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DiRECT EFFECTS
ROADKILLS

The above statement notwithstanding, roadkill can have a sig-
nificant impact on wildlife populations. The Humane Society of
the US and the Urban Wildlife Research Centre have arrived at a
conservative figure of one million animals killed each day on
highways in the United States. When I-75 was completed through
a major deer wintering area in northern Michigan, deer road
mortality increased by 500%. In Pennsylvania, 26,180 deer and 90
bears were killed by vehicles in 1985. These statistics do not ac-
count for animals that crawl off the road to die after being hit.
Also, roadkill statistics are invariably biased toward mammals,
against reptiles, amphibians, and probably birds, and do not in-
clude invertebrates at all (who wants to count the insects
smashed on windshields and grills?).

Vehicles on high-speed highways pose the greatest threat to
wildlife. Unpaved roads, particularly when “unimproved”, are less
dangerous. Roadkill usually increases with volume of traffic. In
one Texas study, however, mortality was greatest on roads with
intermediate volumes, presumably because higher-volume roads
had wider rights-of-way that allowed better visibility for animals
and drivers alike. Increases in traffic volume do result in more
collisions on any given road, and in our profligate society more
people means more cars on virtually every road.

Florida is a rapidly developing state with more than 1000 new
human residents each day and over 50 million tourists annually.
Primary and interstate highway mileage has increased by 4.6
miles per day for the last 50 years. Hence it is no surprise that
roadkills are the leading known cause of death for all large mam-
mals except White-tailed Deer.

Roadkills of Florida Black Bear, a subspecies listed as threatened
by the state, have been rising sharply in recent years, from 2-3
per year in the 1970s to 44 in 1989. Many of the bears are killed
on roads through public lands, in particular the Ocala National
Forest. Seventeen Florida Panthers, one of the most endangered
subspecies of mammals in the world, are known to have been
killed on roads since 1972. Since 1981, 65% of documented Flor-
ida Panther deaths have been roadkills, and the population of
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A priority system for determining which roads should be closed
first is necessary to guide conservation actions toward the most
deserving targets. The Grizzly Bear Compendium (Lefranc et al.
1987, pp.145-46) specifies which kinds of roads should be closed
on public lands to protect Grizzlies: Access roads should be
closed after harvesting and restocking, temporary roads and
landings should be obliterated, collector roads and loop roads
should be closed in most instances, local roads should be closed
within one season after use, and seismic trails and roads should
be closed after operations have ceased. Bear biologist Chuck
Jonkel has long recommended an aggressive road closure pro-
gram on public lands. Public education on the rationale for clo-
sures, and strong law enforcement, must accompany road clo-
sure programs if they are to be effective. The Grizzly bear Com-
pendium recommends that road use restrictions, such as seasonal
closures of roads in areas used only seasonally by bears, be
placed on roads that cannot be permanently closed.

In a series of publications, | have recommended that large core
areas of public lands be managed as roadless "wilderness recov-
ery areas” (a concept attributable to Dave Foreman). Buffer
zones surrounding these core areas would have limited access for
recreation and other “multiple-use” activities consistent with
preservation of the core preserves. Buffer zones also would insu-
late the core areas from the intensive uses of the humanized
landscape. These large preserve complexes would be connected
by broad corridors of natural habitat to form a regional network.

As Keith Hammer has documented, however, road closures that
appear on paper may not function as such on the ground. Keith
found that 38% of the putative road closures on the Flathead Na-
tional Forest in Montana would not bar passenger vehicles. The
road miles behind the ineffective barriers represented 44% of the
roads reported by the Forest Service as being closed to all motor-
ized vehicles year-round. Gates, earthen berms, and other struc-
tures are not usually effective in restricting road use. This is es-
pecially true in more open-structured habitats, such as Longleaf
Pine and Ponderosa Pine forests, where motorists can easily
drive around barriers. It may be that the only effective road clo-
sures are those where the road is "ripped” and revegetated.



alarm. When assured by highway and wildlife officials that the
new interstate would include fences and underpass for Panthers,
making it much less dangerous than the infamous Panther-
smashing Alligator Alley which it would replace many conserva-
tionists (including the Florida Audubon Society and the Sierra
Club) came out in support of the new road.

