PATTERNS IN ECOLOGICAL SYSTEMS

Ecological systems—ranging patches interspersed with other habitat types that might
from forests and watersheds to not support the species that were originally present.
wetlands and coral reefs—make
up the environment. Changes in
patterns of the extent and distribution of ecological sys-
tems have a fundamental influence on the health of the
planet and the people who depend on these systems.
For example, the extent of a forest affects both air and
water quality, while the type of trees in a forest influ-
ences ecosystem structure and function, including which
animals and plants are present.

Patterns in ecological systems can change in response to
natural factors as well as human activities. Natural
changes can occur gradually as a result of geological and
climatic changes, or more quickly due to events such as
extreme weather or wildfires. Human activities that can
affect ecological systems include urbanization, agricul-
ture, forest management, introduction of invasive species,
and the release of greenhouse gases, which contributes
to climate change.

Ecological systems are not isolated, but connected to one
another. Connectivity refers to the way in which matter,
energy, and organisms flow within and among ecosystems.
Fragmentation refers to the breaking up of an ecological
system into smaller, more isolated parts. When ecologjical
systems become fragmented, habitat is broken up into

The impact of such changes varies depending on the geo-
graphic scale. For example, a storm could create a gap in a
forest canopy that only affects the immediate area for sev-
eral decades. In contrast, widespread loss of wetlands over
a large region could permanently shift bird migration
routes or make coastlines more vulnerable to hurricanes.

Key POINTS

The total acreage of forest land nationwide Little information is available on the extent of
declined between the 1930s and the 1970s, but ecological systems other than forests and wet-
increased over the last three decades. Trends in lands, or about the effects of fragmentation on
forest acreage vary by region and by forest type. For  biodiversity and ecological processes at different
example, in the West, the acreage of fir-spruce and geographic scales.

hardwood forest increased over the past 50 years,
while the extent of other forest types, including
many pine forests, decreased (see graphic).

Slightly more than 26 percent of the forest land in
the lower 48 states occurs in landscapes completely
dominated by forest, while 19 percent of forest land
is considered highly frag-

mented. Forests can be I I
fragmented by human Timberland Area in the West by Forest Type, 1953-2002
activities and by natural n —
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mented. In the Southeast Graphic depicts data for states in the western United States (including Alaska and
’ ! Hawaii), based on U.S. Department of Agriculture Forest Service reporting regions
forest tland d
IS, WSIEInIe, Elnl (see map at right). Forest type is measured only on timberland, which is forest
open water ecological that could potentially be used to produce commercial timber. Timberland covers West East
systems remain connected 39 percent of the forested land in the West.
to each other across 43 Source: U.S. Department of Agriculture Forest Service, 2001, 2004

percent of the landscape.
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Biological diversity, or biodiversi-
ty, refers to the amount of varia-
tion within biological systems.
This diversity occurs on multiple
levels—from the genetic makeup of a single organism to
the composition of an entire ecosystem. Biological diversi-
ty provides many tangible benefits to society, including
medicines and crops; for many people, it also contributes
in important ways to the quality of life.

Trends in the number and composition of species within
an ecological system are important indicators of the sys-
tem’s health and robustness. Scientists generally agree
that as the number of species in an ecological system
declines, the system is less able to recover from stress.
These relationships are not straightforward and can vary
in degree, depending on the types of species intro-
duced or removed from a system.

Diversity arises over time when adaptation results in new
species that fill available niches in the environment. This is
a dynamic process involving colonization, evolution of

KEy POINTS

Watersheds covering almost one-quarter of the

area of the lower 48 states have lost at least one-
tenth of the native freshwater fish species known
to have been present at some time prior to 1970.
Losses are especially severe in the Southwest and the

BIOLOGICAL DIVERSITY

species adapted to new conditions, and extinction of
species that are less well adapted to a changing environ-
ment. This process has occurred over millions of years
across large geographic areas, punctuated occasionally
by significant natural events such as meteor strikes, peri-
ods of intense volcanic activity, and ice ages.

