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Preface

There are more than 36,000 described species in the family Cerambycidae worldwide. Although only a
small proportion of these species are pests in agriculture, forestry, or horticulture, their economic impact
is enormous, costing billions of dollars in production losses, damage to landscapes, and management
expenditures. A number of cerambycid species are important pests of various field, vine, and tree crops
as well as forest and urban trees in their native regions. However, with the substantial increase of inter-
national trade in recent decades, many cerambycid species have become established outside their natural
range of distribution, with the potential for causing enormous damage in these novel habitats. So far,
no comprehensive work dealing with all aspects of cerambycid biology and management from a global
viewpoint has been published.

This volume attempts to address that void by covering the entire spectrum from cerambycid classifi-
cation, biology, ecology, plant disease transmission to biological, cultural, and chemical control tactics,
to the world’s major agricultural and tree pests, invasive pests, and biosecurity measures. It is intended
to provide an entrance to the scientific literature on Cerambycidae for scientists in research institutions,
primary industries, and universities, and an essential reference for quarantine officers in governmental
departments charged with detection, exclusion, and control of cerambycids throughout the world. It is
hoped that this book will serve as a valuable reference work for many years to come.

This book is divided into 13 chapters, each of which covers a particular topic consisting of our cur-
rent knowledge and the gaps to be filled. Hundreds of examples, graphs, and photos are presented. The
book begins with an introductory chapter dealing with morphology of adults and immature stages, the
current classification system, the identification of adults and immatures to subfamily, and biology, global
diversity, and distribution of subfamilies. Chapter 2 discusses the types of habitats commonly occupied
by cerambycids; oviposition, fecundity, and egg development; voltinism, overwintering, quiescence, and
diapause; adult dispersal and longevity; and population dynamics in relation to environmental condi-
tions. Chapter 3 focuses on adult and larval feeding habits and wood digestion; flight, pollination, and
plant disease transmission in relation to adult feeding; larval host plant range and conditions, parts
and tissue utilized, and voltinism in relation to development and nutrition. Chapter 4 discusses adult
phenology and diet in association with host and mate location, mating and oviposition behavior, lar-
val development, and reproductive strategies. Historically, it was thought that cerambycids did not use
semiochemicals to mediate reproductive behaviors, but research over the past 15 years suggests that this
was erroneous, and that semiochemical use is very common if not ubiquitous within the family. Thus,
Chapter 5 summarizes recent research on cerambycid pheromones and their chemistry, the role of plant
volatiles as pheromone synergists, mechanisms for maintaining reproductive isolation, and applications
of pheromones and kairomones in pest management and detection of invasive pest species. Chapter 6
describes the biology and control of cerambycids as vectors of pathogens (nematodes) of the pine wilt
disease and plant-beetle—nematode interactions. Chapter 7 presents a thorough review of laboratory
rearing and handling of both cerambycid adults and immature stages with artificial and natural diets.
These are followed by three chapters on pest control tactics. Chapter 8 describes natural enemies in
relation to cerambycid life history, taxonomic range of natural enemies, impact of natural enemies on
cerambycid population dynamics, biological control approaches, and case studies. Using a number of
examples, Chapter 9 covers cultural control measures, including mechanical and sanitary techniques,
irrigation, plant density management, adjusting planting and harvest times, physical barriers, traps,
crop rotation and intercropping, plant resistance, and pest management in relation to climate change.
Chapter 10 discusses chemical control of cerambycid pests and provides a number of examples, cover-
ing the main classes of chemical insecticides and their field applications, including field sprays, bark
treatment, trunk injection and insertion, and soil and root treatment. Chapter 11 presents 43 selected
cerambycid species that illustrate the wide range of life history strategies found among cerambycids



X Preface

infesting forest and urban trees throughout the world; information is provided on the identification of
adults, native and introduced geographic range, larval hosts, life history, economic impact, and control
options. In Chapter 12, 90 cerambycid species of economic importance in field crops, tree crops, and
vine crops from around the world are discussed along with their adult diagnoses, native and introduced
geographic range, damage, biology, and management measures. Chapter 13 deals with invasive ceram-
bycid pests and biosecurity measures, providing detailed information on interceptions and pathways
of invasive pests, inspection and detection methods, pest risk assessments, eradication programs, and
establishment and outbreaks of nonnative species.

Because of the nature of multiauthored contributions, it has not been possible to keep strict uniformity
in all chapters. The editor has tried, however, to adopt a uniform nomenclature for all cerambycid species
throughout the book. This has not been easy because the taxonomy of the Cerambycidae is still in flux,
and the recent synonymizations of several species are reflected in a few chapters. Although chapters are
logically linked, each represents an independent topic. Therefore, to keep the integrity of each chapter,
there is some overlap in subject matter in a few chapters.

The editor is indebted to many people for their advice during the preparation of this book, in particular
to Dr. J. Sulzycki, Dr. M. C. Thomas, Dr. T. A. Miller, J. J. Jurgensen, Jennifer Blaise, and to all of the
book’s contributors. This volume could not have been completed without the generosity of numerous
photographers, reviewers, and copyright holders, whose help is gratefully acknowledged in individual
chapters. I thank all of my family for their love and support, which have kept me going.

Qiao Wang
Massey University

More than 200 full color illustrations, which will be useful for identification purposes, are
available from the CRC Press website under the Downloads tab: https:/www.crcpress.com/
Cerambycidae-of-the-World-Biology-and-Pest-Management/Wang/p/book/9781482219906
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1.1 Introduction

Cerambycidae Latreille, 1802, commonly known as longicorns, longhorns, longicorn beetles, longhorned
beetles, longhorned borers, round-headed borers, timber beetles, or sawyer beetles, are among the most
diverse and economically important families of Coleoptera. Taxonomic interest in the family has been
fairly consistent for the past century, but the description of new taxa has accelerated in recent decades.
The number of described cerambycid species in the world is about 36,300 in more than 5,300 genera
(Tavakilian 2015). The adult body length ranges from less than 2 mm in Cyrtinus pygmaeus (Haldeman)
(Linsley 1961) to greater than 170 mm in Titanus giganteus (L.) (Williams 2001). Cerambycids are widely
distributed around the world—from sea level to 4,200 m above—wherever their host plants are found.
Distribution and generic diversity of the world’s cerambycid subfamilies and tribes are shown in Table 1.1.

The longicorn adults are free-living beetles that may or may not need to feed. They can live for a few days
to a few months depending on whether they feed (Hanks 1999; Wang 2008). Cerambycids usually reproduce
sexually but, in very rare cases—such as in some species of Kurarus Gressitt (Cerambycinae) (Goh 1977)
and Cortodera Mulsant (Lepturinae) (Svicha and Lawrence 2014), they can reproduce parthenogenetically.
Svacha and Lawrence (2014) suggested that at least in Corfodera, parthenogenesis probably is of recent
origin because the female has a distinct spermatheca with a spermathecal gland. Mate location depends on
the occurrence and status of larval hosts, adult food sources, and/or pheromones. Hanks (1999) predicted
that the absence of feeding in the adult stage of many species is associated with the production of long-range
pheromones, but the current knowledge shows that the use of volatile pheromones is widespread in ceramby-
cids (see Chapter 5). The females lay their eggs on or near their hosts. The larvae of most cerambycid species
feed on woody plants, but some select herbaceous hosts. The vast majority of species at the larval stage are
living and feeding inside the plants although small minorities are free-living in soil and feed on plant roots.

