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S

et amidst the sandhills of North Carolina, Fort Bragg is one of the largest
and busiest military installations in the world. The base, which is the home
of the Army’s airborne and special operations forces, trains more soldiers
each year than any other military installation. The base plays a crucial
role in enabling rapid deployments around the world, and soldiers from its 82nd
Airborne Division must be ready to fight anyplace on the globe within eighteen
hours. Military readiness is dependent on training, and training is a perishable commodity. As a result, Fort Bragg hosts extensive ground and aerial training exercises,
and up to one hundred thousand parachutes a year blossom in the skies above the
base. The success of these training maneuvers in meeting the military mission depends on the availability of adequate land and realistic fighting conditions.
Sharing the base’s airspace and terrain with these parachutists are some of the
last remaining red-cockaded woodpeckers (Picoides borealis), a federally protected
endangered species. Efforts to protect this eight-inch tall, black and white-striped
woodpecker had the potential for dramatically restricting the training opportunities at the base with consequences for the installation’s capacity for maintaining military readiness. Instead, by taking an innovative approach to managing the
base’s natural ecosystems and to working across boundaries—geographic and institutional—Fort Bragg not only is helping ensure the survival of this endangered
bird, but also is enhancing the availability of realistic training for the nation’s
troops. And in doing so, those involved have helped forge a new generation of
approaches for conserving biodiversity on military lands.

Biodiversity: What is It?
Biodiversity, most simply put, is the variety of life—everything from genes, to
species, to entire ecosystems. Shorthand for “biological diversity,” the concept is
most frequently applied to the array of plant and animal species that occur in a
particular place, or region. The notion, however, captures not only the diversity
of species in an area, but also the genetic variation within those species, as well
as the organization of these species into biological communities and the variety
of ecosystems across a landscape. Biodiversity conservation must take each of
these levels into consideration.
As might be expected of a term that attempts to address the dazzling variation
in life forms inhabiting the Earth, numerous definitions for biodiversity have been
proffered, with each emphasizing one aspect or another of the concept. Perhaps
the most widely used definition is contained in the international Convention on
Biological Diversity, the international undertaking that grew out of the 1992
“Earth Summit” in Rio de Janeiro. The convention defines biological diversity as:
. . . the variability among living organisms from all sources including, among other things, terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are
part; this includes diversity within species, between species and of ecosystems. (cbd 1992).

Other definitions include a focus on the processes necessary for sustaining this
diversity. For instance, a report on biodiversity policy on U.S. federal lands (Keystone Center 1991), defined biodiversity as: “the variety of life and its processes;
and it includes the variety of living organisms, the genetic differences among them,
and the communities and ecosystems in which they occur.”
Looking across the various definitions that have been offered, four key concepts emerge that address different aspects of biodiversity: variety, variability,
multiple biological levels, and sustaining processes.

variety. The number of different biological units of interest--for example, the

number of distinct plants, animals, and microorganisms occurring within the
bounds of Fort Bragg, or the number of different ecosystems found across the
southeastern United States.
variability. The differences both within and among those biological units--for

Wetlands such as Alligator Lake at Marine
Corps Base Camp Lejeune, North Carolina,
are areas of high biological diversity
protected on military lands. (Photo: dod
Legacy Program)

example, the genetic variation within an individual colony of red-cockaded woodpeckers, or the distinctions found across populations of this woodpecker over its
entire range.
multiple biological levels. The different levels of biological organization, in-

cluding genetic, species, and ecosystem levels. (Some would add landscape levels
to this list.) The levels of this hierarchy are occasionally more finely subdivided.
sustaining processes. The processes that sustain the variety and variability of
life forms at these different biological levels. This can include ecological processes,
such as the role of fire in maintaining longleaf pine ecosystems, and evolutionary
processes, such as the gene flow that results from the dispersal of young woodpeckers.

For purposes of this handbook, the following definition serves to encompass
all four of these key concepts: Biodiversity is the variety and variability of life on
Earth, from genes to ecosystems, together with the ecological and evolutionary
processes that sustain it.
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Military lands often exhibit high levels of
biodiversity, sometimes in surprising places,
such as at the Brandywine Radio Site of
Andrews afb, Maryland, located in a highly
urbanized area near Washington D.C.
(Photo: Douglas Ripley)
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why should i care? the value of biodiversity
Constituting the overall fabric of life on Earth, biodiversity naturally provides
people with many benefits, direct and indirect. While some of these can be represented in dollars and cents, others cannot—at least not yet. Nonetheless, there
is an increasing realization that biodiversity benefits not only our material wellbeing and livelihoods, but also contributes to our security, health, and freedom
of choices and actions. It is no coincidence that many of the regions around the
world experiencing the greatest political and social unrest—and requiring the attention or intervention of U.S. military forces—are those where biodiversity and
natural resources have been most severely depleted.
The value of biodiversity can be expressed from a variety of perspectives ranging from scientific and economic to ethical and aesthetic. One framework for
understanding the value of biodiversity that has been gaining currency over the
past few years is termed ecosystem services (Millennium Ecosystem Assessment
2005). Under this framework, biodiversity can be viewed as providing benefits
in several areas:
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provisioning services include the role biodiversity plays in providing food, med-

icine, fiber, and fuel. Most of the world’s food supply, for example, derives from
just 20 species of plants, such as corn, rice, wheat, and potatoes. Our ability to
ensure the continued production of these crops, and to provide food to a growing world population, depends largely on the periodic infusion of genetic material from wild relatives or locally adapted strains. Similarly, about a quarter of all
prescription drugs are taken directly from plants or are chemically synthesized
versions of plant substances (Eisner and Beiring 1994). Fungi and microorganisms have proven to be particularly potent sources for new drugs, and more than
half of prescription drugs are modeled on natural compounds. Indeed, most
breakthrough compounds, such as penicillin, originate from natural products.
Our ability to continue developing lifesaving drugs is closely tied to the existence
of a robust array of species.
regulating services include the role biodiversity plays in the modulation of dis-

eases, climate, floods, and water purification. We now understand that the outbreak and regulation of many diseases is closely tied to changes in biodiversity
and integrity of ecosystems. As an example, the spread of Lyme disease, a bacterial infection carried by ticks that, when untreated, causes a debilitating chronic
condition, has been linked to changes in wildlife populations in the eastern United
States. A combination of burgeoning deer populations and increasingly fragmented forests have combined to increase the risk of Lyme infection in many areas (LoGiudice et al. 2003). Disruption of such disease regulatory mechanisms is
a particular concern given the potential risk posed to troops deployed in regions
with deteriorating ecological conditions.
cultural services include spiritual, aesthetic, recreation, and education values.

Biological heritage is embedded deeply in the social fabric of our society, and communities historically have had close connections with the surrounding natural
landscape. A personal relationship with biodiversity often takes place through
outdoor recreation such as hunting, fishing, bird watching, or hiking. Many people value the mere existence of species, for instance free-ranging grizzly bears or
great whales, even though they may never have the opportunity to see them in
person. Religious communities of different faiths view biodiversity as a reflection
of the hand of God, and many have embraced conservation as an expression of
reverence for the works of creation. The disappearance of natural habitats and
decreasing opportunities for outdoor recreation, however, is severing connections
between people and the natural world. Together with other cultural shifts, the resulting phenomenon has been termed “nature-deficit disorder” and linked to a
variety of social problems (Louv 2005).

