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PREFACE

Insects are the world’s most diverse group of animals,
making up more than 58% of the known global biodi-
versity. They inhabit all habitat types and play major
roles in the function and stability of terrestrial and
aquatic ecosystems. Insects are closely associated with
our lives and affect the welfare of humanity in diverse
ways. At the same time, large numbers of insect species,
including those not known to science, continue to
become extinct or extirpated from local habitats world-
wide. Our knowledge of insect biodiversity is far from
complete; for example, barely 65% of the North Amer-
ican insect fauna has been described. Only a relatively
few species of insects have been studied in depth. We
urgently need to explore and describe insect biodiver-
sity and to better understand the biology and ecology
of insects if ecosystems are to be managed sustainably
and if the effect of global environment change is to be
mitigated.

The scientific study of insect biodiversity is at a pre-
carious point. Resources for the support of taxonomy
are tenuous worldwide. The number of taxonomists is
declining and the output of taxonomic research has
slowed. Many taxonomists are reaching retirement age
and will not be replaced with trained scientists, which
will result in a lack of taxonomic expertise for many
groups ofinsects. These trends contrast with an increas-
ing need for taxonomic information and services in our
society, particularly for biodiversity assessment, ecosys-
tem management, conservation, sustainable develop-
ment, management of climate-change effects, and pest
management. In light of these contrasting trends, the
scientific community and its leadership must increase
their understanding of the science of insect biodiver-
sity and taxonomy and ensure that policy makers
are informed of the importance of biodiversity for a
sustainable future for humanity.

We have attended and contributed to many scien-
tific meetings and management and policy gatherings
where the future, the resource needs, and importance
of insect taxonomy and biodiversity have been debated.

In fact, discussion of the future of taxonomy is a favorite
pastime of taxonomists; there is no shortage of “‘tax-
onomic opinion.”” Considerable discussion has focused
on the daunting task of describing the diversity of
insect life and how many undescribed species are out
there. However, we felt that there was a need for an
up-to-date, quantitative assessment of what insect bio-
diversity entails, and to connect what we know and
do not know about insect biodiversity with its impact
on human society.

Our approach was to ask authors to develop accounts
of biodiversity in certain orders of insects and geo-
graphic regions and along selected subject lines. In all
categories, we were limited by the availability of will-
ing contributors and their time and resources. Many
insect groups, geographic regions, and scientific and
societal issues could not be treated in a single volume.
It also was apparent to us, sometimes painfully so, that
many taxonomists are wildly over-committed. This sit-
uation can be seen as part of the so-called taxonomic
impediment — the lack of available taxonomic exper-
tise is compounded by an overburdened community
of present-day taxonomists with too much work and
perhaps too much unrealistic enthusiasm.

In Chapter 1, we introduce the ongoing challenge to
document insect biodiversity and develop its services.
Chapter 2 provides a comprehensive overview of the
importance and value of insects to humans. The next
two sections deal with regional treatments and ordinal-
level accounts of insect biodiversity. These approaches
were a serious challenge to the contributors who had
to compile information from a wide array of sources or,
alternatively, deal with situations in which accurate
information simply is insufficient. In Part III, we docu-
ment some of the tools and approaches to the science of
taxonomy and its applications. Perspective is provided
on the past, present, and future of the science of insect
taxonomy and the all-important influence of species
concepts and their operational treatment on taxo-
nomic science and insect biodiversity. Contributions

xvii
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on the increasing role of informatics and molecular
approaches are provided, areas with ongoing contro-
versy and differences of opinion. These chapters are
followed by contributions on the applications of tax-
onomic science for which biodiversity information is
fundamental, including the increasing impact of adven-
tive insects, pest detection and management, human
medical concerns, and the management and conserva-
tion of biodiversity. The book ends with an historical

view of the continuing attempts to document the extent
of world insect biodiversity.