Many cerambycid larvae are dead plant feeders and play a major role in recycling dead plants; others
attack living plants of different health states, ranging from stressed to healthy plants. To date, there are
about 200 cerambycid species worldwide that have some economic impact on agriculture, forestry, and
horticulture, causing billions of dollars of damage in production losses, environmental disasters, and
management costs. They may damage plants by direct feeding and/or transmission of plant diseases.
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TABLE 1.1

Distribution and Generic Diversity of Cerambycid Subfamilies and Tribes

Subfamilies and Tribes Biogeographic Regions No. Genera
Cerambycinae Latreille, 1802 All biogeographic regions 1,757
Acangassuini Galileo & Martins, 2001 Neotropical 1
Achrysonini Lacordaire, 1868 All biogeographic regions 20
Agallissini Le Conte, 1873 Neotropical 3
Alanizini Di ITorio, 2003 Neotropical 1
Anaglyptini Lacordaire, 1868 All biogeographic regions 12
Aphanasiini Lacordaire, 1868 Afrotropical and Australian 6
Aphneopini Lacordaire, 1868 Australian 5
Auxesini Lepesme & Breuning, 1952 Afrotropical 8
Basipterini Fragoso, Monné & Campos Seabra, 1987  Neotropical 2
Bimiini Lacordaire, 1868 Australian and Neotropical 7
Bothriospilini Lane, 1950 Neotropical 11
Brachypteromatini Sama, 2008 Palaearctic 1
Callichromatini Swainson, 1840 All biogeographic regions 178
Callidiini Kirby, 1837 All biogeographic regions 38
Callidiopini Lacordaire, 1868 All biogeographic regions 62
Cerambycini Latreille, 1802 All biogeographic regions 99
Certallini Fairmaire, 1864 Palaearctic, Afrotropical, and Australian 9
Chlidonini Waterhouse, 1879 Afrotropical (Madagascar) 2
Cleomenini Lacordaire, 1868 Afrotropical and Oriental 23
Clytini Mulsant, 1839 All biogeographic regions 83
Compsocerini Thomson, 1864 All biogeographic regions 33
Coptommatini Lacordaire, 1869 Australian 1
Curiini LeConte, 1873 Neotropical 1
Deilini Fairmaire, 1864 Palaearctic and Australian 3
Dejanirini Lacordaire, 1868 Oriental 2
Diorini Lane, 1950 Neotropical 1
Distichocerini Pascoe, 1867 Australian 2
Dodecosini Aurivillius, 1912 Neotropical 4
Dryobiini Arnett, 1962 Nearctic and Neotropical 3
Eburiini Blanchard, 1845 Neotropical 23
Ectenessini Martins, 1998 Neotropical 12
Elaphidiini Thomson, 1864 Nearctic and Neotropical 91
Eligmodermini Lacordaire, 1868 Neotropical 5
Erlandiini Aurivillius, 1912 Neotropical 1
Eroschemini Lacordaire, 1868 Australian 2
Eumichthini Linsley, 1940 Nearctic 2
Gabhaniini Quentin & Villiers, 1969 Afrotropical 1
Glaucytini Lacordaire, 1868 Oriental and Australian 18
Graciliini Mulsant, 1839 All biogeographic regions 22
Hesperophanini Mulsant, 1839 All biogeographic regions 85
Hesthesini Pascoe, 1867 Australian 1
Heteropsini Lacordaire, 1868 Neotropical and Australian 29
Hexoplini Martins, 2006 Neotropical 22
Holopleurini Chemsak & Linsley, 1974 Nearctic 1
Hyboderini Linsley, 1940 Nearctic and Neotropical 4
Hylotrupini Zagajkevich, 1991 Palaearctic 1
Ideratini Martins & Napp, 2009 Neotropical 1

(Continued)



TABLE 1.1 (Continued)

Cerambycidae of the World

Distribution and Generic Diversity of Cerambycid Subfamilies and Tribes

Subfamilies and Tribes Biogeographic Regions No. Genera
Lissonotini Swainson, 1840 Neotropical 1
Luscosmodicini Martins, 2003 Neotropical 1
Lygrini Sama, 2008 Afrotropical 1
Macronini Lacordaire, 1868 Australian 4
Megacoelini Quentin & Villiers, 1969 Afrotropical 2
Methiini Thomson, 1860 Oriental, Afrotropical, and Neotropical 19
Molorchini Gistel, 1848 All biogeographic regions 26
Mythodini Lacordaire, 1868 Oriental 4
Necydalopsini Lacordaire, 1868 Neotropical 12
Neocorini Martins, 2005 Neotropical 7
Neoibidionini Monné, 2012 Neotropical 55
Neostenini Lacordaire, 1868 Australian 4
Obriini Pascoe, 1871 All biogeographic regions 43
Ochyrini Pascoe, 1871 Australian 1
Oedenoderini Aurivillius, 1912 Afrotropical 1
Oemini Lacordaire, 1868 All biogeographic regions 101
Opsimini LeConte, 1873 Nearctic and Palaearctic 3
Oxycoleini Martins & Galileo, 2003 Neotropical 2
Paraholopterini Martins, 1997 Neotropical 1
Phalotini Lacordaire, 1868 Australian 4
Phlyctaenodini Lacordaire, 1868 Australian and Neotropical 17
Phoracanthini Newman, 1840 Australian 22
Phyllarthriini Lepesme & Breuning, 1956 Afrotropical 4
Piesarthriini McKeown, 1947 Australian 4
Piezocerini Lacordaire, 1868 Neotropical 19
Platyarthrini Bates, 1870 Neotropical 1
Plectogasterini Quentin & Villiers, 1969 Afrotropical 8
Plectromerini Nearns & Braham, 2008 Neotropical 1
Pleiarthrocerini Lane, 1950 Neotropical 1
Plesioclytini Wappes & Skelley, 2015 Nearctic 1
Proholopterini Monné, 2012 Neotropical 3
Protaxini Gahan, 1906 Oriental 1
Prothemini Lacordaire, 1868 Oriental 3
Psebiini Lacordaire, 1868 Afrotropical and Neotropical 24
Pseudocephalini Aurivillius, 1912 Australian and Neotropical 4
Pseudolepturini Thomson, 1861 Oriental 6
Psilomorphini Lacordaire, 1868 Australian 3
Pteroplatini Thomson, 1861 Afrotropical and Neotropical 10
Rhagiomorphini Newman, 1841 Australian 4
Rhinotragini Thomson, 1861 Neotropical 82
Rhopalophorini Blanchard, 1845 Nearctic, Neotropical, and Australian 29
Sestyrini Lacordaire, 1868 Oriental 2
Smodicini Lacordaire, 1868 Afrotropical, Nearctic, and Neotropical 8
Spintheriini Lacordaire, 1869 Australian 2
Stenhomalini Miroshnikov, 1989 Oriental 2
Stenoderini Pascoe, 1867 Australian and Oriental 10
Stenopterini Gistel, 1848 Palaearctic and Oriental 14
Strongylurini Lacordaire, 1868 Australian 6

(Continued)
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TABLE 1.1 (Continued)

Distribution and Generic Diversity of Cerambycid Subfamilies and Tribes

Subfamilies and Tribes Biogeographic Regions No. Genera
Tessarommatini Lacordaire, 1868 Australian 1
Thraniini Gahan, 1906 Oriental 3
Thyrsiini Marinoni & Napp, 1984 Neotropical 1
Tillomorphini Lacordaire, 1868 Nearctic, Neotropical, Oriental, and Australian 31
Torneutini Thomson, 1861 Neotropical 16
Trachyderini Dupont, 1836 All biogeographic regions 154
Tragocerini Pascoe, 1867 Australian 1
Trichomesiini Aurivillius, 1912 Australian 1
Trigonarthrini Villiers, 1984 Afrotropical 2
Tropocalymmatini Lacordaire, 1868 Australian 1
Typhocesini Lacordaire, 1868 Australian 4
Unxiini Napp, 2007 Neotropical 8
Uracanthini Blanchard, 1853 Australian 6
Vesperellini Sama, 2008 Palaearctic 1
Xystrocerini Blanchard, 1845 Afrotropical and Australian 2
Dorcasominae Lacordaire, 1868 Afrotropical, Oriental, and Palaearctic 95
Apatophyseini Lacordaire, 1869 Afrotropical, Oriental, and Palaearctic 90
Dorcasomini Lacordaire, 1868 Afrotropical, Oriental, and Palaearctic 5
Lamiinae Latreille, 1825 All biogeographic regions 2,964
Acanthocinini Blanchard, 1845 All biogeographic regions 386
Acanthoderini Thomson, 1860 All biogeographic regions 66
Acmocerini Thomson, 1864 Afrotropical 6
Acridocephalini Dillon & Dillon, 1959 Afrotropical 1
Acrocinini Swainson, 1840 Neotropical 1
Aderpasini Breuning & Teocchi, 1978 Afrotropical 1
Aerenicini Lacordaire, 1872 Neotropical 26
Agapanthiini Mulsant, 1839 All biogeographic regions 84
Amphoecini Breuning, 1951 Australian 2
Ancitini Aurivillius, 1917 Australian 1
Ancylonotini Lacordaire, 1869 Afrotropical, Oriental, and Palaearctic 36
Anisocerini Thomson, 1860 Neotropical 26
Apomecynini Thomson, 1860 All biogeographic regions 240
Astathini Thomson, 1864 Australian, Afrotropical, Oriental, and Palaearctic 23
Batocerini Thomson, 1864 Australian, Oriental, and Palaearctic 10
Calliini Thomson, 1864 Neotropical 40
Ceroplesini Thomson, 1860 Afrotropical, Oriental, and Palaearctic 88
Cloniocerini Lacordaire, 1872 Afrotropical 1
Colobotheini Thomson, 1860 Neotropical 12
Compsosomatini Thomson, 1867 Neotropical 13
Cyrtinini Thomson, 1864 Australian and Neotropical 16
Desmiphorini Thomson, 1860 All biogeographic regions 319
Dorcadionini Swainson, 1840 Palaearctic and Oriental 14
Dorcaschematini Thomson, 1860 Oriental and Australian 9
Elytracanthinini Bousquet, 2009 Neotropical 1
Enicodini Thomson, 1864 Australian and Oriental 27
Eupromerini Galileo & Martins, 1995 Neotropical 5
Forsteriini Tippmann, 1960 Neotropical 16
Gnomini Thomson, 1860 Australian, Oriental, and Palaearctic 4

