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New Initiatives 
forWildlife By Larry D. Harris 

n e 
and Peter B. Gallagher 

The Need for Movement Corridors 

I n the spring of 1986, a 195-pound male black 
bear from Big Cypress National Preserve 
embarked on an astounding journey through 

southwestern Florida. Captured as a nuisance ani- 
mal in a rural area, the bear was equipped with a 
radio collar, released where he was found, and 
recaptured 100 miles north of his former range. 

For eleven weeks, this bear wandered more than 
200 miles under the gaze of scientists. He traveled 
a northerly course through six counties, crossed 
eight major highways and nearly a dozen other 
roadways, swam the Caloosahatchee River, and 
crossed numerous canals, fences, and farmlands. 
As he moved along abandoned railroad tracks and 
skirted densely populated suburbs--even loitering 
and observing the fireworks near a large Fourth of 
July outdoor picnic-he negotiated bee yards, 
turkey pens, and numerous roadside garbage con- 
tainers. Ultimately, he had to be recaptured by 
state wildlife personnel near Lake Placid.' 

The young southern Florida male had moved 
about as we would expect any bear to do. He 
moved to find food; he moved to locate cover. As 
a young male, he may have been moving to emi- 
grate-a difficult task considering the fragmented 
habitats of the eastern United States--or he may 
have moved to reproduce, to share southern Flori- 
da genetic material with an uncollared central 
Florida female bear he encountered just before he 
was removed from the wild. Forces yet to be 
understood by biologists stimulated the bear to 
move and he went, even though there was no logi- 
cal path to follow. 

From what we know about animal mortality in 
Florida, the bear's trip was extremely dangerous. 
Since 1976, documented bear roadkills have risen 
steadily, particularly among dispersing males (see 
figure 1). Florida Department of Natural Resources 
biologist Walt Thomson notes, "State Road 46 is 
basically functioning as a wildlife killing machine." 
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There is little doubt that the same trip taken by this 
bear's ancestors in 1956 or even 1976 in a more 
forested and less peopled landscape would have 
exposed them to significantly less danger. 

This is not only a problem for bears. Roadkills 
are the number one known cause of death for all of 
Florida's remaining large mammals except white- 
tailed deer. Sixty-five percent of known Florida 
panther deaths since 1981 have been roadkills. 
Roadkill is the major cause of death for the endan- 
gered Key deer isolated on Big Pine Key and the 
American crocodile on the northern Keys. In the 
water, motorboat collisions have long been docu- 
mented as the principal human-related mortality 
factor for manatees. 

Radio-telemetry studies on bears, panthers, and 

numerous other species dramatically denonstrate 
the expansive tracts of habitat required for our resi- 
dent wildlife to traverse their home ranges (see fig- 
ure 2). Animals do not wait for the traffic signal to 
flash "Walk." Our refusal to incorporate movement 
corridors across human-dominated landscapes into 
our conservation strategies has made luck-enjoyed 
in great measure by this bear-the chief prerequi- 
site for survival for much of Florida's wildlife. Sad- 
ly, given the interrupted landscapes and barriers to 
animal movement that increasingly dominate the 
eastern United States, it is extremely doubtful that 
any bear, panther, bobcat, mink, or otter-the low- 
density, top-of-the-foodchain, wide-movers--could 
ever duplicate our young Florida bear's recorded 
movement. 

Figure 1. Black Bear Roadkills Collected in Florida, 1976-1987. 
Vehicle collisions are the number one known cause of mortality for most of Florida's large mammal species, including bear, 
panther, Key deer, and manatee (boat collisions). Mortality increases as vehicle traffic increases. ' 
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Figure 2. Approximate Ranging Areas in Acres for Otter, Bobcat, Black Bear, and Florida Panther. 
Because the home range of individual animals of these species is large, they must traverse miles of hostile landscape riddled with 
roads and shopping centers. A male panther may range over 50 miles in his day-to-day movements. 

Consequences of Habitat Fragmentation 

As early as 1855, the French ecologist de Can- 
dolle observed, "The breakup of a large landmass 
into smaller units would necessarily lead to the 
extinction or local extermination of one or more 
species and the differential preservation of others." 
One hundred years ago, Bauer described the 
differences between biological communities of 
islands that occur near continents and those that 
are more distant and isolated. He observed that 
"the flora and fauna of the first group will be more 
or less harmonic. . . the flora and fauna of the sec- 
ond group will be disharmonic-that is to say, it 
will be composed of a mixture of forms which have 
been introduced accidentally from other places" 
(Bauer 1891). 

Fragmenting landscapes into disjunct patches 
and restricting and isolating wildlife populations 
by amplifying the risks associated with movement 
have drastic consequences for the preservation of 
biological diversity. Biological diversity consists of 
the combinations of biological matter at many lev- 
els of scale, ranging from heritable traits that occur 
within species to the aesthetics of landscape config- 
urations that attract millions of tourist dollars and 

support numerous regional economies. 
While some would argue we can always main- 

tain genetic diversity in gene banks and species 
diversity in botanical gardens, zoos, or zoological 
parks, these approaches can never conserve the 
unique combinations that occur in nature and are 
maintained through the constant interplay of eco- 
logical forces. In the final analysis, it is the natural- 
ly occurring combinations of biological structure 
that conservationists are concerned with preserv- 
ing, not simply the genes or the species themselves. 

The powerful role contributed by specific com- 
binations of biological diversity is easily demon- 
strated. For example, the heterozygous combina- 
tion of genes (a dominant and a recessive) that 
imparts malaria resistance to humans is considered 
a positive benefit. But when we strip the hetero- 
geneity from the combination and allow the same 
genes to occur in the homogeneous state (just 
recessives), the previously adaptive trait consid- 
ered to be a benefit turns to the deadly combina- 
tion that causes sickle-cell anaemia. 

Inbreeding is one process leading to the expres- 
sion of such destructive traits, and organisms that 
occur in small, isolated populations have few alter- 
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natives to inbreeding. In addition to the genetic 
consequences, fragmentation and isolation cause 
many other changes such as loss of species that 
only occur in large patches of uninterrupted habi- 
tat; endangerment of low-density, wide-ranging 
species; and invasion of alien species-in short, a 
methodical disintegration of our historic natural 
faunal character. America's wildlife is coming to 
resemble the disharmonic collection of opportunis- 
tic species referred to by Bauer a century ago. 

Moreover, most of the tangible products and 
services derived from wildlife--such as abundant 
game harvests, protection from waves afforded by 
corals, or crop pollination--depend upon large and 
productive populations. Simply saving a species 
from extinction does not suffice to meet these 
needs. Preserving only a few remnant individuals 
or, more simply, their genetic diversity fails to 
address the larger problem of conserving biological 
diversity. 