Robert G. Foottit
Ottawa, Ontario

Peter H. Adler
Clemson, South Carolina



FOREWORD

Insects are the most exuberant manifestation of Earth’s
many and varied life forms. To me, one of their great-
est fascinations is how a rather simple basic unifying
body plan has become modified and adapted to produce
an enormous variety of species, able to exploit virtu-
ally all terrestrial and freshwater environments on the
planet while, as a paradox debated extensively a few
decades ago, not becoming equally predominant in the
seas and oceans. Features such as possession of wings
and the complete metamorphosis of many species have
been cited frequently as fostering this massive diver-
sity. However, the ‘success’ of insects can be measured
by many parameters: their long-term persistence and
stability of their basic patterns, the variety of higher
groups (with almost 30 orders commonly recognized)
and, as emphasized in this book, the wealth of species
and similar entities. Each of these species has its individ-
ual biological peculiarities, ecological role, distribution,
and interactions within the local community. And each
may differ in habit and appearance both from its closest
relatives and also across its range to reflect local influ-
ences and conditions. Every species is thus a mosaic
of physical variety and genetic constitution that can
lead to both taxonomic and ecological ambiguity in
interpreting its integrity and the ways in which it may
evolve and persist.

Entomologists will continue to debate the number
of insect ‘species’ that exist and the levels of past and
likely future extinctions. Documenting and cataloging
insect biodiversity as a major component of Earth’s
life is a natural quest of human inquiry but is not
an end in itself and, importantly, is not synonymous
with conserving insects or a necessary prerequisite to
assuring their well-being. Despite many ambiguities
in projecting the actual numbers of insect species, no
one would query that there are a lot and that the
various ecological processes that sustain ecosystems
depend heavily on insect activity. Indeed, ‘ecological
services’ such as pollination, recycling of materials,
and the economically important activities of predators

and parasitoids are signaled increasingly as part of the
rationale for insect conservation because these values
can be appreciated easily through direct economic
impacts. All these themes are dealt with in this book,
centered on questions related to our ignorance of the
fundamental matters of ‘how many are there?’ and
‘how important are they?’ to which the broad answers
of ‘millions and ‘massive’ may incorporate considerable
uncertainty; this uncertainty, however, is reduced by
many of the chapters here.

In any investigations of insect biodiversity, the role of
inventory tends to be emphasized. Documenting num-
bers of species (however they are delimited or defined)
gives us foci for conservation advocacy and is pivotal
in helping to elucidate patterns of evolution and dis-
tribution. Recognizing and naming species allow us
to transfer information, but high proportions of unde-
scribed or unrecognizable species necessitate the use
of terms such as ‘morphospecies’ in much ecological
interpretation of diversity. Nevertheless, other than in
some temperate regions, particularly in the Northern
Hemisphere, many estimates of insect species richness
and naming the species present are highly incomplete.
Much of the tropics, for example, harbors few resident
entomologists other than those involved with press-
ing problems of human welfare, and more basic and
sustained documentation almost inevitably depends
on assistance from elsewhere. Some insects, of course,
have been explored much more comprehensively than
others, so that selected taxonomic groups (such as
butterflies, larger beetles, and dragonflies) and ecologi-
cal groups (‘pests’) have received much more attention
than many less charismatic or less economically impor-
tant groups. Indeed, when collecting Psocoptera in
parts of the tropics, I have occasionally been asked by
local people why I am not collecting birdwing butter-
flies, stag beetles, or other ‘popular’ (or commercially
desirable!) insects, and my responses have done lit-
tle to change their opinions of my insanity! In short,
many gaps in knowledge of insect diversity persist,
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xx Foreword

and seem unlikely to be redressed effectively in the
near future, other than by ‘guesstimates’ extrapolating
from sometimes rather dubious foundations. However,
sufficient knowledge does exist to endorse the prac-
tical need to protect natural habitats effectively from
continued despoliation and, as far as practicable, from
the effects of climate changes. Citations of impressively
large numbers of insect species can become valuable
advocacy in helping to conserve areas with largely
unheralded wealth of biodiversity. Presence of unusual
lineages of insects, of narrow range endemics, as well as
highly localized radiations and distributional idiosyn-
crasies (such as isolated populations beyond the main
range of the taxon) are all commonplace scenarios and
may in various ways help us to designate priorities
for allocating the limited conservation resources avail-
able. Many such examples from selected insect groups
are revealed in this book — but evaluating the rich-
ness and ecological importance of the so-called meek
inheritors, that vast majority of insects that do not
intrude notably on human intelligence and welfare,
remains a major challenge. Many such taxa receive
attention from only a handful of entomologists at any
time, and some are essentially ‘orphaned’ for consid-
erable periods. Progress with their documentation is
inevitably slow and sporadic. In addition, some hyper-
diverse orders and families of insects exhibit daunting
complexity of form and biology, as ‘black hole groups’
whose elucidation is among the major challenges that
face us.