(Continued)
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Distribution and Generic Diversity of Cerambycid Subfamilies and Tribes

Subfamilies and Tribes Biogeographic Regions No. Genera
Gyaritini Breuning, 1950 Australian and Oriental 14
Heliolini Breuning, 1951 Australian 1
Hemilophini Thomson, 1868 Neotropical and Nearctic 127
Homonoeini Thomson, 1864 Australian, Oriental, and Palaearctic 22
Hyborhabdini Aurivillius, 1911 Oriental 1
Lamiini Latreille, 1825 Afrotropical, Australian, Oriental, and Palaearctic 48
Laticraniini Lane, 1959 Neotropical 2
Mauesiini Lane, 1956 Neotropical 4
Megabasini Thomson, 1860 Neotropical 1
Mesosini Mulsant, 1839 All biogeographic regions 99
Microcymaturini Breuning & Teocchi, 1985 Afrotropical 3
Moneilemini Thomson, 1864 Nearctic and Neotropical 1
Monochamini Gistel, 1848 All biogeographic regions 263
Morimonellini Lobanov, Danilevsky & Murzin, 1981 Palaearctic 1
Morimopsini Lacordaire, 1869 All regions except Nearctic 47
Nyctimeniini Gressitt, 1951 Australian and Oriental 1
Obereini Thomson, 1864 All regions except Neotropical 3
Oculariini Breuning, 1950 Afrotropical 2
Onciderini Thomson, 1860 Neotropical and Nearctic 81
Oncideropsidini Aurivillius, 1922 Oriental 1
Onocephalini Thomson, 1860 Neotropical 3
Onychogleneini Aurivillius, 1923 Oriental 1
Parmenini Mulsant, 1839 All biogeographic regions 87
Petrognathini Blanchard, 1845 Afrotropical and Oriental 10
Phacellini Lacordaire, 1872 Neotropical 7
Phantasini Kolbe, 1897 Afrotropical 3
Phrynetini Thomson, 1864 Afrotropical, Oriental, and Palaearctic 14
Phymasternini Teocchi, 1989 Afrotropical 1
Phytoeciini Mulsant, 1839 All biogeographic regions 32
Pogonocherini Mulsant, 1839 All biogeographic regions 33
Polyrhaphidini Thomson, 1860 Afrotropical and Neotropical 2
Pretiliini Martins & Galileo, 1990 Neotropical 1
Proctocerini Aurivillius, 1922 Afrotropical 1
Prosopocerini Thomson, 1864 Afrotropical 18
Pteropliini Thomson, 1860 All biogeographic regions 256
Saperdini Mulsant, 1839 All regions except Neotropical 154
Stenobiini Breuning, 1950 Afrotropical 7
Sternotomini Thomson, 1860 Afrotropical 20
Tapeinini Thomson, 1857 Neotropical and Oriental 2
Tetraopini Thomson, 1860 Nearctic and Neotropical 3
Tetraulaxini Breuning & Teocchi, 1977 Afrotropical 2
Tetropini Portevin, 1927 Palaearctic 2
Theocrini Lacordaire, 1872 Afrotropical 8
Tmesisternini Blanchard, 1853 Australian and Oriental 12
Tragocephalini Thomson, 1857 Afrotropical 63
Xenicotelini Matsushita, 1933 Oriental 1
Xenofreini Aurivillius, 1923 Neotropical 3
Xenoleini Lacordaire, 1872 Australian, Oriental, and Palaearctic 3

(Continued)
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TABLE 1.1 (Continued)

Distribution and Generic Diversity of Cerambycid Subfamilies and Tribes

Subfamilies and Tribes Biogeographic Regions No. Genera
Xylorhizini Lacordaire, 1872 Afrotropical, Australian, Oriental, and Palaearctic 10
Zygocerini Thomson, 1864 Australian and Oriental 9
Lepturinae Latreille, 1802 All biogeographic regions 210
Desmocerini Blanchard, 1845 Nearctic 1
Encyclopini LeConte, 1873 Nearctic and Palaearctic 2
Lepturini Latreille, 1802 All biogeographic regions 140
Oxymirini Danilevsky, 1997 Palaearctic 1
Rhagiini Kirby, 1837 All biogeographic regions 53
Rhamnusiini Sama, 2009 Palaearctic and Oriental 2
Sachalinobiini Danilevsky, 2010 Nearctic and Palaearctic 1
Teledapini Pascoe, 1871 Oriental 3
Xylosteini Reitter, 1913 Palaearctic and Oriental 7
Necydalinae Latreille, 1825 Nearctic, Palaearctic, and Oriental 2
Necydalini Latreille, 1825 Nearctic, Palaearctic, and Oriental 2
Parandrinae Blanchard, 1845 All biogeographic regions 19
Erichsoniini Thomson, 1861 Neotropical 1
Parandrini Blanchard, 1845 All biogeographic regions 18
Prioninae Latreille, 1802 All biogeographic regions 302
Acanthophorini Thomson, 1864 Afrotropical 7
Aegosomatini Thomson, 1861 Afrotropical, Oriental, and Australian 20
Anacolini Thomson, 1857 Afrotropical, Oriental, and Neotropical 33
Cacoscelini Thomson, 1861 Afrotropical and Australian 5
Callipogonini Thomson, 1861 Afrotropical, Palaearctic, and Neotropical 17
Calocomini Galileo & Martins, 1993 Neotropical 1
Cantharocnemini Thomson, 1861 Afrotropical and Australian 6
Closterini, Lacordaire, 1868 Afrotropical, Australian, and Oriental 8
Ergatini Fairmaire, 1864 Afrotropical, Palaearctic, and Nearctic 5
Eurypodini Gahan, 1906 Palaearctic and Oriental 4
Hopliderini Thomson, 1864 Afrotropical 5
Macrodontiini Thomson, 1861 Neotropical 5
Macrotomini Thomson, 1861 All biogeographic regions 78
Mallaspini Thomson, 1861 Neotropical 10
Mallodonini Thomson, 1861 Afrotropical, Oriental, Nearctic, and Neotropical 10
Meroscelisini Thomson, 1861 Afrotropical, Australian, and Neotropical 21
Prionini Latreille, 1802 All biogeographic regions 50
Remphanini Lacordaire, 1868 Oriental 6
Solenopterini Lacordaire, 1868 Neotropical 7
Tereticini Lameere, 1913 Afrotropical and Australian 3
Vesperoctenini Vives, 2005 Neotropical 1
Spondylidinae Audinet-Serville, 1832 All biogeographic regions 32
Anisarthrini Mamaev & Danilevsky, 1973 Palaearctic 4
Asemini Thomson, 1861 All biogeographic regions 12
Atimiini LeConte, 1873 Nearctic, Neotropical, and Palaearctic 3
Saphanini Gistel 1848 Afrotropical and Nearctic 10
Spondylidini Audinet-Serville, 1832 Neotropical, Nearctic, and Palaearctic 3
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With the increase of international trade in recent years, many cerambycid species have been intercepted;
some have become established outside their natural distribution range, causing serious problems globally
(Haack et al. 2010; see Chapter 13).

Linsley (1961, 1962a) and Wang (2008) summarize the general morphology and biology of the
Cerambycidae. More recently, Svicha and Lawrence (2014) have made a very detailed treatment of the
morphology and a general account of the ecology of the Cerambycidae. Slipifiski and Escalona (2013) gave
a good introduction to the morphology and ecology of Australian cerambycids. In this chapter, we summa-
rize the current knowledge about this family, including the definition and morphology, and a brief introduc-
tion to the taxonomy, distribution, and general biology at the subfamily level. We aim to provide readers
with a fundamental knowledge of cerambycids as well as a guide for those who may wish to consult specific
chapters in this book where detailed treatments of Cerambycid biology and pest management are discussed.