The Pacific yew at Naval Air Station Jim
Creek, Washington. Its wood contains a
chemical from which the potent cancer treatment drug known as paclitaxel is derived.
(Photo: Douglas Ripley)

The value of biodiversity is also enshrined within the U.S. legal system. The
Endangered Species Act of 1973 constitutes the strongest expression of this respect and value for biodiversity, noting that “. . . species of fish, wildlife, and plants
are of esthetic, ecological, educational, historical, recreational, and scientific value
to the Nation and its People.” While the focus of the act is on preventing the loss
of species, the emphasis on ecosystems contained in the act’s purpose statement
makes clear the connection to the broader concept of biodiversity:
to provide a means whereby the ecosystems upon which endangered species and threatened
species depend may be conserved, to provide a program for the conservation of such endangered species and threatened species . . .
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Fort Bragg and the Vanishing Longleaf Pine Ecosystem

Fort Bragg is home to a remarkable array of
rare plants and animals, including carnivorous pitcher plants (top) and the tiger salamander (above). (Photos courtesy of Fort
Bragg)
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In the spring of 1773 William Bartram, a naturalist from Philadelphia, traveled
across the Southeast and described “. . . a vast forest of the most stately pine trees
that can be imagined . . . ” At that time longleaf pine (Pinus palustris) was the
dominant tree across much of the Southeast, and the ecosystem that bears its
name covered on the order of ninety million acres. Over time, logging, land development, and other factors destroyed most of these old growth pine forests.
Currently, less than two million acres of this unique habitat still exist, representing a 97 percent decline, and one of the most drastic reductions of any major natural ecosystem across the United States.
As the longleaf pine forests declined, so too did many of the species dependent
on these habitats. Although some species are quite adaptable and able to survive
equally well in one type of forest over another, others have highly specific requirements that tie them tightly to a particular habitat. Such is the case with the
red-cockaded woodpecker. This species is the only woodpecker that creates cavities in live rather than dead trees, and these roosting and nesting cavities are located primarily in longleaf pines at least eighty years old. The bird’s popular name
refers to the ribbon-like patch sometimes visible on the heads of males, along with
a white cheek patch and black and white barred back. The woodpecker is territorial and non-migratory; birds have an unusual social structure, commonly living
in groups that include a breeding pair and as many as four “helpers,” offspring
from earlier years, who assist in incubating, brooding, and feeding. The woodpeckers live for more than 20 years in cavities they excavate in mature trees; the
collection of cavity trees used by a group of woodpeckers is known as a “cluster.”1
In 1918, when Fort Bragg was created, longleaf pine was still widespread
across the Southeast, and the area of North Carolina where the base was established was considered a remote and desolate region. Much has changed since that
time, and as longleaf pine forests disappeared across most of their former range,
the relative importance of remaining reservoirs of this habitat, such as Fort Bragg,
increased. Of Fort Bragg’s 161,000 acres, more than half—about 89,000 acres—
are covered with longleaf pine, representing one of the last strongholds for this
disappearing ecosystem. The base’s old-growth longleaf pine forests are rich in
biodiversity, harboring a fairly large number of other rare or endangered species
beyond the red-cockaded woodpecker. But while the woodpecker, like the pines
themselves, formerly occupied a vast area, many of these other rare species are
highly localized and were never found outside of the Sandhills region.

jeopardy and beyond
Natural forests on the installation are important for providing a realistic training environment, and by maintaining the forest base managers felt they were doing a good job of sustaining the red-cockaded woodpeckers. The U.S. Fish and
Wildlife Service (usfws), which co-administers the Endangered Species Act, felt
otherwise and in 1990 issued a “jeopardy opinion.”2 That regulatory opinion
maintained that training activities on the base were having a detrimental impact
on the long-term survival of the woodpeckers. As a result of this Fish and Wildlife
Service order, a number of training restrictions were required to buffer the woodpeckers from training activities thought to be harmful to them. This resulted in
the closure of some shooting ranges, and redesign of other training sites. These
restrictions were codified in management guidelines adopted in 1994.
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An open stand of majestic longleaf pine forest with wiregrass understory at Fort Bragg,
North Carolina. Less than three percent of
this forest type still exists across the Southeast. (Photo courtesy of Fort Bragg)

Such extensive restrictions on training activities at Fort Bragg and other Southeastern military installations provoked high-level consternation, including calls
from some for congressional action. In an effort to defuse the situation, the Secretary of the Army and the Secretary of the Interior directed their respective staffs
to work together and devise a strategy that would both support recovery of the
woodpecker consistent with the Endangered Species Act and enable the Army to
continue training its troops. A joint Department of Defense/Fish and Wildlife Service team was assembled under the leadership of an experienced infantry officer
and charged with tackling the issue.
What is needed to sustain and increase red-cockaded woodpecker numbers was
already fairly well known to wildlife biologists, and includes a combination of
proactive habitat management and creation of artificial nesting cavities. While a
principle focus of the response to the jeopardy opinion was restrictions on training activities, the team recognized that a lack of proactive habitat management
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was probably the greatest factor limiting the bird’s survival and recovery. By its
regulatory nature, however, the Endangered Species Act is better suited to limiting potentially harmful activities than promoting beneficial ones, and the team
was challenged to create a strategy that balanced these approaches.
Fortunately, the type of open understory forest habitat best suited for the
woodpecker was also considered by military trainers to be an ideal cover type for
providing realistic training experiences. This concordance in habitat preferences
opened up a host of opportunities for meeting mutual goals. And fire was key to
maintaining suitable conditions for both.
Healthy longleaf pine forests depend on frequent but low-intensity fires. Under natural conditions these forests experienced lightning fires every two to five
years. These fires were essential for maintaining the pine forest’s characteristic
wiregrass groundcover and for preventing scrub oaks and other hardwoods from
replacing the pines. The many unusual plants and animals restricted to the Sandhills region evolved with these frequent fires, and most depend on them for their
long-term health. As a result, prescribed burns are one of the key management
tools for maintaining and restoring Fort Bragg’s natural ecosystems, benefiting
not only the woodpecker, but also a host of other rare species.

mission-critical thinking

Top: A young red-cockaded woodpecker
peers out of an artificial nest cavity at Avon
Park Air Force Range, Florida. Innovative
management strategies, such as installing
these cavities in young pine trees, are aiding
the recovery of this endangered species.
(Photo: Arlene Ripley).
Bottom: A sign designating red-cockaded
woodpecker habitat zone, Camp Blanding,
Florida. (Photo: Douglas Ripley)
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The dod/usfws team worked together to devise a novel strategy for ways in
which Fort Bragg and other Southeastern military bases could contribute to regional recovery goals for the red-cockaded woodpecker. This approach started
with understanding the amount of suitable or potentially suitable habitat on the
installation, together with an identification of areas considered mission critical
from a military training perspective. A specific and quantifiable “Mission Compatible Goal” would then be derived from these acreages, along with a more ambitious “Regional Recovery Goal,” which could take into account woodpecker
clusters on adjacent lands. Proactive habitat management such as prescribed burns
would be applied to all suitable or potentially suitable habitat, and artificial cavities created to help expand the number of woodpecker clusters that existed, and
increase the bird’s population numbers.
A novel aspect of this strategy was its distinction between two types of new recruitment clusters resulting from the artificial cavities.3 One cluster type (termed
“Primary”) would contribute to a base’s “Mission Compatible Goal” and be subject to the same restrictions on military training as naturally occurring woodpeckers. The second type (termed “Supplemental”) would contribute towards the
more expansive regional recovery goal, but would not be subject to training restrictions. The team felt that this approach would encourage a base to produce
more than the minimum number of woodpeckers, without being penalized for
doing so in terms of training restrictions. Secondly, the approach provided an
ideal opportunity for comparing the impact training activities actually have on
the bird’s reproductive success as a means for evaluating the efficacy of training
restrictions in place. Rigorously testing the woodpecker’s response to different
training-related activities would enable managers to institute a strong adaptive
management approach to the plan’s implementation.
New management guidelines based on this approach were adopted by the
Army in 1996, and Fort Bragg was the first installation to implement an Endangered Species Management Plan (esmp) under those guidelines. This set the stage
for a relaxation in training restrictions at the base.
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With a growing number of red-cockaded woodpeckers using the base, the new
management approach has proven to be quite successful. In recent years the population of woodpeckers at Fort Bragg has been growing, and in 2006 the population had topped 350 clusters, a recovery goal that had not been expected for
another five years. Production of woodpeckers on the base has even been sufficient to enable export of birds to other properties to help in the overall recovery
effort.