Insect conservation has drawn heavily on issues
relevant to biodiversity and appreciation of the vast
richness of insects — not only of easily recognizable
‘species’ but also of the occurrence of subspecies and
other infraspecific variants such as significant popu-
lations, collectively ‘evolutionarily significant units’.
This more complex dimension of insect biodiversity
is receiving considerable attention as new molecu-
lar tools (such as DNA analysis) enable us to probe
characters in ways undreamed of only a decade or
so ago to augment the perspectives provided by mor-
phological interpretation. The vast arrays of cryptic

species gradually being revealed suggest that even our
most up-to-date estimates of species numbers based
on morphological data may be woefully inadequate.
Insect diversity equates to ‘variety’, but the subtleties
of interpopulation variations in genetic constitution
and ecological performance are difficult to appraise
and to categorize formally — and perhaps even more
difficult to communicate to non-entomologists whose
powers may determine the future of the systems in
which those insects participate. Education and commu-
nication, based on the soundest available information,
are essential components of insect conservation. This
book is a significant contribution to this endeavor,
through indicating how we may come to interpret
and understand insect biodiversity more effectively. In
addition to providing a range of opinions and facts on
insect richness in a variety of taxonomic, geographi-
cal, and methodological contexts, it helps to emphasize
the importance of accurate species recognition. Fail-
ure to recognize adventive alien species may have
dire economic or ecological consequences, for example,
or confusion between biotypes or cryptic species may
invalidate expensive management programs for their
suppression or conservation.

A new generation of skilled insect systematists —
whose visions encompass the wider ramifications of
insect biodiversity, its importance in understanding the
natural world and the accelerating impacts of humans
upon it — is an urgent need. They enter an exciting
and challenging field of endeavor, and the perspectives
included in this volume are essential background to
their future contributions. This book is thus both a
foundation and a stimulating working tool toward that
end, and I expect many of the chapters to be key
references as we progressively refine and enlarge the
bases of our understanding of insects and their activities
in the modern world.

T.R. New,

Department of Zoology,
La Trobe University,
Victoria 3086, Australia



ACKNOWLEDGMENTS

We asked external reviewers to give us perspective
on each chapter, and we are grateful for their
efforts and appreciative of the time they took from
their busy schedules. We would like to thank the
following individuals who reviewed one or more
chapters: P. Bouchard, C.E.Carlton, M.F. Claridge,
P.S. Cranston, T. L. Erwin, C. ]. Geraci, D. R. Gillespie,
P. W. Hall, R. E. Harbach, J. D. Lafontaine, J. D. Lozier,
P.G. Mason, H.E. L. Maw, J.C.Morse, L. A. Mound,
G.R.Mullen, T.R.New, J.E.O'Hara, V.H.Resh,
M.D. Schwartz, G.G.E.Scudder, D.S. Simberloff,

A.Smetana, A.B.T.Smith, J].Soberon, L. Speers,
F. A. H. Sperling, I.C. Stocks, M. W. Turnbull, C.D.
von Dohlen, D. L. Wagner, G. Watson, A. G. Wheeler,
Jr., Q. D. Wheeler, B. M. Wiegmann, D. K. Yeates, and
P. Zwick. We extend our gratitude to Eric Maw for
his tremendous efforts in generating the taxonomic
indices.

Finally, we acknowledge the encouragement and
support, both moral and technical, of the staff at Wiley-
Blackwell, particularly Ward Cooper, Delia Sandford,
and Rosie Hayden.