The critical stage in the transformation from 
harmonic wildlife communities to unstructured 
collections of species is habitat fragmentation. As 
formerly expansive and contiguous habitats are 
opened up, fragmented, and isolated, the land- 
scape becomes a haven for human-adapted species 
and increasingly inhospitable to natural wildlife 
communities. Wilderness species are held hostage 
in habitat patches isolated by intensive human 
alterations of the landscapes such as agricultural 
and urban/suburban development. " 

But other forces are also at work. The intrusion 
of roads, especially multilane interstates and pri- 
mary highways carrying heavy loads of high- 
speed traffic, generally has devastating impacts on 
resident wildlife. When combined, these factors 
mean that the small mammals, snakes, turtles, sala- 
manders, and frogs inhabiting two tracts of forest 
divided by a heavily traveled highway may be as 
effectively isolated from one another as are two 
populations separated by ten miles of range or for- 
est. In the long run, these habitat fragmenting 
forces may be more degrading to North America's 
wildlife populations than actual loss of habitat 
acreage. 

Consider this triple jeopardy: At the same time 
that development reduces the total amount of habi- 
tat, squeezing remaining wildlife into smaller and 
more isolated patches, the high-speed traffic of 

larger and wider highways eliminates more and 
more of the remaining populations. 

Habitat fragmentation results in four major con- 
sequences for wildlife. First is the loss of deep- 
woods or area-sensitive species-animals whose 
occurrence and successfuI reproduction are highly 
dependent on the size of the habitat patch in which 
they occur. For example, numerous species of 
breeding birds simply do not breed in small patch- 
es of forest. 

Second, the larger species that normally move 
widely and occur at low densities under the best of 
conditions are quickly lost. For example, Florida 
panthers normally occur at densities of less than 
one individual per 50,000 acres, a situation caused, 
in part, by the long distances traveled by individu- 
al territorial cats. As they move over great areas, 
these animals become exposed to more of the dan- 
gers associated with humanized environments. 
Encounters with illegal hunting, traps, high-speed 
traffic, pets, and livestock predispose the animal to 
a shorter life span. It is partly because of these 
wide movements that panthers were considered 
nuisance animals in former times. All the larger 
carnivores-badger, fisher, wolf, cougar, bobcat, 
and bear-have either been eliminated or dramati- 
cally reduced and restricted throughout the eastern 
United States. ' 

Third, when coupled with the loss of native 
large carnivores, fragmented and human-subsi- 
dized landscapes (providing artificial sources of 
food and shelter) become dominated by alien or 
already common species. Generally, these species 
have adapted over thousands of years of close 
interaction with humans; therefore, they succeed in 
human-dominated environments. It is no mystery 
why European species such as pigeons, sparrows, 
starlings, rats, mice, and carp become such pests in 
our humanized environment. Similarly, increased 
populations of raccoons, skunks, opossums, 
armadillos, and free-ranging dogs and cats depre- 
date the nests of ground-nesting birds, small mam- 
mals, turtles, and salamanders, including those of 
threatened and endangered species such as marine 
turtles. 

Most of these alien and common species survive 
because of their aggressiveness and tolerance of 
humans, causing additional problems for the rarer 
species. European starlings, English sparrows, and 
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red-bellied woodpeckers all compete with less 
aggressive cavity-nesting birds such as the blue- 
bird. The brown-headed cowbird, a species that 
must lay its eggs in the nests of songbirds, was 
once excluded from the closed forests of the East. 
But as development opens up more and more 
forestland, the cowbird, which prefers fragmented 
and open landscapes, is expanding its range 
throughout the East and greatly increasing in 
abundance, parasitizing the nests of forest- 
dwelling songbirds that occur anywhere within 
100 yards of openings? Cowbird nest parasitism is 
a principal cause of the endangerment of Kirtland's 
warbler, and it probably was a factor in the recent 
extinction of Bachman's warbler. 

Fourth, inbreeding depression is a logical conse- 
quence of low densities and isolated populations. 
Animal geneticists teach that in order to maintain 
genetic integrity within a strain, several hundred 
breeding animals are required. Biologists, in turn, 
witness the effects of inbreeding as lower levels of 
libido, fertility, and rates of successful reproduc- 
tion. In studies where inbreeding has been meas- 
ured, there is a direct relation between the degree 
of inbreeding and the weight of offspring and lev- 
els of infant mortality. Even the weight and com- 
petitive advantage of those animals that survive to 
the weaning stage is diminished. So, regardless of 
whether a species is kept alive within the bounds 
of parks or refuges, there is no assurance that pop- 
ulations will remain viable over the long term. lo 

Refinements to Successful Conservation Programs 

The present body of conservation laws, treaties, 
and policies; the combined efforts of state, federal, 
and nongovernmental organizations; and the in- 
creasing number of state and national parks, forests, 
and refuges have accomplished spectacular results. 
Not only are the populations of hundreds of 
species of wildlife improved over what they were a 
century ago, the sensitivity and concern of U.S. citi- 
zens about the role and importance of wildlife 
have never been as great as now. Conserving 
renewable resources such as water, wildlife, and 
wood is important policy by anyone's measure. 

The extent of national parks, forests, wildlife 
refuges, and related state and federal rangelands 
and military bases now approximates one billion 
acres. Yet, our labyrinth of conservation structures 

and activities is not sufficiently integrated or fine- 
tuned to save America's wildlife during the next 
century. In every region of the country, wide-rang- 
ing species already suffer the direct consequences 
of habitat fragmentation. Because large carnivores 
tend to range over wide distances and encounter 
conflict whenever they occur close to humans, 
even the biggest of our parks and refuges outside 
Alaska are but small habitat islands to them." 

To be sure, many of these problems either did 
not occur, could not be recognized, or were of 
lower priority during the first hundred years of 
our conservation history. Now, decades of land 
development around our conservation areas and 
the isolation of remnant populations by gigantic 
systems of roadways, powerlines, pipelines, and 
strip developments are increasingly the problems 
with which we must deal. Until recently, neither 
the prospects nor the implications of reserves be- 
coming habitat islands in a human-dominated, 
high-speed landscape were adequately recognized. 
We are remiss in further delaying modifications to 
conservation programs and policies. 

Fragmentation and isolation of habitats are criti- 
cal problems that can be largely alleviated through 
a series of greenbelts, habitat linkages, wildlife cor- 
ridors, and riparian buffer strips connecting key 
parks, refuges, and habitat islands.I2 Recognition 
of the problem coupled with a commitment to 
solution thrusts a few states-for example, Florida 
and Massachussetts-to the forefront of a new era 
in wildlife conservation. This commitment to solu- 
tion has been stimulated in rapid-growth areas 
such as California and the Sunbelt South by the 
simultaneous phenomena of unrestrained human 
population growth, unabated increases in traffic 
and vehicle speeds over ever-expanding multilane 
highway systems, and increasing knowledge of the 
movement patterns of large wild animals. 