How effective will these underpasses be in allowing for move-
ment of Panthers and other wildlife? Eighty-four bridges are be-
ing constructed on the 49 miles of new |-75 in Collier county, 46
of them designed solely for wildlife movement. Each of these
"wildlife crossings” consists of three 40-foot spans, for a total
length of 120 feet with 8 feet of vertical clearance. Much of the
120 feet will be under water, however, at least in the wet sea-
son. There is no guarantee that these crossings will be functional
for Panthers and other large mammals. Even Thomas Barry, the
project manager for the Florida Department of Transportation,
admits that the ideal solution would have been to build a viaduct
(elevated highway) across the entire stretch, but that this solu-
tion was deemed too expensive. As advocated by Florida Earth
First!, the “ideal solution” would be to close Alligator Alley and
all other roads in the Everglades - Big Cypress bioregion, and to
allow no new roads. The desirability of this solution became
more evident when we learned that the new I-75 will include
recreational access sites for ORVs, as recommended by the Flor-
ida Game and Fresh Water Fish Commission.

THE PREFERRED ALTERNATIVE

In evaluating various mitigation options for road-wildlife prob-
lems, it must be remembered that each is a compromise, ad-
dresses only a subset of the multiple ecological impacts of roads,
and is far less satisfactory than outright road closure and oblit-
eration. The serious conservationist recognizes that mitigation
options should be applied only to roads already constructed, and
which will be difficult to close in the near future (i.e., major
highways). In such cases, construction of viaducts over important
wildlife movement corridors (as documented by roadkills) and
other critical natural areas should be vigorously pursued. Am-
phibian tunnels and other smaller underpasses also should be
constructed where needed. But the bottom line is that no new
roads should be built, and most existing roads - especially on
public lands - should be closed and obliterated. This is the pre-
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only about twenty individuals is unlikely to be able to sustain this
pressure. An average of 41 Key Deer, a species listed as Endan-
gered by the US Fish and Wildlife Service, were killed on roads
yearly from 1980 through 1986, and 57 were killed in 1987. Road-
kill is also the leading cause of mortality for the American Croco-
dile, also an Endangered species, in south Florida. The Florida
Scrub Jay, a Threatened species, has been found to suffer con-
siderable mortality from collision with vehicles, and researchers
have concluded that these birds cannot maintain stable popula-

tions along roads with considerable high-speed traffic.

Snakes are particularly vulnerable to roadkill, as the warm as-
phalt attracts them; yet their carcasses are seldom tallied. Her-
petologists have noted dramatic declines of snakes in Paynes
Prairie State Preserve near Gainesville, Florida, which is crossed
by two four-lane highways. This preserve was once legendary for
its diversity and density of snakes, but no more. Similarly, a
study of south Florida herpetofauna by Wilson and Porras attrib-
uted declines in many snakes to the increasing road traffic in
that region.

Roadkill is a classic death-trap phenomenon. Animals are at-
tracted to roads for a variety of reasons, often to their demise.
Snakes and other ectotherms go there to bask, some birds use
roadside gravel to aid their digestion of seeds, mammals go to
eat de-icing salts, deer and other browsing herbivores are at-
tracted to the dense vegetation of roadside edge, rodents prolif-
erate in the artificial grasslands of road verges, and many large
mammals find roads to be efficient travelways. Songbirds come
to dustbathe on dirt roads, where they are vulnerable to vehicles
as well as predators. Vultures, Crows, Coyotes, Raccoons, and
other scavengers seek out roadkills, often to become roadkills
themselves.

ROAD AVERSION AND OTHER BEHAVIOURAL MODIFICATIONS

Not all animals are attracted to roads. Some have learned that
roads bring unpleasant things, such as people with guns. Species
that show road aversion exhibit decreasing densities toward
roads. Various studies report that Turkey, White-tailed Deer,
Mule Deer, Elk, Mountain Lions, Grizzly Bear, and Black Bear
avoid roads. When these animals are disturbed by vehicles, they
waste valuable energv in flight. Other studies show conflicting
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results, which usually can be explained by differences in road
use. Certain bird species also have been found to avoid roads, or
the forest edges associated with roads. In the Netherlands, re-
searchers found some bird species to be displaced up to 2000
meters from busy highways.

