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Roads are daggers thrust into
the heart of nature, ’

—Michael Soulé, 2000

3 | The Ecological Effects
of Roads

For much of history, science and roads met only
in the context of how we could apply knowledge of engineering, chem-
istry, and geology toward building better, longer-lasting, smoother,

- cheaper, and safer roads. In many places, road construction continues to
be the primary focus of science upon roads. In recent decades, however,
ecologists, conservation biologists, and others have come to roads posing
new types of questions. How do roads affect long-term natural processes
in landscapes or watersheds? What impacts do roads have upon plant and
animal species, populations, communities, or ecosystems? How do roads
combine with various uses of roads—such as logging, hunting, or driving
a motor vehicle—in ways that lead to new and different consequences?

By working to answer these questions and examining the ecological
effects of roads, we can better determine our priorities for future road man-
agement. Using effective outreach and education, land maragers may find
it increasingly feasible to remove or limit roads where they present signif-
<cant ecological hazards and provide comparatively little access or public
benefit, Even where the decisions are more difficult, for example when a
popular road carries major ecological lizbilities, a thorough understand-
ing of road impacts will help us evaluate long-termn management priori-
ties. This knowledge—the sciesia of roads—provides a critical link in eval-
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uating and determining the future of roads and motorized access on pub-
lic lands.

The ecological ¢ffects of roads can be lumped broadly into two cate-
gories: use effects and presence effects. Use effects, or impacts caused by
buman activities on roads, include some of the more commonly noticed
effects from roads such as animals killed by collisions with vehicies (road-
kill), road-based logging or mining operations, increased access for hunt-
ing and fishing, and the transport and dispersal of exotic plants. Presence
effects, those impacts triggered simply by the existence of the road on the
landscape, can be both subtle and long lasting. On land they generate ero-
sion, habitat fragmentation and loss, soil compaction, and icreased edge
habitat. Aquatic impacts range from increasing sedimentation to chang-
ing the way water moves through the landscape.

These two categories—use effects and presence effects—prove helpful
for a broad conceptual framework, even if they do not offer a perfect fit
for every ecological consequence of roads. On occasion, the categories
overlap. For example, erosion occurs both from the use of a road and from
its mere presence on the land, Similarly, invasive weeds enter roaded areas
both from active human transport and by wind, water, or wildlife disper-
sal in the road corridor. Ecological effects might also be classified usefully
into categories such as aquatic and terrestrial, intentional and inadvertent,
or direct and indirect. But for our purposes here, classifying road impacts
by use effects and presence effects is the most appropriate because that
division links the ecological consequences of roads most clearly to their
causes. This can, in turn, help guide managers and citizens to address
road-related problems.

Like most forms of technology, roads come with both negative and pos-
itive effects. Historically, we have emphasized the socially or economicalty
beneficial aspects of roads, while some of the negative ecological effects
have gained recognition largely in the final decades of the twentieth cen-
tury. Tens of thousands of road miles built on national forest lands in the
Pacific Northwest gave access to timber harvests initially, but more re-
cently we have recognized the roads’ role causing widespread erosion and
damage to trout and salmon fisheries. Similarly, millions of visitors enjoy
driving the paved routes through national parks, but with escalating use
these roads also generate pollution and disturbance problems.

To differing perspectives, the same road can be either boon or bane.
Backcountry enthusiasts might lament a road popular with weekend
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drivers. Other roads have simply not been maintained adequately and in
their neglect cause problems ranging from inconvenient “washboard™” ruts
to blocked drainage culverts and massive landslides. Vehicle collisions kil{
hundreds of millions of animals every year, but roadkill also provides a
ready food source for scavengers.

Through it all one fact remains evident and clear; roads wield a tremen-
dous influence on the plants, animals, waters, lands, people, and natural
systems of the United States (and much of the rest of the planet). A sig-
nificant majority of these effects prove detrimental to biodiversity and
ecosystem integrity.

Research on the ecological effects of roads comes from (and applies)
beyond public lands or the boundaries of the United States. In fact, road
studies include data from several continents and many types of roads. This
chapter, then, addresses the ecological effects of roads generally, but with
an emphasis on impacts that apply to roads most common to public lands.

Use Effects of Roads

At some point in its history, every road receives use of some kind.
Activities range from the road construction work itself to a limited
period of logging or resource extraction to casual recreational driving
or intensive tourism. Every use of a road brings with it a different array
of effects. Depending upon soils, slope, construction methods and road
quality, climate, and other factors, even the same uses will lead to dif-
ferent effects at different times or in different places. In some areas, such
as national forests or national parks, road construction can turn a for-
merly peaceful, remote landscape into a rolling zone of heavy indus-
trial activity. :

Of course, most roads are not only constructed, they are also driven
upon. With vehicular use, new effects of roads quickly emerge. The
sight of roadkilled animals has grown so commonplace to most Amer-
icans, the term mow sometimes lends itself freely to recipe books,
armadillo jokes, and gag food items such as prepackaged “Ropadikill
Helper.” The amount of roadkill carnage, however, i3 no laughing mat-
ter: researchers estimate that 1 million vertebrates die every day on
raads in the United States."

Not all roall use effects are as inadvertent as vehicle collisions. Hunt-
ing and fishing both lead to stress, disturbance, and mortality in wildlife
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and fish populations.? Some major bunting organizations now advocate
for road closures and road removal on public Jands in an effort to increase
big game habitat security and improve the quality of hunting experiences.’
Increasingly, hunters concerned with ethics and fair chase have recognized
that roads and road-based hunting diminish the habitat for the animais
as well ag the reputations and experiences of the hunters.