pressures from outside the gate
Even as Fort Bragg worked to reconcile red-cockaded woodpecker conservation
and military training needs, it became apparent that a major threat to both
loomed on the other side of the base fence. Rapid development of lands adjacent
to the base was eliminating wildlife habitat and putting pressures on the base’s
lands. And the human occupants of the new developments increasingly were complaining about the noise and smoke associated with military training exercises.
These encroachment pressures demanded “outside the gate” thinking. 4
Historically, most military posts were established in remote areas where potential conflicts between local communities and military activities would be minimized. As many of these areas have become more densely populated, many active bases are in danger of becoming islands in an ocean of private development,
with consequences that can jeopardize the installation’s primary missions. By the
mid-1990s rapid urban development outside Fort Bragg was becoming increasingly worrisome to installation officials. Although housing and other developments being approved could have major impacts on the Army’s ability to carry
out maneuvers and other training activities, the Fort had no jurisdiction over land
use planning adjacent to the base. And as these adjacent lands were developed,
the relative importance of Fort Bragg’s lands for sustaining the red-cockaded
woodpecker only increased.
Military planners recognized that a buffer of undeveloped land was needed
surrounding the base both to meet red-cockaded woodpecker recovery goals, and
for the training mission to be sustainable over the long term. At the time, however, there were few options available for the creation of such a protected buffer,
and the Army had neither the authority nor the funds to purchase adjacent private lands for this purpose. Against this backdrop, officials at Fort Bragg began
working with The Nature Conservancy (tnc), a non-profit organization specializing in private land protection that had a history of working with the Department of Defense, to accomplish broader biodiversity conservation goals. Using
Sikes Act5 authority, in 1995 the Army entered into a cooperative agreement with
The Nature Conservancy and the U.S. Fish and Wildlife Service to create the Fort
Bragg Private Lands Initiative (pli). This cooperative agreement and the resulting private lands initiative marked a major innovation, and represented the first
of their type within the military.
Under the Private Lands Initiative, The Nature Conservancy was empowered
to negotiate the purchase of land or interest in the land (e.g., development rights
or conservation easements) from willing sellers. The Army provides funding for
the acquisitions, usually matched by the Conservancy, which holds title to the
property or easements, and provides for the long-term management and restoration of the habitat. In turn, the Army has negotiated access for compatible training exercises. Acquisition priorities are set by a broad set of stakeholders constituted as the North Carolina Sandhills Conservation Partnership (http://www.
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Prescribed burning is an effective management tool for restoring pine habitats in
southeastern states. (Photo courtesy of Fort
Bragg)

New housing encroaching on the boundaries of Fort Bragg, North Carolina, creating
potential conﬂicts for wildlife management
and military training. (Photo courtesy of
Fort Bragg)
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ncscp.org/), and take into account a broader regional perspective. Because of the
buy-in of this broader partnership, the initiative has also been successful at attracting funding investments from other agencies, such as the North Carolina Department of Transportation.
The encroachment issues being experienced at Fort Bragg are being felt at installations across the country. As a result, this innovative Private Lands Initiative
has served as the model for a nationwide implementation, known as Army Compatible Use Buffers (acub). While authority for the Fort Bragg PLI was under the
wildlife-oriented Sikes Act, the 2003 Defense Authorization Act reaffirmed and
expanded this authority to include constraints on military training, testing, and
operations.6

lessons learned at fort bragg
Military training and biodiversity conservation are in a balancing act at Fort Bragg: 82nd
Airborne Division personnel practice jumps
(left); and a biologist drills an artiﬁcial nest
cavity for red-cockaded woodpeckers
(right). (Photos courtesy of Fort Bragg)
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Although Fort Bragg has been a leader in developing new approaches for balancing military training and biodiversity conservation, it is not unique. Creative
and successful approaches to managing ecological resources on military lands are
taking place across the country, and across the services. This guide relies extensively on the experience and expertise of military conservation practitioners involved in these efforts. Common to many of these efforts are several success factors, which the Fort Bragg example highlights.
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Focus on the military mission. The underlying goal from the dod perspective
was to ensure the sustainability of Fort Bragg for carrying out critical training activities and maintaining military readiness. Placing the conservation work in the
context of military readiness enabled the Army to tackle these problems with
characteristic intensity and efficiency.

ı

Think regionally and work across boundaries. Taking the broader landscape
into account was important for understanding the role that the base’s lands play
in regional conservation issues, and conversely, the impact that off-base land uses
have on the base’s ability to meet both mission and conservation goals.

ı

Rely on the best available science. A deeper understanding of the needs of the
woodpecker, its response to different training regimes, and the processes required
to maintain its habitat improved the effectiveness of management actions and allowed more flexibility in crafting approaches.

ı

Form partnerships and establish trust. Success required that individuals and organizations with different values and cultures establish working relationships
based on trust. Establishing trust takes time and comes through each party gaining a better understanding for the goals of the others, leading to mutual respect.
Partnerships allowed diverse expertise to be brought to bear on the problem.

ı

State of the Nation: The Condition of Biodiversity
Across the United States
Stretching from the arctic of Alaska to the Florida Keys, and the coast of Maine
to Hawai‘i’s volcanic islands, the United States supports an extraordinary diversity of life. Encompassing more than 3.5 million square miles of land and with
12,000 miles of coastline, the nation spans 120 degrees of longitude—nearly a
third of the globe. This expanse includes an exceptional variety of terrains, from
Death Valley at 282 feet below sea level to Mt. McKinley at 20,320 feet above.
The resulting range of climates has given rise to a wide array of ecosystems, from
tundra and subarctic taiga to deserts, prairie, boreal forest, deciduous forests,
temperate rain forests, and even tropical rain forests. Military installations are
widely represented among these ecosystems.
This tapestry sustains a remarkable array of species. Although the total number of species inhabiting our lands and waters is far from fully known, a recent
tally puts the number of U.S. species that have been formally described and named
by science at approximately two hundred thousand (Stein et al. 2000). Additional
species continue to come to light as new areas are explored, and new and increasingly powerful techniques for documenting diversity are developed. While
many of these discoveries are among poorly known groups of organisms, such as
insects and fungi, even among such relatively well known groups such as the flowering plants up to thirty new North American species are described every year.
The U.S. military has played an important role in helping to discover and understand the nation’s biological wealth. When Captain Meriwether Lewis of the
First Infantry and Lieutenant William Clark set out in 1803 to cross the continent with their Corps of Discovery, they were under orders from President Jefferson to record everything they could about the countryside, including “the soils
and face of the country, its growth and vegetation productions . . . the animals of
the country . . . the remains and any which may be deemed rare or extinct.” Many
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Intrepid explorer and plant collector Major
General John Charles Fremont (top) was one
of many 19th-century Army o≈cers who
contributed to the early understanding of the
natural history of the western United
States. The beautiful California flannelbush
(Fremontodendron californicum) is one of
many plants named in his honor. (Top photo:
University of Utah. Bottom photo: Douglas
Ripley)

of western North America’s most characteristic, and charismatic, wildlife species
were first scientifically documented by the Corps of Discovery, including grizzly
bear, pronghorn antelope, and mule deer.
Lewis and Clark’s journey was followed by many other military expeditions
exploring different routes across the continent, many of which included accomplished naturalists. The expeditions fueled the dramatic expansion in scientific
knowledge about our flora and fauna that took place in the mid-1800s. A multitude of western plants and animals enshrine in their names the contributions of
military men, such as Captain John C. Frémont (Fremontodendron californicum,
the California flannelbush), Captain Howard Stansbury (Uta stansburiana, the
western side-blotch lizard), and Captain John W. Gunnison (Cynomys gunnisoni,
Gunnison prairie dog).
As exploration of the American continent brought the nation into better focus, it became clear that the lands and waters harbored a spectacular assemblage
of plants and animals. And while most people think of tropical rainforests as the
region on Earth teeming with the greatest diversity of life, for certain groups of
organisms the United States turns out to be a global leader. For example, more
salamander species are found in the United States than any other country on
Earth, with the greatest concentrations of diversity in the Southeast. A number
of other freshwater groups exhibit similar patterns, including freshwater mussels
and crayfishes. For gymnosperms, a plant group that includes conifers like pines
and spruces, the United States is second only to China in its variety of species.
Hawai‘i’s inclusion in the United States, first as a territory in 1898 and later
as a state in 1959, added tremendously to the richness of the nation’s biological
fabric. This set of mid-oceanic volcanic islands has never been connected to the
mainland, and all life forms naturally occurring in the archipelago either arrived
from elsewhere or evolved in place from earlier arrivals. The combination of isolation from other land masses, multiple islands within the archipelago, and the
island’s dramatic contrasts in terrain and climate—from tropical beaches to icy
volcanic peaks—has led to perhaps the most distinctive and unique flora and
fauna in the world. A species that is restricted to a specific area is referred to as
endemic to that area, and Hawai‘i has some of the highest levels of endemism in
the world. More than two-fifths (43%) of Hawai‘i’s vertebrate animals are endemic, as are 87% of its vascular plants, and 97% of its insects (Stein et al. 2000).
Not only are these species found only in Hawai‘i, but many are extremely localized, a factor greatly contributing to the high levels of endangerment found in the
Hawaiian flora and fauna that will be discussed in a later section.

