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 Foreword In recent decades, there has been unprecedented growth in the scale and intensity of tropical forest management. Industrial forestry, both directly and indirectly, has wreaked havoc on the wildlife and the ecological integrity of tropical forests. While the mark of human intervention in modern times is quite apparent, forests have in fact been subject to some form of management since the emergence of human beings. The wildlife of forests that we value so highly today is the result of varying intensities of human management over an extraordinarily long period. And the more we study even the most remote forests, the more surprised we are by the sophistication and extent of its management by traditional peoples. Just as human populations have exploded over the past century, so our ability to manipulate, modify and replace tropical forests has changed considerably. In only a few decades, we have moved from low-intensity local management driven largely by efforts to meet local needs, to highly disruptive management driven by the desire to satisfy distant industrial needs. It is easy for us to forget that only since World War II have the chain saws and the heavy-tracked vehicles needed to clear and log tropical forests on a large scale become widely available. The unprecedented economic and technological growth of the second half of the twentieth century has totally changed the paradigm under which tropical forests exist and are managed. Most notably, our ability to manipulate forests—in ways that can cause major environmental disturbance—has evolved far faster than the laws, institutions and traditions that previously served to safeguard the broader values of forests. In all this increased forest disturbance of recent years, the highly visible destruction resulting from industrial “first-cut” logging of old growth tropical forests has, more than any other activity, provoked a groundswell of public and political concern, and a plethora of plans, strategies and projects aimed at mitigating the damage. Most of these conservation responses, however, have had only limited success. For the most part, they have attacked the visible symptoms of bad forestry rather than the underlying causes. This has occurred because much of the response has been rooted in incorrect assumptions about the prelogging history of our forests and the real nature of the threats they face. Many conservation activists and political decision-makers still hold to the myth that loggers are entering areas of pristine wilderness, never before marked by human presence. They fail to recognize that what we are witnessing is, in large part, simply an increase in the intensity of our manipulation of the forest, albeit a major increase. But, more important, they fail to recognize that the heart of the current problem is that these significantly increased impacts on our forests are occurring at a time when the demand for land to be used for
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 FOREWORD
 
 local agriculture or for cultivation of industrial crops is also growing exponentially. The international debate on forest conservation that is occurring under the auspices of the Convention on Biological Diversity and the Inter-Governmental Forum on Forests has been important in helping us to change our perceptions about the nature of the threats to tropical forests and to think more clearly about possible solutions. In particular, this wide-ranging debate is helping to build a scientific and popular consensus that forestry alone may not be the cause of the problems, and that good forestry, in fact, may be part of the solution. From these inter-governmental processes is emerging a growing acknowledgement that solutions to forest problems must reconcile the needs and wishes of multiple users and beneficiaries of the forest, and that such solutions will entail management for a wide range of forest products and services. Many of the problems we are wrestling with today in forest management have resulted from the appropriation of huge tracts of forest to single operators for extraction of a single product: timber. In contrast, forest management in the future will have to achieve a balance in access to all forest goods and services, reflecting the needs and demands of multiple stakeholders. Furthermore, those engaged in forest management will have to focus less on activities at the stand scale and more on achieving a balance in forest use across the broader landscape. Hopefully, we are moving toward an era in which “ecosystem management” will be the guiding principle of field managers rather than just the rhetoric of planners. The management of wildlife is central to any new era of tropical forestry. Wildlife as defined in this book encompasses the full range of vertebrate and invertebrate animals that make up the fauna of the forest. Tropical forests harbor the majority of the world’s animal species, perhaps 70 to 80 percent of all species. This wildlife is immensely valuable to humankind for a wide variety of goods and services. Wildlife has significant and diverse—and yet still little understood—values in the overall functioning of a forest ecosystem. Wildlife contributes to the livelihood of forest-dwelling people, providing an important source of food, and it has a range of aesthetic and ethical values—even for people who will never visit or encounter these species firsthand. Reconciling conservation of the full spectrum of forest wildlife values with competing pressures to manage forests for production of industrial products as well as other land uses will require a quantum leap in our understanding about the complexity of forest systems. It will require an increase in our understanding of forest wildlife and how people in different sectors of society value its conservation, for economic, spiritual and other reasons. Ultimately, we must capture these values in our economic decision-making about forest management and land use.
 
 FOREWORD
 
 XI
 
 For all of the above reasons, this book is timely and significant. It brings together the accumulated knowledge of many of the leading conservation scientists in wildlife and forest management. Collectively, the chapters make a case for the need for new approaches to integrating wildlife into the management of tropical forests. This book leaves us with no doubt that better forest management is pivotal to the maintenance of much of the valuable biodiversity of the tropics, and suggests how much of what is already known about forestry practices could be modified to achieve better outcomes for forest wildlife. The book also makes a strong case against an argument that still persists in some quarters: that industrial forestry and wildlife conservation are fundamentally irreconcilable. This view is rooted in the misconception that there is a simple choice between forest use by humans and virgin wilderness; that the alternative to managed forestry is designation of the forest as a nature reserve or national park. This ignores the reality that the biggest threat to forest wildlife lies in agricultural conversion. Experience has shown repeatedly that solutions that focus exclusively on the values of distant stakeholders and ignore the legitimate needs and concerns of local people will almost never succeed. Total protection of a forest is rarely a good option for a poor person dwelling on the edges of it. Inevitably, multiple-use management of forests must be included in the portfolio of measures needed to meet the challenge of conserving the world’s forest wildlife. At the same time, forestry practice will have to be based on more sophisticated application of ecological knowledge. Although there will be some measures that could be applied across the full spectrum of forest types, conditions and uses, most wildlife management will require that forest practitioners have the ecological skills and training to make sound decisions on the basis of local information and needs. Clearly, we will be faced with much uncertainty about the impact of different management interventions on forest wildlife, as well as with changes in related human expectations and demands over time and from place to place. Therefore, good forest management will have to be adaptive, marked by continuing negotiations among all users of the forest and careful monitoring of key measures or indicators of wildlife health. The insights provided by this book will be invaluable in helping managers to respond to these challenges. Forest managers really have no choice but to proceed along this route. The knowledge provided by this book is essential for countries and forest managers who are dedicated to meeting the commitments being made by their countries under the Convention on Biological Diversity and other mechanisms that are working to define criteria and indicators for assessing sustainability of tropical forests. The maintenance of wildlife populations at certain levels is central to all
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 FOREWORD
 
 criteria for recognition of forest management as sustainable. And increasingly, only products that come from forests that are certified as being sustainably managed will qualify for the highest value markets. The most dramatic damage to forests over the past decades has occurred in countries still at an early stage of their economic and social development. It has often occurred in remote frontier areas where the rule of law was yet to be felt. Much of this damage has been linked to “crony capitalism”—big business riding roughshod over the interests of society at large. Forest misuse has often been a focus of social unrest and of calls for greater justice and equity. Experience suggests that forests are more likely to be well managed in societies that have sound democratic processes and are subject to the rule of law. Thus, the wave of social reform that is now sweeping through many of the less developed countries of the tropics should provide a context in which better forest management can work. The rise of national conservation lobbies as part of emerging civil societies should further increase the demand for good forest management. At this time, the social and economic context is right for the adoption of the technologies discussed in this book. Many challenges still remain. We are at an early stage of acquiring the knowledge and skills needed to better understand the implications of forest management practices on wildlife. Much more research will be needed, including a great deal of empirical observation of changes in wildlife populations. This book presents the state of the art and makes a convincing case for what is possible. Future generations of scientists and practitioners will need to build on this body of knowledge to establish new forestry techniques that adequately address wildlife conservation needs. Professor Jeffrey A. Sayer Director General, Centre for International Forestry Research (CIFOR)
 
 Preface This book presents a timely treatment of wildlife-forestry interactions, synthesizing current knowledge regarding the direct and indirect impacts of tropical timber-harvesting practices on native forest fauna. More importantly, the authors highlight opportunities for mitigating these environmental impacts in the short-term, and present directions for developing forest management techniques that protect the biological integrity of forest systems. Its origin began with the growing awareness of the conservation potential of tropical production forests, and the current threats that logging activities present to these natural communities. Early in the decade, a number of field scientists and forest resource managers met informally and identified the need to summarize all available knowledge on logging-wildlife interactions. This information was deemed critical to the development of short-term management strategies for reducing harmful impacts on native fauna and their habitats, and the identification of longer-term research priorities to address gaps in our understanding of these interactions and their impacts. These initial discussions led to a November 1996 workshop in Bolivia, hosted by BOLFOR (Bolivia Sustainable Forestry Management Project) and the Wildlife Conservation Society, where short- and longer-term recommendations on how to conserve wildlife in production forests were developed. The findings of this mixed forum, which included foresters, wildlife biologists, resource mangers, and policy makers, served as a springboard for the 30 chapters presented in this volume. In brief, the book aims to: a) synthesize current knowledge of the impacts of forest management practices, particularly logging, on wildlife in tropical forests; b) present guidelines for timber-harvesting systems that balance economic with ecological considerations; and, c) set directions for future research, in an effort to move sustainable forest management-wildlife conservation from a theoretical entity to an applied state in production forests. Contributors were selected for their expertise in tropical forestry-wildlife interactions, and have provided relatively exhaustive reviews of their topics. In an effort to strengthen the continuity within this volume, the editors have subdivided the contributions into six sections, each with its own brief synopsis. These section overviews present a short introduction to the main theme of the section, condensed abstracts of each chapter, and a brief summary of the major issues discussed in the section. An introduction (chapter 1) and final synopsis chapter (chapter 30) also frame the key issues, present syntheses of the contributor’s key points, and
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 PREFACE
 
 outline prospects for wildlife conservation within managed tropical forest landscapes. We have designed the book to appeal to a wide audience of scientists and nonscientists specifically interested in wildlife-timber harvesting issues, and sustainable forestry in general. In addition to foresters who should find this volume an invaluable tool in assisting their efforts to develop sustainable forest management practices, we hope that this book will interest the academic conservation community; including conservation biologists, forest and wildlife ecologists, social scientists and their students; professional decision-makers (including ecological timber certification organizations, resource managers, and conscientious managers of commercial timber lands interested in practicing good stewardship), nonprofit research and policy institutions (Smithsonian, TROPENBOS, CIFOR, WWF, FAO, BIONET members, etc.), and donor agencies (USAID, GEF, SNV, GTZ, World Bank, etc.). Finally, and most importantly, we wish to acknowledge the numerous individuals that helped to make this volume a reality. Foremost were the contributors, who expended an enormous amount of time and energy researching their topics, reviewing related chapters, and applying patience during our editorial reviews. Participants in the Bolivia workshop were also instrumental in the creation of the book, serving as a catalyst for its development: E. A. Alvarez, E. Bennett, R. B. Wallace, R. Boot, G. Blate, J. F. Contreras Sanjines, J. C. Cornejo, R. Z. Donovan, J. Falck, R. A. Fimbel, B. Flores, E. Flores, P. Frumhoff, G. Garson, A. Grajal, A. Grimes, D. Guinart Sureda, R. E. Gullison, J. C. Herrera, H. H. Hurtado Balcazar, J. Johnson, I. Kraljevic, W. F. Laurance, H.-F. Maitre, D. Mason, C. E. Murillo Salazar, J. B. Nittler, H. Ormachea, R. L. Painter, L. F. Perez Obando, A. Plumptre, F. E. Putz, L. Ouevedo, J. G. Robinson, R. J. Rivero Bonifaz, S. Rosholt, D. I. Rumiz, E. Sandoval Hurtado, P. Saravia Patón, D. S. Hammond, A. Stocks, A. Taber, G. Taylor, W. R. Townsend, A. R. Vargas Pereira, A. Whitman, M. Yates, and P. Zuidema. A special thanks is due to Jeff Sayer, who took time from his extremely busy schedule at the helm of the young Centre for International Forestry Research (CIFOR) to write the volume’s Foreword. We especially appreciate the efforts of numerous scientists and resource managers who donated their time as peer reviewers for the chapters (most anonymously), including Cheryl Fimbel who reviewed all chapters (some several times!). The comments provided by these
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 XV
 
 individuals helped enormously to improve the content and clarity of the chapters. Lastly, we wish to thank the Wildlife Conservation Society for its support throughout the development of the volume, and Tracy van Holt and Rosa Fernando in particular, for their tireless efforts and good humor in typing and formatting the various iterations of the book. Robert A. Fimbel Alejandro Grajal John G. Robinson
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 Part I
 
 AN INTRODUCTION TO FORESTRY-WILDLIFE INTERACTIONS IN TROPICAL FORESTS
 
 2
 
 FORESTRY-WILDLIFE INTERACTIONS IN TROPICAL FORESTS
 
 Wildlife serves a crucial role in maintaining the health of natural forests, where up to 90 percent of the plant species in tropical rain forests are dependent on animals for their pollination or dispersal—including many important timber species. Forest animals, in addition, are integral components of all ecosystem processes, such as predator-prey relationships that keep pest species in-check; vectors for mycorrhizal fungi-tree symbiotic relationships; and decomposers-nutrient recyclers that maintain forest productivity. Timber management of tropical forests has both direct and indirect effects on wildlife populations and their habitats. Part I briefly reviews the role of wildlife in tropical forests, the common silvicultural practices used in these forests, and potential short- and long-term consequences for wildlife, forest health, and productivity as a result of timber management activities. General recommendations for mitigating these impacts in the future are provided by the authors. These first three chapters provide an overview of the physical, biological, and social factors shaping forestry-wildlife dynamics today—setting the stage for more in-depth discussions of these topics in later sections of the book.
 
 Forestry-Wildlife Interactions in Managed Tropical Forests In chapter 1, Robert Fimbel, Alejandro Grajal, and John Robinson open the book with a brief introduction to logging and wildlife issues in the tropics. This short chapter provides an overview of:
 
  Why tropical production forests are important to wildlife conservation  The ways in which current logging practices are directly and indirectly affecting wildlife and their habitat
 
  The options for promoting sustainable forest management and the conservation of wildlife in tropical forests
 
 In chapter 2, Jack Putz, Laura Sirot, and Michelle Pinard describe the most common pre- and postfelling silvicultural treatments used in tropical forests, how these activities affect forest structure, and the potential consequences of forest domestication practices (particularly logging) on arboreal animals. Nonflying arboreal mammals are faced with the challenge of moving from tree to tree to meet a variety of needs, such as the search for food and water, mating, and defending
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 their living space. The locomotory capacities of this faunal group vary greatly—from pottos and sloths that can span gaps no wider than an “arm’s length,” to monkeys capable of leaping several meters across openings. The effective gap size for a nonflying arboreal animal, therefore, is a function of the individual animal (body size, locomotion capacity, etc.) and the distribution of usable supports. Any silvicultural treatment that minimizes the recovery of forest structure and composition (such as harvesting, vine cutting, thinnings, or short reentry periods by loggers) can greatly restrict the movements of non-flying arboreal animals. These conditions increase the energy requirements and predation risks associated with travel. Factors to be considered when predicting the effects of forest management activities on arboreal mammals, and the silvicultural practices capable of minimizing these impacts, are discussed. In chapter 3, Patrick Jansen and Pieter Zuidema consider the possible consequences of selective logging on vertebrate-mediated seed dispersal, and the potential of cascading effects on the long-term composition and productivity of the forest. Most forestry harvestregeneration systems in the tropics depend on natural regeneration, yet few management prescriptions include guidelines to ensure seed dispersal. In the Neotropics, where over 70 percent of the exploited timber species have vertebrate-dispersed seeds, unregulated hunting of animals and the reduced availability of food resources threaten the recruitment of some commercial tree species. To what extent compensating mechanisms (such as redundancies among species that disperse seeds) actually occur in logged-over areas remains largely unknown. Management guidelines for minimizing the disruption of vertebrate seed-dispersing activities and research priorities for refining these silvicultural prescriptions are presented in this chapter.
 
 Wildlife Conservation in Managed Tropical Forests Protected tropical forests are currently inadequate for conserving the wildlife of the region because of their limited size, number, distribution, and composition. In many countries, the large size and varied habitats within production forests can complement existing protected area systems. Taken as part of the landscape, they can make significant contributions to wildlife conservation. This conservation role is strongest where production forests are sustainably managed for both timber
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 and non-timber resources. At present, however, only a fraction of the world’s tropical forests are being well managed. Contributors to this section note several opportunities for conserving wildlife populations in production forests, while improving commercial timber production. Proposed measures include:
 
  Designing timber harvests that promote the recruitment of commercial species (chapters 2 and 3). Where drastic disturbances are required to regenerate shade-intolerant timber species (resulting in the fragmentation of forest structure), cuts should be positioned within the landscape to allow reserve areas of intact forest. These reserves provide critical habitat areas for wildlife species sensitive to early successional conditions, and maintain a gene pool of commercial tree species in the event of regeneration failure within the logged area
 
  Planning and initiating practices that minimize disturbance of forest
 
 structure at the actual sites of felling and transport. These include creating inventories of harvestable trees and species meriting protection (chapter 3), cutting vines only on trees to be harvested, directional felling of these stems, and constructing narrow, linear roads (chapter 2)
 
  Strictly regulating hunting practices to protect populations of seed dispersers and other game or commercial trade species at risk of overexploitation (chapter 3)
 
 The planning and implementation of the reduced-impact silvicultural prescriptions noted above are discussed in greater detail within part V of this volume. Much can be done today to reduce the negative environmental impacts associated with timber management programs, through the application of reduced-impact logging procedures and strengthened regulations governing management practice. These are just the first steps, however, toward sustainable forest management and conservation of wildlife in tropical forests. We currently have limited knowledge about the ecology of tropical forests and the response of wildlife to forestry practices (part II discusses the interactions between wildlife and logging). Our understanding of hunting (a major indirect pressure on wildlife as a result of forest management practices), has improved (see part III). There is a great need to focus future research on an assessment of the impacts associated with wildlife-logging interactions, and then apply this information to improve conservation of forest resources for the future (part IV) by refining silvicultural practices. Several topics requiring urgent attention include:
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  Understanding the ecology of important timber and nontimber species (chapter 2)
 
  Identifying the role that pollinators and dispersers play in maintaining the biological integrity and productivity of the forest (chapter 3)
 
  Defining ways to integrate research, management, industry, and government resources to yield the greatest gains for conservation (chapter 1)
 
 The final section of this volume, part VI, considers incentives for implementation of the research and management recommendations proposed in this first section and throughout the book.
 
 This page intentionally left blank
 
 Chapter 1
 
 LOGGING-WILDLIFE ISSUES IN THE TROPICS An Overview Robert A. Fimbel, Alejandro Grajal, and John G. Robinson
 
 Protected areas are currently inadequate to conserve the biological diversity found within tropical forests, because of their limited size, number, distribution, composition, and protection status. In 1990, approximately nine percent of the world’s major tropical rain forests were legally preserved in national parks or equivalent reserves (Grieser Johns 1997:4). The area physically protected against intrusions by hunters, settlers, miners, illegal loggers, or road and hydroelectric projects, however, is actually much less. The distribution of preserves also does not represent all forest types or areas of high biodiversity (Frumhoff and Losos 1998). In many tropical countries, the large size of timber production forests represents an opportunity to complement existing protected area systems, providing critical habitat for wildlife (vertebrate and invertebrate fauna) and native plant species. Although production forests are not a substitute for nature preserves, they provide a complementary role when sustainably managed for both timber and non-timber resources. At present, few (if any) forests are successfully managed in a sustainable manner (Poore et al. 1989; R. Donovan, personal communication). For the purposes of this book, sustainable forest management is defined as: “the stewardship and use of forests and forest lands in a way and at a rate that maintains their biodiversity, productivity, regeneration capacity, vitality and their potential to fulfill, now and in the future, a role of ecological, economic and social functions, at local, national and global levels, and that does not cause [long-term] damage to the ecosystem.” — (the Ministerial Conference on the Protection of Forests in Europe 1993, as quoted in Myers 1996).
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 Timber Harvesting and Wildlife in the Tropics Numerous harvest-regeneration silvicultural systems have been developed for the sustained yield of timber resources in the tropics (reviewed in Nwoboshi 1982; Armitage and Kuswanda 1989; Gómez-Pompa and Burley 1991; Catinot 1997; see chapters 2, 21, and 24). While most forestry departments recommend one or more of these silvicultural treatments for logging operations in the forests they manage, their efficacy is generally limited by a weak matching of prescriptions to forest conditions, and limited supervision during treatment implementation. The most common logging practice in the tropics today is a variation of the diameter-limit or selective cut, where most merchantable stems of a species above a specified diameter are harvested in a specific area. For this logging system to work, forests must contain ample commercial species in the small to medium-size diameter classes. These stems must also contribute seed and recruit rapidly into the merchantable size class following cutting. Harvests are generally scheduled on 20 to 40 year intervals, depending on the projected annual incremental growth of the species being harvested (Smith et al. 1997). This simple-to-prescribe harvesting practice seldom reflects the ecological conditions of the forest, however, and often leads to the high grading or creaming of the logged area (i.e., mining the forest in a nonsustainable manner). All timber-harvesting practices impact forest wildlife and their habitat, with the impacts increasing as the intensity of logging increases, and the planning, supervision, and period of recovery between cutting events decreases. Logging directly impacts forest-dependent wildlife through the destruction or degradation of habitat, disruption of faunal movements, and interruption of ecological interactions between organisms (discussed in chapters 2–14). Logging can also impact wildlife indirectly by increasing accessibility to the forest, which frequently leads to hunting and land conversion activities (see chapters 15–17). While much more research is needed to quantify the long-term responses of wildlife and the various habitats to logging (explained in chapters 18 and 19), we currently know that species dependent on mature, closed-canopy forest conditions decline or are locally extirpated in the wake of logging activities (see chapters 4–14). Even under relatively low-intensity cutting (< 3 trees harvested per hectare), the impact can be high where logging practices are poorly planned and supervised (Grieser Johns 1997).
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 Wildlife Conservation in Production Forests What Options Exist for Conserving Wildlife and Habitats in Production Forest Landscapes? Logging attracts strong political sponsorship in most developing nations, as the ratio of revenue and infrastructure development to investments in forest departments to oversee the management process is high. As a result, there is rarely a choice between to cut or not to cut. Arguments for restricting or limiting logging in select areas of high biological diversity (see chapter 20) may attract some support (especially where alternative low-impact options like tourism exist). Wildlife conservation in most tropical forest landscapes, however, is going to depend on diminishing the environmental impact associated with logging in production forests. The basic technologies currently exist for developing silvicultural systems that regenerate commercial species while reducing some impacts of logging practices on forest structure and composition (outlined in chapters 21, 22, 24, and 25). Guidelines also exist for selecting habitat elements of high conservation value within the management unit (cutting area) that should be reserved from cutting impacts (see chapter 23). While there is a great need to adapt these techniques to local conditions (especially with regard to timber species ecology—see chapters 18 and 19), the application of existing conservation measures can have a considerable (positive) impact on many interior-forest plant and animal species.
 