On a broader scale, the human use of roads contributes to dramatic
landscape conversions that can change the ecological processes, commu-
nity structure, population size, and species composition of a place for the
long term, From the Appalachian Mouatains to the Cascades, if you see
a logped forest, chances are good that you will also see a logging road, The
mining industry is similarly dependent upon roads. The ranching indus-
try also accounts for its share of road miles and use on public lands, while
recreation, considered a “nonconsumptive” use of public lands by many
commentators in the past, shows an increasing ability to create lasting
impacts.*

Roads on public lands are also closely linked to developments for
administrators and visitors, Hunman developments and use create impacts
of disturbance and noise, air pollution and dust. Though chemical pollu-
tion from road use is not often as obvious as dust billowing from a pass-
ing vehicle, it is nevertheless a significant environmental effect. Road use
can also exacerbate surface erosion, particularly on unpaved road surfaces.
Human activity on roads provides a vector for biological invasion in many
forms.

Road Construction Impacts

Even a relatively simple constructed road, such as an access route across
flat Bureau of Land Management (BLM) land in the desert, requires a
bulldozer to peel back the vegetation and surface soil layers to create a dri-
vable roadbed. Few studies exist of actual plant and animal deaths caused
by road construction directly, but for immobile plants and slow-moving
animals on or beneath the construction route, destrurtion is virtually cer-
tain. With more than 8 million miles of road lanes in the lower forty-eight

- states (on all types of land, private and public), the land area directly cov-

ered by road surface is approximately 18,700 square miles—space enough
to grade Massachusetts, Connecticut, Rhode Island, and Delaware in their
entirety, and still offer 2,000 square miles of roadbed for parking.®
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Shaving these numbers down to apply more strictly to federal lands, pub-
lic land roads would still more than cover Rhode Island.¢ For a significant
area of land, then, road construction has scoured natural babitat,

Vehicle Collisions and Roadkill

More than 100 people die each year as a result of vehicle—deer collisions,
tens of thousands more are injured, and property damage costs range into
the tens of millions of dollars.” Vehicle collisions kill species across the
spectrum, from owls to frogs and grizzly bears to rattlesnakes.? In Alaska's
Kenai National Wildlife Refuge, roadkill is the leading cause of death for
moose.’ On average in Pennsylvania, vehicles kill more than one black
bear per week and more than 115 deer each day.'® A Federal Highway
Adminjstration survey of selected roads in the Carolinas, Ilinois, Oregon,
and California counted 15,000 roadkilled reptiles and amphibians, 24,000
small mammals, and 24,000 large mammals—in a single momnth.*!

Despite their ability to fly, birds also die in great mumbers from vehicle
collisions. The Federal Highway Administration count that sampled less
than 0.3 percent of the entire interstate system still tallied more than
77,000 dead birds.'? Although some species, such as red-winged and
Brewer's blackbirds are attracted to roadside habitats and therefore com-
prise a large percentage of avian roadiill, the dead birds represented dozens
of species with a wide range of ecological needs and habitats. The inter-
state highway mortality counts included, among others, mallards, mourn-
ing doves, yellow-billed cuckoos, eastern kingbirds, goldfinches, orioles,
swallows, nighthawks, meadowlarks, cardinals, jays, rufous-sided towhees,
dickeissels, warblers, sparrows, and grosbeaks.!? Other studies have doc-
umented significant roadkill deaths for raptors including kestrels, north-
ern saw-whet owls, and eastern screech owls. !4

While high-speed vehicle collisions present a widespread threat for
many large or highly mobile species, for small or slow-moving organisms
even moderate road traffic on a typical public lands road can be devastat-
ing. Amphibians’ small size, slow speed, and restrictive habitat and breed-
ing requirements make them particularly vulnerable to major losses from
roadkill, even on low-volume roads with relatively slow vehicle speeds.1s
Although higher traffic volumes typically lead to greater roadkill, one
study estimated that a modest flow of 26 cars per hour could reduce road-
crossing toads’ survival rate to zero.'¢ Elsewhere, 50 percent of migrat-
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ing toads were killed while trying to cross a road with traffic of 24 to 40
cars per hour.'” Vehicle-caused amphibian deaths are so widespread and
numerous, some scientists now contend roadkill is a contributing factor in
the global decline of frog and salamander populations.’®

Reptiles such as snakes fare poorly on roads as well; they are attracted
to warm road sutfaces, move relatively slowly, and offer a large target as
they crawl or stretch across roadways.!” Regionally and federally endan-
gered snake populations can be seriously affected by roadkill mortality,
and scientists estimate that hundreds of millions of snakes may have been
killed on U.S. roads in recent decades.”®

Although roadkill obviously impacts a great number of individuals in
dramatic fashion, its importance ecologically remaing a matter of some
debate. For common, highly adaptable species such as raccoons, blackbirds,
or white-tailed deer, vehicle collisions destroy thousands of individuals
every month. This may lead to important changes at the local or commu-
nity level—and is certainly an issue for animal rights advocates—but over-
ail species viability is probably not impaired by roadkill. On the other hand,
populations of endemic, infecund, or rare species can be significantly
impacted by vehicle collisions. The ocelot, Florida Key deer, and Ameri-
can crocodile are each federally designated Endangered Species. Though
broader habitat protection and restoration will be crucial to the long-term
survival of these species, vehicle collisions are currently their leading source
of mortality.?! In the future, as vehicle numbers or speeds increase, the im-
pacts of roadkil! on wildlife are likely to grow, not diminish.