A Strategic Connection 

When President Theodore Roosevelt designated 
Pelican Island along Florida's eastern coast as the 
nation's first official wildlife refuge, he could not 
have imagined what would eventually happen 
around it. He knew that southern Florida's wad- 
ing bird populations had been plundered during 
the late 1880s, but he could not have known that 
the populations would be only one percent as great 
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Figure 3. Protected Conservation Areas in Southeastern Florida. 
Loxahatchee National Wildlife Refuge is separated from the I. W. Corbett Wildlife Management Area complex by onlyfive miles 
of private land. 
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in the 1980s. 
Also in southeastern Florida, the Loxahatchee 

National Wildlife Refuge is the second largest- 
wildlife refuge in the eastern United States. How- 
ever, urban sprawl to the east, intensive agricultur- 
al use to the west, and rapidly encroaching devel- 
opment pressures to the north dictate that this area 
will soon be only a small island of natural habitat 
in a sea of disturbance. The 150,000 acres con- 
tained within its bounds can barely support a sin- 
gle Florida panther, much less a viable population. 

Just to the north is the 58,000-acre J.W. Corbett 
Wildlife Management Area, bordered by a 22,000- 
acre state-owned conservation area, the White Belt 
Ranch. These extremely costly public investments 
are also too small to maintain, let alone contain, 
viable populations of black bear, Everglades mink, 
red wolf, or Florida panther. '' The tragedy and the 
opportunity are that the Corbett complex is sepa- 
rated from the Loxahatchee and 2.5 million acres of 
contiguous southern Florida conservation lands by 
only five miles of private land (see figure 3). 
Adding a small parcel of perhaps 15,000 acres 
would link all these areas and make them suitable 
for Florida's remaining native large mammal 
species-an infinitesimal investment compared to 
the highly beneficial role these areas can play in 
"buffering" Everglades National Park from en- 
croaching human populations to the north and east 
and rising sea levels from the south and west. 

Four hundred miles north of the Corbett area is 
the 160,000-acre Osceola National Forest. Fifteen 
miles yet farther north (primarily in Georgia) lies 
the Okefenokee, the largest wildlife refuge in the 
eastern United States. Since time immemorial, this 
regional wilderness has functioned as an integrat- 
ed swampland ecosystem. In 1989, the two areas 
will finally be legally connected. A bold policy 
decision by former U.S. Senator Lawton Chiles of 
Florida added $7 million to the Forest Service 
appropriation in order to buy America's first 
strategic landscape linkage connecting two critical 
federal properties located in two different states 
and administered by two different federal depart- 
ments (Interior and Agriculture). Figure 4 is an 
artist's rendition of this strategic linkage. The com- 
bined area, totaling nearly a million acres, provides 
the potential for reintroduction of captive-bred 
Florida panthers, whooping cranes, and red 

mong our many 
efforts to coexist with 
animals, the idea of 
establishinn inter- 

connected habitats for Gildlife is 
the most exciting and promising 
that I know of. " 

Marjorie Carr, Florida 
Defenders of the Environment 

wolves as well as sufficiently large space to main- 
tain viable populations of numerous other endan- 
gered species, including the red-cockaded wood- 
pecker. " 

Legs, Wings, Flippers, and Fins 

Since the time of Aristotle, humans have mar- 
veled at the movement of animals, but never 
before have we been more sensitive to the need for 
animals to move. Both individuals and entire pop- 
ulations move to escape the consequences of win- 
ter, to alleviate competition with their parents, and 
to disperse across the landscape. Like sea turtles, 
they may move thousands of miles to find the sin- 
gle nesting beach that they were born on 50 years 
earlier. They move to colonize new areas and to 
spread their genes into distant populations. They 
move for food, they move for cover, they move for 
mates, and they move for refuge from humans. 
The overwhelming majority of animals must move 
during some stage of the life cycle. 

Salamanders, salmon, sturgeon, and striped 
bass move between freshwater environments, nec- 
essary for their egg and larval life stages, to terres- 
trial or saltwater environments that suffice for the 
adults. Alligators and turtles, on the other hand, 
must migrate onto land to lay their eggs, but the 
newborn move back to water for their livelihood. 
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Like animals, plants also need to move, mostly 
during the reproductive stages. Primitive plants 
depend on the wind to carry pollen from one indi- 
vidual to another. But wind and water proved too 
capricious for higher plants, and showy flowers 
evolved in order to attract beetles, bees, bats, and 
birds to cross-pollinate the plants. Literally hun- 
dreds of economically important plants such as 
raspberries, blueberries, and strawberries; trees 
such as apples, oranges, and maples; and crops 
such as clover, carrots, and cotton depend on ani- 
mal movement for pollination. Honeybees were 
introduced into America specifically to move 
pollen from one crop plant to another. And carry 
pollen they do. A single bee may visit more than 
1,000 flowers to collect a load of pollen, and the 
average worker carries 10 to 15 loads per day 
(Winston 1987). Thus, as many as 10,000 flowers 
may be cross-pollinated by a single bee in a single 
day. Cross-pollination is roughly synonymous 
with outbreeding and is the opposite of inbreeding. 

Unlike the honeybee that makes thousands of 
individual, short trips, animals such as panthers, 
black bears, elk, and caribou travel long distances. 
Although the average home-range size of all Flori- 
da panthers is only 150 square miles, a single domi- 
nant male may distribute his genes among individ- 
uals covering an area three times as large. He may 
need to walk as far as 20 miles in a single night. 
Even river otters may travel five miles a night. l6 

Numerous species that we take for granted sim- 
ply will not occur in expansive conifer forests or 
agricultural and urban landscapes when their 
movement is impeded. Several studies demon- 
strate that gray squirrels will not occur in frag- 
mented landscapes unless "stringers" (hardwood 
streamside corridors) allow for dispersal and forag- 
ing in otherwise inhospitable landscapes. l7 Turkey 
managers refer to these stringers as "turkey trots" 
because they allow turkeys to skulk across open 
areas that would otherwise constitute barriers to 
movement.I8 Canadian researchers report, "The 
most fundamental barrier affecting woodland 
species in farmland is the separation of forest frag- 
ments from each other by creation of crop fields 
between them. The resulting 'isolation effect' can 
range from almost complete removal of a species' 
habitat to limited barriers easily overcome . . . by 
movement corridors" (Henderson et al. 1985). 