1.2 Definition and Morphology of the Family Cerambycidae
1.2.1 Definition

Traditionally, the family Cerambycidae had wider scope, including nine subfamilies: Anoplodermatinae,
Aseminae, Cerambycinae, Lamiinae, Lepturinae, Parandrinae, Philinae, Prioninae, and Spondylidinae
(Napp 1994). In the current classification system (Bouchard et al. 2011; Monné 2012; Svécha and
Lawrence 2014), Oxypeltinae, Vesperinae, and Disteniinae are considered independent families. We use
the new system in this book and discuss eight subfamilies: Cerambycinae, Dorcasominae, Lamiinae,
Lepturinae, Necydalinae, Parandrinae, Prioninae, and Spondylidinae. Table 1.1 summarizes the distri-
bution and generic diversity of cerambycid subfamilies and tribes.

1.2.2 General Morphology

The general morphology of Cerambycidae is extracted from Slipifiski and Escalona (2013) and Svacha
and Lawrence (2014).

1.2.2.1 Adult
1.2.2.1.1 Diagnosis

General external morphology of cerambycid adults is illustrated in Figures 1.1 and 1.2. Antennae usually
filiform, elongate, and 11-segmented, rarely serrate and >12-segmented, usually inserted on pronounced
tubercles; eyes usually emarginate; prothorax without pleural sutures; tibia with two distinct tibial spurs;
tarsi usually pseudotetramerous with fourth tarsomere usually minute and concealed by third tarsomere;
elytra usually covering abdomen; hind wings with a spur on radio-medial crossvein; abdomen usually
with five visible sternites, fifth sternite entire.

1.2.2.1.2 Description

1.2.2.1.2.1 Head The head is prognathous and more or less horizontal in the Parandrinae (Figures 1.3
and 1.4). It is produced anteriorly to form a short to moderately long muzzle in some Lepturinae
(Figures 1.5 and 1.6), Dorcasominae, and Cerambycinae, inclined anteriorly in the Spondylidinae, and is
vertical or retracted, with the genal line directed posteriorly, in the Lamiinae (Figure 1.7). The eyes are
entire in the Parandrinae (Figure 1.3), most Lepturinae, and some Prioninae; feebly emarginate in the
Spondylidinae (Figure 1.8) and most Prioninae (Figure 1.9); emarginate to entire in the Dorcasominae;
and usually are deeply emarginate and reniform in the Cerambycinae (Figure 1.10) and Lamiinae
(Figure 1.7); although occasionally they are divided—as in Tetraopes Schonherr—or lacking the upper
lobe—as in Tillomorpha Blanchard. The facets of the eyes are large and coarse in the Parandrinae, most
Prioninae, and some Asemini and Cerambycinae; usually, they are finer in the Lepturinae, Lamiinae,
and more specialized Cerambycinae.

The antennae usually have 11 antennomeres (Figures 1.1 and 1.2) that are inserted near the base
of the mandibles in the Parandrinae (Figure 1.3), Prioninae (Figure 1.9), and in some Spondylidinae;
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FIGURE 1.1  General morphology, dorsal view of Trachyderes succinctus (L.) (Cerambycinae).
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FIGURE 1.2  General morphology, ventral view of Trachyderes succinctus (L.) (Cerambycinae).
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1 mm

FIGURE 1.3 Head, lateral view of Parandra (Parandra) glabra (De Geer) (Parandrinae). (Reprinted with permission
from C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

Imm

FIGURE 1.4 Head, dorsal view of Parandra (Parandra) glabra (De Geer) (Parandrinae). (Reprinted with permission
from C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

Imm

FIGURE 1.5 Head, dorsal view of Leptura rubra L. (Lepturinae). (Reprinted with permission from C. J. B. Carvalho,
editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)
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1mm

FIGURE 1.6 Head, lateral view of Leptura rubra L. (Lepturinae). (Reprinted with permission from C. J. B. Carvalho,
editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

1mm

FIGURE 1.7 Head, lateral view of Estola obscura Thomson (Lamiinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

Imm

FIGURE 1.8 Head, lateral view of Asemum striatum (L.) (Spondylidinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)
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Imm

FIGURE 1.9 Head, lateral view of Mallodon spinibarbis (L.) (Prioninae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

I mm

FIGURE 1.10 Head, lateral view of Achryson surinamum (L.) (Cerambycinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

are near the eyes in the Asemini and Lepturinae (Figure 1.6); and are usually more or less embraced
by the eyes in the Cerambycinae (Figure 1.10) and Lamiinae (Figure 1.7). In some diurnal Lamiinae
(e.g., Octotapnia Galileo & Martins and Pseudotapnia Chemsak & Linsley) and Prioninae, the
antennae may have fewer antennomeres. In some Lamiinae (e.g., Paratenthras Monné), the first
three antennomeres are long, whereas the remaining flagella are reduced and sometimes moniliform.
The number of antennomeres may be 12 in a number of unrelated groups and more than 12 in a few
Cerambycinae and Prioninae (up to 30 in some species of Prionus Miiller). The antennal structure is
similar between sexes in the Parandrinae, Spondylidinae, and Lepturinae, and strikingly dissimilar
in many Prioninae and in most Cerambycinae and Lamiinae. In the Parandrinae and Spondylidinae,
differentiation of antennomeres is not well marked; the scape is short, the second antennomere is
not greatly reduced in size, half as long as, or subequal to the third antennomere, and the segments
that follow are subequal in length. In the remaining subfamilies, the scape is usually more elongate,
the second segment is greatly reduced, and the following antennomeres are unequal in length—
with the third usually greatly elongated and those that follow diminishing to the ultimate antenno-
mere. The antennal segments are glabrous in the Parandrinae, Prioninae, and Spondylidinae, and are
pubescent in other subfamilies.

The labrum is fused with the epistoma in the Parandrinae and Prioninae but free in other subfami-
lies. The mandibles are acute in all of the Cerambycidae; large and often toothed in the Parandrinae
(Figure 1.4) and Prioninae (Figure 1.11); long, slender, and untoothed in the Spondylidinae; shorter
in most other groups; and are provided with a dense fringe of hairs in the inner margin of the
Dorcasominae and Lepturinae. The maxillae are typically bilobed; the inner lobe is obsolete in
the Parandrinae (Figure 1.12) and Prioninae (Figure 1.13). The ultimate segment of the palpi (both
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FIGURE 1.11 Head, dorsal view of Mallodon spinibarbis (L.) (Prioninae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

Imm

FIGURE 1.12 Maxilla, ventral view of Parandra (Parandra) glabra (De Geer) (Parandrinae). (Reprinted with permis-
sion from C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

maxillary and labial) is pointed at the apex in the Lamiinae (Figures 1.14 and 1.15) and truncated
(Figures 1.16 through 1.19) in other subfamilies. The submentum projects between the bases of
the maxillae in the Lepturinae; is short in many Cerambycinae; and is absent in the Parandrinae,
Prioninae, and Spondylidinae. The mentum is distinctly transverse in the Parandrinae (Figure 1.20),
Prioninae, and Spondylidinae, and trapezoidal in the Lepturinae, Cerambycinae (Figure 1.18), and
Lamiinae (Figure 1.14). The ligula is corneous in the Parandrinae and Spondylidinae, and membra-
nous or coriaceous in the Lepturinae, Cerambycinae (Figure 1.18) (except Oemini and Methini), and
Lamiinae (Figure 1.14).
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I mm

FIGURE 1.13 Maxilla, ventral view of Mallodon spinibarbis (L.) (Prioninae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

Imm

FIGURE 1.14 Labium, ventral view of Estola obscura Thomson (Lamiinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

1.2.2.1.2.2 Thorax The prothorax bears lateral carinae in the Parandrinae (Figure 1.21) and Prioninae
(Figures 1.22 and 1.23), which are lacking in other subfamilies (Figures 1.24 through 1.26). The pro-
coxae are strongly transverse in the Parandrinae and Prioninae, less so in some Spondylidinae—such
as Asemini, subconical in the rest Spondylidinae, conical in the Lepturinae, and usually rounded in the
Cerambycinae and Lamiinae. The procoxal cavities are closed behind in some Parandrinae, in some
Spondylidinae, and in most Lamiinae (Figure 1.26); wide open in the Prioninae (Figure 1.23), Asemini,
and most Lepturinae (Figure 1.25); and open or closed in the Cerambycinae. The scutellum is visible, some-
times well developed (Figure 1.1) and usually is not abruptly elevated, anteriorly flat, or separated from
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FIGURE 1.15 Maxilla, ventral view of Estola obscura Thomson (Lamiinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

Imm

FIGURE 1.16 Maxilla, ventral view of Asemum striatum (L.) (Spondylidinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

Imm

FIGURE 1.17 Maxilla, ventral view of Necydalis major L. (Necydalinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)
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I mm

FIGURE 1.18 Labium, ventral view of Rhopalophora collaris (Germar) (Cerambycinae). (Reprinted with permission
from C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265—419, 1994.)

