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LAWRENCE M. HANKS 

CHAPTER NINE 

CHANGING RELATIONSHIPS AMONG 

BIODIVERSITY, MANAGEMENT, AND BIOSECURITY 

IN MANAGED AND UNMANAGED FORESTS 

1. INTRODUCTION 

Natural forest ecosystems have long been, and continue to be greatly influenced by 
human activities, particularly through tree harvest, development and conversion of 
land for ag:i:ic\llture, suppression of natural disturbances such as fire, and 
environmental pollution (e.g., Carey, 2003a; Fuller et a!., 1998; Hannon et al., 2000; 
Kanowski et a!., 2003; Litvaitis, 2003; Moretti & Barbalat, 2004; Williams, 2003). 
Tropical forests are suffering the fastest rates of deforestation, and unfortunately 
also support the highest levels of species endemism and richness (Hall, Harris, 
Medjibe, & Ashton, 2003; Kelhnan & Tackaberry 1997; Thiollay, 2002). Forest 
ecosystems can .be disrupted by spatial effects resulting from fragmentation by 
roads, power lines, and urban development (Fahrig, 2003; Godefroid & Koedam, 
2003; Spellerberg, 1998). The nature of forest ecosystems is modified further when 
humans manipulate stand composition, such as by establishing native trees of 
uniform age and introducing exotic tree species (e.g., Brockerhoff et a!., 2003; 
Ohsawa, 2004), or creating artificial ecosystems de novo, as in the case of many 
urban forests. With increasing urbanization worldwide and ·decimation of natural 
habitats (United Nations, 2003), it is essential that methods be developed for 
managing natural and man-made forests to sustain economic productivity and/or 
aesthetic quality while conserving biodiversity. 

2. EXOTIC !NV AS!VE SPECIES 

An ever more serious consequence of the development of global commerce is 
unintentional introduction of exotic species that can have an important impact on 
natural and man-made forests (US Congress 1993), particularly invasive plant 
species and wood-boring insects (e.g., Haack & Poland, 2001; Lavergne et al., 
1999). Invasive species are thought to pose a serious risk to biodiversity (reviewed 
by Sax, 2002), and their detrimental impact in the United States is second only to

· 

habitat destruction (Enserink, 1999). Exotic insects that feed on woody plants in the 
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United States are currently estimated to number in the hundreds of species, most of 
which having established within the last decade (see Haack & Poland, 2001). The 
potential impact of invasive exotic woodborers on North American forests is 
illustrated by recent introductions of Asian longhorned beetle, Anoplophora 
glabripennis Motsch. (Cerambycidae), and emerald ash borer, Agrilus planipennis 
Fairmaire (Buprestidae ). Anoplophora glabripennis apparently was independently 
introduced into New York and Chicago in solid wood packing materials from China 
(Haack et al., 1997). This species is predicted to have a $600 billion impact in the 
United States because of its broad host range and abilitY to attack living trees 
(Nowak et al., 200 I). Anoplophora planipennis was first detected in Michigan in 
1998, but apparently has spread quickly (Haack et al., 2002) and is beyond any hope 
of contaimnent. Although A. planipennis is more selective in its hosts, attacking 
only species of ash, it will likely have a severe impact on natural and urban forests 
over much of North America because it kills trees in any state of vigor, and because 
ash trees are important forest elements in many areas (Haack et al., 2002; USDA
APIDS, 2003). 

3. ENVIRONMENTALISM AND CONSERVATION 

People have a natural appreciation for trees and forest ecosystems, and degradation 
of forests by any agent elicits a knee-jerk public reaction (Spies, 2004). There is an 
inherent desire to conserve "nature" and "wildlife" (see Wilson, 1984), although 
there may be a general impression that the species to be conserved are charismatic 
vertebrates such as chipmunks, and not creatures like harvestmen that also play 
important ecological roles (see Jepson & Canney, 2001). Although "artificial" 
forests, such as urban forests and tree plantations, can be bioiogica!ly diverse 
(Pickett et al. 2001), there is less concern over species composition and long-term 
sustainability. In fact, some such artificial forests rival adjacent natural forests in 
species richness and biodiversity of vertebrates and invertebrates, for example 
stands of exotic eucalypts compared to oak woodlands in the San Francisco Bay 
Area of California (Sax, 2002; also see Theodoropoulos, 2003). Thus, cons.eivation 
of species in such rutificial forests can be important for sustaining biodiversity over 
larger spatial scales. 