 What Options Exist to Promote the Application of Existing and Future Conservation Technologies Within Forestry Operations? The failure to apply technologies that conserve the structure and integrity of production forest landscapes (i.e., practices promoting sustainable forest management) is rooted in a suite of technical, social, political, and economic factors that advance the liquidation of tropical forest resources (Myers 1996). Many aspects of these factors are outside the forestry sector, and most beyond the control of foresters. A number of incentives for advancing better forest stewardship, however, have recently developed: certification, donor support, cost-benefit analyses, and tax incentives (see chapters 26–29). These incentives
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 are starting to catalyze broader conservation reforms related to logging in the tropics. Efforts to achieve true sustainable forest management are still in their infancy and face complex technical, biological, social, and political hurdles. One step towards breaking the old paradigms of forest exploitation and domestication would be to provide foresters, planners, donors, and politicians with empirically derived information showing:
 
  The impacts of present logging practices on the environment  Cost-effective options for balancing timber and biodiversity conservation issues
 
 In the absence of this information, policy debates will continue to be shaped more by rhetoric and suppositions than facts—polarizing opposing perspectives and stalling (even undermining) progress toward sound forestry practices. It is our hope that the information presented in this volume will help fill crucial gaps, and advance the debate surrounding logging-wildlife interactions in tropical forests and the search for management tools to conserve wildlife while sustaining timber yields.
 
 Chapter 2
 
 TROPICAL FOREST MANAGEMENT AND WILDLIFE Silvicultural Effects on Forest Structure, Fruit Production, and Locomotion of Arboreal Animals Francis E. Putz, Laura K. Sirot, and Michelle A. Pinard
 
 Silvicultural activities—beginning with timber inventories to estimate exploitable wood volumes and continuing on to include road construction, timber harvesting, treatments to increase stocking of commercial timber trees, and treatments to increase timber yields—all affect wildlife. Given the huge range of logging intensities, the diversity of possible silvicultural treatments, and the incredible diversity of animal species in tropical forests, we cannot expect any single predictive model of the effects of forest management activities on wildlife to be very useful. Silvicultural treatments affect wildlife through a myriad of direct (see chapters 4–14) and indirect (see chapters 15–17) mechanisms, at spatial scales ranging from individual trees to entire landscapes, and over time periods that span centuries. In this chapter, we concentrate on the impact of stand-level treatments on the locomotion of nonvolant (nonflying) arboreal animals (e.g., sloths, tree kangaroos, and leaf monkeys), and on food availability for frugivores (animals whose diet is comprised primarily of fruits). We begin by providing a general overview of tropical silviculture and the environmental impacts of logging—the most severe of all silvicultural treatments and generally the only one applied in tropical forests. We then consider the specific impacts of logging on forest structure from the perspective of nonvolant canopy animals (see box 2-1). This is followed by a brief discussion of the effects of logging and other silvicultural treatments on fleshy fruit production and frugivores. Last, we assess some of the likely effects of other silvicultural treatments (e.g., vine cutting) on forest structure and wildlife, management options to mitigate these impacts, and research priorities for conserving wildlife in logged forest landscapes.
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 Box 2-1 Locomotion of arboreal animals. Nonvolant arboreal animals are faced with the challenge of moving from tree-to-tree to meet a variety of needs, including food and water acquisition, reproduction, and territorial defense. Life in the canopy is exceedingly risky, even for animals as agile as gibbons (Hylobates spp.) and other primates—as indicated by the substantial proportion of their skeletons with healed fractures (20 to 30 percent; Schultz 1956). Crossing gaps between trees is the most effective means for arboreal animals to reduce the distances they have to travel (Cant 1992; Cannon and Leighton 1994). Canopy gap creation is probably among the most important effects silvicultural treatments can have on nonvolant arboreal animals. The creation of large gaps (by logging and other silvicultural treatments such as liberation thinning), however, renders some trees inaccessible. When considering the locomotion of nonvolant arboreal animals, it is essential to remember that gaps are three-dimensional and dynamic, and that different species of arboreal animals tend to move at different heights above the forest floor (Fleagle and Mittemeier 1980). In fact, many “arboreal” animals descend to ground levels to feed or cross gaps. This method of crossing gaps, however, increases traveling distances and probably also increases the risks of predation. Whether or not they go all the way down to the ground, the most common deviation from the horizontal pathway results from substantial descents during gap crossing (Gebo and Chapman 1995a). A second important consideration in assessing the effects of silvicultural treatments on arboreal locomotion is that different species are affected in different ways by the same changes in forest structure. In Kibale National Park in Uganda, for example, the maximum leaping distances of nonvolant arboreal animals range from 0 m for pottos (Perodicticus potto) to 4 m for red colobus (Colobus badius) (Gebo and Chapman 1995a). Some species are able to modify their modes of locomotion when they encounter new habitats, but others are more restricted (Dagasto 1992; Garber and Pruetz 1995; Gebo and Chapman 1995a). The effective gap size for a nonvolant arboreal animal is a function of 1) the characteristics of the individual animal and 2) the distribution of usable supports. First, the modes of locomotion used by an animal limit the size of the gap it is able to cross. Different modes include bridging, leaping, jumping, brachiating (swinging arm over arm), gliding, and descending to the ground (Emmons 1995). Specialized modes of locomotion are often enabled by morphological characteristics, such as claws (vertical clinging), long forelimbs (brachiation), and prehensile tails (bridging and suspension). Second, body mass determines the characteristics of branches that are usable as supports (e.g., diameter, angle, strength, and elasticity) (Grand 1984). Light animals can generally move from one tree to another using thinner, terminal branches, while heavier animals have to use larger supports and, as a result, may be faced with larger effective gaps between trees (Fleagle 1985). Mass also determines the risks and consequences of falling, as heavy animals are less likely to survive long falls than light animals (Cartmill and Milton 1977; Vogel 1988). These individual biomechanical characteristics influence the size gap an individual animal is able to cross and the types of usable supports it needs. Other characteristics, such as reproductive state, presence of predators or conspecifics, and distance to the ground also influence the size of gaps an animal is willing to cross, and the supports it is willing to use.
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 Tropical Silviculture and Its Influence on Wildlife: A General Overview Silvicultural Treatments to Maintain or Increase Stocking of Timber Trees Forest managers can employ a wide variety of techniques to enhance seed production, promote seedling establishment, and stimulate growth of commercially valuable tree species. This section concentrates on seed production and seedling establishment, but we acknowledge that these same silvicultural treatments influence postestablishment growth. Felling regimes (if they are to play a positive role in forest management for timber) should be selected on the basis of the predominant mode of target species regeneration in the stands to be harvested. Nonsilvicultural factors, unfortunately, often decide how timber harvesting is to proceed (e.g., market demand, season, concession duration, maintenance of biodiversity or ecosystem functions, processing capacity, and income expectations). For our purposes, however, we focus on methods for enhancing regeneration of commercial timber tree species. To further simplify this vast topic, we divide all tree species into two classes: those well-represented in the understory before logging as seedlings, saplings, and pole-sized trees (i.e., advanced regeneration), and species that mostly regenerate from seed (dormant or freshly dispersed) in large clearings. We use this dichotomy with trepidation due to the unquestionable importance of species with intermediate regeneration requirements (Clark et al. 1993)—many of which are important commercial timber species. Harvest-Regeneration Systems Favoring Shade-Tolerant to Moderate Shade-Tolerant Tree Species Where stands are managed for tree species having abundant advanced regeneration in the understory, it is unlikely that these species will flourish in the high temperature, high light intensity, and high vapor-pressure deficit conditions characteristic of moderate-large clearcuts (e.g., Turner and Newton 1990). To promote growth of these shade-tolerant or moderately shade-tolerant species, polycyclic (uneven-aged) methods such as single-tree or group selection harvesting approaches are generally appropriate. Selective logging, per se, is
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 not explicitly defined, and as currently employed, is difficult to distinguish from high grading or creaming of the forest (i.e., harvesting only the most valuable trees without regard to future stand production) (Palmer and Synnott 1992; Bruenig 1996; but see Wadsworth 1997). Nevertheless, the environmental conditions resulting from removal of a small portion of the canopy should be appropriate for the survival and growth of many species represented by advanced regeneration (Smith 1986). Where advanced regeneration is especially abundant and responds well to canopy openings, and where vines and other weeds do not threaten timber stand development, selective logging can be followed with further canopy opening techniques such as frill girdling (cutting a band around the trunk to interrupt internal flows) or arboricide application. One particularly intensive method of promoting the growth of advanced regeneration—the Malayan Uniform System—was used successfully in some lowland forests in Peninsular Malaysia (Wyatt-Smith 1987). The same approach was disastrous in hill forests in Malaysia, where radical opening of the canopy stimulated proliferation of vines, bamboo, understory palms, and other weeds (Burgess 1975). Where advanced regeneration is plentiful, the first principle of good forest management is to protect it from damage during logging. Failure to protect advanced regeneration is a major and very common tragedy in many forests, necessitating expensive and problematic modes of artificial regeneration, such as enrichment planting (Johnson and Cabarle 1993). Protection of advanced regeneration during selective logging has the additional advantages of maintaining pre-harvest forest structure and genetic structure. Where reduced-impact logging methods are used (see chapter 21), the deleterious impacts on forest interior animals are likely to be modest, but need to be further investigated. Where selectively logged stands are not sufficiently stocked with natural regeneration of commercial species (often due to uncontrolled logging), enrichment planting of nursery-grown seedlings or wildlings in logging gaps or along cleared lines is often prescribed (Weaver 1987). Failures with enrichment planting are commonplace (Dawkins and Philip 1998), usually due to lack of seedling tending (e.g., vine removal) and canopy closure over light-demanding seedlings (F. E. Putz, personal observation). In spite of high costs and frequent failures, enrichment planting is widely and frequently invoked throughout the tropics (Bruenig 1996). Where successful, the effects of enrichment planting on wildlife will depend on 1) the species selected for planting, 2) planting densities, and 3) whether natural regeneration of other tree
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 species is tolerated or encouraged. Intensive enrichment planting can be tantamount to converting forests into timber plantations. One enrichment planting project in Malaysia is trying to mitigate the likely deleterious effects of such a conversion on wildlife by planting mixtures of seedlings of fleshy-fruited and timber tree species (MouraCosta 1996). Silvicultural Systems Favoring Shade-Intolerant Species Regenerating light-demanding species requires substantial disruption of forest structure. Depending on local conditions such as erosion-proneness, the availability of markets for small-dimension logs of a great variety of species, and the likelihood of postfelling weed infestations, silviculturalists can select from a wide range of felling regimes. These can include strip and patch clearcuts (Hartshorn 1989), clearcuts with seed tree retention (often 5 to 10 mature trees retained per hectare; Lamprecht 1989), and shelterwood methods (Baur 1964; Wadsworth 1997). Most of these approaches are self-explanatory, with the exception of shelterwood harvests. Shelterwood management calls for two phases of felling. During the first (or regeneration) phase, a substantial portion of the canopy is removed to stimulate reproduction of the remaining trees and enhance seedling establishment and growth (Smith 1986). Once the regenerating cohort is well developed—which takes only a small portion of the full rotation—the remaining canopy trees are removed. Shelterwood cuts, clearcuts and other monocyclic (even-aged) methods, vary in treated stand size from a fraction of a hectare to many hectares—a variable that greatly influences wildlife habitat. Rotation length (time from seedling establishment until the trees are harvested) is also an important factor shaping habitat recovery. Pulpwood rotations of 5 to 15 years are common in well-managed plantations (Evans 1982), whereas sawtimber rotations tend to be much longer. In considering the effects of monocyclic management on wildlife, it is perhaps more appropriate to focus at the landscape scale than at the level of individual cutting units (e.g., should harvesting areas be clustered or dispersed?). A long-term perspective also seems justified. In monocyclic management, complete or near complete canopy opening is often accompanied by treatments designed to enhance seed germination and seedling establishment, and reduce competition with established seedlings. Broadcast burning of logging debris, mechanical scarification of the soil surface, mechanical or chemical control of
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 competitors, and direct seeding are frequently prescribed site preparation treatments (Smith 1986). If these treatments are successful in increasing the stocking of commercial tree species that do not produce fleshy fruits, the long-term effects of silvicultural management will not be favorable for frugivorous animals. A recipe for biodiversity degradation would include short rotations and high planting densities, accompanied by intensive site preparation and stand tending operations in extensive areas removed from native species seed sources. This is exactly what is happening, however, in many tropical and temperate countries.
 
 Silvicultural Treatments Designed to Increase Timber Volume Increments Most silvicultural techniques used to promote growth of commercial trees are based on competition reduction. Soil fertilization, while commonplace in plantations, is seldom used in natural forest management. Instead, both soil resources and light are made more available to potential crop trees through the killing of nearby trees and vines. Competitors may be girdled, herbicide treated, or felled. Where the wood is extracted and sold, foresters refer to the operation as commercial thinning (Smith 1986). In areas where potential crop trees are selected from the advanced growth, and competing trees and vines are killed, the treatment is often referred to as selection thinning (Nyland 1996), or by tropical foresters as liberation thinning (Hutchinson 1988). A stand is thinned from below (Smith 1986) when trees of shorter stature than the potential crop trees are thinned. When extremely large remnant trees are killed, the treatment can be called relict removal (Hutchinson 1988). All of these thinning treatments have numerous (but little studied) effects on forest structure and composition. The effects on wildlife are even less understood. A goal of timber stand management operations is to concentrate a stand's volume increments in trees of future commercial value. When timber stand improvement is successful, populations of frugivorous animals may decline because few of the most commercially important timber-producing species in the tropics produce fleshy fruits (see table 2-1; also see Crome 1991). Changes in stand structure associated with timber stand improvement are also likely to affect nonvolant arboreal animals. By providing each potential crop tree with sufficient growing space all around its crown and removing all vines, a diligent and effective timber stand manager creates a three-dimensional forest structure
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 that challenges the locomotory abilities of even the most agile nonvolant arboreal animals. Finally, relict tree removal (i.e., removal of large trees with badly formed or hollow stems)—a timber stand improvement activity of dubious silvicultural value) (Korsgaard 1992), can have serious negative impacts on cavity nesting birds and mammals (e.g., Conner 1978). In the Neotropics, one positive offshoot of this otherwise disastrous treatment is that it discourages forest invasion by nest-parasitizing cowbirds (Robbins 1979). TABLE 2-1 The Most Important Internationally Traded Tropical Hardwood Timbers Ranked by Volumes Exported by ITTO Countries in 1995 (ITTO 1996)
 
 Rank Species
 
 Family
 
 Fleshy Fruits
 
 Continent
 
 1a
 
 Shorea spp.
 
 Dipterocarpaceae
 
 No
 
 As
 
 2a
 
 Dryobalanops spp.
 
 Dipterocarpaceae
 
 No
 
 As
 
 3a
 
 Dipterocarpus spp.
 
 Dipterocarpaceae
 
 No
 
 As
 
 4
 
 Triplochiton scleroxylon
 
 Sterculiaceae
 
 No
 
 Af
 
 5
 
 Terminalia spp.
 
 Combretaceae
 
 No
 
 Af, LA
 
 6
 
 Entandrophragma spp.
 
 Meliaceae
 
 No
 
 Af
 
 7
 
 Ceiba pentandra
 
 Bombacaceae
 
 No
 
 LA, Af
 
 8
 
 Koompassia malaccensis
 
 Leguminosae
 
 No
 
 As
 
 9
 
 Antiaris africana
 
 Moraceae
 
 Yes
 
 Af
 
 10
 
 Calophyllum spp.
 
 Guttiferae
 
 Yes
 
 As, LA
 
 11
 
 Dactylocladus spp.
 
 Crypteroniaceae
 
 No
 
 As
 
 12
 
 Swietenia macrophylla
 
 Meliaceae
 
 No
 
 LA
 
 13
 
 Parashorea spp.
 
 Dipterocarpaceae
 
 No
 
 As
 
 14
 
 Chlorophora excelsa
 
 Moraceae
 
 Yes
 
 Af
 
 15
 
 Tabebuia spp.
 
 Bignoniaceae
 
 No
 
 LA
 
 16
 
 Dyera costulata
 
 Apocynaceae
 
 No
 
 As
 
 17
 
 Tectona grandis
 
 Verbenaceae
 
 No
 
 As
 
 18
 
 Cedrela spp.
 
 Meliaceae
 
 No
 
 La
 
 19
 
 Aucoumea klaineana
 
 Burseraceae
 
 No
 
 Af
 
 20
 
 Hymenaea courbaril
 
 Leguminosae
 
 Yes
 
 LA
 
 a The three top-ranked taxa contributed more than 50 percent of the reported volumes of
 
 exported timber. (Af = Africa, As = Asia, LA = Latin America).
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 Environmental Impacts Associated with Logging Although some forests are noteworthy for the abundance of marketable, nontimber forest products (e.g., Plotkin and Famolare 1992), timber is the principal commercial attraction in most forests. Timber harvesting unavoidably changes forest structure, modifies the microclimate, and affects wildlife populations. One obvious impediment to developing generalizations about the effects of logging on wildlife is the wide range of logging intensities and logging methods employed in the tropics. Logging intensities in the tropics range over several orders of magnitude (expressed as timber volumes or the number of trees harvested per hectare). Low logging intensities characteristic of western Amazonia (e.g., 0.12 trees/ha and < 1 m3/ha harvested in Bolivia; Gullison and Hardner 1993), result from the interplay of various factors, including low stocking of commercial species, poor stand access, long hauling distances, and limited market development. High logging intensities typify well-stocked and accessible areas in regions with well-developed markets, such as in the dipterocarp forests of Southeast Asia (e.g., 8–15 trees/ha and 80–160 m3/ha harvested; Sabah Forest Department 1989) or eastern Amazonia (4–6 trees/ha and 37–52 m3/ ha harvested; Johns et al. 1996). The diversity of the logging methods employed, particularly for timber yarding (i.e., different methods for delivering logs to roadsides), further complicates the predicting of environmental impacts of different logging intensities. The least damaging yarding methods employ aerial extraction of logs, either with helicopters or with skyline (cable crane) systems (not to be confused with high lead cable yarding in which the logs are skidded along the ground; Conway 1982). Forest damage during aerial yarding is mostly restricted to felling damage, but by using these methods, timber can be yarded from steep slopes that would otherwise not be logged. Clearing narrow (3–5 m wide) cableway corridors for skyline yarding causes slightly more damage than helicopter yarding, but neither method results in any appreciable soil damage, except along roads and in log landings. Ground-based timber yarding, the predominant approach in the tropics, causes unavoidable and extremely varied amounts of damage to residual stands and soils. A wide range of machinery is used for skidding, including farm tractors, articulated skidders with rubber tires, and bulldozers (crawler tractors; Conway 1982). When widely separated trees are felled, logs are sawn into boards in the forest and
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 the lumber is hauled out manually—there is relatively little damage to the residual forest. Skidding entire or quarter-sawn logs with draft animals is also environmentally benign, at least compared to mechanized extraction (Cordero 1995). Heavier machines are inherently more damaging, especially those designed for other uses such as road building (i.e., bulldozers). With proper training, however, in conjunction with supervision and appropriate incentives, even bulldozers need not cause excessive damage (Marn and Jonkers 1981a; Hendrison 1990; Pinard et al. 1995; Johns et al. 1996; see chapter 21). It is commonplace in the tropics for untrained and unsupervised logging crews to be paid on the basis of timber volumes delivered to log landings (Johnson and Cabarle 1993). Without proper incentives and training to minimize their impacts, and lacking stock maps (maps of trees to be harvested) and pre-planned skid trails, logging crews cause unnecessary damage to both residual stands and soil (Dykstra and Heinrich 1996). Conventional ground-based logging with bulldozers in Paragominas, Brazil, for example, resulted in 51 trees >10 cm dbh damaged for each tree harvested (Johns et al. 1996). In Sabah, Malaysia, where 10–15 trees are harvested per hectare, 40–70 percent of the residual trees are damaged and as much as 30 to 40 percent of the soil is scraped or compacted (Sabah Forest Department 1989; Jusoff 1991; see photo 2-1). Logging damage in Paragominas and Sabah, however, was reduced by 50 percent or more with the implementation of fairly straightforward guidelines (e.g., stock-mapping, prefelling vine cutting, directional felling, and skid trail planning) (Pinard and Putz 1996; Johns et al. 1996; see also chapters 21 and 28; see photo 2-2). Given the wide range of logging intensities and the equally wide range in the amount of damage that can result from such logging intensity, predictions of the effects of logging on wildlife will, to some extent, require substantial site-specific information about logging operations (see chapters 18 and 19). Nevertheless, employment of reduced-impact logging (RIL) techniques will likely solve many of the problems faced by wildlife that directly result from silvicultural operations (see chapters 21 and 24). Depending on how logging is conducted, it can be a purely exploitative process or an important silvicultural treatment. Of all silvicultural treatments (with the exception of forest conversion to plantations), logging is the most intrusive. Even when properly implemented, harvesting canopy trees has unavoidable and wide-ranging environmental effects. Silviculturally appropriate cutting regimes range from single tree selection to clearcuts (see box 2-2), because can-
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 PHOTO 2-1 Malaysian hill-dipterocarp forest logged without supervision or planning. (D. Kennard)
 