CONTENTS

Detailed Contents, vii
Contributors, xiii
Preface, xvii
Foreword, xix

Acknowledgments, xxi

1. INTRODUCTION, 1
Peter H. Adler and Robert G. Foottit

2. THE IMPORTANCE OF INSECTS, 7
Geoffrey G. E. Scudder

PART I. INSECT BIODIVERSITY: REGIONAL

EXAMPLES, 33

3. INSECT BIODIVERSITY IN THE NEARCTIC
REGION, 35
Hugh V. Danks and Andrew B. T. Smith

4. AMAZONIAN RAINFORESTS AND THEIR
RICHNESS OF COLEOPTERA, A DOMINANT
LIFE FORM IN THE CRITICAL ZONE OF THE
NEOTROPICS, 49

Terry L. Erwin and Christy |. Geraci

5. INSECT BIODIVERSITY IN THE
AFROTROPICAL REGION, 69
Clarke H. Scholtz and Mervyn W. Mansell

6. BIODIVERSITY OF AUSTRALASIAN
INSECTS, 83

Peter S. Cranston

7. INSECT BIODIVERSITY IN THE
PALEARCTIC REGION, 107

Alexander S. Konstantinov, Boris A. Korotyaev,
and Mark G. Volkovitsh

PART Il. INSECT BIODIVERSITY: TAXON
EXAMPLES, 163

8. BIODIVERSITY OF AQUATIC INSECTS, 165
John C. Morse

9. BIODIVERSITY OF DIPTERA, 185
Gregory W. Courtney, Thomas Pape, Jeffrey H. Skevington, and
Bradley ]. Sinclair

10. BIODIVERSITY OF HETEROPTERA, 223

Thomas J. Henry

11. BIODIVERSITY OF COLEOPTERA, 265
Patrice Bouchard, Vasily V. Grebennikov, Andrew B. T. Smith,
and Hume Douglas

12. BIODIVERSITY OF HYMENOPTERA, 303
John T. Huber

13. BIODIVERSITY OF LEPIDOPTERA, 325

Michael G. Pogue

PART lil. INSECT BIODIVERSITY: TOOLS
AND APPROACHES, 357

14. THE SCIENCE OF INSECT TAXONOMY:
PROSPECTS AND NEEDS, 359
Quentin D. Wheeler



vi Contents

15. INSECT SPECIES - CONCEPTS
AND PRACTICE, 381
Michael F. Claridge

16. MOLECULAR DIMENSIONS OF INSECT
TAXONOMY, 397
Felix A. H. Sperling and Amanda D. Roe

17. DNA BARCODES AND INSECT
BIODIVERSITY, 417
Robin M. Floyd, John ]J. Wilson, and Paul D. N. Hebert

18. INSECT BIODIVERSITY
INFORMATICS, 433

Norman F. Johnson

19. PARASITOID BIODIVERSITY AND INSECT
PEST MANAGEMENT, 445
John Heraty

20. THE TAXONOMY OF CROP PESTS: THE
APHIDS, 463
Gary L. Miller and Robert G. Foottit

21. ADVENTIVE (NON-NATIVE) INSECTS:
IMPORTANCE TO SCIENCE AND SOCIETY,
475

Alfred G. Wheeler, Jr. and E. Richard Hoebeke

22. BIODIVERSITY OF BITING FLIES:
IMPLICATIONS FOR HUMANITY, 523

Peter H. Adler

23. RECONCILING ETHICAL AND SCIENTIFIC
ISSUES FOR INSECT CONSERVATION, 547

Michael . Samways

24. TAXONOMY AND MANAGEMENT
OF INSECT BIODIVERSITY, 561
Ke Chung Kim

25. INSECT BIODIVERSITY - MILLIONS
AND MILLIONS, 575

May Berenbaum

Index of Arthropod Taxa Arranged
by Order and Family, 583

Alphabetic Index to Arthropod Taxa, 601
Index of Non-Arthropod Organisms, 619
Subject Index, 623

Color plate section between pages 314 and 315



DETAILED CONTENTS

Contributors, xiii
Preface, xvii
Foreword, xix

Acknowledgments, xxi

1. INTRODUCTION, 1
Peter H. Adler and Robert G. Foottit

Acknowledgments, 5
References, 5

2. THE IMPORTANCE OF INSECTS, 7
Geoffrey G. E. Scudder

Diversity, 8
Ecological role, 9
Effects on natural resources, agriculture, and human
health, 11
Insects and advances in science, 12
Biomechanics, 12
Genetics, 13
Developmental biology, 14
Evolution, 15
Physiology, 16
Ecology, 16
Paleolimnology and climate change, 18
Insects and the public, 19
References, 21

INSECT BIODIVERSITY: REGIONAL
EXAMPLES, 33

PART I.

