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INTEGRATING 
BIOLOGICAL DIVERSITY AND 
RESOURCE MANAGEMENT 
An essential approach to productive, 
sustainable ecosystems 

Call for Papers 

The JOURNAL OF FORESTRY is 

extending a call for papers in the 
following areas of biodiversity. All 
papers will be peer-reviewed 
prior to publication in the JOUR- 
NAL OF FORESTRY and may or may 
not be printed with other articles 
in the series. Papers are solic- 
ited on ecosystem approaches 
to biodiversity, old-growth eco- 
logical processes, biodiversity 
and ecosystem function, popu- 
lation viability, diverse monitor- 
ing strategies for diverse objec- 
tives, endangered and 
threatened species, tropical 
rainforests, managing for biodi- 
versity on national forests, tim- 
ber-cutting patterns to optimize 
biodiversity, evaluation of a)ter- 
natives in intensely managed 
forests, and examples of suc- 
cessful biodiversity management 
in managed forests and human- 
dominated landscapes. 

Submit proposals or com- 
pleted papers to N. Taylor Gregg, 
Editor, JOURNAL OF FORESTRY, 
5400 Grosvenor Lane, Be- 
thesda, MD 20814-2198 (301) 
897-8720. Completed papers 
should follow the guidelines for 
general scientific papers as pre- 
sented in "Guidelines for Con- 

tributors," May 1990 JOURNAL OF 
FORESTRY, p. 43--44. 

By John R. Probst 
and Thomas R. Crow 

t is not uncommon today for for- 
esters to find themselves at the 
center of controversy. A skeptical 

public often criticizes forest manage- 
ment activities, especially timber har- 
vesting and road building, and often 
perceives management as detrimental 
to many organisms that depend on the 
forest for their survival. While the for- 

ester might argue that an intensively 
managed forest is likely to be a healthy 
forest, others call for "natural forests" 
in which ecological processes are al- 
lowed to occur without interference 
from chain saws and skidders. 

Against this background, the issue of 
conserving biological diversity is re- 
ceiving increased attention in profes- 
sional journals, the popular media, and 
Congress. Growing concerns are being 
expressed about forest destruction and 
habitat losses throughout the world, 
and about the accelerating loss of spe- 
cies due to the cumulative impact of 
human activities. While the spotlight 
currently focuses on relatively few spe- 
cies-the spotted owl, the red-cock- 
aded woodpecker, the black-looted fer- 
ret--a more comprehensive discussion 
is developing that deals with biological 
diversity and its importance to ecosys- 
tem health and productivity. The con- 
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cept of biological diversity serves as a 
broad framework for considering many 
of today's important resource issues. 

The fact that the total number of spe- 
cies on Earth, even to an order of mag- 
nitude, is unknown makes it difficult to 
know what is being lost. Current esti- 
mates of the number of plant and ani- 
mal species worldwide range from 5 
and 50 million, but fewer than 2 million 
species have been described and cata- 
logued (Wilson 1985, May 1988). Most 
of this diversity is inconspicuous. Prob- 
ably only 1-2% of Earth's species are 
higher plants and less than 0.2% are 
vertebrates; the remainder are a vast 
array of invertebrates, algae, fungi, 
and other microorganisms that, despite 
being inconspicuous, provide valuable 
ecological services. Although it is diffi- 
cult to quantify exact rates of species 
loss throughout history, scientists gen- 
erally agree that current extinction 
rates far exceed the rates documented 

in geologic records. 
But what does this have to do with 

forestry? Forests, especially public for- 
ests, are increasingly viewed as valu- 
able reserves in which large tracts can 
be managed to protect biological diver- 
sity. National Forest Management Act 
regulations already specify that the 
USDA Forest Service must consider 

biological diversity in the planning pro- 
cess, and must monitor and evaluate 
the effects of implementing any forest 
plan on biological diversity. Further- 
more, concerns about the loss of biolog- 
ical diversity have resulted in draft leg- 
islation to make conservation of 

biological diversity a national goal 
Foresters should play a role in these 
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policy discussions as well as find prac- 
tical solutions to the problem. This 
role, however, will be determined 
largely by how we perceive the issues 
and understand the concepts relating 
to biological diversity. 

What Is It? 