Human activities—such as urbanization, water manage-
ment, and land use changes—can have profound effects
on biological diversity, and in a much shorter timeframe.
For example, in sewage-polluted waters, dense beds of a
single species, sludgeworms, can replace
the more diverse communities of bot-
tom-dwelling organisms ordinarily
present. Invasive species also can

have widespread effects. As the

sea lamprey spread through

the Great Lakes in the mid-20t

century, for instance, sweeping

changes occurred throughout the

entire food web.
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For several aspects of biological diversity, there
are no consistent national indicators. These
include major groups of animals such as amphibians,
reptiles, and mammals; plants; and the numbers of
threatened, endangered, and invasive species.

Great Lakes, where eight watersheds have lost more

than half their native fish species. Fish diversity can
decline for a number of reasons, such as pollution,
habitat alteration, fisheries management, and inva-
sive species. In contrast, watersheds covering
about 21 percent of the lower 48 states have
retained all of their native species.

In recent years, changes (both decreases and
increases) have occurred in bird populations yd
in various habitats. Changes in bird populations
reflect changes in landscape and habitat, food avail-
ability and quality, toxic chemical exposure, and
climate. Since 1966, substantial decreases occurred
in 70 percent of grassland species and 36 percent of
shrubland species. Substantial increases occurred in
40 percent of urban species and 38 percent of water
and wetland species (see graphic).
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Change in Bird Populations by Habitat Type, 1966-2003
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Data gathered by the North American Breeding Bird Survey, which covers
the lower 48 states and southern Canada.

Substantial increases or decreases are those in which the observed
populations increased or decreased by more than two-thirds.

Source: Audubon Society, 2004
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Ecological systems are sustained
by biological, physical, and
chemical processes. One such
process is carbon cycling.
During photosynthesis, plants use the sun’s energy to
produce organic matter from carbon dioxide. This
organic matter provides the food at the base of the food
web. Carbon dioxide is regenerated through the respira-
tion of animals in the food web and through decomposi-
tion by the microbial community when organisms die.

Organisms that produce organic matter from inorganic
matter using energy from the sun are known as primary
producers. They range in size from microscopic ocean
plants to the giant redwoods of California. Decreases in
primary production affect all the animal populations that

Key POINTS

Overall, the net storage of carbon in U.S. forests
has been positive since 1953. The rate of storage
increased between the 1950s and 1980s, but declined
from 1987 to 1996. Net storage reflects the growth of
trees minus the amount of carbon lost through harvest-
ing, land use change, or disturbances such as fire,
insects, and disease. The greatest amount of carbon is
being stored in the North, followed by the Rocky
Mountain region. Carbon storage has decreased in the
South, possibly due to an increase in harvesting com-
pared to growth (see graphic).
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ECOLOGICAL PROCESSES

depend on that production for food. Too much primary
production (for example, algal blooms in water bodies) is
also a problem.

Many human and natural factors impact ecological
processes, including pollution and changes in land use,
such as conversion of forests to urban or agricultural
land. Trends in ecological processes, such as the cycling
of carbon and carbon storage, provide insight into the
structure and function of ecological communities and
how human and natural factors affect them.

Although there are numerous components of the carbon
cycle, an indicator is available for only one of these com-
ponents—carbon storage in forests. This indicator pro-
vides insight into a portion of the carbon cycle for forest
ecosystems.

A number of gaps exist in understanding trends in
ecological processes. Currently, no reliable national
indicators are available for primary production, nutri-
ent retention and processing, or reproduction and
growth rates for plant and animal populations. There
are also no national indicators for other functions that
ecosystems perform, such as the provision of natural
resources and regulation of air and water quality. No
indicator is available for carbon stored in forest soil or
in other ecosystems.

I Carbon Storage in Forests by Region, 1953-1996 I
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Data gathered in the lower 48 states. Carbon storage is measured only on timberland,
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which is forest that could potentially be used to produce commercial timber. i

Timberland covers about two-thirds of the forested land of the lower 48 states.

Source: U.S. Department of Agriculture Forest Service, 2004 Pacifc /
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Physical attributes of ecological
systems include air temperature,
light, rainfall, and sea level.
Chemical attributes include dis-
solved oxygen, nutrient levels, acidity, and salinity. These
attributes shape evolution, drive ecological processes,
and govern the nature of ecological systems. Even small
changes in these attributes, such as changes in the acidi-
ty of a stream or the timing of rainfall in a desert, can
have potentially large effects on ecological systems.