 opy tree species vary in their regeneration requirements—some regenerate in small gaps and others require large clearings (Everham and Brokaw 1996; Whigham et al. 1999). In the next section, we consider different cutting regimes, and other treatments prescribed to promote regeneration of commercial tree species. For each of these treatments, we discuss how logging affects forest structure, locomotion of nonvolant canopy animals, and fleshy fruit production.
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 PHOTO 2-2 Malaysian hill-dipterocarp forest logged following reduced-impact logging guidelines. (C. Marsh) Box 2-2 The impacts of silvicultural treatments on a Bolivian seasonally dry tropical forest. The seasonally dry forests of the Lomerío region of Bolivia are transitional—between the humid Amazon to the north and the dry chaco and cerrado to the south and east (Killeen et al. 1990). Semideciduous forest and savanna cover the undulating hills characteristic of Lomerío, with more humid, evergreen, gallery forests in the valleys. Gallery forests cover only about 10 percent of the area, but are critical for wildlife as sources of water and fruit during dry periods. The diversity of mammals in the region is high, but population densities are low—probably due to substantial hunting pressures and low resource availability (Guinart 1997). Arboreal mammals rely on a mixed diet of fruits, leaves, nectar, and small animals (including insects). The 16 species of nonvolant, arboreal mammals include five primates, two anteaters, two carnivores, four rodents, and three marsupials. The canopy is dominated by trees in the Leguminosae, Anacardiaceae, and Apocynaceae families. About 55 percent of the tree species and 75 percent of the tree basal area (trees >10 cm dbh) produce dry fruits. The majority of plants that produce fleshy fruits are riverine, understory, or subcanopy species.
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 Silvicultural Approach Lomerío's forests are managed by indigenous community foresters with the goal of sustainable timber production, while minimizing the negative impacts of management activities on the forest's biological and physical resources. A mixed harvesting system that combines single tree selection with strip-shelterwoods seems silviculturally appropriate for the forest. This mixed approach encourages regeneration of light-demanding canopy tree species (43 percent) in the strip-shelterwoods, while maintaining the regeneration of species with more shade-tolerant regeneration (57 percent) in the remaining forest mosaic where isolated or small groups of trees will be harvested (Pinard et al. 1999a). Implementation of a single system—monocyclic or polycyclic—is not recommended because it would be inconsistent with the goal of maintaining current levels of tree diversity and species composition. Streamside habitats are protected from harvesting by buffer strips (see chapter 23), and only a minimum number of road and skid trail crossings are allowed—providing protection to several plant species considered important for frugivores (e.g., Ficus spp., Scheelea sp., Capparis sp.). Though hunting in the management area is not legally permitted, it continues to be an important source of protein for local people (Guinart 1997; and chapter 15). Inadvertent facilitation of hunting in managed forests in Lomerío, as in most other areas in the tropics, is likely to be of much more consequence to wildlife than the silvicultural treatments themselves (see chapters 15–17). Many of the commercially harvested tree species in Lomerío currently have relatively low market values in Bolivia. Alhough it is likely that the international market for these hardwood species will develop within the next decade, present values preclude substantial investment in silvicultural treatments. Broadcast seeding with the seeds of commercial tree species in felling gaps is presently being tested. Vine cutting may also be justifiable as a postlogging treatment for improving stem form of future crop trees, but it is unlikely to be implemented as a blanket preharvest treatment because few tree crowns are connected by vines. In this analysis, we consider the likely environmental impacts of a silvicultural system that includes timber harvesting, broadcast seeding in felling gaps, and postharvest vine cutting.
 
 Environmental Impacts of Silviculture in Lomerío The principal impact of silvicultural treatments on forest structure is disruption of canopy continuity. Following a harvest of about 10 m3/ha, felling gap density (Brokaw 1982) is 5–8 gaps/ha. Eighty percent of the gaps are small (40–70 m2) and very few are relatively large (300–500 m2). The road network used for the harvest is minimal (covering 12 cm dbh), 86 percent of which was M. hypoleuca. By comparison, the most common tree species in the unlogged forest—Mallotus wrayi—made up only six percent of trees, and Macaranga less than 0.1 percent. These changes in species composition are critical for mammalian frugivores as the pioneer species produce either wind- or bird-disTABLE 5-5 Declines (% change) in Fruit Availability and Strangling Fig Densities (n/km2) Following Logging in Danum Valley, Sabah (after Heydon and Bulloh 1997) Unlogged Forest
 
 Fruit-on-trail counts (n/km)a
 
 4.0
 
 Fruiting phenology (n/km2)b
 
 800
 
 Strangling fig density (n/km2)
 
 251
 
 Logged Forest (years postlogging) 2 Years
 
 5 Years
 
 12 Years
 
 - 45%
 
 - 47%
 
 - 35% - 47%
 
 - 31%
 
 - 54%
 
 - 30%
 
 amedian number of independent ripe fruiting sources along transects (5 monthly measurements) bmedian number of fruiting trees in 2 ha enumerated plot (17 monthly measurements)
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 persed fruits (with the exception of Ficus). Most have not been recorded in the diet of any ungulate. While overall tree density twe;ve years after logging is similar to unlogged forest, both the total number of fruiting trees and the density of those trees producing fruit eaten by mammals (i.e., in the 1–5 gm fruit size range) is considerably reduced: declines of 59 percent for mousedeer, 53 percent for muntjac, and 28 percent for bearded pig (Heydon 1994, and unpublished data). This situation was exacerbated by the seasonal nature of fruit production, which was more pronounced in the logged forest. It varied twice as much between peak and nadir months, leaving a more prolonged period when fruit supply was very scarce (Heydon and Bulloh 1997). Terrestrial Mammal Abundance The abundance of mammals in logged and unlogged forest was determined by night time transect surveying. Each of the ten transects was surveyed at monthly intervals between August and December of 1993 (total distances surveyed: 72 km in logged forest and 56 km in unlogged forest). The DISTANCE program (Laake et al. 1993) analyzed sighting data. Densities of sambar deer and the common muntjac were higher in logged forest (see table 5-6). Yellow muntjac and mouse deer densities were lower. For two species, the yellow muntjac (M. atherodes) and the mousedeer (T. napu), home ranges were also measured. In mousedeer, a three-fold difference in density between primary and 12-year-old logged forest was mirrored by a 2.7-fold increase in home range area (Ahmad 1994). For the yellow muntjac, home range mapping of this species in the same unlogged forest blocks generated a density of 4.6–6.1 animals per km2 (Heydon 1994), similar to values from the transect surveys. The large (i.e., elephant, banteng, and rhino) and nomadic (i.e., bearded pig) ungulate species were observed too infrequently (or not at all in the case of rhinos) to calculate densities using distancesampling techniques (Buckland et al. 1993). Nevertheless, differences in encounter frequencies (including indirect signs) indicate higher densities of elephant (+380 percent) and banteng (only observed in logged forest) in logged areas, but lower densities of bearded pigs (-16 percent). Finally, in conjunction with the above surveys, civet densities were also recorded in logged and unlogged forests. While civets are not ungulates, the response of these carnivore/omnivore mammals to log-
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 TABLE 5-6 Changes in Ungulate Densities (Individuals/km2) After Selective Logging in Danum Valley (after Heydon 1994; Heydon and Bulloh 1997) Species
 
 Unlogged Forest
 
 Logged Forest
 
 % Change
 
 Cervus unicolor (Sambar deer)
 
 0.2
 
 2.2 (2-5 yr) 0.3 (12 yr)
 
 Muntiacus atherodes (Yellow muntjac)
 
 4.9
 
 2.2 (12 yr)
 
 -55
 
 Muntiacus muntjac (Common muntjac)
 
 1.0
 
 1.9 (12 yr)
 
 +90
 
 Tragulus napu (Greater mousedeer)
 
 54.5
 
 5.5 (2-5 yr) 16 (12 yr)
 
 -90 -71
 
 Tragulus javanicus (Lesser mousedeer)
 
 30
 
 10.3 (2-5 yr) 15 (12 yr)
 
 -66 -50
 
 +1000 +50
 
 ging is briefly noted in box 5-1, as there is virtually no information available on carnivore-logging interactions in the tropics. Box 5-1 Civet densities in logged and unlogged forests of the Danum Valey in Sabah, Malaysia. All civet species persisted in logged forests, as did the five felid species found in the Ulu Segama (M. Heydon, unpublished data). There were far fewer sightings of civets than ungulates, so data for all civet species were pooled during the Distance sampling analysis (see box table 5-1). The analysis showed that logging was associated with an 80 percent decline in the overall density of civets. Our results suggest that exclusively carnivorous species (e.g., Hemigalus and Prionodon) were disproportionately affected by logging, as compared to the omnivorous species (ParadoxuBOX TABLE 5-1 Densities of Civets (individuals/km2) in Unlogged and Logged Forest in Danum Valley (after Heydon and Bulloh 1996)
 
 Species
 
 Unlogged Forest
 
 Logged Forest
 
 Paradoxurus hermaphroditus
 
 5.6
 
 1.4
 
 Arctogalidia trivirgata
 
 1.1
 
 Pa
 
 Arctictis binturong
 
 0.8
 
 1.1
 
 Paguma larvata
 
 P
 
 P
 
 Hemigalus derbyanus
 
 9.8
 
 1.0
 
 Cynogale bennettii
 
 P
 
 P
 
 % Change -75
 
 +38 -90
 
 118
 
 THE EFFECTS OF LOGGING ON TROPICAL FOREST UNGULATES
 
 BOX TABLE 5-1 Densities of Civets (individuals/km2) in Unlogged and Logged Forest in Danum Valley (after Heydon and Bulloh 1996) Viverra tangalunga
 
 12.2
 
 Prionodon linsang
 
 2.1
 
 2.8
 
 -77
 
 P
 
 aP = presence confirmed, but not observed during survey sessions.
 
 rus and Arctictis). These findings are at variance with the increased encounter rates of civets reported at Tekam in west Malaysia (Johns, 1983b), which may be a consequence of logging intensity—timber extraction levels at Tekam were 40 percent lower than in the Ulu Segama. The discrepancy highlights the need for studies on carnivores, which remain one of the least-examined vertebrate groups in logged forests.
 
 Ungulate Responses to Selective Logging in Sabah It appears that larger sambar deer invade newly logged forests in response to logging, and as regeneration proceeds, their numbers decline. Their abundance was positively associated with the area of severely degraded forest (e.g., grass/herbs rs = 0.86, P < 0.01, and liana tangle rs = 0.91, P < 0.001, Spearman’s two-tailed test, table 5-6; see photo 5-3) and negatively with the area of climax stage forest (rs = 0.76, P < 0.05). For muntjac, density differences in logged and unlogged forest were not as dramatic, but the yellow muntjac declined in density while the more ubiquitous common muntjac increased. Differences in diet preferences, particularly in relation to browse and fruit, provide a plausible explanation for these changes. Finally, both species of mousedeer showed consistent and prolonged population decline following logging. Mousedeer densities were positively correlated with fruit abundance (rs = 0.81, P < 0.01), and in the case of T. napu, particularly with the abundance of large strangling fig trees (rs = 0.89, P < 0.01). The small size of mousedeer (1.5 and 5 kg; Ahmad 1994), combined with their non-ruminant digestive system, may limit their ability to switch from a fruit to a browse-based diet (Kay 1987)—especially since mature leaf chemistry can be of very low quality in eastern Sabah (Davies 1994) (see photo 5-4). Timber extraction rates in Sabah are among the highest in the tropics (Sundberg 1983). It is likely, therefore, that the post-logging changes in mammal abundance in Ulu Segama represent the most extreme consequences associated with logging impacts on wildlife habitat. Despite extensive disruption to the forest (Johns 1989b), however, all the ungulate taxa that were studied persisted after logging— although the response of individual taxa varied. Species normally
 
 PHOTO 5-4 Creepers festoon remaining trees in heavily logged-over forest in Sabah, East Malaysia. (G. Davies)
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 showing a preference, or even dependence for forest edge habitats, benefit from the logging disturbance to the forest canopy (e.g., sambar deer and banteng). Species able to adapt their diet to the change in food resources are relatively unaffected (e.g., muntjac), while species dependent on resources that decline during logging, such as fruit, decline sharply in abundance (e.g., mousedeer). Logging in Ulu Segama, however, was not accompanied by human settlement or increased hunting pressure, which was an unusual circumstance in logged forests worldwide. Where hunting occurs in Borneo, densities of large mammals are inversely related to hunting pressure (Bennett et al. 1999; see chapter 16).
 
 Conservation of Forest Ungulates Ungulate Responses to Logging Grazers and grazer/browsers, such as the Asian elephant, African buffalo, gaur, banteng and sambar deer, are not dependent on undisturbed forests and generally not negatively affected by logging activities (provided hunting is restricted). These species make use of logging roads to colonize forest areas, feeding on the roadside grasses, and their populations often increase after logging. Only the giant forest hog is an anomaly in this group, as it is apparently sensitive to logging. Generalist browsers and browser-frugivores, such as African elephants, Asian rhinos, tapirs, and even the diminutive royal antelopes are similarly little affected by logging. These species make use of shrubs and climbers growing in canopy gaps, often benefiting from logging that encourages the growth of forest gap vegetation. Many of these species are migratory—or can travel large distances to find suitable habitats—so population increases that occur after logging often arise through immigration rather than birth peaks, and their population dynamics need to be considered on landscape scales. The intensity of logging that browsers can tolerate will depend on the extent to which they need a mix of forest and non-forest plants. The saola in Indochina depends on plants found only in closed-canopy forests in shady river gorges, while the okapi may need a mix of colonizing and mature-phase forest species. These appear to be the exceptions, however, rather than the rule. In the absence of hunting, browsers adapt well to logging.
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 The smaller-bodied browser-frugivores are more negatively affected by alterations to their habitat caused by logging. This is epitomized in southeast Asian forests, where forest-specialists are displaced (after logging) by closely related generalists—i.e., the bearded pig losing out to the wild boar, and the yellow muntjac to the common muntjac. Bearded pigs and white-lipped peccaries travel over large areas of forest to consume tree fruit crops that are either produced in vast quantities every 8–12 years (i.e., dipterocarp mast fruiting), or accumulate in huge piles on the forest floor (e.g., palm nuts). This is a suitable strategy in large tracts of forest, and may have evolved at sites where there are few forest elephants (White 1994c). Logging for timber and tree felling for palm fruits, however, removes the super-abundant food sources that underpin this migratory browser-omnivore strategy—leading to population crashes for both species. Nonmigratory browser-frugivores, including brocket deer in South America and duikers in Africa, can switch diets in response to seasonal or habitat changes and adapt to opening of the forest that follows logging. Many duikers spend much of their time in tree-fall gaps (Dubost 1980; Feer 1988; Newing 1994), possibly because they are preferred food supply areas rather than just good places to avoid predators. Exceptions to this rule, however, may include the zebra, and Ogilby’s and white-bellied duikers, which have not been reported outside closed-canopy forests. The browser-frugivore guild in southeast Asia has fewer species than the duiker radiation, and does have species which specialize in closed-canopy forest living Yellow muntjac and both mousedeer species show heavy losses following logging. The large-scale and protracted decline of both species of mousedeer suggests that they are obligate frugiovores—unable to increase dietary browse in response to fruit declines following logging—in contrast to the highly folivorous diets of similar-sized (< 4 kg) African antelopes, royal antelopes (Neotragus spp), and blue duikers in Natal (Faurie and Perrin 1993).
 
 Conservation Implications for Ungulates in Logged Forest Landscapes How do these results fit into the broader context of global deforestation, and how do they relate to estimates that one in four mammals is threatened with extinction (Baillie 1996)? A review of forest mammals found at continental sites (i.e., not on islands) showed that 99 species were threatened, but that only five of these (all primates) were
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 threatened solely by habitat change following forestry activities (Grieser Johns 1997). In addition, there was no field evidence of any mammal going extinct locally as a result of simply logging, although some populations were severely depleted. This chapter also reports that the majority of forest ungulates are expected to survive habitat changes that result from logging, although some closed-canopy/old growth forest specialists are likely to suffer major population declines. Grieser Johns’ 1997 review also noted that of the same 99 threatened species, 10 are threatened with hunting (and trapping), and fortyfour with hunting/trapping and habitat loss. Logging commonly accelerates hunting and trapping (see chapters 15–17). Terrestrial mammals particularly vulnerable to hunting/trapping following logging are:
 
  Those that can be shot at night using lamps, and particularly those which feed on roadside vegetation (e.g., forest buffalo and cattle)
 
  Those eaten and traded for food, irrespective of whether they use roadside habitats (e.g., duikers, deer, pigs, and peccaries)
 
  Species of special trade interest, such as elephants for ivory and rhinos for traditional Chinese medicine
 
 Even more extreme local population declines occur when logging leads to increased rates of clear felling for agriculture, or desiccation that increases the risks of forest fires. Furthermore, it is very common for a second timber harvest to take place before a full, sustainable yield recovery period has passed following the first cut. Little information exists for areas that have been felled more than once, whether on a sustainable or unsustainable logging cycle, and ungulate populations could be more severely affected by multiple felling than single harvests.
 
 Forest Management In light of these conclusions, logging operations designed to reduce the risks of global extinction of medium- to large-mammal species need to include a number of measures: 1.
 
 Implementation of management practices which minimize the general impact of selective logging on the forest ecosystem; as noted in discussions of minimal damage models (Johns 1992 and b; see chapters 21 and 24). Key measures include minimizing damage to non-harvested trees; reducing soil compaction and avoiding damage to watersheds during extraction; leaving sufficient mature trees of exploited species to re-seed depleted areas, and leaving adequate gaps between logging
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 cycles for forest recovery. Many of these important practices have long been known, but as yet are still infrequently implemented (eg. ITTO 1993; FAO 1997). 2.
 
 Prevention of an increase in hunting and trapping for trade, or to feed timber camp labor (see chapters 15–17). This should be discouraged during logging operations. Most crucially, access to logged forests following timber operations should be restricted by blocking old logging roads and removing bridges. This can be effective in reducing the activities of commercial operators coming in from outside the area, but will only be effective with local communities if they are given a stake in the long-term management of the area. This is the most important aspect of logging management for large mammal conservation.
 
 3.
 
 Protection of unlogged forest blocks, ideally in areas that are difficult to access and serve ecosystem functions (e.g., watersheds) or cultural needs (e.g., sacred forests) (see chapter 23). Given the incomplete state of our knowledge, this is necessary both as a safeguard for those species that prove intolerant of the direct effects of logging—yellow munjac, mousedeer, and possibly zebra and Ogilby’s duikers—and as a refuge for mobile species that are displaced or eliminated from logged areas. These protected blocks need to be linked by mammal-friendly corridors, and logging activities need to be planned to reduce the risk of fragmenting mammal populations.
 
 Conservation Research Research to inform improved management is most urgently needed on measures to reduce negative impacts of timber extraction on forest ecosystems (see chapters 18 and 19). Such research will only be applicable, however, if it is integrated with economic and social research which supports commercial timber companies in their implementation of such measures, and socioeconomic research that takes account of local communities’ wider needs and impacts—particularly in terms of hunting and trapping (Noss 1997; Frumhoff and Losos 1998). In terms of ecology, very little information is available on what factors limit populations of forest ungulates, including short- and longterm changes in food supplies following logging. There is a need to investigate what foods are found on the forest floor (Newing 1994), as well as patterns of plant part production and phytochemistry. A comparison of differences between forest-dependent and non-forestdependent relatives may help reveal what factors limit populations following logging.
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 Chapter 6
 
 THE EFFECTS OF LOGGING ON NONVOLANT SMALL MAMMAL COMMUNITIES IN NEOTROPICAL RAIN FORESTS José Ochoa G. and Pascual J. Soriano
 
 Recent literature on the study of mammal communities in Neotropical rain forests identifies the growing threat to many species (Patterson 1991; Terborgh 1992a, 1992b; Woodman et al. 1995, 1996; Voss and Emmons 1996) as a consequence of increased deforestation rates or degradation of primary forests by unsustainable resource exploitation (Uhl and Vieira 1989; Whitmore and Sayer 1992; Frumhoff 1995; Pinard and Putz 1996; Bryant et al. 1997; Miranda et al. 1998). Among the high levels of diversity that characterize the mammalian fauna in these ecosystems (Emmons and Feer 1990; Chesser and Hackett 1992; Voss and Emmons 1996), some taxonomic groups show a complex adaptive radiation and represent important regulatory elements in forest dynamics (Fleming et al. 1987; Smythe 1987; Emmons and Feer 1990; Terborgh 1992a). Marsupials and small rodents, after bats, represent the dominant fraction of mammals in Neotropical forested areas (Handley 1976; Emmons and Feer 1990; Ochoa et al. 1993; Voss and Emmons 1996), and constitute a major component of ecological processes and animal biomass (Emmons 1984; Robinson and Redford 1989; Janson and Emmons 1990). Very few projects, however, have assessed the ecological impacts of extractive activities on small tropical marsupials and rodents—in contrast to studies of other vertebrate groups (e.g., Wilson and Johns 1982; Johns 1986b, 1988, 1992a; Fenton et al. 1992; Thiollay 1992; Plumptre and Reynolds 1994; Mason 1996; Greiser Johns 1997; see chapters 4, 5, 7–14, and 24). Of those that have occurred on small mammals, most are from Old World localities (e.g., Kemper and Bell 1985; Isabirye-Basuta and Kasenene 1987; Pahl et al. 1988; Laurance and Laurance 1996).
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 In the Neotropics, there are a limited number of field inventories of small mammal communities (Patterson 1991; Voss and Emmons 1996), and few come from forests influenced by logging (Ochoa 2000). This condition is, in part, due to few researchers in Latin American countries having the taxonomic expertise to examine this topic, as well as few institutions considering this kind of work among their priorities. Even though knowledge of biological resources is fundamental to conservation strategies in this region (Blockhus et al. 1992; WRI et al. 1995), efforts to accomplish this goal lag far behind the wave of economically driven resource exploitation schemes impacting most forested areas (ITTO 1991a; Whitmore and Sayer 1992; Miranda et al. 1998). This chapter reviews the response of Neotropical small mammals (excluding bats) to timber extraction, based on the available ecological information for this vertebrate group in forested areas and their importance in forest conservation (e.g., Julien-Laferreire and Atramentovitz 1990; Johns 1992a; González-M and Alberico 1993; Ochoa 1997a, 1997b, 2000). Research and management priorities are highlighted for addressing the negative impacts on small mammal communities that are associated with logging practices.
 