Riparian Woods and Rheotaxis 

One great principle of physics, gravity, is cap- 
tured in the observation that "water runs down- 
hill." A similar concept from biology is that of 
tropism and taxis. Organisms orient and move 
according to directional stimuli: Plants grow 
toward light (phototaxis), moths are attracted by 
smell (chemotaxis), and fish migrate against the 
current (rheotaxis). Thus, while rivers and streams 
drain the landscape from higher to lower eleva- 
tions, many aquatic organisms move themselves, 
matter, and energy upstream-against the gradi- 
ent. Sturgeon, salmon, and sea bass move from the 
sea up rivers to spawn and, in so doing, link the 
sea to freshwater systems in a "counter-current" or 
"upstream" direction. Through the processes of 
ingesting, digesting, and transforming plants and 
animals, carnivores move energy and matter up the 
trophic ladder. By foraging at low elevations and 
moving to higher elevations, animals move materi- 
als and energy against the gravitational field. 
Physicists define this as "work." 

An example is found in the thousands of tons of 
nutrients per annum that are gleaned from estuar- . 
ies, rivers, lakes, and streams and moved back up- 
slope by colonial water birds through ingestion 
and defecation. Otters and other furbearers do this 
work as well. Twenty-six of North America's 30 
most common furbearers are either carnivores by 
diet or are classified as "carnivora" even though 
they forage more generally-for example, the black 
bear. The majority of these species are amphibious 
inasmuch as they are terrestrial mammals that live 
in close association with aquatic habitats. Animals 
such as mink and otter forage from the aquatic 
food chain but spend most of their time in terrestri- 
al habitats. Similar to fish, they do work by mov- 
ing energy and matter up the gradient against the 
gravitational field; they link aquatic systems to 
adjacent uplands. 

Carnivores play other roles in the environment 
as well. Because of their predatory nature, the rela- 
tively low density of prey in the environment, and 
their large home ranges, predators normally utilize 
numerous habitat types. In this "inverse pyramid 
of habitats, animals high in the food chain (such as 
top carnivores) utilize and integrate food sources 
from more habitats than animals lower in the food 
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Figure 4. Protective Designation of Pinhook Swamp Creates a Strategic Linkage Between 
Osceola National Forest and Okefenokee National Wildlife Refuge. 

Drawng by Merald R. elark 
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chain (such as herbivores). The number of habitats 
that an animal ranges over and thus integrates is 
inverse to its level in the food chain and its abun- 
dance. The work wide-ranging animals perform 
by influencing the relative abundance and distri- 
bution of prey animals is generally overlooked by 
conservation agencies and organizations that 
define communities on the basis of a couple of 
dominant plant species. It stands to reason that 
decision-makers who do not appreciate the role 
mammalian carnivores play would not design a 
preserve system to protect them. (Figure 5 shows 
how animal population growth in Florida is now 
tending to be inversely related to size and trophic 
level.) 

Rather than presuming the lower trophic levels 
do not need the higher ones, we must give greater 
attention to conserving entire faunal and floral 
assemblages that can function as a natural system. 
Because flowing water and other gravitational 
mechanisms move energy and matter toward the 
lower elevations and because so many animals are 
amphibious, the junction between land and water 
is by far the richest of our wildlife habitats. 
Numerous species of fish, amphibians, reptiles, 
mammals, and birds not only live there, they also 
use these riparian or streamside woods as land- 
scape thoroughfares. Thus, even if rivers and 
riparian woods had no fisheries value, no recre- 
ation value, and no hydro-period regulation, water 
recharge, or cleansing value, we would still choose 
them as priority wildlife conservation areas. Even 
if humans were not involved at all, rivers, streams, 
and drainageways would still portray nature's 
own energy signature to be read as a resource man- 
agement template. On the other hand, it is because 
these stream and riverfront woods have such 
diverse and strong. interest groups that they should 
be our most quickly designated conservation corri- 
dors. Foresters, fisheries managers, recreationists, 
and water quality managers should all rally to the 
common goal. 

Even though riparian woods represent our sin- 
gle best hope for creating a system of interconnect- 
ing corridors, they do not exhaust the opportunity 
list. Numerous cultural artifacts also meet the 
design criteria. Abandoned railroad rights-of-way 
and powerline, pipeline, and other easements can 
be utilized by mammals. Canopy roads, wooded 

median strips of interstate highways, windbreaks, 
greenbelts, and wooded visual screens can be used 
as corridors by birds. Equestrian trails, jogging 
trails, and bicycle routes can be of value in urban 
areas, just as wooded fencerows play a role in rural 
landscapes. All represent linear connectors that 
permeate the landscape; all can play a role in an 
interconnected habitat island system. 

We do not necessarily need to purchase these 
acreages in order to put them to use. In many 
cases, a form of conservation easement and negoti- 
ated land use that facilitates animal passage is all 
that is needed. We must direct a major effort 
toward development of incentives and rewards for 
private landowners who wish to contribute to con- 
servation while keeping their land productive 
(Harris 1985). 

Piecemeal Management for Movement 
Scientific journals, agency policy manuals, and 

conservation law books are filled with examples 
and mandates for managing animal movement. 
Most early federal wildlife legislation dealt with 
protecting the migration habits of, and opportuni- 
ties for, migrant species. As early as 1914, the fed- 
era1 government entered into an international 
treaty to protect the movement of migrant birds, 
and as late as 1987, the United States signed a 
treaty with Mexico to protect the international 
migration of monarch butterflys. l9 

Fisheries, waterfowl, and other migrant game 
management strategies have hinged on the need 
for birds and fish to migrate. The huge pipeline 
constructed to carry oil south from Alaska's north- 
em slope was elevated specifically to allow move- 
ment of caribou and other tundra game animals. 
Interstate highway underpasses allow deer and elk 
to migrate in several western states, and an under- 
pass system in Glacier National Park was designed 
to improve mountain goat access to mineral licks. 
Prior to underpass construction, goats were suc- 
cessful in crossing U.S. Route 2 only 74 percent of 
the time. Research after underpass construction 
revealed that 100 percent of crossing attempts were 
eventually successful. 2o 

There are also numerous occasions where 
boundary configurations of parks, preserves, and 
refuges have been planned to accommodate 
wildlife movement. Olympic National Park was 
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Figure 5. Population Growth or Decline as Related to Body Size and 
Trophic Level for Selected Florida Mammals. 

The solid silhouettes depict species, mostly mid-sized and omnivorous, that are increasing in numbers (gray and red 
fox, raccoon, coyote, opossum, skunk, and armadillo). The species depicted in outline, which tend to be larger or more 
specifically carnivorous, are declining in numbers or their status is in question (black bear, Florida panther, bobcat, 
otter, mink, and weasel). The red wolf is already extinct in the wild. 