3. INSECT BIODIVERSITY IN THE NEARCTIC

REGION, 35

Hugh V. Danks and Andrew B. T. Smith

Influence of insect biodiversity on society in the
Nearctic Region, 37

Insect conservation, 39

Species diversity and the state of knowledge, 39
Assembling the data, 39
Synopsis of biodiversity, 41

State of knowledge, 41

Variations in biodiversity, 42
Regional variation, 42
Habitats, 44

Conclusions and needs, 44

Acknowledgments, 45

References, 45

4. AMAZONIAN RAINFORESTS AND THEIR
RICHNESS OF COLEOPTERA, A DOMINANT
LIFE FORM IN THE CRITICAL ZONE OF THE
NEOTROPICS, 49

Terry L. Erwin and Christy J. Geraci

The climatic setting and Critical Zone
establishment, 52

Characterization of typical lowland rainforest
composition in the Western Basin, 53

Sampling arthropod biodiversity in Amazonian
forests, 55

Richness of various lineages and guilds, 57

General patterns, 57

Morphospecies richness to biodiversity, 61

Beetles: life attributes have led to contemporary
hyperdiversity, 62

Summary and guide to future research, or ‘taking a
small step into the vortex’, 63

Acknowledgments, 65

References, 65

5. INSECT BIODIVERSITY IN THE
AFROTROPICAL REGION, 69
Clarke H. Scholtz and Mervyn W. Mansell

What do we know about Afrotropical insects?, 71

vii



viii Detailed Contents

An information-management program, 71
The role of insects in ecosystem processes
and as indicators of environmental
quality — dung beetles as a case study, 73
Dung beetles as indicators of regional
biodiversity, 74
Dung beetles as indicators of habitat
transformation, 75
Africa-wide pests and training appropriate
taxonomists — fruit flies as a
case study, 75
Invasive species of concern in Africa, 75
Alrican indigenous fruit flies of economic
importance, 76
Sentinel groups, 77
Neuroptera, 77
Dung beetles (Coleoptera: Scarabaeidae:
Scarabaeinae), 78
Conclusions, 79
References, 80

6. BIODIVERSITY OF AUSTRALASIAN
INSECTS, 83

Peter S. Cranston

Australasia — the locale, 84
Some highlights of Australasian insect
biodiversity, 85
The Lord Howe Island stick insect, 86
Australasian birdwing conservation, 87
Drowning by numbers? How many insect species are
in Australasia?, 88
Australia, 88
New Zealand (Aotearoa), Chatham Islands,
and Subantarctic Islands, 88
New Guinea, 89
New Caledonia and the West Pacific, 89
Australasian insect biodiversity — overview and
special elements, 89
Australia, 89
New Zealand, 91
New Caledonia, New Guinea,
and Melanesia, 92
Threatening processes to Australasian insect
biodiversity, 93
Land clearance and alteration, 93
Introduced animals, 94
Climate change, 95
Australasian biodiversity conservation, 96
Conclusion, 98
References, 98

7. INSECT BIODIVERSITY IN THE
PALEARCTIC REGION, 107
Alexander S. Konstantinov, Boris A. Korotyaev,
and Mark G. Volkovitsh

Geographic position, climate, and zonality, 108
General features of insect biodiversity, 122
Notes on biodiversity of some insect groups in the
Palearctic, 128
Biodiversity of insect herbivores, 130
Boundaries and insect biodiversity, 135
Local biodiversity, 136
Insect biodiversity and habitats, 137
Insect biodiversity and Palearctic mountains, 139
Insect biodiversity in major biogeographical divisions
of the Palearctic, 141
Arctic (Circumpolar Tundra) Region, 141
Forest regions, 142
Taiga, 144
Nemoral European and Stenopean forests, 145
Hesperian and Orthrian evergreen forests, 146
Scythian (Steppe) Region, 147
Sethian (Desert) Region, 150
Acknowledgments, 152
References, 155