 The Geographic, Taxonomic, and Ecological Context of This Chapter In this chapter, Neotropical small mammals refer to marsupials and small rodents ubiquitously distributed across Central and South America, including their continental islands and the oceanic islands of the West Indies, Galapagos, and Falklands (Hershkovitz 1972). This review, however, is restricted to lowland rain forests (< 600 m) located in the following subregional categories (Voss and Emmons 1996): trans-Andean rain forests, coastal Venezuelan rain forests, Amazonian rain forests, and Atlantic rain forests (see figure 6-1). Included in this group of mammals are the Didelphimorphia (Didelphidae family) and Rodentia (Sciuridae, Geomyidae, Heteromyidae, Muridae, and Echimyidae families) orders (see table 6-1). These families comprise approximately 25 percent of the mammalian species recorded in Neotropical lowland rain forests (Handley 1976; Ochoa et al. 1993; Ochoa 1995; Voss and Emmons 1996). The taxonomic nomenclature follows Wilson and Reeder (1993), with several exceptions drawn from Voss and Emmons (1996).
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 FIGURE 6-1 Geographic distribution of Neotropical lowland rain forests. Nomenclature for the subregions is presented in Table 6-1. Localities are: 1—La Selva and vicinity, Costa Rica; 2—Barro Colorado Island, Panama; 3—Foothills on Western Llanos of Venezuela; 4—Maracaibo Basin, Venezuela; 5—Foothill in the border of Falcon and Yaracuy States, Venezuela; 6—Guatopo National Park, Venezuela; 7—Imataca Forest Reserve, Venezuela; 8—Kartabo, Guyana; 9— Arataye, French Guiana; 10—Minimal Critical Size Ecosystems Reserves, Brazil; 11—Xingu, Brazil; 12—Balta, Peru; 13—Cocha Cashu, Peru; 14—Amazonian Cuzco, Peru.
 
 To describe the structural patterns of small mammal communities in Neotropical rain forests and their responses to the ecological impacts of logging, each species was distinguished by its trophic strategy and principal foraging strata within a forest (Handley 1976; CharlesDominique et al. 1981; Alho 1982; Robinson and Redford 1986; Ochoa et al. 1988; Emmons and Feer 1990; Janson and Emmons 1990; Nowak 1991; Mabberley 1992; Ochoa, 2000). Eight guilds were identified (see table 6-1), including four based on diet (fruigivores, herbivores, predators, and omnivores) and four based on forest strata use (arboreal, semiarboreal, terrestrial, semiaquatic). For some
 
 TABLE 6-1 Genera of Nonvolant Small Mammals Recorded in Neotropical Lowland Rain Forests Subregion TAR
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 c
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 j
 
 Ecological Guild
 
 1 1
 
 1
 
 1
 
 1
 
 1
 
 1
 
 2
 
 1
 
 1
 
 FO/Ar
 
 a DIDELPHIMORPHIA Didelphidae Caluromys Caluromysiops
 
 1
 
 Chironectes
 
 1 1
 
 Didelphis
 
 1 1
 
 1
 
 1
 
 1
 
 1
 
 1
 
 1
 
 1
 
 2
 
 Glironia Gracilinanus Marmosa
 
 1 1 1
 
 1
 
 Marmosopsa Metachirus
 
 1
 
 1
 
 Philander
 
 1 1
 
 1
 
 P/Sa
 
 1
 
 1
 
 PO/Sc
 
 1
 
 1
 
 1
 
 1
 
 1
 
 1
 
 FO/Are
 
 1
 
 2
 
 FO/Sc
 
 2
 
 2
 
 1
 
 1
 
 1
 
 1
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 2
 
 1
 
 1
 
 1
 
 2
 
 1
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 1
 
 1
 
 1
 
 1
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 1
 
 Micoureusa Monodelphis
 
 1 1
 
 1 1
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 1
 
 1
 
 1
 
 1
 
 1
 
 1
 
 FO/Sc
 
 1
 
 1
 
 1
 
 1
 
 2
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 1
 
 2
 
 1
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 RODENTIA Sciuridae Microsciurus
 
 1 1
 
 1
 
 Sciurillus Sciurus
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 1 2 1
 
 1
 
 1
 
 1
 
 1
 
 1
 
 FO/Ar 1
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 1
 
 FO/Ar
 
 Geomyidae Orthogeomys
 
 1
 
 HO/Te
 
 Heteromyidae Heteromys
 
 1 1
 
 1
 
 1
 
 1
 
 1
 
 FO/Te
 
 Muridae Abrawayaomys Akodon
 
 PO/Tee
 
 3
 
 PO/Te
 
 Blarinomys
 
 1
 
 PO/Tee
 
 Delomys
 
 2
 
 FO/Tee
 
 Ichthyomysa
 
 1
 
 1
 
 P/Sa
 
 TABLE 6-1 Genera of Nonvolant Small Mammals Recorded in Neotropical Lowland Rain Forests (continued) Subregion TAR a
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 Isthmomysa Melanomysb
 
 HO/Te 1
 
 1
 
 Neacomysa
 
 FO/Te 1
 
 Nectomys
 
 1
 
 1
 
 1
 
 Neusticomysc Nyctomys
 
 Ecological Guild
 
 1
 
 1
 
 2
 
 1
 
 1
 
 1
 
 1
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 1
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 1
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 FO/Ar 2
 
 2
 
 Oligoryzomys
 
 1 1
 
 1
 
 Oryzomys
 
 1 1
 
 1
 
 1
 
 2
 
 3
 
 1 1
 
 1
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 5
 
 1 2
 
 3
 
 3
 
 3
 
 1
 
 FO/Sc
 
 1
 
 2
 
 HO/Te
 
 4
 
 4
 
 FO/Te
 
 Ototylomysa
 
 FO/Sc
 
 Oxymycterus
 
 1
 
 1
 
 4
 
 Peromyscusa
 
 PO/Te FO/Te
 
 Phaenomys
 
 1
 
 Reithrodontomysa
 
 FO/Are HO/Sc
 
 Rhagomys
 
 1
 
 Rheomysa
 
 FO/Are P/Sa
 
 Rhipidomys
 
 2
 
 1
 
 1
 
 1
 
 3
 
 2
 
 1
 
 1
 
 Scolomysd
 
 FO/Ar PO/Tee
 
 Sigmodontomys
 
 1
 
 Tylomys
 
 1 1
 
 1
 
 FO/Te HO/Sc
 
 Echimyidae Dactylomys Diplomys
 
 Isothrix
 
 1
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 1
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 1
 
 Echimys Hoplomys
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 1
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 H/Ar
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 TABLE 6-1 Genera of Nonvolant Small Mammals Recorded in Neotropical Lowland Rain Forests (continued) Subregion TAR a
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 AMZ
 
 ARF
 
 g
 
 h
 
 i
 
 j
 
 Ecological Guild
 
 1
 
 1
 
 1 6
 
 FO/Ar
 
 5
 
 FO/Te
 
 Nelomys Proechimys
 
 1 1
 
 1
 
 1
 
 1
 
 1
 
 3
 
 4
 
 4
 
 FO/Ar
 
 The nomenclature for subregions (figure 6-1) is defined according to Voss and Emmons (1996): TAR = Trans-Andean Rain forests; CVR = Coastal Venezuelan Rain forests; AMZ = Amazonian Rain forests; and ARF = Atlantic Rain Forests. Numbers represent the species richness in the following localities (see figure 6-1): a—La Selva and vicinity, Costa Rica (Wilson 1990; Voss and Emmons 1996); b—Barro Colorado Island, Panama (Glanz 1990; Voss and Emmons 1996); c—Foothills on Western Llanos of Venezuela (Ochoa et al. 1988; Utrera 1996; Ochoa unpublished data); d—Maracaibo Basin, Venezuela (Handley 1976; Voss and Emmons 1996); e—Foothills on the border of Falcon and Yaracuy States, Venezuela (Handley 1976; Ochoa unpublished data); f— Guatopo National Park, Venezuela (Ochoa et al. 1995); g—Imataca-Venezuela, KartaboGuyana and Arataye-French Guiana (Ochoa 1995; Voss and Emmons 1996); h—Minimal Critical Size Ecosystems Reserves and Xingu, Brazil (Malcolm 1990; Voss and Emmons 1996); i—Balta, Cocha Cashu and Cuzco Amazónico, Peru (Emmons and Feer 1990; Janson and Emmons 1990; Woodman et al. 1995, 1996; Voss and Emmons 1996); j—Coastal forests of eastern Brazil (Emmons and Feer 1990; Wilson and Reeder 1993). Ecological guilds include the following: Frugivores whose diets are based on fruits or seeds (F); Herbivores (H); Predators, including insectivores (P); Omnivores (O); Terrestrials (Te); Arboreal (Ar); Semiarboreals, corresponding to species using ground and tree strata (Sa); and Semiaquatics, integrated by species using terrestrial and aquatic habitats (Sq). aRecorded in the trans-Andean region (Emmons and Feer 1990; Voss and Emmons 1996). bKnown from the Andean Piedmont (Amazonia) of eastern Ecuador (Voss and Emmons 1996). cRecorded in the Coastal Venezuelan Range from the type locality of Neusticomys venezuelae (Anthony 1929). dRecorded in the Amazonia (Emmons and Feer 1990; Voss and Emmons 1996). eDiet unknown; trophic strategy estimated by morphology and ecological habits (Alho 1982; Emmons and Feer 1990; Nowak 1991).
 
 marsupial and rodents, however, the guild position can change according to the ecological gradients within their geographical range (Charles-Dominique et al. 1981), or as a result of adaptations to variations in the availability of certain resources following anthropogenic disturbances (e.g., decrease in fruit production caused by elimination or reduction of tree strata).
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 Small Mammal Communities in Neotropical Rain forests Species Richness and Taxonomic Composition Voss and Emmons (1996) assessed the diversity of small mammal communities across Neotropical rain forest types (see figure 6-1). Their inventory includes fifty-two genera of nonvolant small mammals: twelve in the Didelphimorphia order and forty in the Rodentia order (see table 6-1), with the highest levels of richness occurring in the Amazon and the Atlantic forests of Brazil (see table 6-2). Among these taxa, nineteen (37 percent) are broadly distributed (present in more than two subregions), including ten marsupials and nine rodents (83 percent and 23 percent of the genera comprising these orders, respectively). The trans-Andean forests have the greatest number of endemic or geographically restricted genera (see table 6-2), followed by the Atlantic and Amazon forests. Forest ecosystems located in the coastal range of Venezuela exhibit the lowest richness and are composed of communities whose members have been recorded in two or more subregions (see table 6-1). Among the twenty-seven genera whose known distributions are restricted to one sub-region (52 percent of those genera inhabiting Neotropical rain forests), only two are in the Didelphimorphia (Caluromysiops and Glironia) order, and both are confined to the Amazon Basin. The amount of diversification in these forests is determined by the evolutionary histories of each phylogenetic group, the colonization patterns that have influenced each biogeographical region, and the responses of small mammals to geographic variations in environmental characteristics such as soil quality and primary productivity (Hershkovitz 1972; Emmons 1984; Voss and Emmons 1996; Ochoa 1997b). In light of the above patterns, small mammal communities from the rain forests of the Amazon, the Atlantic coast of southwestern Brazil, and the trans-Andean lowlands should be considered a high priority for protection. This recommendation gains particular relevance when the increasing rates of deforestation and primary forest degradation in these subregions are considered (Voss and Emmons 1996; WRI et al. 1996; Bryant et al 1997; Miranda et al. 1998).
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 TABLE 6-2 Some Characteristics of Nonvolant Small Mammal Communities in Selected Lowland Rain Forests of the Neotropical Region Subregions TAR
 
 CVR
 
 AMZ
 
 ARF
 
 16–18
 
 15–20
 
 22–33
 
 60
 
 Didelphimorphia
 
 5–7
 
 6–10
 
 7–12
 
 19
 
 Rodentia
 
 10–13
 
 9–12
 
 15–21
 
 41
 
 34
 
 24
 
 30
 
 28
 
 Didelphimorphia
 
 10
 
 10
 
 12
 
 10
 
 Rodentia
 
 24
 
 14
 
 18
 
 18
 
 11
 
 --
 
 7
 
 8
 
 Didelphimorphia
 
 --
 
 --
 
 2
 
 --
 
 Rodentia
 
 11
 
 --
 
 5
 
 8
 
 Species Richness (range)
 
 Total Number of Genera
 
 Endemic or Restricted Generaa
 
 aIncludes endemic genera or those whose geographical distributions in the Neotropical Region
 
 embrace only one subregion (e. g., Glironia and Peromyscus). NOTE Bibliographic references and geographical context of subregions are described in table 6-1
 
 Community Structure and Its Importance in Regulating Adaptability to Forest Disturbance The guild structure of small mammal communities in several forested areas of the Neotropics is presented in figure 6-2. The following trends can be observed:
 
  Most species are semiarboreal or terrestrial.
 
 In all subregions, arboreal or semiaquatic species constitute the minority
 
  Most species, excluding those in aquatic habitats, have omnivore diets. Trophically specialized guilds, including strict predators and herbivores, contain the lowest number of species
 
 In tropical forests, many nonvolant small mammals appear to be resilient to disturbances (Wilson and Johns 1982; Ochoa et al. 1988; Johns 1992a; Ochoa 1993, 2000; Laurance and Laurance 1996). This may be a function of their generalist habits and their adaptability to the ecological conditions found in secondary environments (e.g., scar-
 
 FIGURE 6-2 Estimated structures of small mammal communities in forested localities of the Neotropical Region. Nomenclature for the subregions and ecological guilds are described in table 6-1. The Atlantic rain forest subregion was excluded due to a lack of detailed inventories from specific localities.
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 city of some trophic resources, lower relative humidity, and higher temperature at the understory level) (Ochoa 1997b, 1998, 2000). Communities with the highest proportions of folivores, predators (mainly insectivores), and omnivores—in addition to a low abundance of strictly arboreal species—have the maximum probability of maintaining their original components after timber extraction. Those communities dominated by specialists (e.g., strict frugivores, granivores, and canopy species) are likely to be more susceptible to drastic changes in forest composition and structure (Kikkawa and Dwyer 1992; Laurance and Laurance 1996; Ochoa, 2000). In general, the elevated proportion of omnivores comprising small mammal communities in Neotropical rain forests (see figure 6-2), together with the ability of semiarboreal and terrestrial taxa to exploit those resources available at the lower strata of these ecosystems, suggest that small mammal communities may be resilient to selective timber extraction.
 
 Response of Small Mammals to Logging and Other Disturbance Events Predicting the Sensitivity of Small Mammal Communities to Forest Disturbances To assess the sensitivity of small mammals to forest disturbances, it is necessary to understand their ecological characteristics and requirements at both the population and community levels (e.g., demographic tendencies, competitive and predator-prey relationships, trophic strategies, and ecophysiological patterns). While many of these have not been explored for most small mammals, the use of ecological predictions supported by local extinction probabilities allows a preliminary assessment of how select taxonomic groups are likely to respond to changes in primary forest conditions (Ochoa et al. 1993, 1995; Utrera 1996). An extinction probability model was developed for 140 species of mammals (grouped in nine orders and twenty-eight families) in a timber concession of the Venezuelan Guyana region (Ochoa 1997a). In this analysis, the extirpation potential of different members of the mammal community was related to:
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  Species-specific affinity to primary forest environments  Dependence on arboreal (mainly canopy) resources  Geographic distribution pattern and population densities  Estimated ecophysiological requirements  Vulnerability to the hunting activities of both local people and loggers (Arita et al. 1990; Emmons and Feer 1990; Ochoa et al. 1993; Wilson and Reeder 1993; Ochoa 1995; Voss and Emmons 1996)
 
 In logged forests, members of the Sciuridae and Echimyidae families exhibited the greatest extirpation probabilities among nonvolant small mammals. A high proportion of the species in these families depend on resources in the canopy (e.g., arboreal/frugivore-granivores like Sciurus spp., Echimys spp., and Isotryx bistriata; and terrestrial/frugivoregranivores of the genus Proechimys). Some species in these families also occur at low densities or have restricted geographic distributions (e.g., Isotryx bistriata, Dactylomys dactylinus, and Proechimys cuvieri). In contrast, members of the Didelphidae and Muridae families appear less sensitive to logging. Most species in this group have widespread distributions, or they use resources found within the understory strata of secondary forests. Predictions of this type facilitate efforts to conserve small forest-dwelling mammals within areas to be logged, especially when rapid assessments are needed to identify those species at risk (Ochoa et al. 1993, 1995).
 
 Forest Fragmentation In logged areas it is common to find fragments of primary forests surrounded by secondary vegetation (sometimes highly degraded), plantations, or areas deforested for agriculture and infrastructure development (Johns 1988; Uhl and Vieira 1989; Ochoa 1993). Even though specific studies on small mammal communities in these kinds of fragments have not been published, the theoretical and experimental work on forest fragments (e.g., Bennett 1987; Friend 1987; Johns 1988; Terborgh 1992a; Andren 1994; see box 6-1) allows general predictions of the effect of fragmentation on such communities.
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 Box 6-1 Unifying the study of fragmentation: external vs. internal forest fragmentation. (Jay R. Malcolm) The extent of deforestation in the tropics varies greatly from one region and development activity to another. Perhaps equally important, the spatial grain of deforestation also exhibits variability. At one extreme, large-scale industrial agriculture can result in coarse-grained, externally fragmented landscapes, wherein large forest fragments are interspersed with large clearings. At the other extreme, in what is termed internal fragmentation or forest perforation (Forman 1995), selective logging results in a fine-grained mosaic of small clearings, treefall gaps, and roads. Although both configurations are known to have important implications for the flora and fauna of the remaining forest, possible parallels between the two have only recently begun to be investigated. The identification of these links has great potential for conservation. In the light of accelerating loss and disturbance of tropical forests, and urgent needs for effective conservation guidelines and management techniques, the ability to apply knowledge and understanding from one type of landscape transformation to another is needed. Recent research suggests that the ability to link and apply results from one type of forest fragmentation to another can be made through a common feature of human disturbances—the creation of canopy openings. Small gaps resulting from treefalls have long been known to play an important role in tropical forests because of the change in the physical environment that they bring and the resultant implications for plant growth and regeneration (Richards 1996). The importance of the large and/or abundant gaps created during human activities, however, has only recently been appreciated. In coarse-grained landscapes, where forest fragments abut large clearings, enormous changes occur in the forest close to clearings (Laurance and Bierregaard 1997). A suite of pervasive ecological changes quickly follows the creation of edges. Understory vegetation growth accelerates in response to increased light levels. Trees along the edge are exposed to the ravages of wind turbulence, and as they blow over, further possibilities for the growth of understory plants are provided. As a result of these changes, obvious edge-induced changes extend 50–100 m into fragments within a few years after edge creation (Malcolm 1994) and subtle effects may extend much further (Laurance and Bierregaard 1997). Several vertebrate communities, including both small mammals and birds (see chapters 8–10), respond quickly to the changes (Bierregaard and Lovejoy 1989, Malcolm 1997). Pronounced changes in species diversity and community composition are observed, especially in small fragments where perimeter-to-area ratios are high and edge impacts are strong. Although canopy openings created during selective logging are much smaller that those arising from modern agricultural development, the density of clearings may be high—especially in areas where many trees are being harvested. Under such conditions, the relatively weak edge effects of individual clearings may begin to overlap and interact and result in edge effects that are strong in an overall sense (see chapter 2). Computer simulations that incorporate this overlap highlight the potential for widespread and powerful edge effects (Malcolm 1998, 2001). Perhaps most seriously, they suggest that even slight increases in harvest rates can lead to disproportionate edge-induced habitat change.
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 Edge effects may thus provide a common currency for understanding some of the changes that diverse types of development activities bring. In some cases, because of pervasive edge-induced habitat change, it appears that very different patterns of forest clearing can result in similar wildlife responses. As increasingly strong edge effects in forest fragments led to increased small mammal abundance and diversity in the central Amazon (see box figure 6-1A), increasingly strong edge effects along 12- and 19-year-old log extraction routes in the Central African Republic also led to increased small mammal abundance and diversity (Malcolm and Ray 2000) (box figure 6-1B). The increases in abundance, which were true of nearly all rodent species found in undisturbed forest, suggest that the forest changes that accompany edge formation may be positive for at least some rain forest taxa. For many other rain forest groups (including birds), however, edge effects led to a strong decline in diversity—both in coarse-grained fragmented landscapes in the central Amazon (box figure 6-1C; Bierregaard and Lovejoy 1989) and in fine-grained selectively logged landscapes in French Guiana (box figure 6-1D; Thiollay 1992). In these last two studies, individual bird species responded in similar ways despite the differences in the grain of the forest clearing. Of the twenty-four species affected by the landscape transformation in both studies (a species was judged to be affected by the landscape transformation if its abundance was consistently highly or lower in disturbed forests than in undisturbed forest), the sign of the impact (either positive or negative) was the same for 17 of them (P = 0.06, two-tailed Binomial Test). Evidently, many of the bird species that are adapted to the conditions of undisturbed forest are intolerant of edge-induced habitat change, both in the coarse- and finegrained landscapes. Even the increase in small mammal abundance and diversity along edges may, unfortunately, have negative implications for the rest of the ecosystem. Small mammals are important predators of seeds and seedlings, and a superabundant small mammal fauna may alter patterns of plant regeneration. Struhsaker (1997) suggested that seed and seedling predation by small mammals was a key causative agent in suppressing tree regeneration in heavily logged forests in Africa—resulting in transformation of the original rain forest to a moreor-less stable herbaceous and semi-woody plant community. From the standpoint of conserving intact rain forest ecosystems, therefore, edge creation appears to have strong negative impacts. These results provide a clear message for forest managers in the tropics: reduce canopy openings (and hence edge effects) wherever and whenever possible. This can be accomplished in fragmented landscapes by setting aside large reserves and wide corridors that provide the interior forest conditions required by so many tropical forest organisms (see chapter 23). In logged landscapes, the frequency and size of openings should be minimized through low harvest rates and careful logging techniques (see chapter 21, 24). An important task of future research will be to measure the responses (and tolerance thresholds) of tropical species to these edge effects, and to determine the exact manner in which forest openings interact in determining overall levels of edge-induced habitat change.
 