Access for Hunting, Fisking, and Poaching

In general, with greater road access, the greater the hunting or fishing pres-
sure becomes. Although grizzly bears are protected as a Threatened Species
in Montana, Idaho, Wyoming, and Washington, each year grizzlies still
die at muzzlepoint due to cases of mistaken identity during legal black
bear hunts. During the spring black bear season of 2000, hunters in Mon-
tana and Wyoming mistakenly killed at least five grizzly bears. llegal
poaching also contributes to bear mortality, as does the occasional self-

* defense killing when hunters or other armed recreationists find themselves

threatened or charged. Studies have shown that the majority of grizzly
bear deaths in Montana occur within 1 mile of motorized access—a result
of poaching, mistaken identity hunting, vehicle collisions, and other
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human-bear encounters.?® Throughout the grizzly's remaining range in
the Rocky Mountains, proximity to roads and human activities has proven
lethal: in northwestetn Montana, 189 grizzlies have died at human hands
since 1985, while in the Yellowstone ecosystem 46 grizzlies died from
agency control actions, seif-defense, or “other legal ways"” between 1992
and 1997.24In 1993, the U.S. Fish and Wildlife Service identified roads as
a primary factor in bear survival, stating, “Roads probably pose the most
imminent threat to grizzly bear habitat today."%

In Yellowstone Lake, home to the world's largest population of Yel-
lowstone cutthroat trout, illegally introduced lake trout now threaten
the cutthroats’ long-term prospects. Unlike cutthroats, lake trout are
deepwater fish that spawn in the fall. They also cat cutthroat trout and
may jeopardize the futnre of the area's grizzly bears, river otters, bald
eagles, and ospreys who currently rely npon the cutthroat as a source
of protein and caloties in the spring. Yellowstone Lake is rimmed on
two sides by paved roads, and without this easy road access it would
have been extremely difficult to transport live lake tront into Yellow-
stone Lake.

Extending the Reach of Extractive Industry

As the majority of national forest road miles attest, the logging industry
relies heavily upon road access. Roads enable crews to scout timber for its
commercial potential, cut and clear forests, transport logs for milling and
sale, and return to cutover lands for burning, post-commercial thinning,
or revegetation work. While road-free helicopter or water-based logging
operations are possible, these methods are seldom cost-effective or prac-
tical to implemnent.

Even prospectors in the gold rush days of the 18005 required roads (or
railroads) to remove their ore for processing and sale; in many remote
reaches of the Rocky Mountains, Sierras, Cascades, and Alaska Range,
rotting roadbeds still linger from these century-old efforts. The modern
mining industry often relies upon huge land-moving machines to create
the oper pits favored by copper and gold mining operations. Roads lead-
ing in and out of such mines must be able to handle trucks bearing hun-
dreds of tons of ore carried on tires the size of a small house.

In southern Utah's canyon country, one of the country’s most rugged
and remote regions, the post—World War I uranium boom led to the
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development of prospecting roads on a number of lands managed by the
BLM. To this day, areas featuring the uranium-rich mossback and chinle
layers bear scars from the experience, Similar, even shorter-lived booms
for oil shale and tar sands development sparked to life in Colorado and
Utah. Long after Exxon, Chevron and other corporations pulied out of
the area, the remnants of their mining dreams remain in the form of roads
and dzill pads in otherwise remote places.

Many ranchers and land managers drive trucks on BLM or national
forest grazing allotments to work on fences, maintain water tanks, or
round up livestock. The characteristic two-track roads that paralle] fence-
lines create less soil compaction or habitat fragmentation than their heav-
ily constructed counterparts, but such user-developed tracks are prone to
erosion and gullying, piay a role in plant invasions, and can facilitate sec-
ondary impacts to the area due to increased recreation or herbicides
gprayed for weed control,

In addition to the long list of environmental effects caused by motor-
ized recreation (see Chapter 5), mountain bicyclists, equestrians, cross-
country skiers, and hikers each create impacts, including noxious weed
dispersal, soil compaction, erosion, wildlife disturbance, and damage to
vegetation.?® More to the point, roads increase the reach and distribution
of these uses by enabling recreationists to travel farther afield before
launching into their activity of choice. The average wilderness hiker, for
example, ventures just a handful of miles from a road-accessible trailhead,
while the majority of national park visitors keep to within a few hundred
yards of paved roads. Clearly, the more sprawling the road system, the
more extensively recreational use will penetrate backcountry areas.

Recreational Developments and Tourism

Particularly in national parks, employee and visitor facilities have earned
a reputation for their environmental impacts. Raw sewage spills in Glac-
ier and Yellowstone National Parks made headlines in 1999 and 2000.2
In national parks from Acadia in Maine to Big Bend in Texas, park roads
and their subsequent human developments cause habituation problems

- for wildlife as varied as moose, mammots, mountain goats, skunks, collared

peccary, and bear. In national forests, the Term Permit Act of 1915 pro-
moted recreational developments that included thousands of lodges, cab-
ias, developed camps, and ski areas, many of which still exist today.2 All
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of these developments depended upon existing roads or their eventual cop-
struction 10 assure €asy access.

Nvise Pollution and Disturbance Impacts

Different animals respond differently to noise and disturbance. Bald eagle
reproduction is known to diminish with proximity to roads, while both
bald and golden eagles preferentially nest away from roads and human dis-
turbance.® Sandhill cranes avoid nesting near peved and graveled roads
but seem to tolerate private roads—a possible indication that the birds will
adjust to low levels of consistent use.®

In the northern Rockies, researchers have found grizzly bears living dis-
proportionately in the least-roaded areas of study sites. Black bears, com-
mon to public lands from Pennsylvania to California, suffer higher mor-
tality in areas with more roads.’! Elk and deer have been shown to avoid
areas within 200 yards of heavily used roads, and in Idaho, when road
densities increased beyond 2 miles of road per square mile of land, elk
habitat effectiveness dropped below 50 percent.*?