PERCENT CARNIVOROUS 
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designed to include a 50-mile river valley corridor 
linking the predominantly high elevation park to 
the Pacific Ocean shore. When President Harry 
Truman dedicated the park in 1953, he observed, 
"Olympic National Park . . . now becomes the only 
park in the world to extend from snow-capped 
mountains to ocean beaches." The purpose of the 
vertical valley corridor is to facilitate migration of 
deer, salmon, steelhead and other species. 2' In 
New Jersey, Pinelands National Reserve depends 
on "corridors near the boundaries of the pinelands 
and around major towns to delimit and reinforce 
the integrity of the entire pinelands as a unit. Cor- 
ridors linking the southern and northern centers of 
the Pinelands also reinforce the integrity of the 
whole pinelands and are a special issue for species 
at the northern or southern edges of their ranges" 
(Good 1982). 

In Costa Rica, a 15-mile-long, 2-mile-wide river- 
ine corridor connects the lowland La Selva Biologi- 
cal Station with the montane Braulio Carrillo 
National Park (see figure 6). This creates an unin- 
terrupted biological preserve rising from an eleva- 
tion of 114 feet above sea level to more than 9,500 
feet (Pringle et al. 1984). The same prescription 
was implemented in Tanzania so that elephants 
could migrate between Lake Manyara National 
Park and the Ngorongoro Conservation Area. 
International development agencies (e.g., USAID) 
required that landscape linkages be built into the 
Maheweli Ganga hydroelectric project in Sri Lanka 
so that elephants can continue to utilize traditional 
migration routes between reserves. 

Following the recommendations of renowned 
conservationist George B. Schaller, the Chinese 
government "is considering an addition to Wolong 
as well as the creation of one large reserve in the 
Min Mountains by conecting the Tangjiahe, 
Baishuaijiang, Walang and Jiuzhaigou reserves. 
Where expansion is not feasible, the preservation 
or reestablishment of corridors of habitat can in 
some instances prevent neighboring but noncon- 
tiguous populations from becoming isolated" 
(Schaller et al. 1985). 

It is clear from these examples that protecting 
migrant species and their freedom to move and 
designating landscape corridors to facilitate animal 
movement are established conservation practices 
in this country and abroad. However, our efforts 

to date have been isolated instances directed at 
individual species or problems. With the exception 
of migratory bird management, there has been no 
overriding or unified philosophy to direct state or 
regional conservation planning. 

Allowing Entire Faunas To Move 

Thirty-eight years before the Declaration of 
Independence, approximately one hundred black 
slaves escaped from British plantations and estab- 
lished Fort Mose in Spanish Florida. This was the 
first free black settlement in North America. Sev- 
eral 18th century maps made by Spanish engineers 
show the fort in the center of high farmland, where 
the residents grew corn and millet. Today, howev- 
er, the site of Mose occurs in a submerged marsh 
near the edge of the Atlantic, victim of the rising 
sea .22 

When Theodore Roosevelt and other conserva- 
tion leaders of the early 20th century spent holi- 
days at the coast, Cape May, New Jersey was one 
of eastern North America's most famous resort 
beaches. Today, the beach is nearly gone, the city 
has dwindled, and the narrow strip of land that 
was formerly coastal plain has become part of the 
continental shelf, victim of the encroaching sea. 
Everglades National Park in southern Florida was 
America's first national park established to pre- 
serve wildlife and natural ecosystem diversity. It is 
also one of the first national parks to be jeopard- 
ized by rising sea levels and the advancing shore. 
Southern Florida's flat landscape means a one-foot 
rise in sea level causes a 10-mile northward migra- 
tion of Florida Bay. a Climatologists now predict 
that, as a result of the greenhouse effect, the next 
one-foot rise in sea level may occur as early as the 
year 2015 (e.g., see Hansen et al. 1988). At best, 
State Road 27-presently taking visitors overland 
to Everglades National Park headquarters-will 
become a causeway across Florida Bay. 

Thirty-five 100-foot-long aquatic underpasses 
are presently being constructed beneath the Inter- 
state 75 extension across southern Florida from 
Naples to Fort Lauderdale. Farsighted decision- 
makers such as Senator Bob Graham and Governor 
Bob Martinez of Florida have seen this as an 
essential step to allow water, fauna, and flora to 
move beneath the otherwise barricading interstate 
embankment. In addition to allowing Everglades 
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Figure 6. A Riparian Corridor in Costa Rica Connecting La Selva Biological Station 
with Braulio Carrillo National Park. 

mink and otter to move with their fisheries prey 
base, the underpasses will permit black bears and 
panthers to avoid the perils of ever-increasing 
automobile traffic loads and thousands of fresh- 
water and estuarine species to migrate northward 
as the salt of Florida Bay crystallizes on remnant 
rootstocks of former forests. Without the under- 
passes, the 1-75 extension would prevent these 
species from moving northward with the pull of 
receding glaciers and the push of a rising sea. 

Accelerated rates of climate change and rising 
sea levels require implementation of conservation 
strategies to allow for the displacement of entire 
communities of plants and animals from their pre- 
sent locations. While north-south migration corri- 
dors will be necessary in most cases, mountainous 
areas and areas near the sea will require corridors 
that span elevational gradients. Natural landscape 
features such as floodplains, river valleys, and 
ridge tops have guided the movement of plant and 
animal associations for millenia and should now 
serve as our design templates for an integrated sys- 
tem of ecological preserves for the future. 24 

The Next Steps 

A new strategy is called for, one that transcends 
piecemeal land consolidation here, more riparian 
corridors there, and another underpass out yonder. 
We need to replace the 19th century notion that the 
job is done when we succeed in designating certain 
areas as parks, refuges, or national forests. At that 
point, the task has only begun. We must adopt 
realistic approaches regarding the need for natural 
ecosystems to change and interact with their sur- 
roundings. What happens to the habitat content 
within a preserve may be less important than what 
happens in the surrounding contextual setting. 
Not only do animals need to move back and forth 
in a dynamic landscape; the preserves themselves 
may need to move. 

As long as we limit our focus to problems with- 
in park or refuge boundaries, even the largest 
parks and refuges will not conserve our native 
fauna: Most will be too small for viable popula- 
tions. Some will experience natural disasters, and 
some will become submerged beneath the sea. 
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Without fanfare and frequently without notice, 
native faunal integrity will continue to erode. The 
public may never notice this erosion until the death 
of the last individual of a species claims all the 
attention; meanwhile, even the large conservation 
areas will be experiencing faunal collapse. 