 Preliminary results of field inventories in the Western Llanos of Venezuela and the Guayana region immediately after logging (Ochoa unpublished data), where small forest fragments (< 50 ha) surrounded
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 BOX FIGURE 6-1 Small mammal (part A) and avian (part C) species richness in continuous forest (CF) and 10- and 1-ha forest fragments in the central Amazon (Bierregaard and Lovejoy 1989; Malcolm 1997) compared with small mammal richness in unlogged forest and along timber extraction routes in the Central African Republic (part B; UNL = unlogged forest, SKID = skidder trails, S.ROAD = secondary access roads; P. ROAD = primary access roads; Malcolm and Ray unpublished data) and avian richness in French Guiana (part D; UNL = unlogged, 1-yr = 1 year postlogging, 10-yr = 10 years postlogging; Thiollay 1992). In each plot, edge-modified sites are to the right of undisturbed forest sites.
 
 by selectively logged areas (8–10 m3/ha) and deforested sectors were examined, showed these fragments to contain a high proportion of small mammal species found in undisturbed forest communities. Some species even increased in their relative abundance. Three years later, population densities of the most specialized taxa declined (e.g., arboreal/frugivore-granivores), and in some areas, forest-dwelling species were found inter-mixed with some typical small mammals of non-forest environments (e.g., Zygodontomys brevicauda and Sigmodon alstoni;
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 Soriano and C. Lulow 1988). The latter penetrated into newly logged areas using forest openings as colonization routes. Survival of typical, forest-dwelling small mammal communities in these fragments depends on the range of available resources (partially influenced by habitat complexity and heterogeneity in the isolated patch of forest), and the likelihood of gaining access to complementary food sources within the habitat matrix found in surrounding areas (Uhl and Vieira 1989; Johns 1992a; Terborgh 1992a; Frumhoff 1995; Malcolm 1995: see box 6-1). These trends, however, suggest that some species remaining in fragmented forests after logging could be a risk, at least in the medium or long term—which, in turn, may influence certain ecological processes within the forest (Terborgh 1992a; Ochoa 1997a, 2000). Studies by Fonseca (1989) and Fonseca and Robinson (1990) in the Brazilian Atlantic coast provide a preliminary evaluation of the combined effect of fragmentation processes and the level of perturbation on the isolated forest patch as a consequence of tree extraction. Their results suggest a fragment size/small mammal diversity relationship that is partially explained by habitat structure and specific interactive mechanisms, such as predation. These authors found that in large secondary forest fragments (35,973 ha), mammal communities included the top predators (e.g., Leopardus spp.), which regulate population levels of generalist species with high trophic plasticity and competitive abilities (e.g., Didelphis marsupialis). When unregulated, these generalists have the potential to exclude other ecologically related faunistic elements (Metachirus nudicaudatus, Marmosa spp., and Oryzomys trinitatis) (see photo 6-1), such as found in small secondary fragments (60 ha). Some of these excluded mammals play a crucial role in forest dynamics and regeneration, mainly through the dispersal of seeds and the pollination of many tree species (Charles-Dominique et al. 1981; Emmons and Feer 1990).
 
 Changes in Availability of Food and Denning Resources After Logging The composition of vertebrate communities reflects the ecological conditions at a given locality (Smythe 1986; Terborgh 1986; Fleming et al. 1987; Johns 1988; Kikkawa and Dwyer 1992). These conditions influence a species’ access to often scarce and highly dispersed resources such as roosts in hollows of mature trees, fruits, and nectar produced by some trees. These scarce resources are expected to decline in exploited areas (Johns 1986b, 1988, 1992a, 1992b; Uhl and Vieira
 
 PHOTO 6-1 The marsupial Metachirus nudicaudatus is one of the most common terrestrial small mammals in some logged forests of the New World. It is an omnivore species which prefers invertebrate preys (e.g., worms and beetles). (J. Ochoa G., Imataca Forest Reserve, Venezuelan Guayana Region)
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 1989; Kikkawa and Dwyer 1992; Frumhoff 1995) where logging and other related activities lead to:
 
  A reduction in the absolute availability of canopy-linked resources (e.g., large den trees and canopy epiphytes, nectar and large-seeded fruits)
 
  A reduction in the density of keystone plants (e.g., some species of Chrysobalanaceae, Lecythidaceae, and Hippocrateaceae)
 
  Modifications to phenological patterns of trees, with
 
 a predominance
 
 of vegetative growth phases over reproductive ones
 
  An alteration in microclimatic conditions in the understory, with consequences for some species with ecophysiological restrictions (e.g., Erisma uncinatum and Anacardium rhinocarpus)
 
 In spite of these predictions, several studies have shown increases in small mammal species’ richness and density in secondary forests (Isabirye-Basuta and Kasenene 1987; Fonseca 1989; Julien-Laferreire and Atramentowitz 1990; Frumhoff 1995; Malcolm 1995). This is sometimes the result of the arrival of savanna/forest ecotone species in disturbed areas (e.g., Zygodontomys brevicauda and Sigmodon alstoni), and an increase in densities of some interior-forest mammals, which can use the resources present in exploited areas (e.g., Didelphis spp. and Proechimys spp.). The greater vegetative cover at the understory level of secondary forests (as a result of the high density of heliophitic plants and fallen trunks), and the higher structural complexity of the midlevel forest strata, also increase feeding and shelter opportunities for many terrestrial or semiarboreal species (Fonseca 1989; Ochoa 1997a). Studies in the lowland rain forests of southern Venezuela (locality 7 in the Amazon rain forests subregion of figure 6-1) indicate that after four years of selective timber extraction (trees > 40 cm dbh, with an average volume removal of 5.8 m3/ha), small mammal communities undergo significant changes in their original structure and composition (Ochoa 1997b, 2000). These changes lead to a predominance of semiarboreal/omnivore-predators in secondary habitats (e.g., Didelphis spp. and Philander opossum). Terrestrial/frugivore-omnivores (e.g., Proechimys spp.), the most common foraging guild in undisturbed forests, also continue to be important in logged forests. Both guilds are able to use the abundant resources after logging disturbances: e.g., fruits of colonizer plants, invertebrates from the soil, and denning sites under fallen trunks (Charles-Dominique 1986; Fonseca 1989; Emmons and Feer 1990) (see photo 6-2). In contrast, the more arboreal frugivores and granivores (e.g., Rhipidomys spp. and Micoureus demerarae) (see photo 6-3) were not found in intensively
 
 PHOTO 6-2 Interior view of a logged forest in the Venezuelan Guayana (Imataca Forest Reserve). In this area the understory is characterized by a high density of colonizer plants and fallen trunks, where communities of nonvolant small mammals are dominated by semiarboreal/predator-omnivore marsupials (e.g., Philander opossum) and terrestrial/frugivore-omnivore rodents (e.g., Proechimys spp.). (J. Ochoa G.)
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 PHOTO 6-3 The semiarboreal marsupial Micoureus demerarae is among the group of small mammals showing reductions of population levels in some intensively logged forests of the Venezuelan Guayana Region. This species has preferences by food resources located at the canopy level. (J. Ochoa G., Imataca Forest Reserve, Bolivar State)
 
 disturbed areas and did not show significant lower abundances (Ochoa 1997a, 2000). Edaphic conditions that affect forest productivity appear to have an effect on small mammal responses to logging (Emmons 1984). In southern Venezuela, sandy soils with low water and nutrient retention capabilities are the predominant edaphic conditions, primarily in the lowlands of the Guayana Shield (Mogollón and Comerma 1995). This results in low productivity in the understory of closed-canopy forests, with limited availability of some resources for primary terrestrial consumers (Emmons 1984; Voss and Emmons 1996). Following logging in these areas, the semiarboreal/omnivore-predator, the common gray four-eyed opossum (Philander opossum), occurred with a relative abundance that was 4.3 times higher than the value found in undisturbed areas (see figure 6-3), while primary consumers like spiny rats (Proechimys spp.) showed increases approaching 2.1 times (Ochoa 1997b, 2000). These same species occur in forests of the Venezuelan Andean foothills (characterized by alluvial soils with high fertility). On these more productive sites, however, the genus Proechimys was the dominant component in primary and secondary forests (see
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 figure 6-3). While site productivity may influence the carrying capacity in terms of animal density and biomass, opening of the forest canopy (and subsequent increases in understory growth following logging) appears to have a greater effect on small mammal populations than the site’s inherent productivity potential. Finally, it is important to consider the implications of logging on trees with flowering cycles that provide key resources for nectar-feeding small mammals (Lumer and Schoer 1986; Terborgh 1986; Emmons and Feer 1990; Julien-Laferreire and Atramentowitz 1990). In many cases, marsupials and other small mammals depend on the nectar produced by valuable timber trees (e.g., Ceiba pentandra, Eriotheca spp., and Pachira quinata), especially during seasonal periods of low food availability (JulienLaferreire and Atramentovitz 1990; Kikkawa and Dwyer 1992). Harvesting practices that remove a large percentage of these keystone resources may promote the local extinction (or reduction in population levels) of some nectar-feeding species that are highly dependent on these resources. Where these animals play critical roles in the reproduction of timber species (principally through pollination and secondary dispersal), overexploitation of trees may lead to a cascading collapse in their reproductive success through the loss of ecological services obtained by mutualistic associations with small mammals (Lumer and Schoer 1986; Gribel 1988).
 
 Effects on Reproductive Behavior The reproductive strategies of some Neotropical marsupials can be influenced by changes in patterns of food availability after forest disturbance (Julien-Laferreire and Atramentowitz 1990). Primary forests tend to vary widely in their food abundance for small mammals, with longer scarcity periods, lower densities of fruiting trees, and reduced reproductive effort for many plants compared to secondary forests (Charles-Dominique 1986). In response to these conditions, JulienLaferreire and Atramentowitz (1990) found that the bare-tailed woolly opossum and the four-eyed opossum show more continuous reproductive patterns and higher juvenile survival rates in primary forests. These characteristics are thought to be a function of: 1) their ability to focus foraging efforts on a limited number of resources that are relatively abundant during periods of fruit scarcity (mainly nectar); and 2) their lower population densities compared to disturbed areas (see figure 6-3). When the arboreal strata is drastically reduced, fragmented, or even eliminated, the most specialized species (and those
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 FIGURE 6-3 Relative abundance of Philander opossum (Didelphimorphia: Didelphidae) and Proechimys spp. (Rodentia: Echimyidae) in primary and logged forests in two biogeographic regions of Venezuela: Andean Foothills and Guiana Shield (based on 1,500 and 5,000 trap nights respectively; Ochoa et al. 1988; Ochoa 1997b).
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 generalists with a high level of resilience to forest disturbance) will probably be affected by significant trophic constraints and a drastic change in demographic patterns (Johns 1992b; Malcolm 1997).
 
 Hunting Pressures Logging activities are often associated with increases in hunting pressure by both local people and timber company personnel, who augment their economic income through trade or consumption of wildlife products—including an important number of mammals (Johns 1986b; Bisbal 1994; Frumhoff 1995; Ochoa 1997a; see chapters 15– 17). In most Neotropical areas, mammal extraction is focused on medium to large-sized species (Redford and Robinson 1987, 1991). In some areas where large species have been overexploited, however, hunters target meat from marsupials and small rodents (including members of the families Didelphidae, Heteromyidae, Muridae and Echimyidae families: e.g., rice rats [Oryzomys spp.], spiny rats [Proechimys spp.], and the armored rat [Hoplomys gymnurus]; Suárez et al. 1995; chapters 15 and 16). Depending on the locality, hunting patterns can influence the population status of certain taxa, leading to a significant reduction in the density and relative abundance of some species—especially where human settlements have exerted hunting pressures for a long time (Suárez et al. 1995) and wildlife use is translated into benefits for logging companies (Ochoa 1997a). These population changes may modify the patterns of community assemblages and some ecological processes within the forest (J. Ochoa unpublished data).
 
 The Ecological Role of Marsupials and Small Rodents in Neotropical Forest Dynamic and Regeneration An extensive area of Neotropical rain forest has been allocated for timber production, under management schemes that scarcely consider the dynamics of these ecosystems (Uhl and Vieira 1989; Johns 1992a; Whitmore and Sayer 1992). During the past two decades, field studies have demonstrated the importance of small mammals—including bats (see chapter 7)—as connective elements in a complex web of mutualis-
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 tic interactions, which help to maintain the taxonomic and structural diversity of forests (Uhl et al. 1981; Charles-Dominique 1986). Seed dispersal and predation represent two of the most studied roles of marsupials and rodents in rain forests from the New World (Charles-Dominique et al. 1981; Gautier-Hion et al. 1985; Smythe 1986, 1987; Adler and Kestell 1998; see box 6-2). Many small mammals have trophic strategies closely associated with the consumption of fruits or their constituent parts. At the same time, an important number of plants depend on small mammals as seed dispersers or pollinators (Charles-Dominique 1986; see box 6-2). These mutualistic interactions are often associated with coevolutionary patterns and are strongly related to the population dynamics of many commercial trees (e.g., Spondias mombin, Inga spp., Carapa guianensis, Erisma uncinatum and Protium spp.). Features such as phenology and the reproductive patterns of plants, and morphology and the nutritional quality of fruits, maximize the efficiency of dispersing processes (Janson 1983; Gautier-Hion et al. 1985; Herrera 1984). These mammals have also developed a set of strategies to access scarce food resources and avoid competition with ecologically related species through strategies such as the consumption of size-differentiated fruits or the hoarding of fruits and seeds (Smythe 1986, 1987; Terborgh 1986; Fleming et al. 1987; Kikkawa and Dwyer 1992; see box 6-2). Box 6-2 Implications of logging on seed dispersal and predation by rodents in the lowland rain forests of central Guyana. (David S. Hammond and Raquel Thomas) Rodents regulate the recruitment of trees by selectively predating and/ or dispersing seeds. By selecting the seeds of certain species over others, they can actively influence the competitive hierarchy which establishes the relative recruitment success of co-occurring canopy tree species. Timber tree species in the Guianas tend to have relatively large seeds. More than 50 percent of the eighty-seven timber species currently harvested in Guyana are dispersed by mammals—an estimated 28 percent being solely dispersed by rodents, especially by red-rumped agouti (Dasyprocta agouti), red acouchy (Myoprocta acouchi), Cuvier’s spiny rat (Proechimys cuvieri), and the Guyanian spiny rat (P. guyannensis) (Hammond et al. 1996). The dispersal or burial of seeds by rodents often results in enhanced recruitment. One of Guyana's most important timber tree species, Greenheart (Chlorocardium rodiei: Lauraceae) has very large seeds that fall beneath dense aggregations of adult stems during the main fruiting period from January to April. The seeds (and later seedlings) are attacked by a bark beetle (Scolytidae), which reduces per capita survivorship significantly beneath parent trees in comparison to sites at greater distances (Hammond et al. in press). Though most Greenheart
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 stems are found in aggregations, the minority of offspring recruiting away from these clumps sustain the regeneration of this species—especially given that most harvesting is directed to these densely stocked areas (i.e., high advanced regeneration mortality due to incremental damage during logging). At the same time, the extremely prolonged germination of Greenheart seeds makes them an ideal resource for seedeating rodents during periods between high fruit production. Most Greenheart seeds were found to be consumed during the period when overall resource availability was lowest, suggesting that this species is not a preferred resource, but one that is used during periods of scarcity by at least five species of rodents. Seed losses incurred through rodent foraging during periods of scarcity is a minor trade-off for the tree, however, in light of the important role rodents play in establishing new Greenheart regeneration when cached seeds are later forgotten. The healthiest stems of Greenheart are the individuals typically harvested. This also means that the most reproductively active adult trees are also removed from the population—an activity that can lead to a precipitous decline in the number of seeds of these species that are available each year. Many rodents are also territorial, and this spatial segregation can mean that some intensively logged areas can no longer support the pre-harvest inhabitants. After logging at one 15 ha study site, the estimated abundance of acouchys (Myoprocta spp).—accounting for changes in visibility—was lower than in a same-sized, unlogged plot with nearly identical abundances of the most common tree species (Hammond et al. 1992). A conservative approach to Greenheart seed tree retention would maximize the seed stock available for maintaining seed-dispersing rodents during periods of resource scarcity. Size plays an important role in determining which animals will attempt to consume a fruit or seed. Generally, a greater number of species can consume the smaller seeds. The fact that many larger-bodied rodent species specialize in consuming large seeds is likely a product of the reduced competition for these resources. Small rodent species (such as those in the Muridae) are able to efficiently consume much smallerseeded species, many of which profit from heavy disturbance. Seed dispersal by these small rodents can lead to a rise in the abundance of small-seeded colonizing plant species (Forget and Hammond in press). Few applied studies have been carried out to determine the role of seedconsuming rodents in the regulation of timber tree recruitment after logging and the impact that logging intensity can have on the habitability of the site by these animals.Rodents, along with bats, represent the greatest diversity of tropical forest dwelling mammals. Attempts to preserve this diversity need to consider the conservation and role of these species in timber management.
 
 Marsupials are commonly frugivorous and include species that exploit the understory and arboreal strata in Neotropical forests (Emmons and Feer 1990). They consume fleshy fruits of different sizes (Charles-Dominique et al. 1981), particularly those belonging to colonizer plants (Cecropia spp. and Solanum spp.) that produce numerous small seeds (Charles-Dominique 1986). In most cases, passage of seeds through the digestive tracts of the disperser agent represents an essential
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 step in increasing the germination capacity and reproductive success of some pioneer plants (Fleming and Heithaus 1981; Fleming 1988). In contrast to marsupials, small, forest-dwelling rodents prefer seeds of unripe and hard fruits (usually small or medium-sized), which are carried to feeding sites (Charles-Dominique 1981; Gautier-Hion et al. 1985). In this case, the successful contribution of these mammals as disperser agents depends on the proportion of transported seeds that find suitable microhabitats for germination, or whose viability is not affected by predation (Gautier-Hion et al. 1985; Smythe 1986). Seed predation has been recorded for several small Neotropical rodents belonging to the Sciuridae, Heteromyidae, Muridae and Echimyidae families (Emmons and Feer 1990; Nowak 1991). These mammals may act as important regulators of tree composition and density (Terborgh 1992a), and represent key elements for the management of forests (see box 6-2). Among them, the genus Proechimys has been considered one of the main seed predators-dispersers in Neotropical rain forests (Smythe 1986, 1987; Adler and Kestell 1998) due to its high population densities across a broad geographic range (Handley 1976; Emmons 1982; Janson and Emmons 1990; Malcolm 1990) (see photo 6-4). Even species that are primarily seed predators can positively influence the regeneration potential of secondary forests. Spiny rats, for instance, disperse the mycorrhizal sporocarpus (e.g., Sclerocystis coremioides) and spores (e.g., Glomus spp.) (Emmons 1984; Janos et al 1995). This role has been studied for other small rodents (including the Neotropical genera, Oryzomys and Mesomys), demonstrating their contributions to forest conservation (Janos et al 1995; Johnson 1996).
 
 Recommendations for Conserving Small Mammals in Logged Landscapes Although most small mammals appear relatively adaptable to logging disturbance, strategies for forest management and conservation must consider that some species may be at risk—especially the arboreal frugivores-granivores and those taxa with limited range distributions. The loss of these mammals, and the additions of some savannasecondary forest colonizing species in intensively disturbed forests, will cause changes in ecological processes that could negatively influence the regeneration success of important timber trees.
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 PHOTO 6-4 The terrestrial rodents of the genus Proechimys are considered among those mammals with a high influence on Neotropical rain forest regeneration. They are seed predators, but at the same time they contribute with dispersion of micorrhizaes and seeds produced by many timber tree species. (P. J. Soriano)
 
 A prudent approach would be to tread as lightly as possible during logging, to avoid significant impacts on mammal communities and other biodiversity components typically inhabiting primary forests (see chapters 21 and 24). This issue is especially important until we know more about how these communities respond to logging activities, mainly in those regions with the highest diversity. Technical criteria in forest policies adopted by governments and logging industries must be focused on the protection of small mammal communities, if the long-term productivity, health, and economic value of production forests are to persist. Possible approaches include the creation of primary forest corridors in association with areas managed for timber (Ochoa 1993; MARNR 1995; see chapters 20 and 23). Several authors have explored reducing the impacts of logging on forest biodiversity (Johns 1986b; Thiollay 1992; Whitmore and Sayer 1992; Hernández et al 1994; Frumhoff 1995; Mason 1996; Greiser Johns 1997; Ochoa 1997b, 1998, 2000; Miranda et al. 1998; see chapters 21 and 24). These approaches include:
 
  Designing plans for selective tree cutting and log removal that minimize the level of disturbance to the residual vegetation structure and composition
 
 THE EFFECTS OF LOGGING ON NONVOLANT SMALL MAMMALS
 
 151
 
  Taking into account the ecological role of commercial trees in providing key resources for marsupials and rodents (e.g., seeds and roosts in mature trees), thereby ensuring an adequate number of residual stems for both regeneration and mutualistic interaction purposes
 
  Using silvicultural methods based on an evaluation of their implications on primary forest regeneration and biodiversity conservation (see chapter 22)
 
  Controlling and monitoring hunting activities Success of these initiatives will depend on technical and scientific cooperation from all stakeholder groups, including governmental agencies, research institutions, the logging industry, and local people. The integration of these sectors represents a basic step towards implementation of management models based on the conservation and sustainable use of Neotropical rain forests. Long-term field inventories and monitoring efforts are also needed to understand the composition and structure of small mammal communities inhabiting Neotropical rain forests—especially those areas with high extractive pressures and/or low available biological information (Malcolm 1990, 1991; Patterson 1991; Woodman et al. 1995, 1996; Voss and Emmons 1996). These inventories serve as the foundation for additional ecological research and conservation planning. Such projects are likely to be difficult to implement in Latin American countries—at least in the short term—where financial constraints, an absence of institutional policies that promote forest evaluations, and a limited number of local taxonomic experts exist. The analysis of plant-animal interactions as regulatory mechanisms and their importance in the regeneration and maintenance of primary forests (especially timber species), represent a crucial aspect for success of forestry management activities and the recovery of areas with high levels of disturbance (Frumhoff 1995). It is necessary to identify and assess those small mammal groups with a major influence on key ecological processes—including seed dispersion and predation—and pollination of those tree species with a high commercial value. Based on long-term monitoring programs, these evaluations must identify the levels of disturbance beyond which some marsupials and rodents are irreversibly affected (Blockhus et al. 1992; Johns 1992b; see chapter 19). ACKNOWLEDGMENTS We are very grateful to Robert Fimbel for his editorial revision and important suggestions during the elaboration of this manuscript. Lionel Hernández, Rosa
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 Chapter 7
 
 THE CONSEQUENCES OF TIMBER EXPLOITATION FOR BAT COMMUNITIES IN TROPICAL AMERICA Pascual J. Soriano and José Ochoa G.
 