PART Il. INSECT BIODIVERSITY: TAXON
EXAMPLES, 163

8. BIODIVERSITY OF AQUATIC INSECTS, 165
John C. Morse

Overview of taxa, 166
Springtails (Collembola), 166
Mayftlies (Ephemeroptera), 167
Dragonflies and damselflies (Odonata), 167
Stoneflies (Plecoptera), 167
Grasshoppers and crickets (Orthoptera), 168
Earwigs (Dermaptera), 168
Lice (Phthiraptera), 168
Bugs (Hemiptera), 168
Wasps (Hymenoptera), 169
Hellgrammites and alderflies
(Megaloptera), 169
Nerve-winged insects (Neuroptera), 169
Scorpionflies (Mecoptera), 169
Beetles (Coleoptera), 169
Caddistlies (Trichoptera), 170
Moths (Lepidoptera), 171
Flies (Diptera), 171



Detailed Contents ix

Species numbers, 171 Technology, 202
Societal benefits and risks, 171 Diptera in conservation, 202
Societal benefits of aquatic insect diversity in Bioindicators, 202
food webs, 174 Vanishing species, 203
Societal benefits of aquatic insect diversity in Diptera as part of our cultural
biomonitoring, 174 legacy, 204
Societal benefits of aquatic insect diversity in References, 210

fishing, 176
Societal benefits of aquatic insect diversity in
control of noxious weeds, 176

Societal risks of aquatic insects, 177 10. BIODIVERSITY OF HETEROPTERA, 223

Biodiversity concerns for aquatic insects, 177 Thomas ]. Henry
Threats to freshwater species of insects, 177 Overview of the Heteroptera, 227
Need for biodiversity discovery and description Euheteroptera, 227
of aquatic insects, 178 i Infraorder Enicocephalomorpha, 227
Need to refine definitions of species of aquatic Infraorder Dipsocoromorpha, 227
ir}sccts. 178 . . Neoheteroptera, 228
Need for new generation of aquatic Infraorder Gerromorpha, 228
entomologists, 178 Gerroidea, 228
References, 179 Hebroidea, 228

Hydrometroidea, 230
Mesovelioidae, 230

9. BIODIVERSITY OF DIPTERA, 185 Panheteroptera, 230

Gregory W. Courtney, Thomas Pape, Jeffrey H. Skevington, Infraorder Nepomorpha, 230
and Bradley |. Sinclair Corixoidea, 230
Overview of taxa, 188 Naucoroidea, 230
Lower Diptera, 188 Nepoidea, 230
Brachycera, 189 Notonectoidea, 231
Lower Brachycera, 189 Ochteroidea, 231
Empidoidea, 190 Infraorder Leptopodomorpha, 231
Lower Cyclorrhapha, 192 Leptopodoidea, 231
Non-Calyptratae Muscomorpha, Saldoidea, 232
193 Infraorder Cimicomorpha, 232
Calyptratae, 194 Cimicoidea, 232
Societal importance, 195 Joppeicoidea, 234
Diptera as plant pests (agriculture, silviculture, Microphysoidea, 234
and floriculture), 195 Miroidea, 234
Medical and veterinary importance, 196 Naboidea, 237
Disease transmission, 196 Reduvioidea, 237
Myiasis, 197 Velocipedoidea, 240
Invasive alien Diptera, 198 Infraorder Pentatomomorpha, 240
Diptera as a general nuisance, 198 Aradoidea, 240
Diptera in biological control, 199 Coreoidea, 241
Pollination, 200 Idiostoloidea, 242
Other ecological services (scavengers and Lygaeoidea, 242
decomposers), 200 Pentatomoidea, 244
Diptera of forensic, medicolegal, and medical Pyrrhocoroidea, 248
importance, 201 The importance of heteropteran biodiversity, 248
Diptera as research tools, 201 Acknowledgments, 249

Physiology and genetics, 201 References, 250