The first question always is: Can you 
g•ve me a good definition of biological 
diversity? Probably the most widely 
cited definition comes from Technolo- 

gtes to Maintain Biological Diversity 
(Office of Technology Assessment 
1987): "Biological diversity refers to 
the variety and variability among liv- 
Ing organisms and the ecological com- 
plexes in which they occur" (p. 5). 

No matter how well stated, technical 
definitions rarely make good opera- 
tlonal definitions. From a practical 
viewpoint, it is useful to consider three 
elements of diversity--genetic, spe- 
cies, and ecosystem. Each is related. 
For example, it is important in con- 
serving any species to maintain critical 
ecosystems (or habitats) and retain as 
much genetic diversity as possible. 
Each element can operate at a variety 
of scales in time and space. The time 
scale can vary from a few hours (the 
life span of a microorganism) to decades 
(viability assessments) or even millen- 
ma (evolution). Biological diversity oc- 
curs at all spatial scales, from local 

through regional to global. When dis- 
cussing biological diversity, it is impor- 
tant to consider appropriate elements 
and scales. 

It is also important to view biological 
diversity as something more than local 
"species richness." Management to 
maximize species richness at the local 
level often favors "generalist" orga- 
nisms at the expense of "habitat spe- 
cialists." In the process, species could 
be lost from large areas or whole re- 
gions. Land managers need to be es- 
pecially concerned about plant and 
animal species that are habitat special- 
ists, and about species with low popu- 
lation densities, that require large 
home ranges, with poor dispersal and 
colonizing abilities, or that are prone to 
local extinction. In contrast, common 
species, habitat generalists, or species 
able to colonize disturbed habitats are 

more likely to prosper under a variety 
of land use patterns (fig. 1, p. 14). 

Spatial Considerations 
Dividing large and continuous tracts 

of natural habitat into smaller habitats 

surrounded by altered or disturbed 
areas--called habitat fragmentation-- 
is a major concern relating to biological 
diversity (Harris 1984, Wileove 1987). 
The problems of extinction and coloni- 
zation on habitat fragments are similar 
to the patterns biogeographers have 

Key 
Taxon 

No. o• 
Described 

Species 

1 Monera (Bacteria, Blue-green 
Algae) 4,760 

2 Fungi 46,983 
3 Algae 26,900 
4 Plantae (Multicellular Plants) 248,428 
5 Protozoa 30,800 
6 Porifera (Sponges) 5,000 
7 Coelentarata (Jellyfish, Corals, 

Comb Jellies) 9,000 
8 Platyhelminthes (Flatworms) 12,2OO 
9 Nematoda (Roundworms) 12,0OO 

10 Annelida (Earthworms etc.) 12,O00 
11 Mollusca (Mollusks) 50,000 
12 Echinodermata (Stadish etc.) 6,100 
13 Insecta 751,0oo 
14 Non-insect Arthropoda (Mites, 

Spiders, Crustaceans etc.) 123,161 
15 Pisces (Fish) 19,056 
16 Amphibia (Amphibians) 4,184 
17 Reptilia (Reptiles) 6,300 
18 Aves (Birds) 9,040 
19 Mammalia (Mammals) 4,000 
Source E O Wdson Ed 1988 B•od•ve•stty Nal Acad Sc• Press 
Washington 

S•ze of individual organisms represents number of described species in major taxon. Unit Area: [] = 1,000 described species. 
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Figure 1. Generalists are found in a variety of ecosystems. In contrast, habitat specialists 
are limited to only a few ecosystems, such as old-growth forests and native grasslands. 
Maintaining regional diversity depends on maintaining ecosystems that are rare and 
endangered. 

been recording for more than a century 
on oceanic islands, so habitat frag- 
ments are often called habitat islands. 

They may be patches of old-growth 
surrounded by second-growth forests, 
prairie fragments embedded in a ma- 
trix of agricultural lands, or once free- 
flowing rivers fragmented by hydro- 
electric and water diversion projects. 
In all cases, what were continuous 
areas are now separated by less suita- 
ble, and in some cases inhospitable, 
habitats for many species. 