We may not need more public domain acres; but 
we most assuredly will need different acres and 
different configurations. Nearly 40 percent of the 
land area of the United States is already in public 
ownership, managed by state and federal agencies. 
We need to reevaluate conservation policies on this 
land, most of which is not administered to con- 
serve biological diversity. Air Force bases and 
National Guard reservations may be just as critical 
to plant and animal movement as are national 
parks, forests, and wildlife refuges. 

We may not need more programs; but we do 
need better program integration and agency coop- 
eration. To date, our initiatives have been stacking 
up, but they have not been adding up. A modest 
increase in the federal excise tax on gasoline would 
help the balance of trade and the U.S. economy, 
reduce the burning of carbon fuels, and slow the 
greenhouse effect. It could help finance the con- 
struction and retrofitting of underpasses in federal 
highway systems, working for the conservation of 
America's biological resources rather than against 
them. 

We need more than big linkages between big 
areas for big mammals; we also need citizens and 
administrators who understand the need for move- 
ment at all scales. Fencerows connecting woodlots 

and abandoned acres are just as important to mid- 
western wildlife as streamside buffers are to west- 
em mountain species. Greenways accommodating 
linear outdoor recreation such as jogging, bicy- 
cling, horseback riding, canoeing, and cross-coun- 
try skiing can be as useful for wildlife as they are 
for people. 

We need not just analysis, but application; not 
just policies, but practical programs; not just indi- 
vidual actions, but integrated action. We do not 
need to set the United States aside as a tribute to 
the past; we need to develop new linkages that will 
function in the future. 

Larry D. Harris has taught and conducted research 
since 1972 at the University of Florida, specializing in 
forest management for biological diversity. He earned 
his M.S. and Ph.D. degrees in ecology and systems ecol- 
ogy from Michigan State University, with postdocforal 
work in systems ecology through the U.S. international 
Biological Program. He is the author of more than 50 
scientific publications and sits on several policy and re- 
search reuim boards on maintaining biodiversity. Dr. 
Harris's book The Fragmented Forest, published in 
1984, won national and international awards for excel- 
lence. 

Peter B. Gallagher has served as a staffwriter for the 
St. Petersburg Times and is now engaged in free-lance 
writing assignments on environmental issues, particu- 
larly those affecting southern Florida. He is president of 
Save the Panther, Inc., in Tampa, Florida. 
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Footnotes 

' Technical details of the bear's movement are given in 
Maehr et al. 1988. An exemplary summary of black bear 
dispersal characteristics is given in Rogers 1987. The 
most recent compilations of relevant black bear informa- 
tion for the eastern United States are Maehr and Brady 
1984 and Carlock et al. 1983. Wooding and Brady 1986 
report Florida black bear roadkill statistics. 

Critics of the dispersal corridor approach commonly 
argue that even if we commit to preserving corridor 
habitats we would have no assurance that animals 
would use them. This criticism is ill-founded. Thou- 
sands of species migrate seasonally but not in random 
directions. For example, when roadkill statistics are 
plotted on maps, it is possible to discern "hot spots" 
where most of the fatalities occur. Chanin and Jefferies 
1978 observe, "Mortality records collected by one of us 
(PRFC) show that in some areas, otters have repeatedly 
been found dead on the roads at the same spot over a 
number of years . . . ." This same pattern holds for black 
bear and other species in Florida. 

Lalo 1987 presents a recent account of roadkill mortali- 
ty on America's highways and puts the annual toll at 100 
million animals per year. Oxley et al. 1974, Leedy 1975, 
Leedy et al. 1975, Adams and Geis 1981, and Mader 1984 
should be consulted for entry into the literature on 
wildlife and highways. See WShea 1988 for manatee 
information and U.S. Fish and Wildlife Service 1987 and 
Belden 1988 regarding the Florida panther. 

Wilcox and Murphy 1985 state that "habitat fragmenta- 
tion is the most serious threat to biological diversity and 
is the primary cause of the present extinction crisis." 
Major regional analyses of the problem are presented by 
Burgess and Sharpe 1981, Harris 1984, and Saunders et 
al. 1987. Additional key papers that address individual 
groups of animals or specific situations are Robbins 
1979, Howe 1984, Lynch and Whigham 1984, Wilcove et 
al. 1986, Wilcove 1987, and Harris 1989. 

The full body of knowledge regarding the effects of 
habitat fragmentation and the importance of corridors 
derives from many different approaches. Critics com- 
monly deny the consequences of habitat fragmentation 
and imply that linkages or interconnecting corridors are 
somehow artificial management contraptions. It is, in 
fact, the fragmented landscape that represents the artifi- 
cial from the point of view of native fauna. Arguments 
that the theory of island biogeography has not been 
''proven" are equally erroneous inasmuch as abundant 

empirical support for the value of habitat corridors 
derives from many sources, some predating MacArthur 
and Wilson's work by half a century. 

Entry into traditional biogeography literature is pro- 
vided by Darlington 1957. Primary theoretical issues are 
reviewed by Preston 1962, MacArthur and Wilson 1967, 
Simberloff 1974, Brown and Kodric-Brown 1977, and 
Margules et al. 1982. The combination of logic and 
observation leading to recommendations is put forth by 
Diamond 1975, Terborgh 1974, Wilson and Willis 1975, 
and Wilcox 1980, among others. 

Entry into the extensive research and management lit- 
erature can be pursued as follows: The oldest body of 
support and that which deals with the largest scale of 
time and space is paleontology. George G. Simpson (e.g., 
1940; 1965) is perhaps most effective at articulating the 
importance of land bridges as dispersal corridors for ter- 
restrial organisms. Both the continental (e.g., Adams 
1902; Webb and Wilkins 1984) and the island (e.g., Dar- 
lington 1957) divisions of biogeography literature attest 
to the importance of direct linkages as dispersal avenues. 
Patterson 1984 and Heany and Patterson 1986 provide 
entry into the literature on regional patterns of mammal 
distribution as affected by dispersal corridors. 

The importance of linear, interconnecting habitats 
such as fencerows, field borders, and roadside verges for 
wildlife in agricultural landscapes has been known for 
more than 50 years. A large bidy of literature dealing 
with many small game species exists (e.g., Grange and 
McAtee 1934; Sumner 1936; Lehmann 1937; Edminster 
1938; Davison 1939 and 1941; Dambach 1942,1945, and 
1948; Graham 1944 and 1947; Petrides 1942). 

One group of animals that has been particularly well 
studied and one for which virtually all authorities advo- 
cate the use of wooded corridors is the squirrels. For 
example, it was known nearly 50 years ago (see Baum- 
gartner 1943, Allen 1943, and Flyger and Gates 1982) that 
squirrel populations of small and widely separated 
woodlots are sometimes "shot out" and restocking does 
not occur by dispersing squirrels unless travel lanes such 
as wooded fencerows are available. 