As species evolve, they respond to and reflect the physical
and chemical attributes of the ecological systems in which
they live. For example, species that evolved in tropical

Key POINTS

Since 1901, U.S. and global temperatures have
risen at an average rate of 0.12°F per decade (see
graphic). Lately, the rate of warming has increased.
Over the last 30 years, temperatures rose by 0.59°F per
decade in the lower 48 states and 0.31°F per decade
worldwide (see graphic). These trends are consistent
with reduced snow cover, earlier spring ice melt, and
increased sea surface temperature, all of which can
affect ecological systems. It is very likely that most of
the observed temperature increase is due to ris-
ing levels of greenhouse gases in the atmos-
phere caused by human activities.

Sea levels rose steadily at many coastal locations
between 1950 and 1999, particularly the Mid-
Atlantic coast (3 to 6 millimeters per year) and at
two sites in Louisiana (as high as 9 to 12 millime-
ters per year). These rates are based on tidal gauges
that measure relative sea level rise, which accounts for
sea and land height changes but does not distinguish
between the two. Sea level rise can alter ecological
conditions in coastal areas. Effects can include
increased flooding and loss of freshwater systems as
they are transformed into inland salt waters or open
coastal waters.

About 25 percent of the nation’s small streams
show strong evidence of excess fine sediments,
which can diminish habitat for aquatic life. Various
land use practices, as well as modifications in stream
flows, can lead to excess sedimentation in stream:s.

Gaps remain in assessing national trends in the
physical and chemical attributes of ecological sys-
tems. Recent monitoring programs have provided a
baseline for national trends in nutrients, acidity, and
other factors in streams and estuaries. However, there
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PHYSICAL AND CHEMICAL ATTRIBUTES OF ECOLOGICAL SYSTEMS

waters require higher, less variable temperatures than
species that evolved in temperate waters, where average
temperatures are lower and fluctuate more. Similarly, peri-
odic floods or fires are essential to sustain many species in
areas where such events have occurred over thousands or
millions of years.

Many factors can alter the physical and chemical character-
istics of ecological systems. For example, acid rain can
increase the acidity of lakes in some regions. Damming or
channelizing rivers can alter the flooding and sedimentation
processes that sustain particular types of systems, such as
wetlands. Changes in climate can alter species diversity and
nearly every aspect of ecological structure and function.

still is a lack of trend data or historical baselines for
some attributes, such as water levels in lakes, amount of
snowpack, and long-term patterns of flooding and fires.
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U.S. and Global Mean Temperatures, 1901-2006
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U.S. data gathered in the lower 48 states.

“Anomaly” is the difference between the observed temperature and a
standard that was chosen for comparison. In this case, the standard
is the average temperature over the period 1961-1990.

Source: National Oceanic and Atmospheric Administration, 2007
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Plants and animals can be
exposed to chemicals in the
environment through air, water,
soil, and food. If concentrations
of these chemicals are too great, the reproduction,
health, or survival of the individual plant or animal—or
organisms that consume it—can be threatened. If
enough individuals in a species (or more than one
species) are affected, changes in the ecosystem structure
and function can result.

Key POINTS

In many areas of the country, at least 20 per-
cent of ozone-sensitive forest plants show at
least some injury from ozone pollution (see
graphic). The Mid-Atlantic and Southeast show the
highest levels of injury, while the Rocky Mountains
and Pacific Northwest show no damage. Ozone
pollution in the lower atmosphere can affect

forest ecosystems. Damage to leaves is usually

the first visible sign of injury to plants from ozone
exposure.

Tissues from both coastal and freshwater

fish contain bioaccumulative chemicals, such
as the pesticide DDT or dichloro-diphenyl-
trichloroethane, mercury, and polychlorinated
biphenyls (PCBs). While exposure to these chemi-
cals is occurring at variable levels throughout the
country, scientists have not fully assessed the eco-
logical effects of these exposures. These chemicals
are known to affect coastal and freshwater fish
species, but there are currently no national thresh-
old levels for harmful effects to fish.