how is our biodiversity faring?
Broad concern about the decline of wildlife species began in the late 19th century,
instigated in part by massive commercial slaughter of such species as the passenger pigeon, and the decimation of many waterbird colonies for plumes to adorn
women’s hats. These early concerns led to such things as the passage of the Lacey
Act7 in 1900 and establishment of the National Wildlife Refuge System in 1903.
By mid-century it was apparent that many species were in decline from a variety
of causes. This included the bald eagle, the nation’s symbol, whose reproduction
was plummeting due to pesticide-related thinning of its eggshells. As awareness
of environmental problems increased, a host of seminal federal legislation was
passed in the late 1960s and early 1970s, including the Clean Water Act, Clean
Air Act, and National Environmental Policy Act (nepa). The first endangered
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Wiregrass and other plants in the understory of a longleaf pine forest recover
quickly after a prescribed burn conducted
at Fort Bragg, North Carolina. (Photo courtesy of Fort Bragg)

species protection act was adopted by Congress in 1966, and replaced by the more
expansive Endangered Species Act of 1973.8
Ensuring the continued survival of the nation’s species requires that we have a
sound understanding of how they are faring. That is, which species are widespread, abundant, and secure, and which are rare or declining, and at increased
risk of extinction? Assessing a plant or animal’s conservation status—or extinction risk—requires accurate information about the species’ distribution, its population numbers, trends in those numbers, and any threats placing stress on those
populations. The U.S. Fish and Wildlife Service, which with the National Oceanic
and Atmospheric Administration has primary responsibility for administration
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of the esa, is charged with assessing the condition of plants and animals for the
purpose of determining which warrant protection under that Act. For this purpose, the service seeks to identify those species considered endangered, defined
as “an animal or plant species in danger of extinction throughout all or a significant portion of its range,” and those considered threatened, defined as “an animal or plant species likely to become endangered within the foreseeable future
throughout all or a significant portion of its range.”9
Overall, 1,312 U.S. species were listed under the Endangered Species Act as of
June 2007, of which 1,009 were endangered, and another 303 threatened. The
number of listed species is dynamic, as additional species are considered for possible listing, and other species considered for delisting due either to recovery, extinction, or reassessment of condition. For example, thanks to the elimination of
the pesticide ddt and other conservation practices, bald eagle numbers in the
lower 48 states have climbed from a low in 1963 of 417 nesting pairs to nearly
10,000 pairs at present. Based on this strong recovery, the species has now been
removed (“delisted”) from the federal endangered species list.10 The federal endangered species list, however, is not a sufficient gauge of the overall condition
of the U.S. biota. As Figure 1.1 shows, the rate of listings under the esa varies
dramatically, reflecting not only the biological condition of plants and animals,
but also the availability of funds and shifts in policy. As described in more detail
later, these federally listed species occur on both public and private lands, and are
particularly well represented on military properties.
A better overview of the broad condition of U.S. species is contained in the
conservation status assessments carried out by NatureServe and its network of
state natural heritage programs. This public-private partnership serves as a clearinghouse for scientific information about the condition and location of the nation’s species and ecosystems, with a particular focus on those that are rare or
otherwise of conservation concern. Based on about a dozen factors that relate to
increases in risk of extinction, these assessments are designed to categorize species
into one of five “conservation status ranks,” ranging from critically imperiled (g1)
to secure (g5) (Table 1.1).11 Because the status of species may vary from place to
place, assessments are carried out at a rangewide scale (where “g” indicates

figure 1.1.
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The rate at which species have been listed
as threatened or endangered under the
U.S. Endangered Species Act has varied
considerably over time. Currently more
than 1,310 plant and animal species are
a∑orded protection under the Act (Adapted
from Stein et al. 2008)

140

conserving biodiversity on military lands: a guide for natural resources managers

status
Presumed Extinct

rank
GX

Possibly Extinct

GH

Critically Imperiled

G1

Imperiled

G2

Vulnerable

G3

Apparently Secure

G4

Secure

G5

definition
Not located despite intensive searches and
virtually no likelihood of rediscovery.
Missing; known from only historical occurrences
but still some hope of rediscovery.
At very high risk of extinction due to extreme
rarity (often 5 or fewer populations), very steep
declines, or other factors.
At high risk of extinction due to very restricted
range, very few populations (often 20 or fewer),
steep declines, or other factors.
At moderate risk of extinction due to a restricted
range, relatively few populations (often 80 or
fewer), recent and widespread declines, or other
factors.
Uncommon but not rare; some cause for longterm concern due to declines or other factors.
Common; widespread and abundant.

table 1.1.
NatureServe Conservation Status
Categories
NatureServe assesses status on three geographic
scales: “G” indicates global; “N” means national,
and “S” means subnational (state or province).
Global categories depicted here. For additional information on the system, see http://www.nature
serve.org/explorer/ranking.htm.

global), as well as at the state level (where “s” indicates state or subnational). As
an example, the red-cockaded woodpecker is categorized as vulnerable (g3) across
its entire range, which stretches from Texas to Maryland. Its status in any particular state, however, may differ from that rangewide status. In North Carolina,
for instance, the woodpecker is considered to be imperiled (s2), while in Virginia
it is regarded as critically imperiled (s1), and in Maryland as possibly extirpated
(sh). Combining rangewide and state-level conservation status ranks offers a powerful tool for placing local conservation priorities into a broader context.
By assessing the conservation status of each and every species in the best known
groups of plants and animals, NatureServe and its state natural heritage program
partners have been able to create a comprehensive view of the overall condition
of the U.S. flora and fauna. Summarizing status information across 23 plant and
animal groups, representing 22,500 individual species, indicates that approximately one-third (33.6%) of U.S. species display some level of increased risk of
extinction (Figure 1.2). Of particular concern are the approximately 8% regarded
as critically imperiled (g1) and 9% categorized as imperiled (g2). Looking at risk
patterns across the various groups of plants and animals reveals some striking
patterns (Figure 1.3). While considerable conservation attention is focused on the
plight of rare birds and mammals, these groups actually have relatively modest
levels of imperilment when compared with several of the groups dependent on
freshwater habitats. Freshwater mussels, for which the United States is the global
leader in number of species, emerge as the group of organisms with the highest
levels of imperilment, with 69% of mussel species categorized as vulnerable, imperiled, or already extinct. Flowering plants, however, contain by far the largest
number of at-risk species, due both to the large number of species in this group
overall (more than 15,500), and the many rare and highly localized plants that
occur in different regions.
More than one hundred U.S. species are already known to have been lost to
extinction, and are categorized by NatureServe as “presumed extinct” (gx). This
includes species that were once extremely abundant, such as the passenger pigeon
and Carolina parakeet, along with more obscure organisms, like Whipple’s mon-
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figure 1.2.
Proportion of U.S. species at risk
About one-third of U.S. species exhibit
elevated levels of extinction risk based
on conservation status assessments
carried out by NatureServe and its state
natural heritage program partners
(Adapted from Master et al. 2000).

figure 1.3.
Proportion of species at risk by
plant and animal group
Levels of extinction risk vary dramatically among different groups of plants
and animals. In general, species groups
that depend on aquatic habitats—
such as freshwater mussels, crayfishes,
freshwater fishes, and amphibians—
are faring the worst (Adapted from
Master et al. 2000).

keyflower (Mimulus whipplei) (yet another species named in honor of a military
man, Lt. Amiel Whipple). Definitively establishing that a species has gone extinct
is a difficult proposition since one must of necessity rely on the absence of evidence—which is not the same thing as evidence of absence. As a result, another
400 U.S. species are categorized by NatureServe as possibly extinct (GH); most
of these species have not been seen in many years and are regarded as missing in
action.12

a geography of imperilment
As any outdoors lover knows, wildlife is not distributed uniformly across the landscape, but individual species have very particular habitat preferences. Climate is
the principle determinant of a region’s flora and fauna: palm trees don’t grow outdoors in Alaska, nor do caribou wander around Florida. Although the diversity of
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figure 1.4.
Overall state patterns of diversity
and risk
The diversity, or number, of plant and
animal species is highest along the
Pacific Coast, and more generally along
the nation’s southern border. Hawai‘i
displays by far the highest levels of
extinction risk among its species,
followed by California (Adapted from
Stein 2002).