 The wealth of biological diversity in tropical forest ecosystems owes its existence to mutual relationships between species (Gilbert 1980). Some Neotropical forest bats (Chiroptera) are the mobile links in these interrelationships, benefiting plant species that depend on their ecological services for successful reproduction and seed dispersal. The loss of such links may have cascading effects on the health and productivity of tropical forest systems (Terborgh 1986b; Johns 1992a). In Venezuela, for example, approximately 1.3 million hectares of forest were cut in the western lowlands between 1950 and 1975, leading to the severe degradation of the three most important forest reserves north of the Orinoco River (Veillon 1976; Catalán 1993). The long-term ecological ramifications of these actions are virtually unknown, and the capacity of these reserves to recover to a state where they can once again provide a wide range of ecological and social services remains in doubt. Understanding this complex set of interrelationships is a major challenge confronting forest ecologists and resource managers, making management planning for the sustainable use of resources a difficult process (Whitmore 1980; WRI 1990; Thiollay 1992; Mason 1996; Ochoa 1998). Planning and careful implementation of timber-harvesting practices, in an effort to minimize the impacts of logging on forest biodiversity and ecological processes, seldom occur in tropical forests. This failing is, in part, a function of our limited understanding of wildlife and their habitat requirements and the costs involved in obtaining such information (Mondolfi 1976; Ochoa 1992; see chapter 6). There are currently few examples of reasonably complete lists of vertebrates that inhabit these exploited areas (Voss and Emmons 1996), and even fewer studies of the effects of timber extraction on these animals (see other chapters in this section).
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 In this chapter, we explain the taxonomic and functional structure of bat communities in Neotropical lowland forests. We provide a synthesis of the available information regarding the effects of timber exploitation on these bat communities, and propose some management and research priorities that will help to safeguard the biological diversity of Neotropical forest bats in production forest landscapes.
 
 Composition and Structure of the Bat Communities in Neotropical Rain Forests Bat species represent approximately 50 percent of the mammal fauna associated with lowland Neotropical humid forest ecosystems, where between 35 and 65 species are commonly found per major forest type (i.e., Handley 1976; Ibáñez 1981; Mok et al. 1982; Webster and Jones 1984; Jones et al. 1988; Brosset and Charles-Dominique 1990; Ochoa et al. 1988, 1993; Ascorra et al. 1991, 1993; Medellín 1993, 1994, Pacheco et al. 1993; Voss and Emmons 1996). A recent survey carried out in Venezuelan Guayana found over 78 species coexisting in the Imataca Forest Reserve (Ochoa 1995; Ochoa 1997a). It is estimated that between 90 and 110 sympatric species exist in the lowland forests of the Amazon Basin (Voss and Emmons 1996). These communities show a similar taxonomic composition at supraspecific (families and genera) levels (see table 7-1). Inherent limitations in the survey methodologies, however, and a lack of taxonomic specialists mean that most surveys are incomplete and biased in their listing of the actual assemblages (Handley 1967; Voss and Emmons 1996). Only bat species occupying the lower strata of the forest are well represented in samples, while the majority of species in the Molossidae family—which are found above the canopy—are absent (see box 7-1). Box 7-1 Beyond mist-nets: what the rest of the bats can tell us about forests. (Bruce Miller) Determining which species are truly rare is a necessary first step before an assessment can be done of the impact of logging on Neotropic bat communities. Until recently, bat surveys in the Neotropics have been biased by traditional sampling methods—primarily mist-netting— towards the readily captured leaf-nosed bats (Phyllostomidae). Consequently, more is known of the phyllostomids than other families of bats in the Neotropics (Kalko 1997; see this chapter).
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 The important ecological role that leaf-nosed bats (Phyllostomidae) play in seed dispersal and pollination in the Neotropics is widely acknowledged (Findley 1993; see this chapter). The insectivorous bats—primarily the non-phyllostomids—play an equally important role by controlling leaf herbivores, stem and shoot borers, and seed predators. As this important component of Neotropical bat communities has not previously been adequately sampled, we are uncertain what species compositions or population levels exist in most forests. Double-frame harp traps can augment mist-netting surveys by capturing bats that use echolocation to avoid nets (LaVal and Fitch 1977; Voss and Emmons 1996). These traps are double-framed arrays of vertical monofilament lines spaced approximately 2.5 cm apart (with the lines offset). The echolocating bats do detect these lines, but because they are adept at flying through clutter, they simply tilt and fly between the lines of the first panel where they strike the second set of offset lines and fall unharmed into a collection bag under the trap. Although harp traps provide a better means of sampling non-phyllostomids bats than mistnets, they still collect too few samples of many species (Miller 1998). The identification of free-flying bats using their unique vocal signatures (Kalko 1995; O'Farrell 1997; O'Farrell and Gannon 1999; O'Farrell and Miller 1997, 1999; O'Farrell et al. 1999a, b) has allowed the greatest insight into the non-phyllostomid community (Kalko 1995, 1997; Kalko et al. 1996; Miller 1998; H. Schnitzler and E. Kalko, unpublished data). To obtain the highest quality, least-biased inventories, acoustic identification should be combined with other sampling methods such as harp traps and mist-nets (Kalko 1997; Miller 1998; O'Farrell and Gannon 1999). From October 1995 through October 1997, new acoustic sampling techniques were developed during a study of the nonphyllostomid bat community in northwestern Belize. The tropical hardwood forests of the study site reflect more than 150 years of light, selective timber extraction. This extraction ended in the mid-1960s, and most trees in the canopy today are old-growth species with substantial regeneration in the undisturbed understory (Brokaw and Mallory 1993). Nine vegetation habitats (Wright et al. 1959) were surveyed using harp traps and new acoustic methods to evaluate habitat preferences of many species for which little ecological information previously existed. As a result, two species considered rare—Thomas’s bat, or shaggy bat (Centronycteris centralis) (Gardener et al. 1970; Timm et al. 1989) and Van Gelder’s bat (Bauerus dubiaquercus) (Engstrom et al. 1987)—were found to be among the most common species in many forest habitats. This implies that rarity, as defined from studies using mist-nets, may be an artifact of biased sampling and not of actual low population numbers (Gaston 1994; Kalko et al. 1996). In the same study noted above, it was also discovered that C. centralis, Natalus stramineus (Mexican funnel-eared bat), B. dubiaquercus, and Myotis elegans (elegant myotis) appeared restricted to forested areas, suggesting these species may serve as indicators of mature, closed-canopy forests. At a finer level, C. centralis was abundant and M. elegans common in one forest type (Sapote-Silion-Mahogany). In another forest type (Sapote-Ramon-Spice), the reverse pattern was found. As both of these species are suspected tree roosters (Timm et al. 1989; LaVal and Fitch 1977), it may be that a yet unknown tree species association exists. This
 
 155
 
 156
 
 CONSEQUENCES OF TIMBER EXPLOITATION FOR BAT COMMUNITIES
 
 suggests that these bats may serve as indicators of habitat at a much finer level of detail than previously known in two very similar forest types. In most production forests, timber extraction has profound effects on forest structure and bat roost sites (Crampton and Barclay 1996; Grindal 1996; Perdue and Steventon 1996; see chapter 2). In Australia, logging was found to have its greatest impact at the microhabitat level for many bat species (Crome and Richards 1988; Crome et al. 1996). In northwestern Belize, bat species that prefer medium to dense understory disappeared from survey sites after brushing ( 80 cm dbh) one year in advance of road construction, felling, and timber extraction within a sector of the concession. To inventory all trees of the few commercial species, inventory teams cleared a series of primary transects (north-south oriented, 1 km apart, 3 m wide) and secondary transects (east-west oriented, 250 m apart, 1 m wide), forming a lattice that divided the future logging area into 0.25 km2 blocks. Rivers, marshes, and topography were also roughly mapped during the tree inventory to help guide the location of log stock yards, and to design a minimum distance road network to
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 transport logs (see figure 17-2). As road construction and transportation costs comprise the most significant fraction of the costs of logging, systematic inventories are essential if selective logging is to be profitable in northern Congo. Teams of three to five men felled exploitable trees. Prior to felling, trees within the fall path were cleared, as were attached lianas. After trees were felled, they were cut into sections (logs) and dragged by bulldozers along extraction tracks to secondary roads. Although as many as 10 to 15 tree species could legally be exploited within the concession, the cost of transporting cut timber to Pointe Noire and the world price for tropical hardwoods made it economically feasible to extract only the most valuable species: Sipo (Entandrophragma utile), Sapelli (E. cylindricum), Afrormosia (Pericopsis elata), and Wengue (Millettia laurenti).
 
 Assessing the Effects of Logging on Wildlife Canopy Removal Damage to forest canopy increases with: a) the number of trees felled, b) the area damaged at the felling site, and c) the area cleared for secondary and primary roads and log stockyards. Wilkie, Sidle and Boundzanga spent three weeks in the SFAC concession from December 1989 to January 1990, and collected data on these three variables. The total number of trees removed was determined by an examination of the detailed records SFAC keeps of the number of commercial trees felled in each 2 km2 logging block. The average area of canopy lost when one commercial tree was felled was determined by measuring the area of canopy removed at the site of 61 trees felled in 1989. Canopy removal at each site was determined by mapping the perimeter of the area exposed to the sky. Bulldozer trails generally affected stems < 10 cm dbh, and canopy removal assessments above these trails were not made. The average width of forest cleared for both secondary and primary roads was measured. Total length of constructed primary and secondary roads was determined using concession inventory maps and a vehicle odometer. The total surface area of canopy removal due to secondary and primary roads was calculated by multiplying the average width cleared by the total length of roads constructed. The cleared area where logs are stacked prior to transport was also measured at several areas in several logging blocks. The total area of canopy
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 FIGURE 17-2 Road and prospection transects within logging blocks provide hunters with easy access to wild meat in the SFAC concession.
 
 affected by logging (excluding the housing area located at the SFAC base camp) was calculated as the sum of the above factors assessed within each 2 km2 logging sector.
 
 Direct and Indirect Impacts The impact of logging on forest fauna was assessed directly by conducting a series of line transects within the SFAC concession, and indirectly by estimating the average rate of return from hunting within the SNBS and CIB concessions. Direct assessment of wildlife focused on primates and elephants. In general, primates are the most easily seen or heard diurnal fauna, and often decline in relation to the intensity of logging (Skorupa 1986; but see chapter 4) and hunting (Lahm 1994a, b; Fa et al. 1995). Elephant droppings can be observed readily in the forest (Fay 1991). Though duikers are the most commonly hunted animals in the forest, their size, coloration, and behavior patterns make them difficult to census reliably over the short term (Payne 1992). Time constraints, therefore, precluded duiker population density surveys within the SFAC concession. Direct assessment methods were adapted from those used by Hart and Kiyengo (1989) during their brief fauna assessment of the Maiko National Park in the Democratic Republic of Congo (formerly Zaire), and are comparable to those used during other surveys in forested areas of central Africa (Tutin and
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 Fernandez 1984; Fay and Agnagna 1989, Fay et al. 1990; Stromayer and Ekobo 1991a, b, and c). Arboreal primate sightings, nests of terrestrial primates, and elephant droppings were recorded along primary and secondary transects in the yet-to-be-logged 1990 logging sector, skid trails in the 1989 logging sector, active secondary roads in the 1989 logging sector, and abandoned secondary roads in the 1986, 1987, and 1988 logging sectors. A census was also conducted along a trail that connected the Sembe-Ouesso road and the active sections of the concession. Surveys were conducted during the morning and early afternoon. Survey routes traversed a variety of forest habitats, including swamp forest, mixed forest, and monodominant Limbali (Gilbertiodendron dewevrei) forest. For six weeks in 1994, Blake (1994, 1995) used participatory observation to estimate the rate of return (ERR) of local hunters during 40 hunts conducted in the northern section of the SNBS Kabo concession (see figure 17-1). Assuming that all hunters used comparable technologies and modes of travel, and were of equal competence, differences in the estimated rate of return to hunting (measured in kg of game captured per man hour from different areas of the forest) should have reflected differences in animal abundance. Auzel (1996a, b) used the same methods to estimate the rates of return of 223 shotgun hunts conducted in 1995 and 1996 in sections of forest that were zero to 11 years post logging by the CIB concession (see figure 17-1). Blake’s estimated rate of return included travel time, whereas Auzel reported estimated rates of return for hunting time only, and for hunting plus travel time. Like all other methods for estimating animal densities in tropical dense forests, estimated rate of returns are likely to be influenced by possible changes in animal behavior and detectability in logged and unlogged areas. Although variability in hunter expertise may contribute to estimation errors, those errors are likely to be of the same magnitude as those introduced by variances in line-transect observers’ expertise. While estimated rates of return are not error-free, the sources and magnitude of errors and the cost of data collection (particularly when hunter diaries are used) are likely to be less than direct observation methods.
 
 Modeling Hunter Access to the Forest We assume that one major factor facilitating forest resource exploitation is access to the forest. Prior to the establishment of logging con-
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 cessions, anyone interested in exploiting forest resources such as game, honey, or timber had to walk into the forest from the nearest access point (e.g., in the SFAC concession the Ngoko River, or the OuessoLiouesso, Ouesso-Sembe roads), and hand-carry the harvested goods out of the forest. To assess the degree to which establishment of a logging concession increases access to forest, we modeled the impact of road construction and access to logging concession vehicles on the travel and transport costs of hunters within the SFAC concession, using digital geographic information systems (GIS) tools. By digitizing SFAC forest survey and exploitation base maps, which included the primary and secondary road network, the time required for hunters to travel from Pounga on the Ngoko River to all parts of the forest was determined. Travel costs used to generate the travel time pre- and postroad construction were set in minutes/km as follows: primary roads—one minute (i.e., 60 km/hr), secondary roads—two minutes, forest with survey transects—20 minutes, and undisturbed forest—40 minutes. A travel cost surface is generated within a GIS by reclassifying the pixel values (0.16 ha in this study) within a land cover layer (where the value of each pixel represents a land cover class such as forest, river, or primary road) to the time that it takes to travel across each respective pixel. The GIS then uses the travel cost surface to calculate the minimum travel time from any source pixel to all other pixels within the map. We assumed that hunters traveled by concession vehicle along the roads, and by foot within the forest.
 
 Importance of Wild Meat to the Local Economy Auzel and Congolese field assistants collected data between June and August of 1995 and 1996 in three villages: Ndoki (within the CIB concession), Nganzicolo (near the Sangha River), and Toukoulaka (near the Likouala swamp) (see figure 17-1). The 1995 field season was used primarily for qualitative data collection, to train local field assistants, and to habituate human subjects to the presence of the researchers. Data were collected to determine the quantity of wild meat eaten, the proportion sold at regional markets by rural households living within and outside logging concessions, and the value of wild meat sales to rural households. A complete household census was undertaken in 1996 in all settlements other than Ndoki, where 73 percent of all households were surveyed. The importance of wild game to rural populations was determined using irregular interviews of the female head of household
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 (in a sample of five households per village during the period of time that a researcher was resident). Women were asked to recall the composition of the primary meal of the day that they had prepared—or were planning to prepare—for their household. The frequency that animal protein and fresh or smoked wild meat were components of households’ meals was then collated from the interview data. Communitylevel consumption of wild meat was estimated using methods developed in Cameroon (Koppert and Hladik 1990; Dounias et al. 1996). The species, gender, capture method (shotgun, snare, net, crossbow, and bow and arrow), source, destination (domestic consumption or market), and extent of processing (none or smoked) were recorded for all wild meat entering a village during each day that a researcher was resident. An attempt was made to validate destination data by monitoring all wild meat leaving the village, although this approach fails to measure wild meat that was sold and consumed within the settlement. The biomass of captured wild meat was estimated using literature values for the mean weight for each species, and an average carcass butchering weight loss of 40 percent. Consumption estimations obtained with these methods were comparable to those obtained by nutritionists who systematically weighed all food consumed by households (Koppert 1996). The price of each wild meat species that was exported from each settlement was determined by interviewing wild meat traders.
 
 The Effects of Logging on Wildlife Direct Impacts of Logging on Forest Structure and Wildlife Selective logging within the SFAC concession removed, on average, one tree every 6.6 hectares. Sapelli (E. cylindricum) accounted for over 75 percent of all trees felled. A comparison of inventory and logging records showed that over 90 percent of all Sapelli trees that exceeded minimum statutory size limits (> 80 cm dbh) were removed by logging within the SFAC concession. Highly selective logging of tree species that occur at low densities within the forests of northern Congo resulted in less than seven percent of the canopy being cleared. The extent of disturbance at felling sites was likely to be less than that of natural treefalls (Hart et al.
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 1989) because any attached lianas were cleared prior to tree cutting, thus reducing pull-downs of neighboring trees or tree limbs. Reduction in canopy cover was considerably below the 30 percent threshold considered by Skorupa (1986) to adversely affect primate species in a Ugandan forest, and the 38 percent considered by Thiollay (1992) to cause a 25 to 30 percent loss of bird species richness in a Guyanan forest. Canopy removal as a result of one cycle of highly selective logging, as practiced in the SFAC concession, may not, therefore, have major adverse impacts on forest primates and birds. This contention is further bolstered by the fact that commercially exploited tree species in northern Congo are primarily wind-dispersed emergents and therefore are not major food sources for frugivorous primates and birds. In fact, vegetation regrowth that occurs after a logged area is abandoned may increase food availability for folivorous species such as elephants (Fay 1991), gorillas, and duikers (Nummelin 1990; McCoy 1995; Carroll 1996). Almost complete removal of old canopyheight Sapelli trees may, however, adversely affect species-dependent folivores and their predators, and may reduce the availability of some species of caterpillars that are seasonally collected by humans as a food source. Survey results from SFAC indicated a low occurrence of primates (0.15 groups/km) relative to other tropical moist forests of central Africa (see table 17-1). Stromayer and Ekobo (1991b) recorded over twice as many primate groups over a comparable total transect length in the unlogged Boumba Bek (0.32 groups/km) and Mongokele (0.38 groups/km) areas, and almost five times as many primates (0.77 groups/km) in the Lake Lobéké area (Stromayer and Ekabo 1991a) of southeastern Cameroon. Similarly, Fay et al. (1990) recorded much higher densities of primates (0.29 groups/km) in the unlogged NdokiNouabalé region of northern Congo. Gorillas were present and, based on nest counts, interviews with local hunters, and prospecting teams, they were probably in quite high numbers throughout the SFAC concession—particularly in swampy areas that are not logged and were less accessible to hunters (Blake et al. 1995). Gorilla sign was most common at disturbed sites such as alongside abandoned secondary roads. Few elephant droppings were observed and chimpanzee sign was rarely encountered. While the hundreds of kilometers of transects, trails, and roads created within the logging concession facilitated primate censusing, they also allowed easy and systematic exploitation of primates (Pearce and Ammann 1995).
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 TABLE 17-1 West Africa Forest Primate Groups Encountered per km of Transect Surveyed
 
 Location
 
 Forest State
 
 Primate Groups/km Reference
 
 SFAC concession, northern Congo
 
 logged
 
 0.15
 
 Boumba Bek, southeast Cameroon
 
 unlogged 0.32
 
 Stromayer and Ekobo, 1991c
 
 Mongokele, southeast Cameroon
 
 unlogged 0.38
 
 Stromayer and Ekobo, 1991c
 
 Lake Lobéké, southeast Cameroon
 
 unlogged 0.77
 
 Stromayer and Ekobo, 1991a
 
 Nouabalé-Ndoki, northern Congo
 
 unlogged 0.29
 
 Fay et al., 1990
 
 Wilkie et al. 1992
 
 Indirect Impact of Logging Operations on Wildlife Hunting in all three study sites was done primarily with 12-gauge single-barrel or double-barrel shotguns and wire-cable snares. Snares were set most often within a one day walk of settlements, anywhere near logging roads, transects, and tracks, and less frequently in the more distant reaches of the forest not yet inventoried for trees. Shotguns were used both for daytime hunting of arboreal primates, duikers, and pangolins, and at night using a battery-powered lamp to spotlight any game encountered. Animals most commonly observed in settlements were blue (Cephalophus monticola) and red duikers (C. callipygus, C. nigrifrons, and C. dorsalis), brush-tailed porcupine (Atherurus spp.), and the four primates, Cercocebus albigena, Cercopithecus cephus, C. nictitans, and C. pogonias (see photo 17-1). A complete list of species hunted in the SFAC concession is shown in table 17-2. The range of species hunted within concessions was similar to that reported by Mitani (1990) and Bennett-Hennessey (1995). Elephant and gorilla hunting was common in the SFAC concession, and for some hunters it was their primary source of income. Local hunters developed a technique for hunting elephant with shotguns rather than 0.458 caliber rifles, dramatically increasing the number of hunters able to kill elephant. The technique used spent shotgun cartridges that were recharged with a double shot of powder and a solid round of lead or machined steel. Although Congolese law (No. 48/83 of April 21, 1984) prohibits spotlighting, and the use of nontraditional material (wire cable) in the
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 PHOTO 17-1 Typical daily catch of primates and duikers by wild meat hunters in the SFAC concession. (D. Wilkie)
 
 construction of snares, both techniques were openly employed and were acknowledged as the most common, preferred, and effective techniques for obtaining game. The number of spent shotgun shells observed along forest trails (0.24 cartridges/km) demonstrated the intensity of hunting with firearms within the SFAC concession. Cartridge counts actually underestimate hunting pressure because not all cartridges on the trail are located by the observer, and hunters who follow trails, transects, and roads often leave them to discharge their weapons. An examination of the differences in rates of return to hunting in the SNBS Kabo concession quantitatively shows the impact of hunting on forest fauna, and emphasizes the role logging companies play in facilitating and participating in hunting (see table 17-3). Daytime shotgun hunts conducted on foot from settlements located outside of the SNBS concession resulted in an estimated rate of return (ERR) that is higher than for hunts conducted on foot from within the concession (1.9 kg/man-hr versus 1.3 kg/man-hr). This suggests that animals are more abundant outside of the concession. The ERR for hunters using concession roads and motorized vehicles to travel deep into the forest was also higher than for hunts conducted on foot from settlements within the concession (daytime hunts—1.9 kg/man-hr versus 1.3 kg/ man-hr; nighttime spotlighting—3.7 kg/man-hr versus 2.0 kg/man-hr).
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 TABLE 17-2 Animals Captured by Hunters in the SFAC Concession Latin Name
 
 Common Name
 
 Cercocebus galeritis
 
 Crested mangabey
 
 Cercocebus albigena
 
 Grey-cheeked mangabey
 
 Cercopithecus nictitans
 
 Greater white-nosed monkey
 
 Cercopithecus cephus
 
 Moustached monkey
 
 Cercopithecus pogonias
 
 Crowned guenon
 
 Colobus guereza
 
 Black and white colobus
 
 Manis tricuspis
 
 Tree pangolin
 
 Atherurus spp.
 