1mm

FIGURE 1.19 Maxilla, ventral view of Trachyderes succinctus (L.) (Cerambycinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

FIGURE 1.20 Labium, ventral view of Parandra (Parandra) glabra (De Geer) (Parandrinae). (Reprinted with permis-
sion from C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)
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FIGURE 1.21 Prothorax, lateral view of Parandra (Parandra) glabra (De Geer) (Parandrinae). (Reprinted with permis-
sion from C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

Imm

FIGURE 1.22 Prothorax, lateral view of Mallodon spinibarbis (L.) (Prioninae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

Imm

FIGURE 1.23 Prosternum, ventral view of Mallodon spinibarbis (L.) (Prioninae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)
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1mm

FIGURE 1.24 Prothorax, lateral view of Leptura rubra L. (Lepturinae). (Reprinted with permission from C. J. B. Carvalho,
editor. Napp, D. S., Rev. Bras. Entomol., 38,265-419, 1994.)

1mm

FIGURE 1.25 Prosternum, ventral view of Leptura rubra L. (Lepturinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

1 mm

FIGURE 1.26 Prosternum, ventral view of Adesmus hemispilus Germar (Lamiinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)
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mesoscutum by an impression. The mesonotum lacks a stridulatory plate in the Parandrinae (Figure 1.27),
Prioninae, and some Spondylidinae; has a divided stridulatory plate in the Dorcasominae (if present),
Asemini (Spondylidinae) (Figure 1.28), and Lepturinae (Figure 1.29), and an undivided stridulatory plate
in the Necydalinae (Figure 1.30), Cerambycinae (Figure 1.31), and Lamiinae (Figure 1.32).

Legs mostly are cursorial (Figure 1.1) and usually moderately long in most longicorn beetles but can
be very long in some species such as males of lamiine Gerania (Audinet-Serville); fore legs are enlarged
in some (particularly males) Prioninae and Lamiinae and extremely long in the lamiine Acrocinus Illiger
(fore femora in large males can be as long as body), where they reportedly are used for traversing tree
branches; hind legs may be enlarged, such as metafemora in the male cerambycine Utopia Thomson, or
plate-like tibial extensions in some Cerambycinae, but are never adapted for jumping. The tibia usually
has two spurs at the terminal end (Figure 1.33). The legs exhibit an oblique groove along the inner side of
the protibiae and a notch or groove on the outer face of the mesotibiae in the Lamiinae; these grooves and
notches are lacking in other subfamilies. The tarsi are distinctly pentamerous without pubescent ventral

Imm

FIGURE 1.27 Mesonotum, dorsal view of Parandra (Parandra) glabra (De Geer) (Parandrinae). (Reprinted with
permission from C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

Imm

FIGURE 1.28 Mesonotum, dorsal view of Asemum striatum (L.) (Spondylidinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)
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1mm

FIGURE 1.29 Mesonotum, dorsal view of Leptura rubra L. (Lepturinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

FIGURE 1.30 Mesonotum, dorsal view of Necydalis major L. (Necydalinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

Imm

FIGURE 1.31 Mesonotum, dorsal view of Rhopalophora collaris (Germar) (Cerambycinae). (Reprinted with permission
from C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)
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FIGURE 1.32 Mesonotum, dorsal view of Adesmus hemispilus Germar (Lamiinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

Imm

FIGURE 1.33 Protibia, lateral view of Spondylis buprestoides (L.) (Spondylidinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

pads in the Parandrinae (Figure 1.34), although they are pseudotetramerous with ventral pads in the
Prioninae, Lepturinae, Cerambycinae, Spondylidinae (Figure 1.35), and Lamiinae. The third tarsomere
is simple in the Parandrinae but dilated in the remaining subfamilies (Figure 1.35). The tarsal claws are
appendiculate or cleft in the most specialized Lamiinae but simple in all other subfamilies.

The hind wing usually has a moderately to very long apical field (though this is short in some very
large forms, such as Titanus Audinet-Serville) with two more or less complete radial extensions converg-
ing and then diverging to form a scissor-like figure, with a dark sclerite apicad of radial cell and a subtri-
angular sclerite crossing r4. The radial cell often is well developed and more or less elongate (although
sometimes it is short and broad or lacking basal limit). Cross-vein 13 is slightly to strongly oblique and
sometimes is absent. The basal portion of radius posterior (RP) is long to very short and not surpassing
r4. The medial field usually has four or five free veins (sometimes with three or, rarely, fewer) and always
lacks medial fleck. The wedge cell is well developed in almost all Prioninae and some Lepturinae and
Spondylidinae and is absent in all other subfamilies. If the elytra are shortened in macropterous forms,
the hind wings are exposed (often giving the beetles a hymenopteran appearance) and their apex is then
sometimes not folded (all Necydalinae, Figures 1.36 and 1.37). The hind wings are highly reduced or
disappear in numerous Cerambycinae (such as males of Torneutes Reich), Lamiinae (usually both sexes)
and Prioninae (more often only females), Lepturinae, and Spondylidinae (both sexes of Michthisoma
LeConte); in some taxa, the beetles apparently are flightless even if wings are present.

1.2.2.1.2.3 Abdomen The abdomen usually has five free, visible ventrites (belonging to segments ITI-VII;
sternites 1 and 2 form the posterointernal wall of metacoxal acetabula) (Figure 1.2), with the first usually not
much longer than the second; rarely, it is almost as long as the remaining combined (females of the ceram-
bycine Obriini). The intercoxal process is acute to broadly rounded or angulate—or absent, with the medial
part of reduced sternum II visible between the hind coxae (Necydalinae and some slender wasp-mimicking
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FIGURE 1.34 Metatarsus, lateral view of Parandra (Parandra) glabra (De Geer) (Parandrinae). (Reprinted with permis-
sion from C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)
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FIGURE 1.35 Metatarsus, dorsal view of Spondylis buprestoides (L.) (Spondylidinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Napp, D. S., Rev. Bras. Entomol., 38, 265-419, 1994.)

Cerambycinae and the telescoped, with segment II forming a petiolus-like basal piece). The abdominal
tergites 1-6 are semisclerotized. Functional spiracles are present on each side of abdominal segments I-VII
(the first pair is very large, particularly in flying forms), and spiracles VIII are rudimentary and closed.

1.2.2.1.2.4 External Morphology of Terminalia Male terminalia (Figures 1.38 through 1.40) consist
of three abdominal segments. The anterior edge of sternite VIII (Figure 1.38) usually bears a median
strut (that is rudimentary or absent in some taxa); the anterior edge of sternite IX has spiculum gastrale;
tergites IX and X are fused together and usually membranous. The anterior edge of tegmen (Figure 1.39)



General Morphology, Classification, and Biology of Cerambycidae

FIGURE 1.36 Necydalis major L. (Necydalinae).

FIGURE 1.37 Ulochaetes leoninus LeConte (Necydalinae).

23
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FIGURE 1.38 Male sternite VIII of Hedypathes betulinus (Klug) (Lamiinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Galileo, M. H. M., et al., Rev. Bras. Entomol., 37, 705-715, 1993.)

FIGURE 1.39 Tegmen of Hedypathes betulinus (Klug) (Lamiinae). (Reprinted with permission from C. J. B. Carvalho,
editor. Galileo, M. H. M, et al., Rev. Bras. Entomol., 37, 705-715, 1993.)

has a single or no strut; the parameres usually are fused to phallobase and free from one another, but they
are more or less completely fused in some Cerambycinae (such as the Molorchini—Obriini complex—
very short in some and nearly absent in the Neotropical Ectenessini). The aedeagus is cucujiform and
symmetrical, but usually is rotated to one side in the abdominal cavity when at rest. Surrounding struc-
tures therefore may not be entirely symmetrical. The anterior edge of the aedeagus (Figure 1.40) almost
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FIGURE 1.40 Aedeagus and internal sac of Hedypathes betulinus (Klug) (Lamiinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Galileo, M. H. M., et al., Rev. Bras. Entomol., 37, 705-715, 1993.)

always has paired struts; the internal sac (endophallus) (Figure 1.40) may bear distinctive sclerotized
structures such as asperities, paired or unpaired sclerites, or longitudinal sclerotized rods.