species generally increases as one moves south towards the equator, the natural diversity of species in any given region is dependent on a host of factors. These include the complexity of terrain, type of soils, interconnections with other regions,
and even the lingering effects of Pleistocene glaciers. The states with the greatest
number of species are for the most part clustered along the nation’s southern edge
(Figure 1.4). The top-ranking states for total number of species are California,
Texas, Arizona, New Mexico, and Alabama (Stein 2002). Looking instead at the
levels of risk (that is, the proportion of a state’s species that are vulnerable, imperiled, or extinct), Hawai‘i and California dominate all others. Indeed, an extraordinary 63 percent of Hawai‘i’s native species are at increased risk of extinction.
State natural heritage programs maintain databases of precise locational data
for most rare and endangered species, representing a valuable resource for military planners and resources managers. Because these state-managed data are
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developed and maintained according to nationally consistent standards, they can
be pulled together to provide a far more fine-grained view of the geography of
imperilment across America. Figures 1.5 and 1.6 represent two perspectives on
the distribution of imperiled species across the United States. Mapping the number of imperiled species (G1 and G2) against an equal-area grid (Figure 1.5) provides a striking depiction of where these very rare and often localized plants and
animals are concentrated. Of particular note are the concentrations apparent
throughout Hawai‘i, in many parts of California, in the central Appalachians,
across the panhandle of Florida, and along the central ridge of Florida. Through
use of an innovative “rarity-weighted richness” analysis (Figure 1.6), hot spots of
rare and restricted range species stand out even more sharply, emphasizing the
significance of the regions mentioned above. Even a casual perusal of these two
maps suggests a considerable overlap between the geography of imperilment and
the location of many of the military’s landholdings, a topic that will be more fully
explored in a later section.

causes of declines

Much of the coastal sage scrub habitat that
once covered millions of acres of southern
California coast is now fragmented or lost.
Marine Corps Base Camp Pendleton serves
as a refuge for this rich ecosystem. (Photo:
Douglas Ripley)
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Although there are many causes for the declines of species, two in particular stand
out. These are the loss or degradation of natural habitats and the introduction
and spread of non-native species. Poised to eclipse even these is the prospect of
significant climate change, which has the potential to fundamentally disrupt natural ecosystems and their component species.
The natural complexion of the American continent has changed dramatically
in the time since European colonization. Although scholars now recognize that
Native Americans extensively managed and manipulated their environment, the
extent and condition of major habitats at the time of European settlement serves
as a useful baseline for measuring change. The production of food, fuel, and fiber,
and the construction of housing and other infrastructure has consumed vast areas of natural habitat. While much of this conversion is old news, the loss of natural habitat and other types of open space continue. Currently, about two million acres of open space are being lost to development a year, amounting to
roughly six thousand acres each day (nrcs 2003).
Some natural ecosystems have been affected particularly dramatically. Taking
advantage of the rich soils of the Midwest, agriculture has replaced more than
98 percent of the original tallgrass prairie, matching the level of loss to the longleaf pine forests of the Southeast. Wetlands play a particularly important role
in providing fish and wildlife habitat and maintaining clean water, yet more than
half (53 percent) of wetlands across the lower 48 states have been destroyed
(Dahl 1990).
Loss of habitat, and its implication for military operations, is perhaps most
vividly illustrated along the rugged coast of southern California. Coastal sage
scrub is an aromatic habitat that covered many of the seaside hills stretching south
from Los Angeles to San Diego. As one housing development after another has
been built in the hills overlooking the Pacific Ocean, much of this unique habitat
has been lost one piece at a time. Over the years, the cumulative effect of these
piecemeal land use decisions resulted in the loss of much of the original coastal
sage scrub, with the result that a variety of species dependent on this habitat type
have declined significantly. Among these is the California gnatcatcher (Polioptila
californica), a diminutive bird whose plight landed it on the federal list of endangered species. With metropolitan Los Angeles sprawling towards the south,
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figure 1.5.
Distribution of imperiled species
Mapping the number of imperiled
species across the nation using an
equal-area grid highlights the biological
importance of regions such as Hawai‘i,
coastal California, and the Appalachian
region (Adapted from Chaplin et al.
2000).

figure 1.6.
Hot spots of rarity and richness
Using a computer mapping technique
designed to accentuate concentrations
of rare and locally restricted species
provides a topographic-map style
depiction of species rarity across the
United States. This “rarity-weighted
richness” analysis reveals little-known
hotspots of biodiversity, such as in the
Florida panhandle including and surrounding Eglin Air Force Base (Adapted
from Chaplin et al. 2000).

and San Diego spreading north, a single large undeveloped tract of land stands
in the way of these two major metropolitan areas’ merging—Marine Corps Base
Camp Pendleton. Home to the First Marine Expeditionary Force, Camp Pendleton is the only west coast amphibious assault training center. Stretching along 17
miles of coastline, the installation is something of an island of natural habitat in
a sea of urbanization, and now harbors the largest contiguous stands of coastal
sage scrub in the San Diego region.
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The Role of Military Lands in Maintaining
Biodiversity

In the early 1990s the Navy used dod Legacy
Program funds to acquire timber rights on
over 200 acres of old growth forest at the
Naval Radio Station Jim Creek in Washington, one of the best remaining low-elevation
old growth forests in the Cascade Range. It is
managed by the Navy as a watershed, a
buffer zone for radio antenna facilities, and a
superb recreation area for military personnel
and their families. (Photo: Douglas Ripley)
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Camp Pendleton is situated in the midst of one of the nation’s most intense biodiversity hot spots (Figure 1.6). Not surprisingly, then, a considerable number of
rare and endangered species live here, including at least 17 federally listed species.
And as natural lands disappear elsewhere in coastal California, the importance
of the base’s habitats for sustaining the region’s rich and threatened biodiversity
increases. But Camp Pendleton is just one of many Department of Defense installations that play an important role in maintaining biodiversity.13
Lands managed by the Department of Defense in the United States cover almost thirty million acres, and span a wide array of different ecosystems, representing many of the major land and climate types in which soldiers may be expected to fight wars. This includes harsh desert terrains like the Yuma Proving
Ground in Arizona, mountainous regions like Colorado’s Fort Carson, and balmy
coastal areas as at Florida’s Eglin Air Force Base. Many of these lands were designated for military use long ago, and are situated in some of the premier wildlands across the country. And because a primary mission for most of these bases
is training troops in realistic outdoor settings, they often contain excellent examples of their region’s wildlife habitat. Over the past twenty years in particular,
the military has made a serious commitment to understanding and documenting
the wildlife, including rare and endangered species, found on its lands, as a means
both to comply with environmental regulations and to work proactively to sustain its resource base.
One way to consider the role of military lands for maintaining biodiversity is
to compare the number of species found on defense lands with those of other federal agencies. Several past studies have come to the conclusion that military lands
harbor a disproportionate number of at-risk and endangered species. An analysis conducted by NatureServe and The Nature Conservancy (Groves et al. 2000),
and based on inventory data from state natural heritage programs, found that
Department of Defense lands contained a greater number of species with status
under the Endangered Species Act than those of any other federal agency. Because
that study was based on data current as of 1996, NatureServe recently has carried out an updated analysis, taking into account changes in the species added to
and removed from the federal endangered species list, and additional distribution
data from inventories conducted over the past decade.
Based on current information, lands managed by the Department of Defense
now appear to harbor about the same number of species with status14 under the
esa (about 355) as lands managed by the U.S. Department of Agriculture’s Forest Service (usfs) (Figure 1.7) (Stein et al. 2008). The dod, however, manages just
one-eighth of the land area managed by the Forest Service (193 million acres).
The significance of military lands for biodiversity is particularly striking when
viewed from the perspective of number of esa status species per million acres (Figure 1.8). Species with status under the Endangered Species Act are only a portion
of the total number of plants and animals that are at increased risk of extinction
and of conservation concern. Considering instead the number of NatureServedefined critically imperiled (g1) and imperiled (g2) species, military lands appear
to harbor at least 458 such species,15 ranking third in number of imperiled species
behind the Forest Service and the Bureau of Land Management (blm). Looking
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figure 1.7.
Endangered and imperiled species
on federal agency lands
Lands of the Department of Defense
and usda Forest Service harbor the
greatest number of species with formal
status under the U.S. Endangered
Species Act. Approximately 23% of such
species are found on dod lands, representing at least 355 species (Adapted
from Stein et al. 2008).
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figure 1.8.
Density of endangered and
imperiled species on agency lands
Military lands have the greatest density
of both esa status species and imperiled
species of any federal land management
agency. dod lands have at least three
times the density of such species as the
National Park Service (Adapted from
Stein et al. 2008)
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figure 1.9.
Distributions of endangered and
imperiled species by military service
Army lands support about twice the
number of both esa status and imperiled
species as those of the Navy (Adapted
from Stein et al. 2008)
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table 1.2.
Top Ten Military Installations for ESA Status Species
rank
1
2
3
4
5
6
7
8
9
10

service
Army
Army
Navy
Army
Marine Corps
Navy
Air Force
Air Force
Army
Air Force

installation
Schofield Barracks Military Reservation
Makua Military Reservation
Lualualei Naval Reservation
Pohakuloa Training Area
Marine Corps Base Camp Pendleton
San Clemente Island Range Complex
Eglin Air Force Base
Vandenberg Air Force Base
Fort Lewis Military Reservation
Avon Park Air Force Range

state
HI
HI
HI
HI
CA
CA
FL
CA
WA
FL

number of listed species
47
39
38
17
17
10
10
10
10
10

table 1.3.
Top Ten Military Installations for Imperiled Species
rank
1
2
3
4
5
6
7
8
9
10

service
Army
Army
Navy
Army
Army
Navy
Army
Air Force
Air Force
Marine Corps

installation
Schofield Barracks Military Reservation
Makua Military Reservation
Lualualei Naval Reservation
White Sands Missile Range
Pohakuloa Training Area
San Clemente Island Range Complex
Fort Hunter-Liggett
Eglin Air Force Base
Vandenberg Air Force Base
Marine Corps Base Camp Pendleton