No consistent national indicators are available
that measure the level of chemicals in plants or
in wildlife other than fish. Therefore, no national
trends are available for exposure of plants and ani-
mals to many common environmental pollutants.
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ECcoLOGICAL EXPOSURE TO CONTAMINANTS

Once inside an organism, certain chemicals build up over
time with repeated exposure. This process is called bioac-
cumulation. Exposure to these chemicals can be deter-
mined by measuring chemical concentrations in plant and
animal tissues. Other chemicals do not bioaccumulate but
can still cause harm. For example,

ozone pollution can damage
the leaves of plants. Direct
observations can indicate
exposure to contaminants

if the damage is visible.

Ozone Injury to Forest Plants by EPA Region, 2002
Region 1 Region 2 Region 3
Degree of injury:
O None
O Low
O Moderate
O High
O Severe
Region 4 Region 5 Region 6
Region 7 Region 8 Region 9 Region 10
Data gathered from 945 monitoring sites A7 S o
in 41 states. Graphic shows the percent (10] (2]
of monitoring sites in each category. (9) (5
Source: U.S. Department of Agriculture
Forest Service, 2006 fi0}
o) (2]
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LOOKING AHEAD

Written for a general audience, EPAS 2008 Report on the Environment: Highlights
of National Trends summarizes some of the more important findings from a
more comprehensive companion report, EPAs 2008 Report on the Environment.
The topics presented in this document provide important insight into what
scientists know—and do not know—about current conditions and trends for the
nation’s air, water, land, human health, and ecological systems.

This information is based on environmental indicators and is presented at a
national or regional level. Many other sources on the environment are available,
including some that address issues at a more local level:

e EPA's Web site, www.epa.gov, is a good starting place to get more information
on a particular topic or on a specific city or region of the country.

e Links to individual state environmental departments are available at:
www.epa.gov/epahome/state.htm.

e Links to some actions that individuals can take to protect the environment
and their own health are available at: www.epa.gov/roe.

EPA is just one of many organizations working to fill the gaps in our under-
standing of the environment. As those gaps are filled, a more complete
picture of the nation’s environment will emerge.

EPA plans to report periodically on the state of the environment through
publications like this one. In addition, the electronic version of the report
(www.epa.gov/roe) will present new data as they become available and

allow users to offer suggestions for making this report more useful. Your

input is welcome.

The content of Highlights of National Trends is derived from EPA’s 2008 Report
on the Environment, which features detailed information on 85 environmental
indicators. Most of these indicators are national in scope; however, regional
indicators have been used in some cases to illustrate important scenarios and
could be applied to the nation in the future. A subset of these indicators is
presented in this document.

EPA selected indicators to highlight in this document based on their complete-
ness, importance to the public and the scientific community, ability to show a
meaningful trend, and ability to address a key environmental question.
Indicators developed since EPA’s Draft Report on the Environment 2003 were
also given priority.

{ 3\
The indicators used in the Report on the Environment: ¢ Are national (or in some cases regional) in coverage.
« Rely on actual measurements of environmental and ;I'he)ll do not describe trends or conditions for a specific
ocale.

human health conditions over time.

e Come from many governmental and non-governmental
organizations, which collect data at different time peri-
ods and for varying purposes.

e Meet a set of standards, which include quality, accura-
cy, relevance, and comparability.

e Were reviewed by an independent scientific panel to
ensure that they meet these standards.

e Can only partially answer the key questions.
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LIST OF INDICATORS

Indicators included in EPA’s 2008 Report on the Environment are listed below, along with the key environmental question each indicator
attempts to answer. Indicators with an asterisk* are featured in Highlights of National Trends.