There is a large literature associated with the wildlife 
corridor value of linear strips of forest such as stream- 
side buffers, riparian forests, and shelterbelts (e.g., 
Munns and Stoeckeler 1946; MacClintock et al. 1977; 
Robbins 1979; Whitcomb et al. 1981; Arnold 1982; Lan- 
ders 1985; Wilcove et al. 1986; Lynch 1987). Australian 
forest wildlife ecologists have focused a great deal on 
this topic. For example, Suckling 1982 observes, "The 
size of reserves is not relevant, provided they are linked 
by corridors of suitable habitat:as gene flow and disper- 
sal can occur freely throughout. Within intensively man- 
aged forest areas a system of linked reserves is desirable 
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. . . ." Loyn 1985 observes that "such retained areas pro- 
vide a valuable system of mature habitats for flora and 
fauna. Their value can be enhanced by strategic linking 
of reserves and by deliberate selection of retained areas 
for value as wildlife habitat." 

As early as 1944, Charles Kendeigh distinguished 
between species that were characteristic of different for- 
est types and those that were more opportunistic. He 
referred to the former as interior species and the latter as 
exterior species. More recently, authorities such as 
Chandler Robbins (e.g., 1979) have used the phrase 
"area-sensitive" to describe those species requiring sub- 
stantial tracts of forest to survive. Technically, there is a 
distinction between interior species that require exten- 
sive tracts of closed-canopy forest and area-sensitive 
species that require large areas but may be more tolerant 
of forest management operations. Papers by Wilcove 
constitute up-to-date reviews of current scientific litera- 
ture. Data-based papers specific to the Southeast are 
Harris and Wallace 1984, Cox 1988, and Harris 1989. 

' Matthiae and Stearns 1981 describe the effects of forest 
fragmentation and its consequences on the large mam- 
mals of the north central states. Harris et al. 1982 de- 
scribe the differential loss of the wide-ranging carnivores 
from the fragmented habitats of the Cascade Mountains. 
Maehr 1984 illustrates and Pelton 1986 describes how the 
loss of movement corridors has come to isolate and re- 
strict the distribution of black bears to large tracts of fed- 
eral lands in the eastern United States. 

The effects of raccoon predation on the nests of marine 
turtles, gopher tortoises, alligators, and game birds have 
been known for a considerable time. More recently, the 
effects of amplified levels of middle-sized omnivores as 
ground nest depredators have been identified as a criti- 
cal factor in the demise of several species of migrant 
songbirds. This process of middle-sized omnivore am- 
plification is sometimes referred to as "meso-mammal re- 
lease" (see Soule et al. 1988, Harris 1988c, and Hams 1989). 

Stanley Temple and associates at the University of Wis- 
consin have published most extensively on the cowbird 
problem (e.g., Ambuel and Temple 1983; Brittingham 
and Temple 1984) as it relates to edge-effects manage- 
ment. Harris 1988d provides an overview of the issues 
that surround game management techniques such as 
patch cuts designed to create edge effects. Three addition- 
al papers in the same issue of Consmation Biology (Vol. 2, 
No. 4) portray the scope of the edge-effect controversy. 

l o  Some of the best research results and summaries are 

published by Ralls and associates (e.g., 1986; 1988). Dr. 
Melody Roelke is conducting research on the effects of 
inbreeding in Florida panthers (see U.S. Fish and Wild- 
life Service 1987). The collection of papers in Soule 1987 
provides the most recent synthesis of management for 
viable populations. 

" Individual national parks, wildlife refuges, and even 
the larger national forests are simply not large enough in 
and of themselves to support viable populations of 
numerous species of wildlife, especially the territorial 
and wide-ranging mammals. For example, only two or 
three national wildlife refuges in the eastern United 
States are large enough to support a single pair of pan- 
thers; none could support a viable population. New- 
mark 1987 describes the essentials of the extinction pro- 
cess in the parks of the western United States. Although 
his data base and analyses are now being criticized (e.g., 
Quinn et al. 1989), the underlying premise of his conclu- 
sions remains valid. Harris 1984 and Salwasser et al. 
1987 describe the necessity of interagency management 
strategies in order to provide expanses of landscape suf- 
ficiently large to maintain viable populations and miti- 
gate the problems of isolated parks. 

l 2  The various terms applied to linear conservation lands 
reflect diverse origins of the same general concept. 
Greenways is commonly used in urban and regional 
planning, and the process of creating greenway net- 
works is referred to as greenlining. An entire school of 
planning philosophy hinges on naturally occurring envi- 
ronmental corridors (see Belknap et al. 1967, Katz and 
Sollen 1976, Walesh 1976, Davis and Glick 1978, Rubin 
and Emmerich 1981, Corbett 1983, Poynton and Roberts 
1985, and Adams and Dove 1989). 

The importance of linear habitats such as fencerows 
and windbreaks was introduced in note 5. Throughout 
much of Europe, especially in England, the utility of 
hedgerows as wildlife habitat has been a major concern 
for decades (see Doudeswell1987 and Pollard et al. 
1979). Highway verges, median strips, and rights-of- 
way have long been advocated for wildlife habitat (e.g., 
Latham 1956; Egler 1952,1957; Smith 1970; Way 1970). 
Fisheries biologists are strong advocates of streamside 
buffer strips that protect aquatic habitats, and, more 
recently, the forestry profession has committed to the use 
of streamside buffers as a means of managing water 
quality and hydrology. 

The concept of landscape linkages to connect existing 
parks and reserves seems to make more sense to the gen- 
eral public, legislators, and decision-makers who readily 
grasp the value of consolidating existing but soon-to-be 
isolated natural areas. 
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However, current emphasis on wildlife dispersal corri- 
dors is somewhat different from all of the above. The 
dispersal corridor concept presumes that these linear 
strips of habitat connect more substantive patches of 
habitat and function to facilitate the movement of ani- 
mals from one point to another. This function (move- 
ment, dispersal, and gene flow among patches) allows 
populations and species to occur in landscapes where 
they could not otherwise occur (e.g., see Tassone 1981 for 
birds and Redford and Fonseca 1986 for mammals). 
Even though all linear strips of habitat may have value, 
their wildlife corridor function depends upon the degree 
to which they serve the needs for animals to move 
among otherwise separated patches or the degree to 
which they lead to landscape values that would not be 
attained without the connections. 