Source for tables 1.2 and 1.3: Stein et al. 2008.
Note: Figures represent minimum number of
species based on documented occurrences in
natural heritage databases.
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state
HI
HI
HI
NM
HI
CA
CA
FL
CA
CA

number of imperiled species
53
46
44
33
24
24
18
15
13
13

across the services (Figure 1.9), Army bases have more than twice the number of
both esa status (227) and imperiled (267) species than do Navy installations (108
and 130 respectively).
The top ten military installations for esa status and imperiled species reflect
the overall patterns of biodiversity described earlier, with bases in areas such as
Hawai‘i, California, and Florida well represented (Tables 1.2, 1.3). Four of the
top five bases are in Hawai‘i—Schofield Barracks Military Reservation, Makua
Military Reservation, Lualualei Naval Reservation, and Pohakuloa Training
Area—highlighting the extreme levels of endemism and risk associated with the
native Hawaiian biota. The military’s Hawaiian holdings clearly are a major factor in defining the overall number of esa status species on DoD lands. The Department of Defense has more discrete land holdings in Hawai‘i than any other
federal agency, and although many are fairly small in size, as a whole they touch
upon a wide variety of biologically distinctive zones, each of which has its own
distinct assemblage of rare species. Indeed, more than one-third (34.5%) of all
ESA status species on dod lands are from Hawai‘i.
Proactive conservation of imperiled species and their habitats on and around
dod installations can help preclude the need for federal listing as well as reduce
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recovery costs. For this reason, a previous NatureServe study focused on identifying species at risk occurring on or adjacent to military lands that could benefit
from proactive conservation efforts to avoid the need for possible federal listings
(Benton et al. 2004). For purposes of that study, “species at risk” were defined
as plant and animal species not yet federally listed as threatened or endangered
under the Endangered Species Act, but that are either designated as candidates
for listing or are regarded by NatureServe as critically imperiled or imperiled. A
total of 523 at-risk species were found to occur on or near dod installations, of
which 47 were federal candidates, 136 were critically imperiled, and 340 imperiled. Interestingly, 24 of these at-risk species appear to be restricted to individual
DoD installations, and 82 have at least half of their known occurrences on individual installations. Overall, nearly one-third (30 percent) of military installations had at least one species at risk.

Evolving Approaches to Military Natural Resources
Management
The military is justifiably proud of its natural resources heritage and its tradition
of stewardship. The armed forces have been called upon to oversee or manage
public lands and natural resources since 1823, when timber and forest products
used in shipbuilding were strategic resources (Siehl 1991).16 Before there was a
U.S. Forest Service or a National Park Service, the cavalry and engineers of the
U.S. Army managed the lands set aside as national parks. Over the past several
decades the military has strengthened its commitment to natural resources management, responding to new challenges and incorporating new scientific and technological advances. This has led to the adoption of ecosystem-based approaches
to management, and use of the principles of adaptive management.
With the outbreak of World War II, millions of acres were acquired by the military to house, train, and prepare troops for combat. Construction practices,
training exercises, and tank traffic lead to serious environmental problems at
many sites, including dust, mud, and erosion. In those years the military largely
attempted to address these issues through cooperative agreements with the Agriculture Department’s Soil Conservation Service and transfers of agronomists and
foresters to military installations. Following the war, natural resources management progressed to include planting of ground cover crops and trees, while timber production, agricultural leasing, and hunting programs were put in place at
many installations.
By the 1960s, there was a general shift in public policy toward “multiple use”
of public lands and management for “sustained yield.” This trend, in conjunction with declining military funding and increasing public pressure for access to
military lands for recreation and commercial purposes, shaped natural resources
management on military lands. Passage of the Sikes Act in 1960 provided the legal basis for wildlife conservation and public access for recreation on military
land, and authorized the collection of fees and the development of cooperative
plans by the military, the U.S. Fish and Wildlife Service, and state fish and game
agencies. During this period, however, policies generally encouraged consumptive uses of natural resources, and the revenues generated from forestry and fish
and wildlife programs became the major source of funding for installation natural resources management programs (Lillie and Ripley 1998). 17
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With the establishment of Yellowstone as the
nation's first national park in 1872, the United
States Army was charged with providing its
protection and management. The Army
continued to manage the early national parks
until the establishment of the National Park
Service in 1916. (Photo: Douglas Ripley)
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The 1970s and 1980s were decades of increasing pressure on natural resources
management programs. The National Environmental Policy Act, the Endangered
Species Act, and a host of other environmental protection statutes added demanding new requirements. The development of new weapons systems, which involved heavier vehicles and longer-range weapons, intensified damage and increased the military’s need for additional and diversified training lands. With
federal and state regulatory agencies emphasizing environmental cleanup and
waste management, there was little institutional incentive to increase either
staffing or funding for natural and cultural resources programs (Lang and Lillie
1995). Natural resources management programs continued to focus on game and
revenue generating programs, such as agriculture, grazing, timber, and recreational hunting and fishing. It became increasingly clear, though, that the military was facing natural resources management challenges it was not well equipped
to address. Poor management was leading to the loss of training lands, while compliance with environmental statutes such as the Endangered Species Act and Marine Mammal Act was becoming an increasing burden on military operations.
As a way of better addressing these problems, in 1989 a directive was issued
calling for the development of Integrated Natural Resources Management Plans
(inrmps) on all installations with significant natural resources.18 These plans,
which are intended to help balance competing interests, began to set the stage for
a new approach to resources management. This trend continued in the 1990s, with
the military taking stock of its natural resources management responsibilities and
considering new approaches for improving performance. Military departments
completed audits of their programs and made commitments to complete biological (and cultural) resources inventories, and to improve training for natural resources managers.
Integrating land management with operational and training objectives was
identified as key to ensuring the support of the military mission while managing
natural resources. Geographic Information System (gis) technology greatly facilitated analyses of land condition and training requirements and became a useful
and widespread tool. The military also began reaching out to others in the government and the private sectors to provide additional expertise and to help develop solutions to common problems. The U.S. Fish and Wildlife Service, state
fish and game agencies, usda Forest Service, and The Nature Conservancy were
among the many organizations invited to serve as partners in developing new
strategies for natural resources management on military lands.
This bat box at Naval Air Station Key West,
Florida, is just one of many examples of
wildlife habitat enhancements carried out
on military bases across America. (Photo:
Douglas Ripley)
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ecosystem approaches and biodiversity conservation guidance
The emergence of a new philosophy and ethic was evident in dod’s 1994 policy,
“Implementation of Ecosystem Management in the dod” (https://www.denix.
osd.mil). The goal of that policy was to maintain and improve the sustainability
and native biological diversity of terrestrial and aquatic, including marine, ecosystems while supporting human needs, including the dod mission. The policy goes
on to state that military installations will use ecosystem management to: (1) restore and maintain ecological associations that are of local and regional importance and compatible with existing geophysical components (e.g., soil, water); (2)
restore and maintain biological diversity; (3) restore and maintain ecological
processes, structures, and functions; (4) adapt to changing conditions; (5) manage for viable populations, and (6) maintain ecologically appropriate perspectives
of time and space.
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Various definitions for ecosystem management have been proposed, but fundamentally this approach focuses on management of complex systems by addressing underlying processes while taking into consideration not only ecological,
but also economic and social concerns. It is often contrasted with single-resource
management approaches, and a comparison with more traditional natural resources
management is a helpful way to understand the essence of the ecosystem approach
to management (Table 1.4).
The year 1995 marked a milestone in the military’s efforts to develop an overall strategy for managing biodiversity on military lands. At the direction of the
Deputy Under Secretary of Defense (Environmental Security), a national dialogue
was held under the auspices of the non-profit Keystone Center, which brought together dod representatives with representatives of other government agencies and
nongovernmental interests. The purpose of this dialogue was to develop policy
guidance for enhancing and protecting dod lands in a way that is integrated with
the military mission.

table 1.4.
Comparison of Traditional Natural Resources Management and Ecosystem-Based Approaches
Adapted from Hardesty and Murin 1994

parameter

traditional management

ecosystem management

Ecosystem Integrity

Minimal concern; focus is on specific

Overriding concern; properly functioning

components of the ecosystem.

ecosystem is central to stewardship.