AIR

OUuTDOOR AIR

What are the trends in outdoor
air quality and their effects on
human health and the
environment?

e Carbon Monoxide Emissions*

¢ Ambient Concentrations of
Carbon Monoxide*

® | ead Emissions*
e Ambient Concentrations of Lead*
* Nitrogen Oxides Emissions*

* Ambient Concentrations of
Nitrogen Dioxide*

* Volatile Organic Compounds
Emissions*

¢ Ambient Concentrations of
Ozone*

e Ozone Injury to Forest Plants
e Particulate Matter Emissions*

¢ Ambient Concentrations of
Particulate Matter*

o Sulfur Dioxide Emissions*

* Percent of Days With Air Quality
Index Values Greater Than 100

* Mercury Emissions*
e Air Toxics Emissions*

* Ambient Concentrations of
Benzene*

* Ozone and Particulate Matter
Concentrations for U.S. Counties
in the U.S./Mexico Border
Region

* Ambient Concentrations of
Manganese Compounds in EPA
Region 5

AciD RAIN AND REGIONAL HAZE

What are the trends in outdoor

air quality and their effects on

human health and the
environment?

e Nitrogen Oxides Emissions*

* Regional Haze*

List of Indicators

e Sulfur Dioxide Emissions*

* Acid Deposition*

e Lake and Stream Acidity*

e Particulate Matter Emissions
OzONE DEPLETION

What are the trends in outdoor
air quality and their effects on
human health and the
environment?

¢ Concentrations of Ozone-
Depleting Substances*

® Ozone Levels Over North
America*

GREENHOUSE GASES

What are the trends in green-
house gas emissions and
concentrations?

¢ U.S. Greenhouse Gas Emissions*

¢ Atmospheric Concentrations of
Greenhouse Gases*

INDOOR AIR

What are the trends in indoor
air quality and their effects on
human health?

 U.S. Homes Above EPA’s Radon
Action Level*

* Blood Cotinine Level*

WATER

FRESH SURFACE WATERS

What are the trends in the extent
and condlition of fresh surface
waters and their effects on human
health and the environment?

¢ High and Low Stream Flows*

e Streambed Stability in
Wadeable Streams

e Lake and Stream Acidity*

e Nitrogen and Phosphorus in
Wadeable Streams*

e Nitrogen and Phosphorus in
Streams in Agricultural
Watersheds

* Nitrogen and Phosphorus Loads

in Large Rivers*
® Pesticides in Streams in
Agricultural Watersheds

¢ Benthic Macroinvertebrates in
Wadeable Streams*

GROUND WATER

What are the trends in the
extent and condition of ground
water and their effects on
human health and the
environment?

¢ Nitrate and Pesticides in Shallow
Ground Water in Agricultural
Watersheds*

WETLANDS

What are the trends in the

extent and condition of wet-

lands and their effects on

human health and the

environment?

e Wetland Extent, Change, and
Sources of Change*
CoASTAL WATERS

What are the trends in the
extent and condition of coastal
waters and their effects on
human health and the
environment?

 Wetland Extent, Change, and
Sources of Change

» Trophic State of Coastal Waters*
o Coastal Sediment Quality

» Coastal Benthic Communities*
» Coastal Fish Tissue Contaminants

» Submerged Aquatic Vegetation
in the Chesapeake Bay*

¢ Hypoxia in the Gulf of Mexico
and Long Island Sound*
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DRINKING WATER

What are the trends in the
quality of drinking water and
their effects on human health?

* Population Served by
Community Water Systems
With No Reported Violations of
Health-Based Standards*

RECREATIONAL WATERS

What are the trends in the con-
dition of recreational waters
and their effects on human
health and the environment?

There are currently no national
indicators available for this topic.

CONSUMABLE FISH AND
SHELLFISH

What are the trends in the con-
dition of consumable fish and
shellfish and their effects on
human health?

* Coastal Fish Tissue
Contaminants*

» Contaminants in Lake Fish
Tissue*

LAND

LAND COVER

What are the trends in land cover
and their effects on human
health and the environment?

e Land Cover*

o Forest Extent and Type*

e Land Cover in the Puget
Sound/Georgia Basin

LAND UsE

What are the trends in land use
and their effects on human
health and the environment?

e Land Use*

e Urbanization and Population
Change*



WASTES AND THE
ENVIRONMENT

What are the trends in wastes
and their effects on human
health and the environment?