The terminalia of female cerambycids (Figures 1.41 and 1.42) follow the same structural plan as the
male, with sclerites sequentially distributed along a more or less membranous tube, which is kept invagi-
nated at rest. Segment VIII is entirely contained within the partially double-walled segment VII (where
the first invagination occurs). Sternite VIII (Figure 1.41) bears a long ventral apodeme that is closely
related with the ovipositor length among different taxa. Sternite and tergite VIII are mostly partly des-
clerotized and tend to fuse into a tube enclosing the “anus—ovipositor” complex, sometimes protruding
from the abdomen, either “naked” or protected by posterior sternal and tergal projections of segment VII
(e.g., some Acanthocinini of Lamiinae). The ovipositor (Figure 1.42) usually is long but secondarily
shortened and modified—particularly in some Cerambycinae (such as Trachyderini) ovipositing on the
host surface; the paraprocts are short without baculi (in all Lamiinae) and flexible with subapical styli;
in some groups, the apex of the ovipositor is sclerotized with styli being lateral or laterodorsal and often
reduced or virtually inbuilt in coxitis (this type occurs in several subfamilies depending on biology but is
common in the Prioninae and universal in the Parandrinae). One or two pairs of glandular integumental
invaginations often are present at the base of the ovipositor on both sides of anus.

1.2.2.1.2.5 Reproductive System Testes (Figure 1.43) consist of one to several pairs of testicular lobes,
with each lobe having a number of radially arranged testicular follicles. The basal parts of vasa deferen-
tia may be broadened into seminal vesicles. Usually, there are two pairs (or at least one pair) of accessory
glands at or before the fusion of vasa deferentia. Ducts are more or less completely paired (mostly up to
paired gonopores on the internal sac) in Lamiini and several related tribes of Lamiinae. Primary gono-
pore seldom projects into a long sclerotized flagellum.

Ovaries (Figure 1.44) are paired, each with a variable number (up to several tens) of ovarioles. There is
a single more or less sclerotized spermatheca of simple shape (often an elongate, curved capsule bridged
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FIGURE 1.41 Female terminalia of Hedypathes betulinus (Klug) (Lamiinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Galileo, M. H. M., et al., Rev. Bras. Entomol., 37, 705-715, 1993.)
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FIGURE 1.42 Ovipositor of Hedypathes betulinus (Klug) (Lamiinae). (Reprinted with permission from C. J. B. Carvalho,
editor. Galileo, M. H. M, et al., Rev. Bras. Entomol., 37, 705-715, 1993.)



General Morphology, Classification, and Biology of Cerambycidae 27

P
1mm

FIGURE 1.43 Male reproductive system of Hedypathes betulinus (Klug) (Lamiinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Galileo, M. H. M., et al., Rev. Bras. Entomol., 37, 705-715, 1993.)

FIGURE 1.44 Female reproductive system of Hedypathes betulinus (Klug) (Lamiinae). (Reprinted with permission from
C. J. B. Carvalho, editor. Galileo, M. H. M., et al., Rev. Bras. Entomol., 37, 705-715, 1993.)
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by spermathecal compressor) with a distinct, sometimes very large, spermathecal gland attached to it.
A bursa copulatrix usually is present in the form of a soft diverticulum of various sizes and locations; the
spermathecal duct arises on its base.

1.2.2.1.2.6 Digestive System The adult gut may be primitively rather reduced. In prionines and some
cerambycines, the midgut is short and reduced with the posterior midgut being extremely reduced and
thread-like (slightly less so in some floricolous Clytini of the Cerambycinae), suggesting adult aphagy.
However, the gut is long and well developed in the Lamiinae whose adults feed extensively.

The digestive tube (Figure 1.45) usually does not have a distinct crop/proventriculus. The anterior
midgut in some taxa (Necydalinae, Spondylidinae, and most Lepturinae) produces morphologically dis-
tinct mycetomes in the form of gut wall diverticula whose cells harbor intracellular yeast-like symbionts.
The posterior midgut often bears numerous small, scattered evaginated crypts. Six cryptonephridial
Malpighian tubules enter the gut separately in two clusters of three.

1.2.2.2 Immature Stages

The following morphological descriptions are based on Butovitsch (1939), Duffy (1953, 1957, 1960,
1968), Gardiner (1966), and Svacha and Lawrence (2014).

1.2.2.2.1 Eggs

The eggs (Figure 1.46) are elongate, ovoid, or fusiform and often have thin, flexible chorion so that their
shape can adapt to the tight spaces in which they usually are laid. A female can lay a dozen to several
hundred eggs in her lifetime. They usually hatch in a few days to a few weeks after oviposition, depend-
ing on species and climates. In some lamiine species, the larvae may overwinter within the chorion,
particularly if the eggs are laid late in the season.

1.2.2.2.2 Larvae

The larvae are soft-bodied, eucephalic, oligopodous to apodous, prognathous, more or less elongate, and
subcylindrical to dorsoventrally depressed (Figures 1.47 through 1.58). Their body shape and mechanics
largely depend on hemolymph pressure.

The cranium (particularly its anterior part, which supports mouthparts, often called the “mouth-
frame”) may be strongly sclerotized and pigmented, whereas the body generally is soft and white
to yellow (Figures 1.51 through 1.54). In rare cases, the body can be grayish with some prothoracic
regions and the abdominal end sclerotized and pigmented. The skin of the prothorax is not attached
to the submentum. The ventral mouthparts are protracted; the mandibles (Figure 1.59) lack a molar
tooth or other appendage; the labium bears a setose ligula, and gula and hypostoma are present. The
abdomen, at least dorsally, has more or less retractile and often characteristically sculptured, protu-
berances called ambulatory ampullae, providing support in galleries; abdominal segments 1 to 6 or 7
have dorsal ampullae. The spiracular system is peripneustic, with one pair of functional spiracles on
the mesothorax (Figure 1.60) and one pair on each of eight abdominal segments. The digestive system
is similar to that of adults.

1.2.2.2.3 Pupae

The pupae (Figure 1.61a and b) are similar to adults in size, shape, and proportions of cephalic and
thoracic appendages. Secondary sexual differences in adults generally are evident in the pupae. They
are adecticous, exarate, and generally soft and pale (except for some special structures like spines
or gin traps), with a strongly ventrally bent head so that mouthparts point caudally (except for some
Prioninae). The body usually is waxy or milky white to testaceous, often with scattered setae or spinose
areas or combinations of both.

The antennae extend at least as far as the mesothorax but generally to the abdominal segments, where
they are nearly always curved downward beneath the body. The elytra are always glabrous (except
Acanthocinini). The abdomen usually has nine movable segments, with the tenth (and occasionally
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FIGURE 1.45 Digestive system of Oxymerus luteus luteus (Voet) (Cerambycinae). (Reprinted with permission from
W. F. de Azevedo, Jr., editor. Moura, L. A., and A. F. Franceschini, Biociéncias, 2, 135-143, 1994.)
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FIGURE 1.46 Egg of Hedypathes betulinus (Klug) (Lamiinae). (Reprinted with permission from C. J. B. Carvalho,
editor. Galileo, M. H. M, et al., Rev. Bras. Entomol., 37, 705-715, 1993.)

the ninth) being telescoped within the preceding segments. Abdominal segments 7 and 8 usually are
more elongate than the preceding ones but sometimes considerably produced. The abdomen has five
to seven pairs of functional spiracles. Segment 9 often ends in a vertical or horizontal spine or process
or with a pair of incurved or outwardly curved urogomphi. Some prionines (tribes Callipogonini and
Macrotomini) have paired paramedian gin-traps. The legs often have subapical setae on the femora and
sometimes one or two setae on the tarsi.

I
1.3 Key to Subfamilies of the Family Cerambycidae
The key to adults is based on the work of Linsley (1962b), Slipiriski and Escalona (2013), and Svicha and

Lawrence (2014). The key to larvae is based on Duffy (1953, 1957, 1960, 1968), Svécha and Danilevsky
(1987, 1988, 1989), and Svécha and Lawrence (2014).
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FIGURE 1.47 Larvae of Acanthoderes (Psapharochrus) melanosticta White (Lamiinae), dorsal view (a) and lateral
view (b). (Reprinted with permission from C. J. B. Carvalho editor. Mermudes, J. R. M., and M. L. Monné, Rev. Bras.
Entomol., 45, 331-334, 2001.)