The American Elk is one of the best-studied species with respect
to road aversion. Elk avoidance of roads is clearly a learned re-
sponse (they do not avoid natural edges), and is related to traffic
volume and hunting pressure. In western Montana, Jack Lyon
found that Elk avoid areas within 1/4 - 1/2 mile of roads, de-
pending on traffic, road quality, and the density of cover near
the road. According to work by Jack Thomas in Oregon, a road
density of one mile per square mile of land results in a 25% re-
duction in habitat use by Elk; two miles of road per square mile
can cut Elk habitat use by half. As road density increases to six
miles of road per square mile, Elk and Mule Deer habitat use falls
to zero. Elk in some areas have learned that roads are dangerous
only in the hunting season, and do not show road aversion in
other seasons. Other studies suggest that Elk avoid open roads,
but not closed roads. Where hunting pressure is high however,
even closed roads may be avoided because so many hunters walk
them.

Grizzly Bears also may be displaced by roads. In British Colum-
bia, Grizzlies were found to avoid areas within 1/2 mile of roads.
A study in the Cabinet Mountains of northwestern Montana deter-
mined that the mean distance of Grizzly radio-telemetry signals
from open roads (2467 m) was significantly greater than the
mean distance from closed roads (740 m). Other studies have
found that Grizzlies avoid areas near roads, especially by day,
even when preferred habitat and forage are located there. This
is particularly alarming, because in Yellowstone National Park,
which has the second largest Grizzly population in the lower 48,
roads and developments are situated in the most productive
Grizzly Bear habitat Natural movements of Grizzly Bears may
also be deflected by roads, as Chuck Jonkel has documented in
Montana. In other cases, however, Grizzlies may use roads as
travelways, particularly when they find off-road travel difficult
due to dense brush or logging slash. Grizzlies have also learned
to exploit the hastened growth of forage plants near roads in
spring. Similarly, the abundance of soft mast such as Pokeberry
and Blackberry along road edges attracts Appalachian Black
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expanses of unsuitable habitat. The management of “roadside
verges" for fauna and flora has a long history in Britain, as re-
viewed by J.M.Way in 1977.

Undoubtedly, mitigation measures, if implemented intelligently,
can reduce the harmful effects of roads on wildlife. A 1982 re-
port by Leedy and Adams, for the US Department of Transporta-
tion and Fish and Wildlife Service, summarizes a variety of design
and construction options to mitigate the effects of roads. For
reducing roadkills, a combination of fencing and underpasses has
proven effective in many instances. Tunnels under roads were
used as early as 1958 in the United Kingdom to reduce roadkill of
badgers and have been used in several countries to reduce road-
kill of amphibians (many frogs toads, and salamanders migrate to
their breeding ponds on wet spring nights). Toad tunnels were
constructed as early as 1969 in Switzerland, and have been built
throughout much of the United Kingdom, West Germany, the
Netherlands, and other countries under the auspices of the
Fauna and Flora Preservation Society and Herpetofauna Consult-
ants international. A private firm, ACO Polymer products Limited
even specializes in the design and production of amphibian tun-
nel and fencing systems (see Defenders 10-89).

in Colorado, underpasses and deer-proof fencing were con-
structed on 1-70, to channel movement of Mule Deer along a ma-
jor migratory route, and have proved fairly successful. D.F. Reed
and co-workers, however, found that many individual deer were
reluctant to use a narrow underpass (3 meters wide and high,
and 30 meters long), and recommended that underpasses be sig-
nificantly wider. Biologists in various Western states are experi-
menting with one-way gates that keep most deer off the highway
but allow deer that get into the highway ROW to escape. In
southeastern Australia, Mansergh and Scott constructed a funnel-
shaped rocky corridor and two tunnels of .9 X 1.2 meters each
beneath a road that bisected the breeding area of the rare Moun-
tain Pygmy-possum (the only marsupial hibernator known). The
design proved very successful in restoring natural movement and
breeding behavior of the Pygmy-possums. One of the more con-
troversial applications of the underpass strategy has been in
south Florida, for the sake of the Florida Panther. As noted
above, roadkill is the leading known cause of death for this sub-
species. Thus, when an extension of I-75 through the Everglades-
Big Cypress Swamp was proposed, conservationists reacted with
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extinction is inevitable.