 Brush-tailed porcupine
 
 Cricetomys emini
 
 Giant rat
 
 Genetta servalina
 
 Small spotted genet
 
 Crossarchus spp.
 
 Dark mongoose
 
 Felis aurata
 
 Golden cat
 
 Panthera pardus
 
 Leopard
 
 Potamochoerus porcus
 
 Bush pig
 
 Boocercus euryceros
 
 Bongo
 
 Tragelaphus spekei
 
 Sitatunga
 
 Cephalophus monticola
 
 Blue duiker
 
 Cephalophus sylvicultor
 
 Yellow-backed duiker
 
 Cephalophus dorsalis
 
 Bay duiker
 
 Cephalophus callipygus
 
 Peter's duiker
 
 Cephalophus nigrifrons
 
 Black-fronted duiker
 
 Hyemoschus aquaticus
 
 Water chevrotain
 
 Python sebae
 
 Rock python
 
 Varanus spp.
 
 Monitor lizard
 
 These data demonstrate that animal densities increased with increased distance from settlements, and that hunting at night with a spotlight was more efficient and intensive than simple daytime shotgun hunting. If we assume that logging results in overexploitation of forest fauna during the period that timber is being surveyed and extracted, but that post-exploitation populations will recover, then expected rates of return should show a U-shaped distribution in relation to time since logging. Auzel’s data from the CIB concession did not, however, show a relationship between rates of return and the number of years since logging. One site that had been logged 12 years previously and was isolated from vil-
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 lages and roads showed an estimated rate of return of 8.49; almost twice that of the next most productive site. Although this single case suggests recovery from logging-facilitated hunting, other sites that had been logged 10 to 13 years prior to the study did not show higher than average return rates (range 1.49–4.81 kg/man-hr; this study). A higher estimated rate of return outside of concession areas and with increasing distance from concession settlements indicates that hunting within concessions reduced game densities, and they may be unsustainable during the time that the area is being logged. Shotgun hunting appears to result in reduced rates of return in areas of forest that were hunted regularly. This should not be surprising as rates of return to shotgun hunting are seven to 25 times higher than for hunts using traditional weapons (Wilkie and Curran 1991) such as bows (0.12 kg/man-hr) and nets (0.18 kg/man-hr). Hunters themselves commented, “It will be good when SFAC opens up a new logging area, because then there will be more game; the forest around Pounga is empty.” The impact of intensive shotgun hunting in the CIB concession is shown in figure 17-3. ERR for hunters declined by more than 25 percent over a three-week period, when hunters were forced to return to exploited areas as they waited for a logging bridge to be built and new areas of the forest to be opened up for hunting.
 
 Access to the Forest Between 1986 and 1987 in the SFAC concession, over 60 km of primary roads and 80 km of secondary roads were constructed, and over 3,000 km of primary and secondary transects were cut within the forest. Road construction and access to transportation on logging vehicles cut the average distance that hunters had to travel from an access point (i.e., a river or a logging road) to any section of forest within the 1986 to 1987 logging sectors (see figure 17-2) from 9.2 km (max 34.6 km) to 360 meters (max 3.1 km). Average round-trip travel time for hunters declined from 12 hours (max 46 hours) to under two hours (max eight hours). What was once a three- or four-day trip for a hunter on foot to reach and hunt the farthest tracks of the forest (within the 1986 to 1987 logging sectors), had become a one-day event once logging roads and logging vehicles were available.
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 TABLE 17-3 Impact of Transportation and Hunting Method on Estimated Rate of Return (ERR) Transportation ERR (kg/man-hr)
 
 Hunting Method
 
 Location
 
 Daytime shotgun
 
 Outside concession Walking
 
 1.9
 
 Daytime shotgun
 
 Inside concession
 
 Walking
 
 1.3
 
 Daytime shotgun
 
 Inside concession
 
 Logging vehicle
 
 1.9
 
 Nighttime spotlight
 
 Inside concession
 
 Walking
 
 2.0
 
 Nighttime spotlight
 
 Inside concession
 
 Logging vehicle
 
 3.7
 
 9.00 8.00 7.00
 
 Kilograms
 
 6.00 5.00
 
 ERR (kgs/man-hr) Running Average
 
 4.00 3.00 2.00 1.00 0.00 20- 21- 24- 26- 27- 28- 30- 8- 11- 12Jun- Jun- Jun- Jun- Jun- Jun- Jun- Jul- Jul- Jul95 95 95 95 95 95 95 95 95 95
 
 13- 14Jul- Jul95 95
 
 15- 16Jul- Jul95 95
 
 FIGURE 17-3 Declines in hunting success (ERR or estimated rate of return from hunting) in a forest block over time.
 
 Value of Wild Meat to Local Economies Wild meat consumption in three villages within the CIB logging concession ranged from 0.16 to 0.29 kg/person/day. These data are within the range reported by Koppert and Hladik (1990) for forest hunter-gatherers (0.29 kg/person/day), by Anstay (1991) for rural Liberians (0.28 kg/person/day), and for foragers (0.16 kg/person/day) and farmers (0.12 kg/person/day) in the Ituri forest of Zaire (Wilkie et al. 1998). Residents of the most logging-integrated settlement, the Ndoki camp, ate the most wild meat (0.29 kg/person/day), and captured in
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 absolute terms the most wild meat in comparison to two villages that did not have logging employees (see table 17-4). Wild meat captured per capita in the Ndoki camp, however, was not unlike Nganzicolo— with access to logging roads and vehicles (0.35 vs. 0.35 kg/person/day respectively)—and was over twice that of Toukoulaka (0.17 kg/person/day), which is isolated from roads and markets. Most interesting is the contrast between the isolated settlement of Toukoulaka and the settlement of Nganzicolo, which has access to roads and markets. Toukoulaka eats about as much wild meat per capita as Nganzicolo (0.16 vs. 0.17 kg/person/day respectively), but trades only five percent of the animals it captures, and hunts only half as intensively. It appears that the Nganzicolo households focus on wild meat hunting and marketing is based on a combination of access to markets and absence of logging-based salaries. In summary, logging company employees (i.e., salaried individuals) eat more wild meat than their village counterparts both in absolute and relative terms, but sell less than those households that have equal access to markets. Households not employed by the logging company, but that have access to market, eat no more wild meat than the residents of isolated villages, but they hunt more intensively and market a much higher proportion of all game captured. Both the logging camp village and the village on the Sangha had access to markets for wild meat, and on average sold between 36 to 52 percent of all wild meat captured, generating income of U.S. $0.7 to 0.8/household/day. In 1989, SFAC employees made between U.S. $4– 12/day. For nonlogger families, wild meat sales generate income that is only six to 20 percent of the average logger’s wage. TABLE 17-4 Bush Meat Captured and Eaten by CIB Concession Villages
 
 Settlement
 
 Access to Survey Loggers market Population days
 
 Bush meat captured (kg/ Bush meat person/ eaten (kg/ day) person/day)
 
 Ndoki
 
 562
 
 Yes
 
 0.45
 
 Nganzicolo
 
 114
 
 43
 
 No
 
 Yes
 
 0.35
 
 0.17
 
 Toukoulaka 197
 
 38
 
 No
 
 No
 
 0.17
 
 0.16
 
 58
 
 Yes
 
 0.29
 
 DEFAUNATION, NOT DEFORESTATION
 
 391
 
 Logging Roads, Logging Trucks, and the Wild Meat Trade Market hunting, whether using traditional (bows, crossbows, nets, and dead-fall traps) or modern methods (firearms and wire snares), lowers the densities of exploited fauna (Freese 1996). Even domestic wild meat consumption can potentially result in overexploitation of forest fauna (Alvard 1994; Wilkie et al. 1998). In the absence of logging, the scale and impact of market hunting is limited by hunters’ access to the forest and the relatively high costs of transporting wild meat to the market (Lahm 1994a). Logging operations dramatically overcome these constraints through the creation of tree inventory transects and primary and secondary roads that provide hunters access to the furthest reaches of the forest, and by transporting market hunters’ wild meat on logging vehicles. Data from these studies suggest that if logging company-facilitated market hunting is not curbed, the future of K-selected animal populations (slow-reproduction) within concessions in central and west Africa is bleak—particularly when logging occurs as an advancing wave, leaving no undisturbed areas of forest in its wake. The presence of concessions in the area certainly augmented the market for meat. Employees and their families, the majority of which are local residents (other than technical staff), were not only consumers of game, but many also became game traders. People used their concession salaries to buy shotguns (that were legally available) and/or ammunition, which were then given to BaNgombe (pygmy) hunters in return for game. This game was subsequently sold for a substantial profit. Though wild meat was sold locally, Ouesso and ultimately Brazzaville and Pointe Noire were the major sources of demand (Stromayer and Ekobo 1991c; Assitou and Sidle 1995). Several hunters said that they preferred trading their meat at Ouesso as it commanded a far higher price than at SFAC or other nearby concessions. In addition to providing a market for meat, the concessions provide hunters with easy access to large areas of the forest, and a means of transporting game to market. The system of transects in a logging area provided hundreds of kilometers of easy access. Abandoned and active roads function similarly, unless the former is properly barricaded (limiting vehicles, but not walking access). Logging vehicles are routinely used to transport hunters, weapons, and wild game. SFAC boats are used to transport fresh or smoked game to Cameroon, and downstream to Ouesso, where hunters received at least double what they would sell the meat locally (Bennett Hennessey 1995). Qualitative
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 observations from typical days in the Congo concessions (see box 17-1) illustrate how logging companies often facilitated poaching by employees and non-employees. Succinctly, systematic commercial exploitation of the forest for timber results in systematic commercial exploitation of the forest’s fauna, leading to a dramatic reduction in game animal densities (Assitou and Sidle 1995; Eves 1995). Box 17-1 Qualitative observations of timber concession personnel facilitating wildlife hunting. All three concessions facilitate hunting by transporting hunters and game on concession vehicles. For example, SNBS actively promotes hunting by organizing a weekly hunt on Sundays to provide meat for concession workers. Over 20 hunters with shotguns participate in the SNBS Sunday hunt that takes hunters as far as 80 km into the forest from the concession base camp. In the SFAC concession, vehicles leave the Pounga compound each day, taking workers out to the active logging area. On the way, each vehicle typically picks up one or more BaNgombe pygmies and shotguns. The shotguns’ owner, a SFAC employee, gives three shotgun shells to the hunter with instructions to kill three animals—most often primates or duikers. The gun owner receives two animals and the hunter the other. At the end of the day, the hunter and game are transported in a SFAC vehicle back to Pounga or another nearby village, where the game is smoked or otherwise prepared for shipment out of the concession to Cameroon (or downstream to Ouesso). Rarely did we see a vehicle returning to Pounga at the end of the day that was not carrying a load of game meat (see box photo 17-2). CIB moves logs from Pokola to the Sangha River north of Ouesso by truck, then by ferry to Sucambo in Cameroon, and then along the road to Douala. CIB trucks, traveling between Pokola and the Sangha loading dock, almost always carry passengers and wild meat. In late 1998, CIB entered into a formal agreement with the Wildlife Conservation Society to stop the export of wild meat from their Kabo concession in northern Congo. CIB appears to be committed to the agreement as it has already fired two truck drivers for transporting wild meat. On a trip across the river to Cameroon, the departure of a SFAC log canoe was delayed until a SFAC employee with two shot monkeys arrived. On our departure trip to Ouesso, five freshly killed blue duikers were transported in the pirogue. Sacks of fresh game meat accompanied our flight from Ouesso to Brazzaville. SFAC vehicles make the rounds of primary and secondary roads during the early morning and evening to pick up game shot by local hunters. SFAC roads and vehicles are also used to facilitate hunting at night. The above qualitative observations highlight the logging company’s facilitation of market hunting.
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 BOX PHOTO 17-2 SFAC logging vehicle being used to transport wild meat from isolated sections of the concession to Pounga on the Ngoki River. (D. Wilke)
 
 Recommendations to Limit Logging-Facilitated Hunting Hunting provides an essential source of protein and a major source of income for the inhabitants of logging concessions (6–40 percent of household revenue). Facilitated by the concession infrastructure and transportation, market hunting has become a serious threat to the region’s wildlife. Since the data for this paper were collected, logging has become progressively less economically viable in northern Congo, and SFAC and several other companies have gone bankrupt and their concessions have been closed. Logging is continuing in other regions of Congo and in other central African countries. Our recommendations, though based on our understanding of three logging operations in northern Congo, appear generally applicable to most logging concessions throughout central and western Africa, where logging practices are comparable. Given the importance of hunting to local household economies, and the fact that the market for wild meat is primarily in urban centers, strategies to reduce incentives for (and the impact of) market hunting
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 will have to address economic, demand, and law enforcement issues (Wilkie 2001).
 
 Supply-Side Mitigation Options The importance of wild meat to the diet and income of forest dwelling families, the huge areas of forest involved, and the shortage of well-paid (i.e., less corruptible) forestry officers are likely to preclude the use of command and control measures to limit market hunting outside of logging concessions. Some options do exist, however, for controlling hunting within the networks of logging concessions. Using Conservation Bonds Command and control measures may work, within the confines of logging concessions because logging companies could be required to pay for sufficient numbers of incorruptible law enforcers, and to provide them with the transportation and equipment necessary for monitoring hunting. Wildlife law enforcers should not be paid directly by the logging concessions. Instead, the companies should be required to post a bond, paid to the appropriate government ministry, for an amount indexed to the area of forest to be exploited that year. These monies would be earmarked for natural resource conservation within logging concessions, and could only be used to support forestry and wildlife law enforcers, and plant and animal surveyors who are stationed in logging concessions. Repayment of the bond to the logging concession could be indexed to the ratio of pre- and postlogging game survey figures, with the highest rebates occurring at parity. If the bond was set high enough, logging companies might comply with recommendations that wildlife and firearms laws of the country be respected by personnel of logging companies, and that vehicles, roads, facilities, and company time should not be used to support poaching. Using a logging company, bond-financed fund—earmarked for natural resource conservation within logging concessions—would allow the development of wildlife management plans and a regulated harvest of forest protein. A conservation bond would also help strengthen Congo’s capacity and institutions to enforce wildlife protection, as Verschuren (1989) urges. This approach will, of course, only work if a) the logging companies do not attempt to bribe forestry and wildlife officers, and
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 b) the forestry ministry establishes and enforces wildlife conservation bond legislation and uses the earmarked fund appropriately. Logging companies may be persuaded to comply with conservation measures associated with paying a conservation bond, if consumer demand for green-labeled timber was sufficient to significantly alter their profit margins (see chapter 26). A recent study by CIFOR (D. Kaimowitz, personal communication), however, demonstrated that although several logging companies in Central and South America improved their market positions by selling certified wood, there was no evidence that timber purchasers were willing to pay substantially higher prices for certified timber. Curbing the Transportation of Wild Meat An alternative or additional approach to regulating hunting is to control the shipment of wild meat from the concessions to the point of sale, which is illegal according to Congolese law (Loi No. 48/83; Decret No. 85/879). This directly impacts the profitability of market hunting, which is largely determined by access to—and the cost of— transportation. When CIB started transporting logs to Douala (Cameroon) from the Sangha River port at Sucambo (near Ouesso), wild meat from Cameroon soon comprised over 13 percent of the game sold in Ouesso markets (Bennett Hennessey 1995). A dispute between the trucking company and the concession, however, halted traffic from Congo through Cameroon, resulting in the temporary collapse of the wild meat market and the closure of hunting camps that border the roads during August 1995 (Pearce and Ammann 1995). Wild meat marketing is, therefore, a risky business. If the truck does not arrive to ship meat to the market, the hunters’ produce may rot and become worthless. The key to reducing market hunting is, therefore, curbing transportation of wild meat on logging vehicles, and could be accomplished using roadblocks for wild meat (an incorruptible constabulary is not an absolute necessity as described below), associated with conservation bonds or green-labeling. Wildlife Conservation Society and the CIB concession have recently signed an agreement with the government of Congo to halt exportation of wild meat from the CIB Kabo concession in northern Congo. This agreement signifies the first test of the approaches suggested above.
 
 396
 
 DEFAUNATION, NOT DEFORESTATION
 
 Demand-Side Mitigation Options Rather than looking solely toward supply-side command and control measures to reduce the supply of wild meat, mitigation efforts might focus more on altering household demand for wild meat. Assuming that demand for wild meat is elastic, consumption of wild meat will decline if the price of wild meat rises relative to substitutes. Preliminary results from a comparative study of the income and price elasticity of wild meat demand by forest farmer-hunters in Bolivia and Honduras show that a) demand follows an inverted U-shaped curve with increasing household income, and b) that a one percent reduction in the price of beef is associated with an eight percent reduction in the consumption of wild meat (R. Godoy, personal communication). Manipulating the Price of Wild Meat Though wild meat could be confiscated at roadblocks or in local markets, taxing the transportation of wild meat (at roadblocks and/or in markets) is likely to be a more effective approach to increasing the scarcity and thus the price of wild meat. Taxes should be targeted at the wild meat traders, and set at a value per kilo that exceeds the price differential between wild meat and chicken sold in urban markets. Wild meat does not need to be confiscated at roadblocks because, as the costs of taxes are transferred to consumers, the price of wild meat will rise above that of substitutes driving down demand for wild meat. Not confiscating wild meat avoids the need to dispose of the game in a way that: a) does not encourage corruption (assuming that guards are not going to purloin the taxes), and b) prevents the sale of confiscated game at reduced prices, thus fueling demand. Corrupt guards could sell confiscated meat at lower prices than that of wild meat traders because with zero costs any price constitutes pure profit. As traders’ costs increase with taxation (even if guards steal the tax monies or impose lesser “fines”), their profits will fall if wild meat consumption is elastic. As demand and profits fall, the price that traders are willing to pay hunters will decline and the income-generating incentive for hunting will also decline. Setting the wild meat tax at over double the price differential per kilo attempts to mitigate cultural preferences for wild meat and consumer willingness to pay a price premium for wild meat. Market prices of wild meat and domesticated alternatives should be monitored regularly so that the level of taxation can be maintained high enough to curb consumer demand for wild meat.
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 Reducing wild meat sales through taxation may have an adverse impact on local economies dependent on market hunting if, as we hope, consumers switch to buying the meat of domesticated animals. The costs of transportation will also make it unlikely that isolated rural communities can market domesticated animals at prices competitive with animals raised closer to centers of demand—assuming that livestock food prices are comparable. To compensate local communities for the loss of revenue-generating opportunities associated with a tax on wild meat transportation, the portion of taxes remaining after interdiction costs are paid for could be returned to the local community in the form of social services. Admittedly this assumes legal authority and political will to return taxes to local communities, and is not equitable as individual hunters pay the full cost of the tax yet only receive a share in the percentage returned to the community. Providing Substitutes: Small-Livestock Production Cane rat (Thyronomys swinderianus) and giant rat (Cricetomys emini) production is possible using domestic food scraps and agricultural waste (Asibey 1974; Tewe and Ajaji 1982; Jori and Noel 1996). Promoting small domestic animal production, such as rabbit-raising, has proven effective in Cameroon in areas were wild meat is already scarce (HPI 1996a, b). Several pilot projects are underway in Gabon to raise cane rat, brush-tailed porcupine, and bush pig/domestic pig hybrids to reduce the demand for wild meat in cities (Steel 1994). Small-game raising activities are also part of a UNDP/GEF project in Gabon that focuses on the commercial use of forest flora and fauna (Steel 1994). Raising small, domesticated animals such as rabbits is attractive in that methods of husbandry and veterinary care are wellknown. Domestic animals are also generally more productive than other wild counterparts. Feer (1993) argues that pigs, zebu cattle, cane rats, and duikers exhibit a decreasing scale of meat productivity, with pigs being most productive and duikers being the least. Consequently, it makes more sense to promote pig or cane rat production—both of which are relatively well understood—than to attempt to raise duikers for meat. Consumer tradition and tastes, however, may prefer wild meat over the meat of domestic animals. Steel (1994) found in Libreville, Gabon that the average price for the most popular wild meat species was $3.7/kg—over 1.6 times the price of the most popular cut of beef. In contrast, Gally and Jeanmart (1996) found that the price of wild meat per kilo was 0.10 to 0.25 times the price of available substi-
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 tutes (i.e., goats, chickens, and caterpillars) in three markets in Cameroon, Congo, and the Central African Republic. Rabbit, porcupine, or cane rat rearing as an alternative to wild meat hunting is unlikely to be successful, however, if the labor and capital costs of production exceed the costs of wild meat hunting (i.e., when game becomes too scarce to be worth searching for) and marketing. Of course, if domestic production of meat only becomes economically viable after wild game have become so scarce as to be unprofitable to hunt, the strategy is clearly ineffective as a conservation measure. This is why it is important to institute a wild meat tax to reduce the price differential between domestic meat and wild meat. Small-domestic animal raising should be promoted in peri-urban areas in an attempt to lower demand for wild meat (Jori and Noel 1996). To encourage game raising—even if the wild meat hunting/ domestic production cost ratio favors hunting—could be promoted as a child health and development measure rather than as a game management initiative. Promotion of small-game raising in peri-urban areas will, of course, disrupt the flow of economic benefits from urban consumers to poor rural producers of wild meat. Depending on the proportion of rural households involved in wild meat marketing, and the contribution of wild meat sales to household income, demandbased approaches to controlling wild meat hunting may warrant short-term interventions to offset their adverse impacts on the living standards of the rural poor.
 
