually in retail sales within the Mid-
Atlantic region (MAR) (Bird Conservation 1997). 
 
It is difficult to estimate how changes in bird distributions might affect the economics of 
watching and feeding birds.  Spending would shift as some birdwatching sites become less 
favorable and others become more favorable.  Although many bird watchers might adjust to 
diminished species richness, they will experience the loss of well-being that accompanies a 
reduction in their preferred activities. 
 
Also of concern are potential indirect costs of changes in bird distributions and how these 
changes will affect ecosystems.  Birds provide important ecological services including seed 
dispersal, plant pollination and pest control.  For example: 
 
• Blue Jays are a major disperser of oak seeds. 
• Birds eat up to 98% of the overwintering codling moth larvae in orchards. 
• Wood warblers are largely responsible for holding down numbers of spruce budworm 

larvae, eating up to 98% of the non-outbreak larvae. 
• While the white-footed deer mouse is a more important predator of gypsy moths, birds 

also hold down numbers of this pest. 
 

The table shows results from statistical models that associate bird distributions first with 
current climatic conditions (1985-1989) and then with temperatures increased by 1.8º F (1º 
C) from the CCC model (Price 2000; Price, in press; 1995).  This temperature change is 
within the ranges suggested in Figure 3.5.  The gross change represents the overall loss in the 
number of perching (passerine) species currently found in the area.  The net change 
represents the loss of species currently found there, offset by species moving in from outside 
the area.  Thus a 1.8º F increase in temperature could lead to a loss of 7% of the passerine 
species currently found in the MAR.  These losses would be somewhat offset by birds 
colonizing from outside the region so the net change would be 3% fewer species than 
currently found there.  This 3% translates into fewer than 5 perching species in the MAR. 

 
The colorful wood warblers are a subset of the species from the table, are popular among 
bird watchers, and are important predators of insects.  The same increase in temperature 
could lead to a gross loss of 14% of MAR warblers.  This could be important because it is 
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unknown whether the species colonizing the region would perform the same ecological 
services of the species currently found there.  Even if they did, the net change would still be 
an 8% reduction in the number of warbler species currently found in the MAR. 

 
How quickly these changes might occur is unknown.  Across locations, the average latitude 
for warblers has shifted north by more than 43 miles over the last 20 years.  This suggests 
such changes could occur relatively quickly. 

 
In summary, climate change will affect bird distribution, perhaps quickly, and the magnitude 
of ecological and economic effects is unknown. 
 

Changes in number of perching bird species 
 With 1.8º temperature increase 
 Gross change 

(%) 
Net Change 

(%) 
Region  -7 -3 
Delaware  -3 0 
Maryland  -4 -1 
New Jersey  -5 -1 
New York  -10 -4 
North Carolina  -5 -2 
Pennsylvania  -9 -3 
Virginia  -4 -1 
West Virginia  -7 -3 
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