In one of the first studies on habitat isolation by roads, D.J. Ox-
ley and co-workers in southeastern Ontario and Quebec found
that small forest mammals such as the Eastern Chipmunk, Grey
Squirrel, and White-footed Mouse rarely ventured onto road sur-
faces when the distance between forest margins (road clearance)
exceeded 20 meters. The authors suggested that divided high-
ways with a clearance of 90 meters or more maybe as effective
barriers to the dispersal of small mammals as water bodies twice
as wide. Earlier work in Africa had shown that tortoises, and
young Ostrich, Wart hogs, and African Elephants, had difficulty
crossing roads with steep embankments. in Germany, Mader
found that several species of woodland carabid beetles and two
species of forest-dwelling mice rarely or never crossed two-lane
roads. Even a small, unpaved forest road closed to public traffic
constituted a barrier. All of these animals were physically capa-
ble of crossing roads but appeared to be psychologically con-
strained from venturing into such openings. In Ontario, Merriam
and co-workers found that narrow gravel roads were
‘quantitative barriers" to White-footed Mice in forest fragments;
many fewer mice crossed roads than moved an equal distance in
the forest alongside roads.

expect that the barrier effect of roads would be less severe in
more open habitats, where the contrast between the road and
adjoining habitat is less. Yet, a study by Garland and Bradley of
the effects of a four-lane highway on rodents in the Mojave De-
sert found that rodents almost never crossed the road. Of eight
species captured, marked, and recaptured, only an adult male
Antelope Ground Squirrel crossed the entire highway. No road-

kills were observed, suggesting that few rodents ever ventured
onto the highway.

Animals far more mobile than rodents and beetles may hesitate
to cross roads. in the Southern Appalachians, Brody and Pelton
found that radio-collared Black Bears almost never crossed an
interstate highway. In general, the frequency at which bears
crossed roads varied inversely with traffic volume. Bears ap-
peared to react to increasing road densities by shifting their
home ranges to areas of lower road density. The power of flight
may not override the barrier effect of roads for some bird spe-
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heavy browsing, many warblers and other forest songbirds un-
dergo serious declines. With Wolves gone, opportunistic medium-
sized mammals ("mesopredators”) such as Opossums and Rac-
coons increase in abundance and feed on the eggs and nestlings
of songbirds, many of which nest on or near the ground, further
depressing their numbers. Brown-headed Cowbirds parasitize
these beleaguered songbirds within 200 meters or so of road
edges. Cutting of snags for firewood along the roadsides deci-
mates cavity-nesting bird populations. Populations of insect pests
now cycle with greater amplitude, resulting in massive defolia-
tion. The roads also bring in developers, who create new resi-
dential complexes, and still more roads. Roadside pollutants
from increased traffic levels poison the food chain. The original
forest ecosystem has been irretrievably destroyed.

This scenario is fictitious, but every part of it has been docu-
mented somewhere. Because many of the animal species most
sensitive to roads are large predators, we can expect a cascade
of secondary extinctions when these species are eliminated or
greatly reduced. Recent research confirms that top predators are
often "keystone species”, upon which the diversity of a large part
of the community depends. When top predators are eliminated,
such as through roadkill or because of increased access to hunt-
ers, opportunistic mesopredators increase in abundance, leading
to declines of many songbirds and ground-dwelling reptiles and
amphibians. In the tropics, predator removal can lead to an in-
creased abundance of mammals that eat large-seeded plants,
which in turn may result in changes in plant community composi-
tion and diversity (see John Terborgh's article, "The Big Things
that Run the World", reprinted in Earth First!, 8-89).

Other keystone species may be similarly vulnerable to roads. The
Gopher Tortoise of the southeastern US, for example, digs bur-
rows up to 30 feet long and 15 feet deep. By a recent count, 362
species of commensal invertebrates and vertebrates have been
found in its burrows, and many of them can live nowhere else.
Yet, the slow-moving Gopher Tortoise is extremely vulnerable to
roadkill on the busy highways of this high growth region. Roads
also provide access to developers and poachers, the tortoise’s
biggest enemies. But the effects of roads on Gopher Tortoises
can be more subtle. Good Gopher Tortoise habitat is longleaf
Pine-Wiregrass, which requires frequent summer fires to main-
tain its open structure. Although, as discussed above, many fires
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are considered an indicator of overgrazing. in the Mojave Desert,
Creosote Bush is another abundant species that opportunistically
exploits the increased moisture levels along roadsides.

