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and wildlife species, the ability to retain and protect
species within designated boundaries is highly uncertain.

Recent empirical studies strongly suggest that wildlife
species are already responding to recent global warming
trends with significant shifts in range distribution (gener-
ally northward) and phenology (e.g., earlier breeding,
flowering, and migration). In response to these studies,
researchers have begun to use the predictive power of
general circulation models (GCMs) to anticipate large-
scale and long-term effects of climate change as entire
complex communities shift. In the models, predicted
gains and losses of species from selected parks were
strictly a function of expected vegetation shifts due to cli-
mate change (Burns et al. 2003). A species was recorded
as potentially present in a park, under the future climate
scenario of doubled levels of CO2, if acceptable habitat
for that species was predicted to occur within park
boundaries.

Current models of global climate change indicate that
eastern and western ecosystems within the United States
will be impacted differentially. Therefore, researchers of
this study stratified the United States into eastern and
western ecoregions (divided by the Mississippi River) to
ensure equitable representation of eastern and western
parks. They then chose eight U.S. national parks from the
larger pool of parks within these regions: Acadia, Big
Bend, Glacier, Great Smoky Mountains, Shenandoah,
Yellowstone, Yosemite, and Zion. Three factors con-
strained their choice of national parks: (1) geographic
extent of climate change predictions, that is, the conti-
nental United States; (2) the regional availability of parks,
that is, more western than eastern U.S. national parks;
and (3) the availability of detailed mammalian species lists
for each park.

Their results suggest that the effects of global climate
change on wildlife communities may be most noticeable
not as a drastic loss of species from their current ranges,
but as a fundamental change in
community structure as species
associations shift because of influx-
es of new species. As shifting
species forge new ecological rela-
tionships with one another and
with current park species, the char-
acter of species interactions and
fundamental ecosystem processes
stands to become transformed in
unforeseen ways. For example, an
influx of new species may alter
existing competitive interactions
and influence trophic dynamics
with changes in predator-prey interactions. Also, climate
warming is likely to result in phenological shifts, includ-
ing changes in spring breeding dates, flowering, and 

bud emergence, which can further disrupt current
species associations. In some cases, shifting species
assemblages may lead to irreversible state changes, in
which the relative abundance of species in different
trophic levels can be radically altered. Moreover, the out-
come of these new species interactions may be particular-
ly difficult to predict because of the rapid pace of change
expected and the potential for nonlinearities that may
emerge, for example, as a consequence of altered trophic
interactions.  —K. KellerLynn
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TWINKLE, TWINKLE, LITTLE STAR. HOW I
WONDER WHERE YOU ARE?

The stars in the nighttime sky are disappearing. One
here, one there—a hardly noticeable process that began
over large metropolitan areas and is now spreading to
nearly every corner of civilization. Even remote areas are
being exposed to increased illumination from “sky glow”
that appears at night over urban areas and obscures our
view of stars and other astronomic phenomena. Investi-
gators predict that the most noticeable effects of light pol-
lution will occur in those areas close to natural habitats
(Longcore and Rich 2004). This may be near wilderness

where summer getaways are built,
along the expanding front of sub-
urbanization, near wetlands and
estuaries that are often the last
open spaces in cities, or on the
open ocean, where cruise ships,
squid boats, and oil derricks light
the night.

As faint celestial objects billions
of miles away began to disappear
from their telescopes, astronomers
were the first to notice what we
are stealing away from ourselves.
Now other scientists, primarily

ecologists, and citizens are realizing the effects of light
pollution in deadly ways. The poster child for this issue is
probably hatchling sea turtles, which are protected under
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the Endangered Species Act of 1973. These baby reptiles
generally break free of their shells under the cover of
darkness and then waddle into the surf as soon as possi-
ble to avoid predation. Normally they orient themselves
by scanning the horizon and heading for celestial lights
such as the moon and stars reflecting off the sea. Artificial
lighting on beaches and roadways near nesting areas,
however, often confuses hatchlings and causes them to
crawl inland instead (Schaar 2002). According to Kristen
Nelson of the Florida Department of Environmental
Protection, thousands of hatchlings are disoriented in
this way every year. In 1998, for example, marine turtle
permit holders reported 19,970 hatchlings as disoriented
(Nelson 2000). Many hatchlings die from dehydration,
are eaten by predators such as fire ants and ghost crabs,
or are run over by cars if they wander onto nearby road-
ways. Those that do make it to the water may have a
decreased chance for survival because of wasted energy
resources.