Other animals apparentty choose to live in [andscapes characterized by
disturbance. Despite suffering high levels of juvenile mortality to roadkill,
swift fox in the midwestern United States show a strong preference for road
verges and typically choose den sites within 230 meters of them.” A study
of mallardsin North Dakota also found a preference for nesting near roads,
though nest success in road right-of-ways was only 3 percent,* Other small
matnmal and bird species are also known to live preferentially along road-
ways.?’ Researchers suspect that mallards, swift fox, and other species
choose nest sites and roadside habitat not from an actual affinity for roads
as much as from an ability to tolerate disturbance more successfully than
predators or competing species. If the advantage gained by decreased pre-
dation or competition exceeds the negative impacts of roadkill mortality
or disturbance, then species might survive well in roadside habitat.

Still other species can actually thrive in disturbed landscapes. Brown-
headed cowbirds, racooons, starlings, skunks, and various rodents are well-
known for their ability to handle loud, busy, and even heavily developed
urban environments. Opportunistic predators such as foxes and coyotes
can increase their hunting success with the long sight distances along road
corridors, but these same animals may suffer from high mortality if they
linger near roads, Particularly for animals dispersing from expanding pop-
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ulations, some individuals also manage to survive long enough to pass
through heavily roaded zones between one secure habitat and the next.
Studies in Minnesota have found that wolves can survive in areas with rel-
atively high road densities as long as they are contiguous to areas with few
r1oads,* Avoidance, after all, can mean many things, from using areas of
habitat less than expected to altering seasonal migration patterns.”

Air Pollution and Dust

For residents of virtually any modern metropolitan arez, autornobiles and
the dense network of roads are easily linked as sources of air pollution.
Yet even broadly dispersed roads on public Iands contribute to localized
problems of air quality. Studies have found that heavy metals such as lead,
aluminum, cadmium, copper, and zinc car occur in elevated levels up to
200 meters from roads.”® Airborne lead particles, for example, are also
small enough to pass through open stomata of leaves and may also be
taken in by roots.*® With the conversion to unleaded gasoline in the United
States, lead contamination is less prevalent from emissions than it once
was. Lead oxide in tires still poses an active source, however, and lead per-
sists in soils and the food web for extended periods of time %

Road use, especially of dirt, gravel, or other soft-surfaced roads, gen-
crates and disperses dust in levels that vary depending upon soil moisture
content, particle size, and traffic volurne. Road dust on plants can lead to
a number of problems, including reductions in photosynthests, respira-
tion, and transpiration, as well as physical injury.4

Rood Susface Treatments and Chemical Pollution

Road surface treatments—te control dust, ice, or weeds—present some of
the most common and widespread forms of chemical pollution. To sup-
press dust on dirt roads, in the 1970s more than 160 million gallons of
used crankcase oil were sprayed on roads in the United States each year 2
With less than 20 percent of this oil binding to the road surface, some 80
million gailons were free to wash into nearby soils and streams.** By com-
parison, 1989's Exxon Valdez disaster dumped 11 million gallons of oil
into the waters of Prince William Sound.

Road salts used for deicing also contribute a remendous quantity of con-
taminants to nearby lands and waters. Deicing salts typically consist of
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sodium chloride, but calcium chloride, potassium chloride, and magnesium
chloride are also common ingredients.* These saits alter soil and water pH
and chemical composition, which in turn can affect plant productivity,
aguatic biota, and the ecological dynamics of streams and lakes.** Sodium
concentrations in soil can also displace nutrients critical to physiological
function in plants.% Though deicing salts are primarily used on paved routes,
with the heaviest concentrations inurban areas and highways, they are also
used on many roads on federal land and can be transported easily in solo-
tion, in snowpack, as airborne particles, and on vehicles.*” In the 1970s,
highway deicing programs used 10 million tons of sodium chloride, 11 mil-
lion tons of abrasives (such as sand), and 30,000 tons of calcium chloride.
Deicing salts can also create a dangerous roadside attraction for wildlife

Application of herbicides along roads for weed control is standard prac-
tice even on closed road systems for many land managers, though the over-
all quantity of chemicals applied and their ecological impacts have not
been well-studied. Common chemicals such as picloram and clopyralid
are known to persist in soil for a year or longer, be highly mobile in water,
and be lethal to many nontarget plants and some aquatic organisms.*® A
single national forest in western Montana reports an annual roadside
application of approximately 100 gallons of herbicide to control exotic
weeds such as spotted knapweed, dalmation toadflax, and leafy sputge,
though this amount is only adequate to treat §.3 percent of the weed-
infested acres in the forest.®

Surface Erosior and Soil Loss

Although erosion increases in roaded lands with or without vehicular traf-
fic, road use in wet conditions can create ruts that increase channelization,
downcutting, and the velocity of surface flow down roadbeds. In dry con-
ditions, road use and tire spin can scrape surface soil layers, cause uneven
wear of road surfaces, generate dust, and lead to soil loss both through the
air and down slopes.