Many of the weedy plants that dominate and disperse along road-

sides are exotics. In some cases, these species spread from road-
sides into adjacent native communities. In much of the west,
Spotted Knapweed has become a serious agricultural pest. This
Eurasian weed invades native communities from roadsides, as
does the noxious Tansy Ragwort. In Florida, a state plagued by
exotic plants, one of the biggest offenders is Brazilian Pepper.
This tall, fast-growing shrub readily colonizes roadside habitats.
When soil in adjacent native habitats is disturbed by off-road
vehicles, Brazilian Pepper invades. Invasion by Brazilian Pepper
and other roadside exotics is becoming a serious problem in the
Atlantic coastal scrubs of south Florida, communities endemic to
Florida and containing many rare species. Another invasive ex-
otic, Melaleuca, is expanding from roadsides and dominating
south Florida wetlands. In southwest Oregon and northwest Cali-
fornia, an apparently introduced root-rot fungus is spreading
from logging roads and eliminating populations of the endemic
Port Orford Cedar.

Opportunistic animal species also may benefit from roads. Grass-
land rodents, for example, sometimes extend their ranges by
dispersing along highway verges. In 1941, L.M. Huey documented
a range extension of pocket gophers along a new road in the arid
Southwest. Meadow voles have been found to colonize new areas
by dispersing along the grassy rights-of-way (ROWs) of interstate
highways. Roads also facilitate dispersal of prairie dogs. In 1983,
Adams and Geis reported that more species of rodents may be
found in highway ROWs than in adjacent habitats, though several
species avoid ROW habitat. Birds associated with grassland or
edge habitat, such as the European Starling, Brewer's and Red-
winged Blackbirds, Brown-headed Cowbird, Indigo Bunting,
White-throated Sparrow, Song Sparrow, and Killdeer, all have
been found to increase in abundance near roads. Cliff and Barn
Swallows, Starlings, House Sparrows, and Rock Doves (the latter
three are exotic species in North America) often nest and roost
in highway bridges. Many species of birds and mammals feed on
roadkill carrion.
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was the best predictor of Grey Wolf habitat suitability. As road
density increased in the study area, the Wolf population de-
clined. Wolves failed to survive when road densities ex-

ceeded .93 mile per square mile (.58 km per square km). Similar
studies in Michigan and Ontario by Jensen and co-workers, and in
Minnesota by Mech and co-workers, found a virtually identical
threshold level for the occurrence of Wolves. Roads themselves
do not deter Wolves. In fact, Wolves often use roads for easy
travel or to prey on the edge-adapted White-tailed Deer. But
roads provide access to people who shoot, snare, trap, or other-
wise harass wolves. David Mech found that over half of all known
Wolf mortality was caused by humans, despite the "protection” of
the Endangered Species Act.

Many other large mammal species have been found to decline
with increasing road access. The Florida Panther once ranged
throughout the Southeast, from South Carolina through southern
Tennessee into Arkansas, Louisiana and extreme eastern Texas.
It is now restricted to south Florida, an area of poor deer and
Panther habitat, but the last large roadless area available in its
range. Problems associated with roads - roadkill, development,
and illegal shooting - are now driving it to extinction. A popula-
tion viability analysis has determined an 85% probability of ex-
tinction in 25 years, and a mean time to extinction of 20 years.
Proposed management interventions still yield 75% to 99% prob-
abilities of extinction within 100 years.

Recently, Seminole Chief James Billie shot a Panther with a shot-
gun from his pickup truck in the Big Cypress Swamp, ate it, and
claimed this murder was a native religious ritual. Billie eventu-
ally won his case, not on religious grounds, but because taxono-
mists could not prove beyond all reasonable doubt that the skull
found in Billie's possession was that of a Florida Panther, Felis
concolor subspecies coryi (the various subspecies of Cougar differ
little from one another in morphology).

Biologists agree that the only hope for the Panther is reestablish-
ment of populations elsewhere within its historic range. But is
there anywhere with low enough road density to be safe? The
best opportunity seems to be the 1.2 million acres in and around
Okefenokee National Wildlife Refuge in southern Georgia and
Osceola National Forest in north Florida, recently connected by