The growth of environmentalism in recent decades has inspired interest in 
sustainable forestry practices that conserve biodiversity (e.g., see Carey, 2003a, 
2003b; Hall et al., 2003; Jonsson & Jonsell, 1999). In fact, sustainability is 
intimately linked with biodiversity, since sustainability assumes ecological stability, 
and stability requires persistence of the diverse ecological interactions that comprise 
an intact food web (see Chapin et al., 2000; Ehrlich & Ehrlich, 1992; Holling, 2001). 
Thus, the desire to conserve large and mature trees, in "old growth" or "climax" 
forests (sensu Spies, 2004), is entirely consistent with conservation of biodiversity in 
general. For example, conservation of old growth results in accumulation of coarse 
woody debris (Spies, 2004) which plays a crucial role in preservation of many 
species of threatened forest arthropods (Jonsell et al., 1998; Speight, 1989). The 
factor that puts the teeth into public opinion, however, and .that ultimately 
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determines forest management policy, is the social assessment of what is to be 
gained by having "healthy" forests (Carey, 2003b; O'Brian, 2003; Sheppard et a!., 
2004; Weiss, 2004): Economic benefits are relatively easy to assess, including 
revenue for landowners and economic support of local communities through 
ecotourism and recreation (Sheppard et a!., 2004). More difficult to assess are such 
factors as the value of forests in environmental function, such as carbon 
sequestration, and as sources of as yet tmdiscovered agricultural and medicinal 
plants (Myers, 1979). Even more difficult to assess are the health benefits for 
humans gained- through clean air and water, relief of stress through spiritual 
contemplation of nature� and intellectual and ethical issues in forest management 
(Carey, 2003b; Jepson & Carmey, 2001; Leopold, 1949; O'Brian, 2003; Spies, 2004; 
Wilson, 1984). 

4. CHALLENGES FOR CONSERVATION OF BIODIVERSITY AND 
SUSTAINABILITY 

Although conservation of biodiversity and preservation of natural forests clearly are 
desirable long-term goals, developing and evaluating the appropriate management 
strategies is problematical at many different levels. A primary stumbling block is 
identifying the level of biodiversity and ecosystem structure and composition that is 
"natural" and will be.the ultimate objective. These qualities can be inferred on the 
basis of historical records of tree size, species, density, age, and geographic area 
(e.g., Litvaitis, 2003). Even in the absence of anthropogenic disturbance, however, 
forests are dynamic, subject to dramatic and unpredictable change by such stochastic 
processes as fire, wind and ice storms, short- and long-term shifts in climate, and 
outbreak of herbivorous insects and plant pathogens (e.g., Anagnostakis, 200 I; 

Bormarm & Kiester, 2004; Fuller et a!., 1998; Harmon et a!., 2000; Litvaitis, 2003; 
Lorimer & White, 2003; Moretti & Barbalat, 2004; Slik, 2004). Thus, knowledge of 
the early composition of a forest would not necessarily provide an accurate 
indication of its current state had it never been disturbed by humans. 

Rehabilitation of forest ecosystems may not be achievable by reversing 
anthropogenic influence. For example, many areas of the world have been 
influenced by humans for so long that their original state is not completely known 
(e.g., Europe; Rackham, 

.
1998; Spies, 2004). Anthropogenic disturbance of forest 

ecosystems can be subtle and difficult to document (Fuller et a!., 1998; Harmon et 
a!., 2000; Lorimer & White, 2003), and its impact can vary across taxa of plants and 
animals (Brouat et a!., 2004; Godefroid & Koedam, 2003; Sax, 2002). In fact, the 
global reach of anthropogenic disturbance probably has eliminated any vestiges of 
virgin forest (Hannon et a!., 2000; Thiollay, 2002). The difficulty in reversing 
anthropogenic disturbance can be illustrated by considering rehabilitation of eastern 
deciduous forests of the United States. Re-establishing dominance by chestnuts. 
might be considered a desirable correction for decimation by chestnut blight, 
introduced by man in the early 1900s (Anagnostakis, 2001). The initial abundance 
of chestnuts, however, was due to their out competing other tree species in 
abandoned farmland (see Anagnostakis, 2001; Lorimer & White, 2003), also a 
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consequence of human interference. Species dominance changed several times in 
forests of the northeastern United States independent of humans, passing from pines 
to hemlocks to oaks and spruce over the last 12,000 years (Anagnostakis, 2001). 
Thus, it is unclear which forest type should be the objective of a rehabilitation 
program. 