5mm

FIGURE 1.48 Larva of Parandra sp. (Parandrinae), dorsal view. (Reprinted from Costa, C., et al., Larvas de Coleoptera
do Brasil, Museu de Zoologia, Universidade de Sdo Paulo, Sao Paulo, 1988. With permission.)
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FIGURE 1.49 Larva of Parandra sp. (Parandrinae), lateral view. (Reprinted from Costa, C., et al., Larvas de Coleoptera
do Brasil, Museu de Zoologia, Universidade de Sdo Paulo, Sao Paulo, 1988. With permission.)

0,3 mm

FIGURE 1.50 Larva of Acyphoderes aurulenta (Kirby) (Cerambycinae), dorsal view. (Reprinted from Costa, C., et al.,
Larvas de Coleoptera do Brasil, Museu de Zoologia, Universidade de Sao Paulo, Sao Paulo, 1988. With permission.)
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FIGURE 1.51 Larva of Tsivoka simplicicollis (Gahan) (Dorcasominae), laterodorsal view. (Reprinted with permission
from Petr Svdcha, owner. Svdcha, P, and J. F. Lawrence, 2.1 Vesperidae Mulsant, 1839; 2.2 Oxypeltidae Lacordaire,
1868; 2.3 Disteniidae J. Thomson, 1861; 2.4 Cerambycidae Latreille, 1802, In Handbook of zoology, Arthropoda: Insecta;
Coleoptera, beetles, Volume 3: Morphology and systematics (Phytophaga), eds. R. A. B. Leschen and R. G. Beutel, Walter
de Gruyter, Berlin, 2014, 16-177.)

FIGURE 1.52 Larva of Tsivoka simplicicollis (Gahan) (Dorcasominae), ventral view. (Reprinted with permission from
Petr §vécha, owner. §vécha, P, and J. F. Lawrence, 2.1 Vesperidae Mulsant, 1839; 2.2 Oxypeltidae Lacordaire, 1868;
2.3 Disteniidae J. Thomson, 1861; 2.4 Cerambycidae Latreille, 1802, In Handbook of zoology, Arthropoda: Insecta;
Coleoptera, beetles, Volume 3: Morphology and systematics (Phytophaga), eds. R. A. B. Leschen and R. G. Beutel, Walter
de Gruyter, Berlin, 2014, 16-177.)
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FIGURE 1.53 LarvaofJudolia sexmaculata (L.) (Lepturinae), ventral view. (Reprinted with permission from Petr Sviécha,
owner. Svdcha, P,, and J. F. Lawrence, 2.1 Vesperidae Mulsant, 1839; 2.2 Oxypeltidae Lacordaire, 1868; 2.3 Disteniidae
J. Thomson, 1861; 2.4 Cerambycidae Latreille, 1802, In Handbook of zoology, Arthropoda: Insecta; Coleoptera, beetles,

Volume 3: Morphology and systematics (Phytophaga), eds. R. A. B. Leschen and R. G. Beutel, Walter de Gruyter, Berlin,
2014, 16-177.)
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FIGURE 1.54 Larva of Dinoptera collaris (L.) (Lepturinae), dorsal view. (Reprinted with permission from Petr Sviécha,
owner. Svicha, P,, and J. F. Lawrence, 2.1 Vesperidae Mulsant, 1839; 2.2 Oxypeltidae Lacordaire, 1868; 2.3 Disteniidae
J. Thomson, 1861; 2.4 Cerambycidae Latreille, 1802, In Handbook of zoology, Arthropoda: Insecta; Coleoptera, beetles,

Volume 3: Morphology and systematics (Phytophaga), eds. R. A. B. Leschen and R. G. Beutel, Walter de Gruyter, Berlin,
2014, 16-177.)



34 Cerambycidae of the World

FIGURE 1.55 Larva of Prionus coriarius (L.) (Prioninae), lateral view. (Reprinted with permission from Petr Sviécha,
owner. Svicha, P,, and J. F. Lawrence, 2.1 Vesperidae Mulsant, 1839; 2.2 Oxypeltidae Lacordaire, 1868; 2.3 Disteniidae
J. Thomson, 1861; 2.4 Cerambycidae Latreille, 1802, In Handbook of zoology, Arthropoda: Insecta; Coleoptera, beetles,
Volume 3: Morphology and systematics (Phytophaga), eds. R. A. B. Leschen and R. G. Beutel, Walter de Gruyter, Berlin,
2014, 16-177.)

FIGURE 1.56 Larva of Prionus coriarius (L.) (Prioninae), ventral view. (Reprinted with permission from Petr Svicha,
owner. Svicha, P, and J. F. Lawrence, 2.1 Vesperidae Mulsant, 1839; 2.2 Oxypeltidae Lacordaire, 1868; 2.3 Disteniidae
J. Thomson, 1861; 2.4 Cerambycidae Latreille, 1802, In Handbook of zoology, Arthropoda: Insecta; Coleoptera, beetles,
Volume 3: Morphology and systematics (Phytophaga), eds. R. A. B. Leschen and R. G. Beutel, Walter de Gruyter, Berlin,
2014, 16-177.)
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FIGURE 1.57 Larva of Atimia okayamensis Hayashi (Spondylidinae), lateral view. (Reprinted with permission from
Petr Svacha, owner. Svécha, P, and J. F. Lawrence, 2.1 Vesperidae Mulsant, 1839; 2.2 Oxypeltidae Lacordaire, 1868;
2.3 Disteniidae J. Thomson, 1861; 2.4 Cerambycidae Latreille, 1802, In Handbook of zoology, Arthropoda: Insecta;
Coleoptera, beetles, Volume 3: Morphology and systematics (Phytophaga), eds. R. A. B. Leschen and R. G. Beutel, Walter
de Gruyter, Berlin, 2014, 16-177.)

FIGURE 1.58 Larva of Arhopalus rusticus (L.) (Spondylidinae), ventral view. (Reprinted with permission from
Petr Svécha, owner. Svdcha, P, and J. F. Lawrence, 2.1 Vesperidae Mulsant, 1839; 2.2 Oxypeltidae Lacordaire, 1868;
2.3 Disteniidae J. Thomson, 1861; 2.4 Cerambycidae Latreille, 1802, In Handbook of zoology, Arthropoda: Insecta;
Coleoptera, beetles, Volume 3: Morphology and systematics (Phytophaga), eds. R. A. B. Leschen and R. G. Beutel, Walter
de Gruyter, Berlin, 2014, 16-177.)
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FIGURE 1.59 Mandible of the larva of Acyphoderes aurulenta (Kirby) (Cerambycinae), dorsal view. (Reprinted from
Costa, C., et al., Larvas de Coleoptera do Brasil, Museu de Zoologia, Universidade de Sdo Paulo, Sao Paulo, 1988. With

permission.)

0.5mm

FIGURE 1.60 Thoracic spiracle of the larva of Acyphoderes aurulenta (Kirby) (Cerambycinae). (Reprinted from
Costa, C., et al., Larvas de Coleoptera do Brasil, Museu de Zoologia, Universidade de Sdo Paulo, Sao Paulo, 1988. With

permission.)

1.3.1 Adults

1. Tarsi distinctly pentamerous (Figure 1.34); lateral pronotal carinae entire and simple
(FIZUIE 1.21) ettt sttt sttt nbeeae Parandrinae

Tarsi pseudotetramerous (Figure 1.35); lateral pronotal carinae absent (Figure 1.24), or
present, often dentate or spinose (Figures 1.22 and 1.23) ......ccocovivierieninineneneeeieee

a.
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FIGURE 1.61 Pupae of Acanthoderes (Psapharochrus) melanosticta (White) (Lamiinae), dorsal view (a) and ventral
view (b). (Reprinted with permission from C. J. B. Carvalho, editor. Mermudes, J. R. M., and M. L. Monné, Rev. Bras.
Entomol., 45, 331-334,2001.)