The emerging discipline of landscape ecology treats 
corridors as important elements of ecologically sound 
landscapes and distinguishes between those that are 
wide enough to have internal habitat integrity of their 
own and those such as fencerows that simply connect 
other patches (see Noss 1983; Forman 1981,1983, and 
1987; and Forman and Godron 1986). 

l 3  The best entry into the literature on population viabili- 
ty is Soule 1987. 

l4 Jackson 1976 and 1987 and Walters et al. 1988 present 
evidence that the colonization of adequate existing habi- 
tat by the endangered red-cockaded woodpecker will be 
facilitated by dispersal corridors. See Harris 1988b, 
1988c, and 1988d for arguments in behalf of the imple- 
mentation of these specific landscape linkages. 

l5 See chapter 9 in Prescott-Allen and Prescott-Allen 1986 
and Winston 1987 for entry into the literature on the biol- 
ogy and economic importance of pollination to Ameri- 
can agriculture. 

l6 See U.S. Fish and Wildlife Service 1987 and Belden 
1988 for panther statistics. Harestad and Bunnell1979 
cite a large body of literature on home-range sizes for 
mammals. Jewel1 1966 and Sanderson 1966 provide use- 
ful entries into the home-range literature. 

l7 The literature on North American squirrels is particu- 
larly compelling in this regard. All major tree squirrel 
authorities during the last 50 years have advocated the 
use of corridors as a squirrel management technique 
(e.g., Allen 1943; Baumgartner 1943; Hedrick 1973; Fly- 
ger and Gates 1982; McElfresh et al. 1980; Dickson and 
Huntley 1987; Nixon et al. 1980). Allen 1943 observes 
that "nothing is more evident in the excellent fox squir- 

rel range of southwestern Michigan than the good lines 
of communication provided by bur oaks, hickories, and 
other trees in field boundaries and along roadsides." 

l 8  Fahrig and Merriam 1985. See also Wegner and Merri- 
am 1979, Merriam 1984, and Henderson et al. 1985. The 
Australian wildlife conservation literature is equally 
stocked with empirical studies (e.g., Barnett et al. 1978; 
Middleton 1980; Saunders 1980; Suckling 1984). 

l9 Numerous national and international level working 
groups consisting of world-renowned ecologists and ' 
conservationists have endorsed the concept of landscape 
linkages and wildlife dispersal corridors as a viable con- 
servation strategy. Two U.S. Congress Office of Technol- 
ogy Assessment working groups have endorsed the con- 
cept (Office of Technology Assessment 1984,1985). 

In 1982, a group of 35 scientists and managers met to 
find ecological solutions to environmental management 
concerns in Pinelands National Reserve; they strongly 
advocated the use of riparian corridors to link pineland 
fragments (Good 1982). 

In 1983, a working group of leading ecologists charged 
with assessing priorities for the new discipline of land- 
scape ecology stressed the importance of movement of 
plants and animals and other materials between land- 
scape patches (Risser et al. 1984). 

An Australian national symposium on the conserva- 
tion value of remnant native vegetation concludes, "The 
value of these corridors in the Australian landscape is, as 
yet, poorly documented but Bennett (chapter 4), Reecher 
et al. (chapter 14), Bridgewater (chapter 15), and Saun- 
ders and Ingram (chapter 22) all discuss the role of corri- 
dors in the context of management of remnants for con- 
servation" (Saunders et al. 1987). The Australian Acade- 
my of Science had previously published a strategic plan 
for a national system of ecological reserves in Australia 
and had stressed "the need to provide for the kinds of 
animals which lead very mobile lives and which . . . 
depend upon the existence of chains of appropriate habi- 
tat over very wide areas" (Ride 1975). 

The World Conservation Strategy prepared by the 
International Union for Conservation of Nature and Nat- 
ural Resources (IUCN), United Nations Environment 
Programme (UNEP), and the World Wildlife Fund 
(MF) endorses the conclusion that interconnected 
nature reserves will experience lower extinction rates 
than unconnected ones (International Union for Conser- 
vation of Nature and Natural Resources 1980). See also 
Diamond 1975. 

The President's Commission on Americans Outdoors 
1987 gives overwhelming support for the concept of 
geenbays and park and preserve linkages. The U.S. 
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Environmental Protection Agency's draft report to 
Congress on mitigation of climate change effects asks 
that "Federal and State wildlife and fishery managers 
begin to consider climate change effects in siting refuges 
and to examine setting up migratory corridors to 
improve the ability of various species to move to new 
habitat areas" (Crawford 1988). 

' O  A large literature dealing with the use of migration 
corridors and highway underpasses exists for several big 
game species. For entry, see Singer 1975, Reed et al. 1974 
and 1975, Klein 1980, Reed 1981, Singer and Doherty 
1985, Eide et al. 1988, and Curatolo and Murphy 1988. 

'' A director of the National Park Service observed that 
"it is highly important that parks should not be treated 
as isolated reserves, but as integral parts of the complex 
economic, social and ecological relationships of the 
region in which they exist" (Hartzog 1972). U.S. Fish 
and Wildlife Service 1984 promulgates the establishment 
of "corridors connecting the wildlife communities which 
would be permanently protected by the FWS in fee, 
although less-than-fee status is desirable on some 
tracts." The chief of the Forest Service, F. Dale Robert- 
son, recently signed the record of decision on a spotted 
owl management strategy that is predicated on a system 
of stepping stone islands and physical habitat linkages 
to create a network of habitat areas spanning the 500 
miles of the spotted owl's range. Many state conserva- 
tion agencieshave established policies aimed at purchas- 
ing or protecting movement corridors (e.g., Atchafalaya 
linkup 1985). At least one court of law has ruled against 
a development that negatively impacted an elk migra- 
tion corridor (Methow Valley Citizens Council et al. v. U.S. 
Forest Service Regional Forester et al. 1987), and a lawyer 
has written on the legal implications of corridor imple- 
mentation (Blackner 1986). 

" Professor Kathleen Deagan and associated archeolo- 
gists at the Florida Museum of Natural History have 
been excavating the site since 1987. Purdy 1988 includes 
documentation of climate, vegetation, and sea level 
change and some of the consequences for recent human 
cultures in Florida. See Pilkey et al. 1984 and Wells and 
Peterson 1987 for the effects of East Coast sea level rise 
during the last two hundred years. 

The elevational rise from Florida Bay to Lake Okee- 
chobee is about 15 feet in 150 miles, approximately 
equivalent to a rise of one foot per 10 miles or one foot 
per 50,000 feet. 

'' See Peters and Darling 1985 for a review of conse- 
quences. Yale University Press is now publishing the 

results of an authoritative 1988 symposium on the biodi- 
versity consequences of climate change resulting from 
the greenhouse effect. Hunter et al. 1989 conclude, 
"Nature reserves should be connected as much as possi- 
ble by large-scale (continental) corridors that would 
allow species to change their geographic distributions in 
response to climatic changes." 
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