 Role of Donors and Conservation NGOs Congo remains bankrupt with massive unemployment, and ranks in the top ten of the poorest nations. Regardless of whatever solutions to wild meat overexploitation are selected, it does not appear that Congo can afford them without external aid, and requests for assistance are inevitable. Even areas devoted to wildlife conservation, such as the Nouabalé-Ndoki and Odzala national parks, are completely subsidized by external funds. They would collapse in the absence of foreign aid. The Léfini Reserve, Congo’s oldest protected area close to Brazzaville, is essentially unprotected and poaching is rampant. The reserve, within a few hours drive of the headquarters of Congo’s Direction de la Conservation de la Faune in Brazzaville, waits for foreign assistance. The upshot is that whether one is discussing problems and potentials for Congo wildlife conservation—inside or outside protected areas—log-
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 ging concessions, or elsewhere—foreign involvement appears to be a perpetual undertaking. International donors and conservation NGOs should focus their efforts on:
 
  Using the media to place pressure on European companies to ensure that their logging subsidiaries comply with national forestry and wildlife laws
 
  Conducting surveys of market hunting in logging concessions throughout the region
 
  Establishing whether consumer demand for green-labeling of timber harvested from concessions that conserve wildlife would raise profit margins sufficiently to offset the costs that concessions would incur to stop wild meat hunting
 
  Training national wildlife conservation officers and biologists to conduct field censuses of plants and animals, and to monitor domestic and market hunting within logging concessions
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 RESEARCH TO INTEGRATE FOREST MANAGEMENT AND CONSERVATION
 
 Our understanding of the direct and indirect effects of forest management practices on wildlife (parts I through III) is very incomplete because of the limited number of studies in this field, and problems associated with their experimental designs. In this section of the book, contributors address how applied research efforts should be focused to achieve ecological and economic sustainability of our natural resources. Discussions range from improvements in experimental designs to a demonstration forest model where reduced impact logging practices, protected area networks, and silvicultural systems based upon natural disturbance models are evaluated and refined. The recommendations suggest avenues to conserve wildlife in future forestry practices. Specific approaches to reduce the environmental impacts associated with timber harvesting are addressed in parts V and VI.
 
 Forest Research Programs to Conserve Wildlife in Managed Tropical Forests In chapter 18, Andrew Grieser Johns reviews the experimental designs used in research studies examining the impacts of logging systems on wildlife and their habitat. His findings suggest that the effects of many important forest management systems have not yet been studied, and where they have, there is a great inequality in their scope and geographical distribution. Most studies also describe differences in species composition between areas of forest with different logging histories. Such comparisons may identify broad changes at the level of species assemblages or guilds, but may have very low utility at the level of individual species since they cannot control for spatial heterogeneity within tropical forests. This is important because differences due to spatial heterogeneity are frequently greater than changes caused by the logging process. Finally, few studies demonstrate causal relationships between species abundances and habitat changes resulting from logging. The author concludes chapter 18 with a call for longterm monitoring under conditions where spatial heterogeneity is accounted for in the design. In chapter 19, Robert Fimbel, Elizabeth Bennett, and Claire Kremen close part IV by discussing a two-level approach to assessing the direct and indirect impacts of timber harvesting practices on wildlife. At the major forest type level, a design is presented for a model demonstration forest where reduced impact logging practices, protected area net-
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 works, and silvicultural systems based upon natural disturbance models, are evaluated for their wildlife conservation values. Other aspects of sustainable forest management, such as financial costs/benefits and growth-and-yield, are also appraised at these sites. A complementary research program, using rapid, low-intensity studies of forestry impacts on wildlife (the second level of the design), is proposed for the numerous harvest sites occurring throughout a major forest type. The goal of this latter approach is to provide immediate feedback to resource managers on the impacts associated with their prescriptions. The chapter closes with a discussion of the obstacles and opportunities influencing the adoption of these forestry research programs.
 
 The Road to Sustainable Forest Management and Wildlife Conservation Through Research A resounding message from the contributors to this section, and others throughout the volume, is the need to advance efforts to achieve sustainable forest management. Sustainable forest management, by definition, conserves wildlife species and their habitats. To promote these practices in all major forest types where the conservation of native fauna and flora is considered of equal importance to the production of timber products, resource managers need to better understand the environmental impacts and economic options associated with forest management practices. In the absence of this knowledge, old paradigms of forest domestication and conversion will continue to dominate silvicultural prescriptions, with subsequent losses in tropical forest biodiversity. The demonstration forest and concession level studies proposed by Fimbel and his coauthors (see chapter 19) incorporate the replicated, long-term, pre- and postharvesting design proposed by Grieser Johns (see chapter 18) and others in this volume, in an effort to clearly identify the response of wildlife to harvesting practices. This framework also compares silvicultural prescriptions to natural disturbance events (see chapter 22), evaluates the contributions of reduced impact logging (see chapters 21 and 24) and protected area networks (see chapter 23) to wildlife conservation, and assesses the economics associated with these management practices (see chapter 28). Finally, the potential of the demonstration forest as a training center and a catalyst for input by local stakeholders (see chapter 19) offers a unique opportunity to
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 unite all participants in the sustainable forest management/wildlife conservation process. The challenge facing conservationists is to find a way to implement this comprehensive research, support training of forest staff, and enhance institutional capability to incorporate the research data into forest management policy.
 
 Chapter 18
 
 NATURAL FOREST MANAGEMENT AND BIODIVERSITY CONSERVATION Field Study Design and Integration at the Operational Level Andrew Grieser Johns
 
 Until the beginning of the 1980s, it was a maxim of practical conservation that areas of disturbed tropical forest were not considered useful in maintaining biodiversity (Johns 1985). This attitude has changed very rapidly. Following the study by Johns (1983b), which illustrated the potential for retention of biodiversity in managed rain forests, there has been a movement toward the development of ecological guidelines for the management of tropical forests that incorporate biodiversity conservation measures (e.g., Poore and Sayer 1987; Blockhus et al. 1992; Dykstra and Heinrich 1994; Sist et al. 1998a, b). These guidelines tend to reiterate the general principles of low-damage, polycyclic management systems (particularly the Queensland selective management system—see Part V of this volume for a review of this system and other reducedimpact logging practices). While providing a framework for the development of improved forest planning and implementation—which can be elaborated on a site-by-site basis by suitably trained foresters—current reduced-impact logging guidelines do not provide specific prescriptions for biodiversity retention. The introduction of specific actions to promote biodiversity retention within best-practice tropical forest management strategies has occurred rarely to date, except in Australian forests. This condition is a function of several factors, of which the most important are the lack of:
 
  Knowledge related to the ecology of tropical organisms and how they respond to logging
 
  Political will for change  Suitably trained foresters to oversee the changes  Control of the forest resource by foresters
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 This situation is changing, albeit slowly, with a growing trend toward privatization of forestry departments (e.g., ODA/FRR 1996), political reform, and retraining to satisfy new and greener tropical timber markets. Applied ecological research on the effects of logging on tree regeneration and growth has provided information of direct interest and benefit to forestry (e.g., Brown and Press 1992) and is being taken up, or has the potential to be taken up, in field operations (Pinard et al. 1995). So far, biodiversity studies have, to a much lesser extent, been conducted and presented in a form that allows their incorporation into field planning or harvesting methodologies (Grieser Johns 1997). The inability of biodiversity conservation research to take its place in shaping tropical forest management strategies urgently needs to be addressed. This should be approached in two ways. First, the design of research projects needs to be reexamined to provide more data of direct relevance to forest planning and management, in a form usable by forest managers. Second, research needs to be directed to areas where it is likely to be incorporated into forest policy.
 
 The Effects of Logging on Tropical Forest Biodiversity— Past and Present Field Studies The geographic distribution of studies of the interaction between tropical forestry and biodiversity has been rather uneven. Most early studies were located in Australia and southeast Asia (see figure 18-1), but with a recent expansion into East Africa and the Neotropics. This parallels, to a large extent, the focus of intensive logging activity and the extent to which forestry authorities are willing to embrace conservation-related research programs (Bruenig 1996).
 
 Past Studies of Logging and Biodiversity Intensive logging of tropical forests dates back to at least the development of power saws and dedicated hauling and transport machinery in the 1940s and 1950s (Grieser Johns 1997). The earliest studies addressing the issue of logging impacts on tropical plant and animal species tended to consider the effects of clear felling of forest (e.g., McClure and Othman 1965). This remains an important focus, partic-
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 FIGURE 18-1 Locations of research studies on the effects of timber logging on tropical and subtropical forest biodiversity. Studies are according to a bibliography prepared by the author and available from the author on request.
 
 ularly in Australia, and is well researched in that country (Saunders et al. 1987). Clear felling as a forestry option is not widespread in the tropics (see photo 18-1), although there are some notable exceptions (e.g., Gogol in Papua New Guinea: Lamb 1990). In most tropical forests, selective felling systems are applied. The impacts of selective felling on specific animal groups began to be investigated in the 1970s (e.g., Pattemore and Kikkawa 1974; Kemp and Kemp 1975; Wilson and Wilson 1975; Asibey 1978). The early studies, and indeed most since, have been short-term surveys using comparative sampling of unlogged forests and forests logged at some previous stage. Many studies were opportunistic, taking advantage of logging activity in the region of established primary forest research sites to produce comparative data. Research of this type usually examined differences in the abundance of animals in different forest types. While the accuracy of sampling methodologies and the statistical treatment of results has improved markedly over the last 20 years, such studies remain prone to severe sampling biases (see part V). A development of the above approach has been to conduct detailed ecological research comparing the ecology of selected species within unlogged and logged sites. Research of this type has been undertaken in a number of sites, notably the Kibale Forest and Budongo Forest of Uganda (Skorupa 1986; Plumptre et al. 1994; Struhsaker 1997) and Ulu Segama Forest Reserve of Sabah (Marshall and Swaine 1992). Studies of this type require a detailed knowledge of the felling operations (numbers and types of trees cut, subsequent damage levels, etc.) as a foundation on which to build a discussion of the implications of forestry on animal species. Results are difficult to interpret if forestry data are inaccurate or absent (this is a particular problem in the Kibale Forest studies: Grieser Johns 1997). Studies of this type, however, can
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 PHOTO 18-1 Large-scale clearcut in Malaysian forest. (R. Z. Donovan)
 
 produce useful information where they are able to correlate changes in animal abundances with changes in the vegetation resulting from defined forestry practices (e.g., Plumptre and Reynolds 1994).
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 Present Studies of Logging and Biodiversity The optimal design for logging-biodiversity research studies is to survey the fauna and flora of a forest prior to the onset of logging, and then to monitor the long-term responses of the plant and animal communities subsequent to logging (see chapter 19). Very few such studies (here referred to as long-term monitoring studies) have been established, however, because of the time and financial commitment involved. Johns (1983b) established the first such study at Tekam in Peninsular Malaysia. This remains one of the most detailed works of its kind. During the 1980s and 1990s, however, a number of additional before/after logging studies were undertaken—some incorporating the monitoring of biodiversity recovery (e.g., Crome and Moore 1989; Crome 1991; White 1992; Plumptre et al. 1994; ADB 1994; ODA 1995; Dahaban 1996). It will always be argued that studies of this type take too long and are overtaken by events (improved or changed management systems, etc.). In fact, this was already being argued in the late 1970s when Johns (1983b) began the work at Tekam. The fact remains that studies of this type produce results extremely useful to planners and forest managers. Research programs have recently been proposed or established at a number of sites, with the specific aim of providing biodiversity information for incorporation into improved or reduced-impact logging practices (e.g., ADB 1994; ODA 1995; Lee et al. 1998). These programs aim for interlinkage between management and research on habitat requirements for plants and animals (of the type successfully developed in the sub-tropical forests of Australia: e.g., Lindenmayer et al. 1993; Kavanagh and Bamkin 1995). Unfortunately, the research conducted by most of these donor-funded programs is short-term, intersite comparative work, rather than the long-term monitoring required to produce definitive results.
 
 Research and Its Application to Forest Management There are a number of problems affecting the establishment of improved tropical forest management (see box 18-1). In particular, better training of forest staff is required at all levels and institutional capability requires general improvement (see photo 18-2). Forestry institutions need an increased capacity to research, develop, and man-
 
 410
 
 NATURAL FOREST MANAGEMENT AND BIODIVERSITY CONSERVATION
 
 age improved harvesting systems (Palmer and Synnott 1992). The incentives for improved forest management also need to be shared equitably—a crucial criterion in this respect is that political and economic leaders set examples of high ethical and moral standards (Bruenig 1996). Box 18-1 Principal problems preventing the establishment of efficient tropical forest management (after Grieser Johns 1997).
 
  Insufficient reinvestment in the resource. Concession agreements and
 
 taxation/fee structures generally do not offer incentives for investment in the long-term productivity of the forest (Barbier 1993).  Inadequate infrastructures. There has long been a shortage of trained tropical foresters and little commitment on the part of governments to invest in forestry. The forest sector has typically been regarded as a source of central revenue—their activities have been underfunded while their profits have been absorbed by national treasuries (Palmer and Synnott 1992).  Inadequate information base. Much research is outdated, and there is little knowledge of the breadth of current forest management techniques. Field practice manuals are generally unavailable or of poor quality. There is little understanding of the requirements for reducedimpact logging and biodiversity conservation.  Forest invasion. During the 1980s, 300 to 400 million people moved into tropical forestlands. In African countries, for example, more than 50 percent of logged forests are subsequently deforested by agricultural invasion (Barbier et al. 1994). Settlers may further damage forest regeneration by removing pole-sized trees for construction purposes (which has been a main cause of the failure of forest management in coastal Colombia), or setting fires to create pasture or agricultural land.  Inefficient species use. Most tropical logging operations select only a few tree species, which can lead to a great deal of waste. There is a great deal of resistance to change in the marketplace since importing countries will not consider lesser-known species while stocks of preferred species continue to be available. Increasing the price of preferred timber species may not cause a shift toward the use of lesserknown tropical species, but may facilitate their substitution by temperate timbers or solid synthetics (Vincent et al. 1991; Barbier et al. 1994).  Timber pricing systems. Current tax structures are poorly constructed; they do not favor the implementation of improved forest management. Rent captures are also very low, and can be manipulated by a variety of illegal practices. Governments have generally allowed excessive profit margins for concessionaires.  Inequitability of profit sharing. The motivation for the adoption of sustainable management policies will only arise if incentives are strong and all people concerned share the benefits (e.g., Sargent et al. 1994). This includes government, civil servants, the private and public sector, their laborers, and local populations. Government and industry lead-
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 ers frequently do not set high ethical and moral standards and a climate for responsible financial management and profit sharing does not exist (Bruenig 1996).  Political instability. Forestry requires long management cycles and is particularly susceptible to disruption through macroeconomic and political instability. In the former case, hyperinflation of the kind common in developing countries can quickly influence the cost-effectiveness of management through higher discount rates and reduced incentives for long-term investment. In the latter case, politicians too often predominate in forest policy such that the foresters themselves lose control of the management of the resource. Tropical forestry has in many areas also been targeted by environmentalist movements that negatively affect government or donor funds for the research and development of sustainable management systems (e.g., Moulds 1988).
 
 Biodiversity research has enormous practical value and should not be conducted in isolation from decision-makers within the forest sector. There is a growing tie-in between donor-funded forest sector development and the researching of improved management strategies, including the incorporation of conservation criteria (Van Bueren and Duivenvoorden 1996). A platform exists from which research tailored to the needs of foresters can be developed and integrated into management practice. This next section examines the extent to which different types of research can provide appropriate information for foresters and how such information may be usefully incorporated into forest management planning and implementation.
 
 Field Study Design and Information Output Variation in the densities of plants and animals can be very high over quite short distances (e.g., Braithwaite et al. 1984). Studies designed to assess this phenomenon objectively have shown that patchiness of animals within logging concessions can relate more to historical factors, elevation, and soil fertility, than to logging intensities or damage levels (Johns 1989a; Kavanagh and Bamkin 1995; see discussion in Grieser Johns 1997). Variation due to original spatial heterogeneity has been shown to be greater than variation due to the effects of timber logging—at least up to damage levels representing losses of 50 percent of trees (see next paragraph). A number of research studies designed to interpret the effects of logging operations have encountered this problem. In the dry forests of western Madagascar, variation in forest structure eight to nine years following logging (with less than 10 percent canopy damage) was smaller
 
 PHOTO 18-2 To improve tropical forest management, better training of forest staff is required at all levels (forest operators practicing directional felling in Indonesia). (R. A. Fimbel)
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 than variation due to natural causes where large study plots were considered (Ganzhorn et al. 1990). In the Budongo Forest of Uganda, variation in bird populations between unlogged and nine to 48 years postlogged (with more than 50 percent canopy mortality) forest sites could not be correlated with logging history or any linked variables (I. Owiunji and A. Plumptre, personal communication). In Budongo, both bird and primate populations varied spatially to such an extent that studies of the impact of logging would give entirely different results depending on which unlogged and logged compartments were actually compared (Plumptre et al. 1994). Similarly, at the Tekam Forest Reserve in Peninsular Malaysia, primate densities have been shown to vary more along a 20 km transect through uniform habitat than at the same site pre- and up to 18 years postlogging (with 51 percent canopy mortality) (Johns 1989a; Grieser Johns and Grieser Johns 1995). Controlling the effects of spatial heterogeneity is difficult in intersite comparative studies. Increasing the number of replications or the size of the sampling units may narrow the variance, but these still cannot address the overall uncertainty caused by a lack of controls. It has to be assumed that biological communities of the different sites were not significantly different prior to logging, and that any significant differences observed are due in some way to the logging process. This assumption can clearly be called into question, especially when sample sizes are small. It may be argued that there is also considerable temporal variation within biological communities at a single site, which could make single site studies equally unreliable. Variation in the relative abundance of birds in unlogged forest at Tekam, however, showed a maximum variation of 30 percent between months (measured by indices of similarity), whereas variation between equally aged logged sites during the same season was 80 percent (Johns 1989b; Grieser Johns 1997). This again indicates the predominance of variation due to spatial heterogeneity.
 
 Levels of Analysis and Their Contributions to Management The level of uncertainty resulting from spatial heterogeneity is expressed to a greater or lesser extent according to the detail with which results are analyzed. Spatial heterogeneity may not affect underlying ecological trends, but may seriously bias data on the abundance of individual species (Grieser Johns 1997). This needs to be borne in mind when developing guidelines for management activities—detailed guidelines should not be presented based on dubious data. To analyze
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 the possible uses of different types of information collected from intersite comparisons, it is appropriate to consider three levels of analysis: community level, guild level, and individual species. The Community Level The avifauna at the Tekam Forest Reserve of Peninsular Malaysia can be used to compare real and predicted changes in various statistical parameters resulting from logging (Grieser Johns 1997). Real changes are those resulting from long-term monitoring of the same site since a logging event, and predicted changes are those resulting from a comparison of unlogged forest and other sites with different logging histories (1–18 years post logging; 51 percent canopy mortality) located along a 20 kilometer transect. The latter imitates the more typical inter-site comparison. At this level of analysis there is general agreement between the results of inter-site comparisons and long-term monitoring projects. Species richness (but not species diversity) tends to decrease in logged forests, and logged areas remain distinctly dissimilar to each other (in terms of comparative species abundances) for at least eighteen years after logging. These patterns indicate changes, but not the underlying causes of changes, how they might efficiently be countered, or if the changes that occur are of real significance in conservation terms. The Guild Level Studies from various sites have reached a general consensus on certain guilds of animals that tend to be adversely or favorably affected by logging (see part II of this volume). Among primates, for example, large-bodied frugivores have long been known to respond adversely to habitat disturbance, often further exacerbated by hunting pressure (Johns and Skorupa 1987; see chapters 4, 15–17). Bird studies typically show drops in the abundance of understory and terrestrial insectivores compared to increases in the abundance of generalist species associated with edge habitats (see chapters 8–10). Generalities of this type are apparent, both from long-term monitoring and inter-site comparisons. Results for the avifauna at Tekam Forest Reserve show differences of this type within the long-term study at site C13C (a 13-year postharvest site) and also where unlogged forest is compared with other sites (see table 18-1). Differences in the latter are much greater due to additional effects of spatial heterogeneity.
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 TABLE 18-1 A Comparison of Feeding Guild Membership (% total individuals) Within a Bird Species Assemblage—Tekam Forest Reserve, Peninsular Malaysia Years Postlogging Area C13C Feeding Guild
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