Although natural disturbance is a 
common occurrence, habitat fragmen- 
tation is aggravated in human-domi- 
nated landscapes. Declines in migra- 
tory bird populations in the eastern 
deciduous forest are related to forest 

fragmentation (Robbins 1979, Whit- 
comb et al. 1981). Extensive fragmen- 
tation due to dams and impoundments 
has contributed to the endangered sta- 
tus of fish in the Colorado River (Oho 
et al. 1983). Human activities not only 
result in the destruction of habitats, 
but species depending on the remaining 
habitat fragments often become iso- 
lated from other populations depending 
on when and how the habitat is frag- 
mented. When small populations of a 
species are widely scattered, the 
chances of local extinction are greater 
and the chances of recolonization de- 

crease. Habitat fragmentation can ad- 
versely affect "area-sensitive" species, 

such as animals requiring interior for- 
est conditions (e.g., neotropical migra- 
tory birds) or those requiring several 
habitats in close proximity at different 
times of the year or at different stages 
of development (e.g., amphibians with 
both terrestrial and aquatic life forms) 

Some area-sensitive species may also 
be "edge-sensitive" when biotic factors 
(predators, browsers, nest parasites, 
competitors) or abiotic factors (changes 
in microclimate) decrease their repro- 
ductive success. Edge-sensitive species 
include many birds as well as reptiles, 
amphibians, and plants. The signifi- 
cance of habitat contrast along an edge 
depends on the species. Ubiquitous 
roads and forest openings dramatically 
increase edge environments. 

Some open-land species are edge- 
sensitive relative to forest edges. Prai- 
rie grouse, for example, suffer in- 
creased predation near forest edges 
Grassland birds such as bobolinks and 

several sparrow species also have 
lower productivity near edges (Johnson 
and Temple 1990). 

Other area-sensitive species may be 
more accurately described as human- 
sensitive. These include many large 
mammals, especially carnivores (tim- 
ber wolf, grizzly bear, black bear, Flor- 
ida panther) that characteristically ex- 
ist in low densities and are wide- 

ranging. The problem here has more to 
do with the fact that human contact is 
often fatal for the animals. For exam- 

ple, black bears prefer habitat that in- 
cludes both forests and openings with 
a high degree of edge and a variety of 
plant communities; but large, rela- 
tively uninhabited tracts of such land 
have disappeared in many areas, bring- 
ing bears into closer contact with hu- 
mans. It is not surprising that the prin- 
cipal source of mortality for the 
panther, Key deer, and manatee (all 
endangered) and for the threatened 
black bear in Florida is collisions with 
motor vehicles (Harris 1989). Maintain- 
ing large wide-ranging mammals in the 
eastern United States may require 
linking several undeveloped areas to- 
gether with landscape corridors. 

From Species to Ecosystems 
A fundamental problem for biological 

diversity is defining long-term viability 
for species. It is more complex than 
simply the minimum population needed 
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to survive long-term, random popula- 
tion fluctuations. To assess population 
dynamics accurately, resource man- 
agers must consider reproductive rate, 
population or habitat age structure, re- 
cruitment rate, survivorship, and abil- 
ity to disperse. They must also take 
into account the amount and quality of 
critical habitat and how it is distrib- 

uted. Many suboptimal habitats may 
temporarily support higher than ex- 
pected populations due to emigration 
from more productive sources (i.e., 
source and sink relations), so popula- 
tions do not always respond immedi- 
ately to landscape alterations. 

The effects of habitat loss are rarely 
linear; instead, populations often de- 
cline sharply once a threshold is 
reached. This is particularly true for 
species that are locally or temporarily 
successful and emigrate to less suitable 
habitats, where they reproduce below 
replacement levels. Adding or elimi- 
nating a few high-quality breeding hab- 
itats can cause a regional population to 
change substantially. For example, 
populations of the endangered Kirt- 
land's warbler remained remarkably 
stable for the past 2 decades except for 
20% declines in 1974 and 1987, when a 
few large breeding areas became over- 
mature at the same time (Probst 1988), 
and a 20% increase in 1990 after a large 
block became suitable habitat (J. 
Probst, unpublished data). 

Species that are reasonably common, 
or even abundant, can rapidly disap- 
pear if their reproduction or habitat is 
altered. Vast flocks of passenger pi- 
geons once filled the skies, but hunting 
during critical nesting periods reduced 
their reproductive success and contrib- 
uted to their extinction over a 20-year 
period. The Eskimo curlew, once one of 
the most abundant shorebirds in North 

America, also disappeared quickly. 
Managers should focus on landscape 

and ecosystem features that affect pop- 
ulation size and distribution rather 

than attempting the complicated task 
of determining what constitutes "mini- 
mum viable" populations. An estimated 
2,400 to 2,600 vertebrates alone occur 
in the United States (Hoekstra et al. 
1979). Comprehensive studies to deter- 
mine minimum viable populations will 
be possible for only a few selected spe- 
cies. A practical alternative is manag- 
ing for large and well-distributed pop- 

ulations (i.e., ecologically functional, 
Connor 1988) using a landscape and 
ecosystem approach. 