Tllegal, user-created roads lack the plarming, grading, and maintenance of
many constructed routes and are particularly susceptible to erosion from use.
These “ghost” roads (eerily absent from most agency maps) often run up
ridgelines, across streams, through wetlands, or on steep slopes where vehic-
ular use even at low levels can displace soil or damage natural landscapes.
The Forest Service now estimates there are more than 60,000 miles of ghost
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roads on its lands and anticipates “that future inventories will verify the exis-
tence of substantially more miles of unclassified roads.”

Vehicles and Vectors for Invasion

Roads create many of the optimal conditions for biological invasions: a linear
habitat disturbance that can extend for miles and connect with other linzar dis-
turbances, a light gap, the absence of competing vegetation (at least initially),
and a route for easy dispersal—by wind, wildlife; water, or human activity.

Weeds and seeds can enter from the initial activity of road construction

or from repeated uses by motor vehicles, bicyclists, livestock, pets, or pedes-
trians. People also introduce exotic species intentionally along roads to accel-
crate revegetation and decrease erosion, for aesthetics or from ignorance
(including feral fruit trees started by fruit tossed from passing vehicles™),

Of the road-based dispersers, motor vehicles are able to travel the great-
est distance in the shortest time, This makes them exceedingly effective
at spreading invasions of certain types of plant seeds. In Montana, the
invasion of the noxious Eurasian weed, tansy ragwart (Senecio jacobaea),
is directly attributable to its arrival on logging equipment,* In Oregon and
California, spores of an exotic root disease lethal to the endemic Port
Orford cedar are primarily transported in soil carried by vehicles and road-
way drainages.™ A 1988 study noted that the spread of at least three other
pest species in the Northwest—gypsy moth, black stain root disease, and
spotted knapweed-—has been facilitated by logging roads and their traf-
fic.3 Other types of seeds, such as the invasive hound’s-tongue, form burs
that cling to clothing or animal fur, which can then disperse as people or
other animals travel along road corridors.

On public lands in Utah and Nevada, research determined that road-
sides are substantially more invaded and contained fewer native species
and more exotics than adjacent interior habitat. Improved or wider roads
led to a greater percentage and abundance of nonnative species, and roads
acted as conduits for invasions, especially when they passed through areas
of multipfe use common to BLM lands and national forests.%

Presence Effects of Roads

Even without human activity, roads create a number of significant eco-
logical effects simply by their presence. These presence effects are often
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far-reaching, both spatially and temporally, and can combine with other
presence or use effects to create dramatic impacts on landscapes and
watersheds. It is important to recognize that roads have impacts even
when they are closed to driving or receiving no use, since many land
managers treat closed roads as if they were ecologically benign. (As dis-
cussed in Chapter 7, many road closures are also not effective at pre-
venting all motorized use.) In fact, presence cffects likely cause as many
or more impacts than use effects, and often they are more difficult to
mitigate or remove. Gravel and unsurfaced roads, in particular, are
sources of long-term sil loss and erosion, even in the absence of vehic-
ular use. Presence effects come in two broad classes: terrestrial and
aquatic.

Terrestrial Impacts of Roads

Since the day that the first wheel mired in mud or loose soil, the presence
of a compacted surface has been one of the critical and foremost features
of a road. The compacted roadbed has proven itself a great asset to travel
for creatures on foot, in buggies, and in motor vehicles. As a general rule,
if you live or travel above ground, the more compacted the road, the
swifter and easier the journey. For organisms who live or root inside the
soil, however, compaction can pose a prohibitive obstacle.

Roads slice up forests and other lands to create fragments of habitat
that can no longer support the number or diversity of species found in
large, unroaded areas. One common way of trying to assess the degree
of fragmentation caused by roads is to calculate the road density. Typi-
cally expressed as miles of road per square mile of land or kilometer of
road per square kilometer of land, road density has become an increas-
ingly useful tool for scientists and land managers to estimate the condition
of the land and habitat.

‘While roads and their subsequent habitat changes create a competitive
advantage or disadvantage for some species, for small-bodied organisms
roads can create nearly impenetrable barriers to travel. With more than
1,200 square miles of public lands actually covered by roads—and an even
larger amount of land subsequently affected by soil compaction, biologi-
cal invasions, or light gaps—direct habitat and landscape changes from
roads are substantial. Including both use and presence effects, scientists
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consider more than 20 percent of the contiguous United States *ecologi-
cally altered” by roads.s?

Soil Compaction
Soil is composed of minerals, air spaces, water, and living organisms. The
air spaces in soil are important for soil stability, permeability, and water
absorption; as microenvironments for the living organisms in soil; and to
insulate lower layers from surface heating and freezing, % These spaces also
allow plants to establish roots and create microenvironments for the Liv-
ing organisms in soil. Air and water also insulate deeper layers from
extreme temperature fluctuations at the soil surface. Compaction from
road construction eliminates air spaces and expels water molecules, often
creating a matrix that ig lethal to subsoil organisms and too dense to aliow
plants to take root and grow. In fact, road construction can increase soil
density more than 200 times above that of undisturbed sites, %

Soil compaction can persist for decades and has been found to increase
over time, even after roads are no longer used.® The hard surface of a
road—particularly blacktopping—also increases the surface temperature.
This creates abnormally warm habitat areas at night, which may in tum
attract birds or reptiles and expose them to heightened risk of roadkill

Leaf litter, a key soil-building component, has also been shown to
decline with proximity to roads. Soil macroinvertebrates such as insects
and worms are significantly less ahundant and diverse near unpaved for-
est roads. These impacts can then affect salamanders, birds, and other
organisms reliant upon the food or shelter normally provided by these
plants, soil nutrients, and invertebrates %

Sodl Loss

With compacted soils of unpaved roadbeds disconuraging revegetation, the
exposed dint surface that remains is less stable and more prone to erosion
than vegetated, undisturbed sites. Even where grasses, shrubs, or trees
manage to recolonize, roads built into hillsides feature cutslopes and fill

* materials that are difficult to stabilize over the long term (see figure 3-1).