Knowledge of the System

Data may be lacking, but system can be

Data critical to experimental management, but

understood and predicted.

complexity of system and influence of stochastic
events means much is unpredictable.

Spatial/Temporal Scale

Focus on localized and near term; natural

Focus at multiple levels of spatial and temporal

resource properties and responses can be

scales. Local actions have regional consequences.

generalized over region and longer time periods. Effects of management accrue over time, often
with time lags.
Social Values

Focus on goods and services for humans;

Focus on sustainable use and intergenerational

sustained yield and revenue generation.

equity.

Participation in

Natural resources managers dominate;

Participation by military operators/trainers, local

Management Decisions

involvement of others mainly where there are

scientists and other important stakeholders.

potential conflicts.
Ecological Perspective

Equilibrium, stability, climax.

Non-equilibrium, dynamics, resiliency, shifting
mosaic.

Problem-Solving Approach

Social Context

Solutions developed by resources management

Solutions developed through discussions among

agencies through optimization and searches for

all stakeholders, with the possibility of multiple

single right answers.

solutions.

Confrontation; single issue polarization;

Consensus; multiple issues societal learning;

public as adversary.

partnerships.
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box 1.1. Importance of Biodiversity Conservation for the Military Mission
The Keystone Dialogue on Department of
Defense Biodiversity Management summarized key reasons why biodiversity conservation is important for meeting the
military mission (Keystone Center 1996).
These include:
ı Biodiversity conservation is essential in
sustaining the natural landscapes required
for the training and testing necessary to
maintain military readiness. Managing for
biodiversity can help ensure that lands and
waters are maintained in a “healthy condition” and thereby facilitate greater flexibility
in land use for military operations.

ı Biodiversity conservation is a central
component of ecosystem management,
which has been embraced as the dod’s natural resources management strategy. Given
the dod’s significant investment in conserving and protecting the environment, this
strategy promises the greatest return on investment--it is simply the right thing to do
and the smart way of doing business.

Biodiversity conservation can expedite
the compliance process and help avoid conflicts. Proactive management for biodiversity can provide greater certainty in mitigation for environmental impact assessment
processes under the National Environmental
Policy Act as well as consultation processes
under the Endangered Species Act.
ı

U.S. citizens demand that federal land
managers demonstrate responsible stewardship of public lands. The practice of biodiversity conservation fosters good will within
the communities surrounding military installations, which in turn engenders public support for the military mission.

ı

By helping to maintain aesthetically
pleasing surroundings and expanding opportunities for outdoor recreation, managing for biodiversity can improve the quality
of life of our nation’s military personnel and
their families.
ı

The Keystone dialogue revealed strong support by the Department of Defense
for biodiversity conservation on military lands and affirmed that the conservation of the department’s exceptional natural heritage is important to the military
for a number of reasons (Box 1.1). The report that emerged from that dialogue
contained a number of suggestions for clarifying and improving military policies
and programs, and for integrating mission planning and biodiversity conservation (Keystone Center 1996). One specific recommendation was for the development of a handbook outlining a “model process” for biodiversity conservation
at the installation level that would be useful for installation natural resources
management staff and mission leaders. In response to that suggestion, The Nature Conservancy developed for DoD the first edition of this guide: Conserving
Biodiversity on Military Lands: A Handbook for Natural Resources Managers
(Leslie et al. 1996) (available online at https://www.denix.osd.mil).
Also in 1996, the military issued an explicit Instruction for its Environmental
Conservation Program (dodi 4715.3). This instruction recognized the close interrelationship between ecosystem management and accomplishing biodiversity
conservation. Consistent with maintaining the military mission, that program
adopted the following biodiversity-related goals: (1) maintain or restore remaining native ecosystem types across their natural range of variation; (2) maintain or
reestablish viable populations of all native species in an installation’s areas of natural habitat, when practical; (3) maintain evolutionary and ecological processes,
such as disturbance regimes, hydrological processes, and nutrient cycles; (4) manage over sufficiently long time periods for changing system dynamics; and (5) accommodate human use in those guidelines.
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key developments in the past ten years
Perhaps the most significant development for military natural resources management since publication of the first edition of the biodiversity handbook was the
1997 amendment of the Sikes Act. As chapter 3 discusses in more detail, the Sikes
Act Improvement Act requires that inrmps be prepared and implemented on all
installations with natural resources, and that they be prepared in cooperation with
state and federal wildlife authorities and available for public review and comment.
This legislation provided added impetus for installations to not only develop these
plans, but to allocate the resources needed to put critical actions in place.
Another key shift has been the increasing recognition of the threat of encroachment on the ability of the military to continue making use of military lands,
marine areas, and airspace for training. This recognition has given rise to the Sustainable Range Initiative (sri), which is designed to ensure that dod can preserve
military readiness while protecting the environment and improving compatibility
with local communities. The overarching policy for this program, Sustainment of
Ranges and Operating Areas (dod Directive 3200.15) was implemented in 2003
(see http://www.dtic.mil/whs/directives/search.html).
The need to work cooperatively with a wide array of public and private partners is particularly apparent when dealing with range sustainability and encroachment issues. This collaborative approach was the focus of a 2005 White
House Conference on Cooperative Conservation, which featured a number of
successful examples involving military bases. The Executive Order on Cooperative Conservation (13352) designates dod as one of the lead agencies, and the military has adopted cooperative conservation as a key strategy. While cooperative
conservation is as much a philosophy as a specific approach, one mechanism that
dod has adopted for promoting cross-organizational collaboration is the Readiness and Environmental Protection Initiative (repi). This initiative—a part of the
broader Sustainable Range Initiative—enables the military to partner with outside stakeholders to promote land conservation that supports the military mission and natural habitat, much in the way that Fort Bragg has successfully worked
with the Sandhills Conservation Partnership.19

The 1996 Biodiversity Handbook “Model Process”
In applying an ecosystem approach to biodiversity conservation, process is key.
As recommended by the 1995 Keystone Dialogue, the first edition of this handbook was structured around a “model process,” which was used as the primary
means for putting the theory of ecosystem management into a practical framework for use at the installation level (Box 1.2, Figure 1.10). This model process
was developed based on experience gained in applying an ecosystems approach
at several installations, such as Eglin Air Force Base. It was intended to serve not
as a cookbook approach to planning and management, but rather as a starting
point or general blueprint, which could be customized according to the specific
conditions and needs of an individual installation. Although this model process
is not used as the central organizing structure of the current handbook edition,
this framework still has great value, and is summarized here. For a more in-depth
treatment of this planning approach, the reader should consult Leslie et al. (1996).
The primary objective of the model process was to ensure that the best information is applied to management decision-making, and secondarily, to allow
managers to learn as they manage. Because no planning process is guaranteed to
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Box 1.2. Model Process for Ecosystem Management on Military Installations
A key recommendation of the 1995 Keystone Dialogue was the development of a
model process for assisting military installation managers to better conserve biodiversity through use of an ecosystem-based
approach (Figure 1.10). The process was designed to capture the best available information and to apply that information in a rational, stepwise decision-making process that
takes into consideration the inherently political and non-rational nature of organizations
and the unpredictable behavior of natural
systems.
Initial steps in the process include developing a concept of what planners are trying to
achieve, obtaining approval from management to begin, and developing a core team
and a general plan of action. In addition, it is
important to take stock of existing information relevant to biodiversity management on
the installation. With that in hand, one would
proceed through the following components:
Present Context. This step involves
analyzing biodiversity characteristics on the
installation and understanding what is important from various perspectives (i.e., military mission, ecological, socioeconomic,
andinstitutional). For example, planned tank
maneuvers might require a realistic mix of
forested and open landscape. While the
species on the landscape may be unimportant
in terms of the military mission, structural attributes may be very important.