Managers are devising practical 
monitoring systems that are biologi- 
cally, statistically, and technically 
sound. One approach uses indicator 
species: by monitoring the population 
of a few species, managers attempt to 
interpret population trends of many 
species. However, monitoring plans 
are almost never comprehensive 
enough, and debate continues on what 
constitutes an indicator species and on 
how much indicator species can repre- 
sent the ecological requirements and 
population trends of other species 
(Landres et al. 1988). Strategies are 
being developed to monitor species 
groups (Verner 1984) and specific man- 
agement problems (snag densities, 
area-sensitive species, dispersal corri- 
dors, amphibian breeding areas, etc.). 
However, inventory should be com- 
pleted before monitoring plans are de- 
veloped, and general biodiversity as- 
sessment is a higher priority than 
monitoring. 

Preserving single species (especially 
vertebrates) has dominated the atten- 
tion of conservationists, but preserving 
ecosystems is receiving more attention 
(Noss 1983). Regional ecosystem ap- 
proaches are needed for preserving 
plants, invertebrates, and less visible 
vertebrates. Restoring prairies and 
oak savannahs in the Midwest and 

longleaf pine communities in the South, 
maintaining old-growth forests in the 
Northwest, saving moist and dry trop- 
ical forests and wetlands throughout 
the world all reflect this concern. Such 

communities are important elements of 
regional and global diversity. A com- 
prehensive approach to conserving and 
enhancing biological diversity requires 
taking into account both species and 
ecosystems. 

Public Benefits from 

Biodiversity 
Many benefits of biological diversity 

are widely acknowledged. Some plant 
and animal species are vital for human 
utilization as food, fiber, or medicinal 
drugs. Hunting, fishing, and esthetic 
appreciation of animals and plants give 
pleasure to people and add billions of 
dollars to economies each year. Plants 

Foresters 

should play 
a role in 

these policy 
discussions 

as well as 

find practical 
solutions 

to the problem 
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and animals are used in genetic re- 
search for selective breeding and as 
sources of new genetic material. The 
need to preserve genetic diversity is 
particularly critical given predicted 
geographic shifts in species distribu- 
tion due to climatic warming. The num- 
ber of major commercial species in ag- 
riculture and forestry are limited, so 

because they often manage large, con- 
tiguous tracts of land. Such tracts can 
mitigate the effects of habitat fragmen- 
tation in surrounding landscapes. For 
example, large blocks of forestland 
may provide the interior forest condi- 
tions needed for breeding populations 
of area-sensitive birds; these popula- 
tions may, in turn, expand to less suit- 

The challenge of conserving 
biological diversity is too comprehensive 

. . . to bemet 

on public lands alone 
III EllIll IIII1[111 

new plant varieties may have to be de- 
veloped using traditional breeding 
methods as well as biotechnology. 

Scientists are becoming increasingly 
aware that biotic diversity is essential 
to healthy and productive ecosystems. 
Diverse flora and fauna facilitate de- 

composition, nutrient cycling, and 
other ecological processes. Animals 
both large and small affect forest com- 
position and regeneration through her- 
bivory, seed dispersal, and population 
regulation of other organisms through 
a multiplicity of interactions. Biodiver- 
sity provides alternative food chains, 
biological pest controls, and increased 
silvicultural options. For example, ge- 
netic diversity has a very important re- 
lationship to site productivity, and 
some of the most valuable genetic com- 
plexes may have already been lost 
(Ledig 1988, Monserud and Rehfeldt 
1990). Diverse life forms vary in their 
tolerance to environmental stress, so 
community composition can be a sensi- 
tive environmental monitor of climatic 

change or pollution. Many noncommer- 
cial species are valuable as site indica- 
tors for forestry and agriculture. Much 
of the diversity responsible for ecosys- 
tem health and sustainability is "invis- 
ible diversity" that is out of sight and 
thus out of mind. 