On open road systems, even with little to no use, roads and their verges
continue to erode at a higher rate than undisturbed sites with similar char-
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Figure 3-1: Components of a road. (Courtesy of Wildlands Center for Preventing
Roads.)

acteristics. Paved roadbeds tend to hold soils in place, but cutslopes and fill
matenal can still be highly unstable and lead to accelerated soit loss.

Habitat Fragmentation

As roads increase in nurnber and length, the size of unroaded watersheds
or habitat blocks steadily decreases. This fragmentation cornmontly reduces
wildlife populations and creates a loss of biological diversity. For organisms
adapted to conditions in a forest's shaded interior, such as the northern
goshawk, sported owl, marbeled rmurrelet, fisher, or woodland caribou, the
diminished amount of available forage and shelter may prove insurmount-
able. A growing number of interior-dependent species such as these are now
extirpated, endangered, or threatened in the continental United States.

Though logging practices have received well-deserved scrutiny in recent
decades, roads actually create more enduring and expansive landscape
fragmentation than clear-cuts.* Roads open forested lands to increased
light, temperature extremes, and wind. With each of these changed con-
ditions, new animal and plant species can move in and colonize areas for-
merly inaccessible to them. In part, this explains population and range
increases for species such as raccoons, skunks, starlings, white-tailed deer,
and coyotes who are able to thrive in “edge habitats” characterized by
openings in the forest canopy.
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Increases in edge habitat can similarly explain the historic decline of
some songbirds who are unable to survive predation or edge-adapted
birds. Although songbirds such as scariet tanagers, red-eyed vireos, great
crested flycatchers, or prothonotary warblers may not actively avoid thin
corridor openings such as those created by roads, road gaps are wide
enough to attract predatory or parasitic species such as oppossum, rac-
coon, and brown-headed cowbirds.®® The parasitic cowbird is particularly
effective at displacing interior songbirds, ag it 1ays eggs in other birds’ nests
then leaves all rearing duties to the surrogate parents. The quick-growing
cowbird young can then gutcompete their more diminutive nestmates, fur-
ther accelerating the cowbirds’ colonization of edge habitats from one gen-
eration to the next.

A nnmber of studies have also determined upper rapges of tolerance for
species and road density. Such studies rarely distinguish whether use effects
or presence effects are the key 1o species” survival, but for maay large ani-
mals 1 to 2 miles per square mile of road density is where habitat effective-
ness drops to the potat of species loss or population declines. Mountain Hom,
elk, and wolves, for example, each show population declines as road densi-
ties rise above 1 mile per square mile.%

Wildlife Barriers and Corridors

Roads and other linear structures such as levees and dikes obstruct
amphibians, ground-dweiling mammals, and other small, slow creatures
such as snails and insects. Research has shown that roads act as barriers
to salamanders and frogs trying to cross from forested areas to other habi-
tats, but it is not clear whethet the effect is due to simple avoidance or from
increases in mortality®”

Other studies have found that redback voles, dusky woodrats, white-
tailed antelope squirrels, and other small mammals rarely cross onto road
surfaces, even with distances as narrow as 10 feet and traffic rates of only
ten to twenty cars per day.® Animals such as spiders and beetles have been
found to cross roads—even those closed to traffic—rarely or never.%
Roads present an obstacle even for larger animals, such as mountain lion,

* pronghorn, or black bear (bear crossings vary dramatically depending

upon human traffic).™
After many generations, the isolation created by road barriers may sub-
ject small populations to increased risks from limited genetic diversity. A
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diminished, localized population may not be resitient encugh to survive
events such as floods, drought, or fire that posed only a limited threat to
a large, diverse population. Similarly, with a reduced gene pool small pop-
ulations can be lethally susceptible over time to the emergence of unhealthy
traits or defects caused by inbreeding,

Under some conditions, rcads may facilitate animal movements,
reduce energy expenditures, and attract wildlife. Bison herds in Yellow-
stone National Park have expanded in recent years, due in large part to
highet winter survival and ease of movement on roadways compacted by
snowmachine use ”* Similarly, roads cleared of snow in Alaska attract cari-
bou, despite a subsequent increase in mortality from vehicle collisions.™
Even grizzly bears and wolves, who genemally avoid roads, will travel on
closed or low-use road systems in certain conditions and seasons.

The impacts of roads on wildlife corriders are of critical importance,
since in many parts of the country the most common landscape matrix
is one of roads and arcas strongly influenced by roads. More than 80 per-
cent of the land in the Cherokee National Forest in Termnessee, for instance,
is within a 10-minute walk from a road.”™

Aquatic Impacts and Fisheries
Studies on deet, elk, and other prominent terrestrial wildlife species some-
times elicit the most public concern, but ecologists are increasingly point-
ing to roads as a factor in the decline of trout, salmon, and other aquatic
populations, Sediment generated by exposed road surfaces, road-triggered
landslides, and slumping slopes have contributed significantly to clogged
spawning beds and diminished productivity in the waters of the Pacific
Northwest and elsewhere. Endangered species listings for bull trout and
Pacific salmon runs have helped to focus managers’ attention on roads and
the role of increased sediment in spawning redds. Some of the most sig-
mificant aquatic effects of roads come from altered hydrology, or changes
in the way water flows through soil and across the land.