Mission Statement. This step involves developing a written statement of core organizational values, directions, and general
goals, as they relate to ecosystem and biodiversity management.
Conservation Priorities. This involves
establishing some basic parameters for
managing for biodiversity. The management
team targets those species and/or native
communities that are of highest priority, develops basic models that help explain how
natural systems work on the installation,
identifies threats and opportunities, starts to
map out desired futures, addresses conflicts
among priorities, and identifies gaps in the
information needed to manage effectively
Objectives and Strategies. This step
involves developing concise management
objectives and measures (or metrics) of success, and developing and implementing
management strategies within an experimental framework. The team also must develop
a strategy for pre-management and postmanagement monitoring to determine the
results of management actions.
Pre-Management Monitoring. This involves establishing baseline conditions that
will allow planners to determine the results
of management actions.
Management Actions. This step includes
routine management activities as well as
management activities that are designed as

experiments. A biodiversity management
strategy will be integrated within the context of natural resources management activities already established at most installations.
Products and Services. Management
actions will result in a range of products and
services, which may include improvement
of conditions for training, harvest of timber,
and uses for grazing and agriculture. In addition, management can increase values for
hunting and fishing, and other forms of
recreation by military personnel and nonmilitary users.
Analysis, Model Validation, Adaptation.
As the results of management activities are
known, their implications are analyzed,
models are validated and adjusted, and management strategies are revisited. This is a
cycle of learning, where future context becomes the present and a new future context
is envisioned.
Measuring and Reporting Results.
This step ensures accountability, which is
important in the stewardship of public
lands. Documenting the results of management also strengthens institutional memory,
preserving lessons for future management
and future managers. Finally, documentation helps communicate management strategies to others on the installation and within
the outside community.

produce results, the following assumptions are prerequisites for success in use of
this model process: (1) Compliance with the letter and spirit of federal, state, and
local laws is paramount; (2) developing a working understanding of the structure,
composition, and function of the regional and installation ecosystems is essential;
(3) maintaining the integrity and resiliency of natural systems (that is, maintaining representative and functional ecosystems) is in the best interest of the military
mission; (4) no one manager or set of resources managers has all of the information and training necessary to make the correct decisions all of the time; (5) thus,
involvement of outside scientists and managers is necessary and essential to suc-
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figure 1.10.
1996 “Model Process”
Model process for incorporating
ecosystem approaches into installation
resources management.
(Adapted from Leslie et al. 1996)

cess and acceptance; (6) stakeholder values and needs are important and help drive
the process; (7) being proactive is preferable to being reactive; and lastly, (8) decision-makers must be willing to make fundamental changes when necessary.

How to Use This Guide
This guide provides background information, examples, and tools to help natural
resources managers develop ecosystem-based biodiversity conservation strategies
in the context of the military mission and Integrated Natural Resources Management Plans. The problems and opportunities that natural resources managers face
vary from installation to installation. Some installations comprise many thousands
of acres, support populations of rare species or sensitive natural communities, and
have substantial staff and funding allocated to natural resources management.
Other installations are biologically more modest, or have relatively few staff and
little funding available for natural resources management. This guide is designed
to offer assistance and guidance for managers of both types of installations. Other
important factors include the level of support from installation commanders and
other senior managers, the degrees of receptivity of operations/training personnel,
and the nature and intensity of the military mission on the installation. Still, no
matter what conditions exist on the installation, it is always possible to improve
management practices in some way, and the principles and examples provided here
will be applicable. With commitment and creativity—and often patience and willingness to compromise—you can promote stewardship and make a contribution
to the military mission through biodiversity conservation.
Over the past decade a great deal of innovation and experience has been gained
across the Department of Defense in supporting the military mission through bio-
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diversity conservation. The first edition of this guide was largely organized around
the model process for ecosystem management described in box 1.2. This new
handbook edition takes advantage of the many successful applications of these
principles that have been carried out over the past ten years, and is organized
around best practices and lessons learned by many of the military’s leading natural resources practitioners. We also focus on practical applications of many of
the principles and underlying theories summarized in the handbook’s first edition. The guide can be read sequentially, or the reader is invited to delve into specific topics and chapters that may be of interest, or relate to current issues or
problems that they are confronting.

Maintaining Readiness, Sustaining Biodiversity
The primary mission of the U.S. Department of Defense is to fight and win wars.
To that end, military lands are important national assets for training military
forces and testing and deploying new weapon systems. Training provides troops
with the combat skills they require to be successful and to ensure their safety, and
realistic training increases their success and survivability in combat. Similarly, realistic testing enhances the reliability and effectiveness of weapons systems to be
used in combat. Realistic training and testing requires the availability of natural
environments that reflect the conditions under which troops may expect to face
combat operations. As a result, maintaining healthy and functioning ecosystems
on the nation’s military lands is not a luxury, but rather an essential component
of maintaining military readiness.
Biodiversity is the overarching concept used to refer to the variety of species
and ecosystems that make up the natural world, and maintenance of realistic training conditions depends on conservation of these biological and ecological resources. Many defense installations are found in some of the nation’s most biologically rich regions, and accordingly, military lands harbor a particularly rich
array of wildlife, including a significant number of the nation’s federally listed endangered species. As a result, the Department of Defense’s land management responsibilities include stewardship for hundreds of our nation’s rarest species and
most characteristic habitats. And while these stewardship obligations can create
conflicts with operational needs, a growing body of experience—such as the successful recovery of red-cockaded woodpeckers at Fort Bragg—indicates that when
these issues are approached creatively and with a solution-oriented spirit, biodiversity conservation and maintaining military readiness can go hand-in-hand.

Facing page: Largely undisturbed natural
habitat in buffer areas surrounding impact
zones, such as these at Avon Park Air Force
Range, represents some of the bestpreserved natural habitat in central Florida’s
Lake Wales Ridge. (Photo: Douglas Ripley)

notes
1. For more on the life and times of red-cockaded woodpeckers, see the Fish and Wildlife Service document
at http://library.fws.gov/Pubs4/redcockadedwp02.pdf
2. When a federal agency seeks to take an action that might affect a listed species, it must send a “biological
assessment” to one of the two Endangered Species Act administrator bodies. If the administrators feel the
proposed action could put a listed species at risk of extinction, they can issue a “jeopardy opinion,” which
carries the force of a decision. For more on this, see http://www.nwr.noaa.gov/Salmon-Habitat/ESAConsultations/.
3. A “recruitment cluster,” in conservation terms, includes four artificial cavities installed in four different
pine trees on about one acre. See http://www.fws.gov/endangered/bulletin/2001/09/30-31.pdf
4. For more on encroachment pressures, see chapter 4. And for more discussion of “outside the fence”
thinking, including partnerships with the local community and others, see chapter 10.
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5. For details on the all-important Sikes Act, see chapters 3 and 11.
6. Section 2811 of the 2003 Defense Authorization Act, codified at 10 usc 2684a.
7. The Lacey Act of 1900 provided a variety of protections for flora and fauna. It prohibited game taken
illegally in one state to be shipped across state boundaries contrary to the laws of the state where it was
taken.
8. For more information on rules and regulations that affect biodiversity on and off military lands, see
chapter 3.
9. For more on endangered species and the Endangered Species Act, see chapter 6.
10. Bald eagle safeguards remain in place under the Bald and Golden Eagle Protection Act.
11. For a full explanation of NatureServe’s conservation status ranking system, see http://www.nature
serve.org/ explorer/ranking.htm.
12. NatureServe’s global status ranking system is detailed at http://www.natureserve.org/explorer/
ranking.htm.
13. For a graphic view of development pressures around Camp Pendleton over time, see chapter 4.
14. This includes species that are either listed as threatened or endangered under the Act, or that are formally
proposed for listing, or are candidates for listing.
15. Because there is overlap between the list of federally listed species and NatureServe defined imperiled
species, these two figures (355 and 458) should not be summed.
16. For more on the military’s management and use of its forested lands and multiple use in general, see
chapter 5.
17. For more on the military’s management and multiple use of its forested and other lands, see chapter 5.
18. For more information on the inrmps, see chapter 11.
19. For more on the Sustainable Range Initiative, see chapter 3. For more on partnerships, see chapter 10.
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