* Quantity of Municipal Solid
Waste Generated and Managed*

* Quantity of RCRA Hazardous
Waste Generated and Managed*

CHEMICALS APPLIED AND
RELEASED TO LAND

What are the trends in chemi-
cals used on the land and their
effects on human health and
the environment?

e Fertilizer Applied for Agricultural
Purposes*

e Toxic Chemicals in Production-
Related Wastes Combusted for
Energy Recovery, Released,
Treated, or Recycled*

* Pesticide Residues in Food*

e Reported Pesticide Incidents

CONTAMINATED LANDS

What are the trends in contam-
inated lands and their effects
on human health and the
environment?

* Current Human Exposures
Under Control at High-Priority
Cleanup Sites*

* Migration of Contaminated
Ground Water Under Control at
High-Priority Cleanup Sites*

HumMAN EXPOSURE
AND HEALTH

EXPOSURE TO ENVIRONMENTAL
CONTAMINANTS

What are the trends in human
exposure to environmental
contaminants including across
population subgroups and
geographic regions?

¢ Blood Lead Level*

List of Indicators

* Blood Mercury Level*
¢ Blood Cadmium Level
* Blood Cotinine Level*

* Blood Persistent Organic
Pollutants Level*

e Urinary Pesticide Level*

e Urinary Phthlate Level*
HEALTH STATUS

What are the trends in health
status in the United States?

e General Mortality*

e Life Expectancy at Birth*

e Infant Mortality*

DiSEASES AND HEALTH
CONDITIONS

What are the trends in human

disease and conditions for

which environmental pollutants

may be a risk factor, including

across population subgroups

and geographic regions?

e Cancer Incidence*

e Childhood Cancer Incidence*

e Cardiovascular Disease
Prevalence and Mortality*

e Chronic Obstructive Pulmonary
Disease Prevalence and Mortality*

e Asthma Prevalence*

* Infectious Diseases Associated

With Environmental Exposures or
Conditions*

e Birth Defects Prevalence and
Mortality

* Low Birthweight*
* Preterm Delivery*

EcoLocicAL
CONDITION

PATTERNS IN ECOLOGICAL
SYSTEMS

What are the trends in the
extent and distribution of the
nation’s ecological systems?
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e Land Cover
* Forest Extent and Type*
* Forest Fragmentation*

* Wetland Extent, Change, and
Sources of Change

e Land Use

e Urbanization and Population
Change

e Land Cover in the Puget
Sound/Georgia Basin

* Ecological Connectivity in EPA
Region 4*

* Relative Ecological Condition
of Undeveloped Land in EPA
Region 5

BioLoGIcAL DIVERSITY

What are the trends in the diver-
sity and biological balance of the
nation’s ecological systems?

e Coastal Benthic Communities

e Benthic Macroinvertebrates in
Wadeable Streams

e Bird Populations*

e Fish Faunal Intactness*

e Submerged Aquatic Vegetation
in the Chesapeake Bay

e Non-Indigenous Species in the
Estuaries of the Pacific Northwest

EcoLoGICAL PROCESSES

What are the trends in the eco-

logical processes that sustain

the nation’s ecological systems?

e Carbon Storage in Forests*

PHYSICAL AND CHEMICAL
ATTRIBUTES OF ECOLOGICAL
SYSTEMS

What are the trends in the criti-
cal physical and chemical
attributes and processes of the
nation’s ecological systems?

e U.S. and Global Mean
Temperature and Precipitation*
e Sea Surface Temperature

e High and Low Stream Flows

e Streambed Stability in
Wadeable Streams*

e Sea Level*

* Nitrogen and Phosphorus Loads
in Large Rivers

* Nitrogen and Phosphorus in
Streams in Agricultural
Watersheds

* Nitrogen and Phosphorus in
Wadeable Streams

e Lake and Stream Acidity

* Hypoxia in the Gulf of Mexico
and Long Island Sound
EcoLoGICAL EXPOSURE TO
CONTAMINANTS
What are the trends in biomea-
sures of exposure to common
environmental pollutants in
plants and animals?

e Coastal Fish Tissue
Contaminants*
e Ozone Injury to Forest Plants*

e Contaminants in Lake Fish
Tissue*
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