While researchers of terrestrial species such as wolves, bear, and elk
have found sirong patterns of adverse effects when road densities exceed
1 mile per square mile, it is very difficult to isolate road density or any
other single factor and determine how it contributes to the conditions in
a specific river or stream. Many factors affect how roads impact streams,
rivers, and their associated plants and animals, The distance of roads from
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FPhoto 3-1: If they are not properly maintained, culverts can clog with debris and
cause serious road damage, such as this collapse in the Boise National Forest.

- (Courtesy of Predator Conservation Alliance.)

waterways, the proportion of sand or clay in soils, the slope on which
roads are built, climate, streamn crossings and culvert designs, construction
methods, road use, vegetation, and other qualities all relate to the way
roads actually impact aquatic systems. Despite these complicating factors,
there is substantial evidence that high road densities in a watershed will
consistently correspond to degraded water quality and impaired fisheries.

Roads establish barriers to aquatic systems primarily where they cross
streams. Although it is possible to copstruct bridge and culvert crossings
in a manner that causes little disruption to water flow or the passage of
biota, improper maintenance or construction decisions often lead to
stream crossings that create aquatic barriers, Intermittent stream channels
can sometimes fill in completely, blocking reliable surface water flow and
promoting large-scale “blowouts” when seasonal runoff washes away the
impeding roadfill. Culverts, the large pipes used to channel water beneath
road surfaces, may not be big enough to clear debris so they become
clogged with organic matter, sediments, or trash, which then increases the
likelihood of a road blowout (see photo 3-1). Wood or metal pipe culverts
can rot or rust and fail to transport water, causing serious cross-road ero-
sion (photo 3-2). And not least, poorly placed pipes often become
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o flow across roads and cause damage, (Courtesy of Redwood National Park.)

hanging or “shotgun” culverts that poke several feet out from the road
prism or streambed, making upstream migrations impossible and carv-
ing deep erosion pits where the water plunges against the slope below.

Sedimentation and Erosion

In areas with high road densities, steep slopes, and unstable soils—which
occur with some frequency in trout and salmon habitat in Idaho, the Cas-
cades, and Sierra Nevada—roads combine with dams, overfishing, and
impacts from logging as an important cause of population declines. A
Montana study of watersheds in threatened bull trout habitat found that
healthy trout populations correlated most strongly with an absence of
roads.” Many scientists now recognize that the healthiest rernaining bull
trout populations exist in the least-disrupted watersheds.”

Studies of more than 1,400 landslides in the Boise and Clearwater
national forests in Idaho found that 88 percent were road related. Else-
where, on Idaho's South Fork of the Salmon River, 80 of B9 slides were
associated with roads  Research on the nearby Payette National Forest
also linked levels of fine sediments in streams to road densities.”
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Researchers have established that “roads are the primary cause of accel-
erated erosion and sedimentation™?® in watersheds and that average sur-
face erosion rates increased 220 times on lands with timber roads com-
pared to undisturbed forest slopes.™

Since many freshwater species—from aquatic invertebrates such as
stonefly and mayfly larvae to the tront and salmon who feed on them—-
depend upon clear, cobbled substrates for some stage of their life cycles,
2 sediment-clogged stretch of river can lead to severe declipes in species’
vigor and abundance,

Barriers to Fish Migration
Problems caused by poorly maintained stream crossings and road culverts
are far from hypothetical. The Forest Service has identified a massive main-
tenance and reconstruction backlog on national forest roads.® Poorly rnain-
tained culverts and their accompanying impacts on water quality and stream
connectivity are consistently one of the largest items of concern for poorly
maintained roads. A study in Idaho determined that nearly 20 percent of
the significant road-related erosion problems involved malfunctioning or
poorly maintained culverts.?! Another study asserted that alf culverts that
are abandoned and not properly maintained will eventually fail &

Paradoxically, unmaintained or hanging culverts have been implicated
in both species imperilment and species protection. Whereas the broken
connectivity of a stream channel can sever headwater areas frotn trout or
salmon populations attempting to migrate to histaric spawning redds, on
occasion such isolation has also protected localized populations from
genetic dilution or competition from introduced species downstream.
Headwaters populations of westslope cutthreat trout in scuthwestern
Montana, for instance, include some of the few genetically pure strains
found anywhere. With introduced rainhow or Yellowstone cutthroat trout
living downstream, land managers attribute the headwater populations’
purity to hanging culverts and poorly maintained rozd crossings that have
prevented migration and interbreeding between the populations,®?

Hydrologic Changes from Roads

On a naturally unroaded slope, water from rain or snowmelt percolates
into soil and gradually flows downhill. Moving through the air spaces in
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Photo 3-3: Road surface eTosion caused, in part, by the conversion of water from
subsurface to surface flow.

uncompacted soil, this “sheet flow” of water canses little erosion and takes
place steadily and slowly throughout the year. Springs and hillside wet-
lands often exist where subsurface water intersects a natural depression or
shelf of hedrock and flows to the surface,

Road construction triggers muitiple changes in the hydrology of a slope
and converts gentle, subsurface flow into more rapid and concentrated
runoff at the surface. The cutslope at the uphill edge of a road interrupts
subsurface water and redirects it to roadside ditches, cross-road culverts
or the road surface (photo 3-3). With roads converting the diffused sheet
flow beneath the surface to a more concentrated pulse of surface water,
roaded areas experience peak flows (i.e., seasonal runoff) characterized by
higher volumes that crest more quickly.®

When combined with clear-cuts, roads produce significant long-term
increases in both the magnitude and the duration of peak flows, essentially
creating conditions more prone to flooding® Higher peak flows also
increase soil erosion and sediment loads carned into streams, rivers, and
lakes.