Management Responsibilities 
Public and industrial managers are 

nnportant to the conservation effort 

IIII 

able habitats on adjacent lands. How- 
ever, not even the largest national 
forest or national park is ecologically 
isolated from activities and conditions 

in surrounding areas. 
The challenge of conserving biologi- 

cal diversity is too comprehensive and 
inclusive to be met on public lands 
alone. Nor is it realistic to think that 

conserving biological diversity is noth- 
ing more than establishing parks and 
preserves. Only a small fraction of 
Earth's surface will ever be under the 

protective status of a national park, a 
nature preserve, or a wildlife sanctu- 
ary, and the least protection is likely 
where it is needed the most--the trop- 
ics of Asia, South America, and Africa. 

We cannot remove people and re- 
source use from the system and create 
pristine forests, nor can we somehow 
return to presettlement conditions. 
Therefore, conserving and enhancing 
biological diversity must become an in- 
tegral part of natural-resource man- 
agement on the 95% of the landscape 
that sustains a wide variety of human 
activities and resource uses, including 
timber harvesting and food production. 
At regional, national, and global scales, 
major efforts to maintain biological di- 
versity must occur outside parks and 
preserves--on lands having a variety 
of uses and ownerships. 

It is ironic that as humans alter the 

ecosystems on which they depend, con- 
serving diversity will increasingly de- 

pend on active human involvement. Ac- 
tive management, not just passive 
protectionism, is needed to coordinate 
different land ownership objectives 
Active management must create land- 
scapes that facilitate movement and 
dispersal of large mammals. Active 
management is needed to restore spe- 
cies that are extirpated due to direct or 
indirect human impact and to reduce 
the threat of exotics on native species 
Active planning will ensure that old- 
growth forests, with their unique prop- 
erties, are represented throughout the 
regional landscape, adding to regional 
diversity. Active management can sup- 
plement in situ conservation of genetic 
diversity by collecting and storing 
seeds and pollen of endangered plant 
species. Active management is vital to 
providing critical habitats when and 
where they are needed to ensure that 
uncommon species do not become 
threatened or endangered. 

Recommendations 

Preserving biological diversity is a 
complex problem that encompasses a 
variety of scientific, social, and eco- 
nomic considerations. Piecemeal ap- 
proaches will likely. result in oversim- 
plification, frustration, and new, 
unanticipated problems. There are no 
"five easy steps" or simple solutions. 
Nevertheless, applying some general 
recommendations can help maintain 
and enhance biological diversity. 

ß Use a regional perspective when 
considering biological diversity. 

ß Think beyond the boundaries of 
specific ownerships when planning and 
managing. 

ß Plan and manage over large areas 
rather than using a stand-by-stand ap- 
proach. Consider the cumulative im- 
pact of individual projects on regional 
populations and resources. 

ß Emphasize multispecies and eco- 
system management instead of single- 
species and tree management. Simply 
stated: become an ecosystem manager 

ß Provide habitat sufficient to main- 

tain species of concern (e.g., large 
wide-ranging mammals), not just suf- 
ficient habitat to attract immigrants 
from more productive sources. 

ß Maintain or create spatial patterns 
(large patches, landscape linkages, low 
contrast between adjacent patches) 
that enhance conditions for problem 
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species. For example, alter cutting pat- 
terns and harvest schedules to reduce 

forest fragmentation. 
ß Include the full spectrum of ecolog- 

ical assemblages within the landscape, 
from early successional to old-growth 
communities. Provide a variety of sites 
for each forest type and age as a coarse 
filter for genetic and ecosystem 
d•versity. 

ß Conduct ecological surveys and in- 
ventories. Know what is on the land, 
where it is, and how much is there. 

ß Monitor problem species and prob- 
lem ecosystems. Wherever possible, 
supplement monitoring of indicator 
species with guild (groups of species oc- 
cupying similar niches) monitoring and 
d•rect ecosystem monitoring. Relate 
changes to local treatments. Interpret 
local changes relative to broader re- 
gaonal changes. 

ß Become better informed. Action 
follows awareness! 

Maintaining and enhancing biological 
diversity touches all aspects of re- 
source management. An obvious rea- 
son for protecting biological diversity 
lS to ensure sustainable productivity of 

forest resources for present and future 
generations. It is part of being good 
stewards. From a broader perspective, 
biological diversity is an integral part 
of our cultural and esthetic apprecia- 
tion of life. ß 
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