In addition to causing disorientation, ecological light
pollution has demonstrable effects on the behavior of
most organisms in natural settings (e.g., insects, migrating
toads and salamanders, birds, bats, and fish). Changed
behaviors—orientation/disorientation and attraction/
repulsion—in altered light environments may in turn
affect foraging, reproduction, migration, and communica-
tion (Longcore and Rich 2004). Moreover, the cumulative
effects of behavioral changes induced by artificial night
lighting on competition and predation have the potential
to disrupt key ecosystem functions (Longcore and Rich
2004). The consequence of ecological light pollution on
aquatic invertebrates illustrates this point. Many aquatic
invertebrates, such as zooplankton, move up and down
within the water column during a 24-hour period. This
regular vertical migration, called “diel vertical migration,”
presumably results from a need to avoid predation during
lighted conditions; therefore, most zooplankton forage
near water surfaces only during dark conditions (Gliwicz
1986). Artificial illumination decreases the magnitude of
diel migrations, both in the range of vertical movement
and the number of individuals migrating. Researchers
hypothesize that this disruption of diel vertical migration
may have substantial detrimental effects on ecosystem
health. With less zooplankton migrating to the surface to
graze, algae populations may increase. Such algal blooms
would then have a series of adverse effects on water qual-
ity (Moore et al. 2000).

In Management Policies 2001, the National Park Service
acknowledges the roles that light and dark periods and
darkness play in natural processes, and in cooperation
with park visitors, neighbors, and local governments, it
strives to prevent loss of dark conditions and natural
night skies. However, obstacles for the National Park
Service include a lack of awareness of light pollution as a

threat to wilderness values and cultural heritage, an
absence of baseline formation about this resource, and
inefficient facility lighting (Moore and Duriscoe 2002).
Possibly conventional wisdom that light reduces crime
also serves as a stumbling block. Most crime, however,
actually occurs during the day, or inside buildings, and
the paucity of data precludes any definitive statement
regarding the relationship of lighting and crime
(International Dark-Sky Association 1990). Furthermore,
“dark campus” programs across the country have shown
that darkness actually reduces crime, in particular vandal-
ism, and saves money (e.g., decreased energy costs and
reduced repairing and cleaning of damage) (International
Dark-Sky Association 2000). On the other hand, studies
indicate that lighting decreases the fear of crime; it makes
us feel safe outside at night. Yet, the real task for resource
and facility managers is to make visitors and staffs not just
feel safe, but be safe, for example by providing good light-
ing for nighttime travelers around headquarters, housing
areas, visitor centers, and entrance stations. Yet visitor
and staff safety must be achieved while protecting the
natural behaviors of wildlife and preserving natural night
skies. This means that the National Park Service needs
effective and efficient lighting in developed areas. Good
visibility is the goal (not just wasting resources on lighting
a vacant parking lot or perhaps lighting a criminal’s way),
and good lighting can help. Poor lighting compromises
human safety, natural wildlife behaviors, and the natural
night sky.

The International Dark-Sky Association (1996) pro-
vides some solutions that minimize light pollution with-
out compromising safety or utility:

1.  Use night lighting only when necessary. Turn off lights
when they are not needed. Timers can be very effective.
Use the correct amount of light for the need, not
overkill.

2.  Where light is needed, direct it downward. The use
and effective placement of well-designed fixtures will
achieve excellent lighting control. When possible,
retrofit or replace all existing fixtures of poor quality.
In all cases, the goal is to use fixtures that control the
light well and minimize glare, light trespass, light pol-
lution, and energy use.

3.  Use low pressure sodium (LPS) light sources whenev-
er possible. These are the best possible light sources to
minimize adverse effects on astronomical activities
and are the most energy efficient light sources that
exist. Areas where LPS light sources are especially
good include street lighting, parking lot lighting, secu-
rity lighting, and any application where color render-
ing is not critical.

Continued in right column on page 23
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R e c o m m e n d a t i o n s

1. Users of the NWI maps should trust that the wetlands
and deep-water habitats shown probably exist.
However, they should expect that the maps may have
omitted nearly half as many additional wetlands.

2. Users should be suspicious of the accuracy of taxono-
my on the maps. However, the Lacustrine sites are the
most trustworthy.

3. For applications where accuracy is critical, such as
planning of research or monitoring projects or prepar-
ing for Section 404 compliance of the Clean Water
Act, on-site delineation or evaluation is essential. The
maps should be used only as an indicator of what to
expect.

4. Managers wishing more detailed information about
this survey should see Werner (2003).
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“Information Crossfile” continued from page 12

4.  Avoid development near existing observatories, and
apply rigid controls on outdoor lighting when devel-
opment is unavoidable. —K. KellerLynn
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REPORTS AVAILABLE ONLINE

Two new reports on recently completed inventories are
posted on the Web site for the Northeast Region:
“Comprehensive inventory of birds and mammals at Fort
Necessity National Battlefield and Friendship Hill
National Historic Site” and “Inventory of intertidal habi-
tat: Boston Harbor Islands, a national park area.” These
can be viewed at and downloaded from
http://www.nps.gov/nero/science. —B. Blumberg
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