In fitting testimony to the complexity of natural systems, roads not only
contribute to the disruption of aquatic systems, but also unnaturally mix the
fiow of formerly distinct watersheds. By cutting across slopes and convert-
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ing subsurface flow to surface runoff, some roads carry water originally-des-
tined for one watershed and channel it into neighboring drainages. Such
road-generated transbasin diversions pale in comparison to intentional diver-
sion projects in the Tennessee Valley, Colorado Front Range, or desert
Southwest, but for small drainages high in a watershed ot for spring-fed sys-
tems, even these minor shifts in runoff can sericusly alter the local landscape
and its residents. If a spring dries up because a road upslope diverts sub-
surface flow out of the drainage basin, then the community of animals and
plants that once depended upon that oasis may be displaced or perish.

Implications of the Ecological Effects of Roads

An abundance of roads can carry obvious benefits to transportation and
commerce, but the long-term ecological consequences may be slower to
unfold. “Hyperfragmentation,” which includes the combined effects of
habitat loss and fragmentation on both terrestrial and aquatic ecosystems,
may lead to ever more serious problems of water quality, diminished
wildlife habitat, species imperilment, and biological impoverishment in
the years ahead.’ Furthermore, the effects of a road may extend for
more than a mile from the road itself and the full impacts may not emerge
for dozens of years 5’ In other words, our assessment of ecological con-
ditions today may better reflect the activities and road densities from
several decades ago thag the true impacts of today’s roads and landscape
changes ®

Although a number of the effects of roads have likely not yet even
emerged, we can apply what we know now to try to anticipate our future
needs and values. For public lands with specific management directives,
what we know about roads and their ecological effects ought to play an
important role in agency decisions. The National Wildlife Refuge System,
for example, is dedicated primarily to the conservation of fish, wildlife,
and plants. Information about the ecological effects of roads should be rel-
atively easy to incorporate into refuge plans to help managers meet their
conservation objectives. Unfortunately, even on our public lands with the
clearest mandates, the relevant science of roads can become subverted to
local or political pressures.

Such pressures highlight the need for well-informed citizens to partic-
ipate in public land decisions, many of which involve questions of roads
and access. Whether to protect and restore salmon runs in the Pacific
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Northwest or endangered ctocodiles and panthers in Florida, how we
manage road systems makes a dramatic difference. By engaging in the
public decision-making process, citizens and conservationists can play an
important role in determining how public lands will be managed and that
we apply science appropriately.

Our understanding of the ecological effects of roads can also help
shape specific management decisions. When presence effects of roads are
the dominant problem, managers should work on road surface treatments,
stream crossings, s0il decompaction, or other habitat restoration measures,
When use effects are the overriding problem, then simple road closures
might suffice, as long as closures can be made effective over time. Where
both use and presence effects cause problems—and often they do—then
‘we can turn to full road removal projects such as those described in Chap-
ter 7. In many cases what benefits the land, water, or wildlife most will
also prove to be most economical in the long term.

Although we kmow enough already to make many ecologically in-
formed and responsibie decisions, our management of public lands will
surely benefit from a deeper understanding of road impacts on aquatic sys-
tems in particular, Scientists may struggle to identify a specific road den-
sity, for example, that correlates to specific losses in salmon or trout habi-
tat, but conscientious management policies would have us err on the side
of caution in the presence of uncertainty. Ongoing research to identify the
range of historic conditions can also help us determine how dramatic or
acceptable road impacts may be in different areas.

You do not need to be a roads activist or a land manager struggling with
access issues to care about public land roads. In time, it may take nothing
more than a desire for clean drinking water from the tap to discover that
these roads can affect us all.

Although we will tiurn more fully to values and identfying the public
good in the chapters ahead, much of the debate over public fand roads and
motorized access also centers upon money and politics. From the halls
of power in Washington, D.C., to rural county seats across the West, fund-
ing programs and political battles profoundly influence where bulldozers
or wheels can turn open spaces into roaded places. Whether we are fac-
ing rebellious counties in Utah or pork-barrel politics in Congress, in order
to engage road and motorized access issues effectively we will need to
understand the existing political and financial structures.
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Considering the many benefits and uses of a trans-
portation network across the National Forests, it is
difficult to understand why roads have been under
Siege in recent years.

~—T1J5. Representative Larry Combest
R-TX), May 1997

4 | The Cutting Edge: Money,
Politics, and Access

A map on my wall shows the roads of the Roman
Empire. For many years I was intrigued by these roads that radiated from Italy
to reach lands as far away as England, Romania, Syria, and northern Africa,
The Appian Way and other names echoed with history and set me thinking
of worn cobblestones, red tiled roofs, and freshly baked pizza. More recently,
T noticed a background of other names on the map-—lead, iron, grain, tim-
ber—and I began to think about the motives for those ancient routes, and of
the labor and expense of building and maintaining miles of cobbilestone.

In many ways, I have come to public land roads over a similar path.
National forest and park roads that once sounded scenic and free now ring
with costs that I never imagined. Even relatively modest dirt or gravel
roads through wildlife refuges and Bureau of Land Management (BLM)
lands, I have learned, cost tens of thousands of dollars per construction
mile. Simply to provide proper maintenance of the sprawling public lands
road system would cost more than $10 billion.

For more than eight decades, the U.S. Congress and federal agencies
have made it a priority to fund roadbuilding across national forests, into
the heart of national parks, through wildlife refuges, and on BLM resource
arcas. The money flowed and we have the roads to show for it.
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