Another stumbling block to rehabilitating forest ecosystems lies in assessing the 
current ecological state, and defirung and evaluating "biodiversity" .. Biodiversity 
encompasses more than the mere number of species, but also the total genetic 
diversity within species, as well as the wealth of ecological interactions among 
species (Purvis and Hector 2000; Thiollay, 2002). A complete assessment of 
biodiversity therefore necessitates a comprehensive characterization of taxonomy, 
life history, and ecology (Jonsson & Jonsell, 1999), which currently is unobtainable 
(Bormarm & Kiester, 2004; Jonsell et al., 1998). Choice of appropriate indices of 
biodiversity and species richness also is controversial (Purvis and Hector, 2000) and 
interpretation is complicated by spatial and temporal variation (Jonsson & Jonsell, 
1999; Romero-Alcaraz & Avila, 2000; Weber, Hintermarm, & Zangger, 2004) and 
inconsistencies in effectiveness across taxa (Jonsson & Jonsell, 1999). Different 
methods of sampling and different biodiversity indices can yield dramatically 
different assessments of community strncture, and also can vary with taxon focus 
(e.g., Onaindia et al., 2004; Ranius & Jansson, 2002). Still more difficult to evaluate 
are important measures of the suitability of forests to recreation and tourism, 
including such nebulous criteria as aesthetics (Sheppard et a!., 2004). 

Even with a clearly defmed goal for forest management, and appropriate 
methods of assessing its progress, changes in forest strncture may be unpredictable 
and the end product quite different from the expected or desired (e.g., see Brearley 
et a!., 2004; Fuller et a!., 1998; Kanowski et a!., 2003; Ohsawa, 2004; Romero
Alcaraz & Avila, 2000; Spies, 2004). Management of forests can have an 
unpredictable impact on community coinposition and biodiversity, and attempts at 
rehabilitation may not result in a resurrection of the original state (e.g., Bormarm & 

Kiester, 2004; Brouat et al., 2004; Fuller et a!., 1998; Kanowski et a!., 2003; 
Nurnmelin & Zilihona, 2004). The classic example is fire suppression, which can 
result in diminished biodiversity in cotmnunities that are fire adapted (e.g., Moretti 
& Barbalat, 2004). 

5. FOREST MANAGEMENT POLICY 

Given the intrinsic difficulties in defming strategies for managing forests and 
assessing their effectiveness, forestry policy today calls for compromise and 
conciliation. Conservation of biodiversity and sustainability in forest ecosystems 
must be translated into coherent political process that guides management strategy 
and addresses economic and societal goals, "holistic management" (e.g., see 
Bormarm & Kiester, 2004; Carey, 2003a,b; Hall et al., 2003; Litvaitis, 2003; 
O'Brian, 2003; Spies, 2004; Thiollay, 2002; Weiss, 2004). These policies must 
appease the public, stakeholders, interest groups, scientists, and authorities (see 
Dahlsten & Dreistadt, 1991; Litvaitis, 2003; O'Brian, 2003; Thiollay, 2002; Weiss, 
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2004). The policy also must be operationally and economically feasible (Bormann 
& Kiester, 2004). To achieve these goals, policymakers and forest managers require 
specific definitions: for example, what trees species are of concern?, what should the 
age structure be?, what geographic area should be targeted?, what research is 
needed?, and how should funding be allocated to support research? (Bormann & 
Kiester, 2004; Dahlsten & Dreistadt, 1991; Spies, 2004). 

The many intangibles in forestry management, from defming goals to predicting 
outcomes, suggest that the optimal strategy may be to diversifY management policies 
and strategies (e.g., Bormann & Kiester, 2004; Godefroid & Koedam, 2003; Moretti 
& Barbalat, 2004), the community-level equivalent to diversifYing species 
composition within stands. For example, different areas within a contiguous forest, 
or different isolated stands, could be managed independently, varying logging 
practices, access for recreation, and methods of regulating forest pests. The ultimate 
goal would be to conserve habitat heterogeneity and maximize total biodiversity 
over large spatial scales (Jonsell et a!., 1998; Romero-Alcaraz & Avila, 2000). 
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