2. Head vertical or retracted (Figure 1.7), genal margin always directed posteriorly; protibiae with
mesial sinus; mesotibiae usually notched or grooved externally; last segment of maxillary palpi
usually pointed at apex (Figures 1.14 and 1.15) ....coccoeviiiiieiieeieeeeeeeeeen Lamiinae

a. Head usually prognathous or weakly deflexed (Figure 1.10), genal margin never directed
posteriorly; protibiae without mesial sinus; mesotibiae never notched or grooved externally;
last segment of maxillary palpi obtuse or truncate at apex (Figures 1.13 and 1.16 through
LaL0) bbbttt b e ee 3

3. Pronotum with elevated, often dentate or spinose lateral carinae (Figures 1.22 and 1.23);
labrum fused with epistoma; inner lobe of maxillae obsolete (Figure 1.13); procoxae strongly
transverse (Figure 1.23); mesoscutum without a striated stridulatory area .............. Prioninae

a. Pronotum without distinct lateral carinae; labrum free; inner lobe of maxillae usually well
developed (Figures 1.16, 1.17, and 1.19); procoxae rarely transverse, usually rounded;
mesoscutum with a finely striated stridulatory area (Figures 1.28 through 1.30) or without
A SIAAULALOTY ATCA ....veeueiiiiiieieeie ettt ettt ettt ettt e st e e teebe e bt e bt e sneesateenbeeseenne 4

4. Mesoscutum without a median endocarina (Figure 1.30); elytra shortened, covering only the
pterothorax, exposed hind wings with unfolded apex (Figures 1.36 and 1.37) ..... Necydalinae

a. Mesoscutum with a median endocarina (Figures 1.28 and 1.29); elytra usually well devel-
oped, hind wings folded at APEX ......c.eeeerieririeierireeteeree ettt 5

5. Head with region behind eyes usually having prominent temples followed by a constricted neck
(Figures 1.5 and 1.6); procoxae conical, prominent, and strongly projecting below prosternal
PIOCESS eueeitetetenteteete st ettt sttt et s b st et et et s b e st et e st e bt st et et eb e s b et et ebeebeste s eneebesbennens Lepturinae

a. Head may be gradually narrowing to abruptly constricted behind eyes, without prominent
temples, followed by a constricted neck; procoxae of variable shape usually subglobular,
seldom strongly projecting below prosternal ProCess ..........ccceeeeeieriiiesieeiieneenienieeeeeee 6
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6. Mandibula with incisor edge without fringe of hairs; hind wing with edge cell
................................................................................................................... Spondylidinae

a. Mandibula with incisor edge usually with fringe of long hairs; hind wing without edge cell

7. Mesonotum with an undivided stridulatory plate (Figure 1.31); notosternal suture rarely com-
plete, usually indistinct or incomplete anteriorly or absent; empodium usually small or indis-
BITICE +eeventetieetete st et et et et et e st e st eaessee st essesseessensesseessensesseeseensessaessensesseeseensenseanean Cerambycinae
a. Mesonotum with a divided stridulatory plate; notosternal suture may be relatively distinct

and complete; empodium iNdiStINCE .........ccevceeeiiiiriieiiierieieeie e Dorcasominae

1.3.2 Larvae

1. Clypeus (Figure 1.62) very narrow, with only slender basal arms reaching to mandibular
articulations; these arms may be more or less sclerotized and fused with epistomal margin.
Mandibular apex and dorsal angle lacking; mandibles (Figure 1.59) short and apically rounded,

10 70) 1 USRS Cerambycinae (Figure 1.50)
a. Clypeus more or less trapezoidal, filling entire space between dorsal mandibular articula-
tions. Mandibles with distinct apex and more or less distinct dorsal angle ...................... 2

2. Legs absent, or present with only two minute segments visible under high magnification. Cardo
extremely reduced, labiomaxillary base firmly attached to cranium along whole width; maxil-

lae movable only from StIPes .........cccecvevrereecierieiieienieeeeeeaenes Lamiinae (Figure 1.47a and b)

a. Distinct four-segmented legs (Figure 1.65) present though may be strongly reduced and
inconspicuous. Free movable cardo present ............ocoeeveeevinienieiiininienininenenieeeesenens 3

3. Main antennal sensillum flat, rarely convex, never conical .........c..ccccvveevierenernieneneniienienene 4

a. Main antennal sensillum prominent and conical

4. Basal half of pronotum more or less roughly asperate. Labrum cordate (Figures 1.63 and 1.64), very
long. Epistomal, frontal, and postcondylar carinae absent ..... Parandrinae (Figures 1.48 and 1.49)

a. Body without coarse asperities. Labrum never as long as in Parandra. Distinct epistomal,
frontal, and postcondylar carinae often present ........... Prioninae (Figures 1.55 and 1.56)

5. Pretarsus without setae. Abdominal epipleurum protuberant on segments 7-9. Lateral furrows
of pronotum 10ng and dISHINCE .......cc.eviriieriiriiieiereeeeere ettt 6

a. Pretarsus with distinct setae. Abdominal epipleurum protuberant on at least segments
6-9. Lateral furrows of pronotum rarely long and diStinct .........cccccceeevnieeeeniieennnnen. 7

6. Large postnotal fold present. Urogomphi absent. Dorsal ampullae with one lateral impression
0N €aCh SIAE ...cvvviiviiiciei e Dorcasominae (Figures 1.51 and 1.52)

a. Postnotum absent. Urogomphi present or absent. Dorsal ampullae with two lateral impres-
SI0NS 0N €ach SIAe ......coeevievieciiiiiecie e Spondylidinae (Figures 1.57 and 1.58)

7. Dorsal ampullae with two broadly separate lateral impressions on each side (Figure 1.66)
Prothoracic lateropresternum largely microspiculate ..........c.ccooceeeveveneeceriesencnne Necydalinae

a. Dorsal ampullae with one lateral impression. Prothoracic lateropresternum microspiculate

at most along anterior Margin ...........ceeceeveeeveeeeereeenne Lepturinae (Figures 1.53 and 1.54)

1.4 Diagnosis, Biodiversity, Distribution, and Biology of Subfamilies

Phylogenetic relationships within the Cerambycidae are still highly controversial (e.g., Wang and Chiang
1991; Napp 1994; Svicha and Lawrence 2014). As a result, we order subfamilies alphabetically in this
section. Morphological features of subfamilies mainly are extracted from Linsley (1962a, 1962b, 1963,
1964), Linsley and Chemsak (1972, 1984, 1995), Chemsak (1996), Slipir’lski and Escalona (2013), and
Svécha and Lawrence (2014).
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FIGURE 1.62 Head of the larva of Acyphoderes aurulenta (Kirby) (Cerambycinae), dorsal view. (Reprinted from Costa, C.,
etal., Larvas de Coleoptera do Brasil, Museu de Zoologia, Universidade de Sdo Paulo, Sdo Paulo, 1988. With permission.)

2.5 mm

FIGURE 1.63 Head of the larva of Parandra sp. (Parandrinae), dorsal view. (Reprinted from Costa, C., et al., Larvas de
Coleoptera do Brasil, Museu de Zoologia, Universidade de Sdo Paulo, Sdo Paulo, 1988. With permission.)

0.5 mm

FIGURE 1.64 Labrum of the larva of Parandra sp. (Parandrinae), dorsal view. (Reprinted from Costa, C., et al., Larvas
de Coleoptera do Brasil, Museu de Zoologia, Universidade de Sao Paulo, Sdo Paulo, 1988. With permission.)
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1mm

FIGURE 1.65 Proleg of the larva of Parandra sp. (Parandrinae), dorsal view. (Reprinted from Costa, C., et al., Larvas de
Coleoptera do Brasil, Museu de Zoologia, Universidade de Sio Paulo, Sao Paulo, 1988. With permission.)

FIGURE 1.66 Larva of Necydalis major L. (Necydalinae), detail of ventral ambulatory ampulla 4. (Reprinted with per-
mission from Petr §Vécha, owner. gvécha, P.,andJ. F. Lawrence, 2.1 Vesperidae Mulsant, 1839; 2.2 Oxypeltidae Lacordaire,
1868; 2.3 Disteniidae J. Thomson, 1861; 2.4 Cerambycidae Latreille, 1802, In Handbook of zoology, Arthropoda: Insecta;
Coleoptera, beetles, Volume 3: Morphology and systematics (Phytophaga), eds. R. A. B. Leschen and R. G. Beutel, Walter
de Gruyter, Berlin, 2014, 16-177.)

1.4.1 Subfamily Cerambycinae Latreille, 1802
1.4.1.1 Diagnosis

Small to large, elongate beetles (Figures 1.67 through 1.76). Head (Figure 1.10) subvertical, scarcely
narrowed behind eyes; antennae inserted high on frons between eyes, usually very elongate, second
antennomere short; eyes reniform, usually embracing antennal insertion; mandibles acute without
molar plate; incisor edge with or without pubescent fringe; maxillae and labium variable, lacinia usu-
ally well developed (Figure 1.19); mentum usually trapezoidal (Figure 1.18); submentum sometimes
produced between bases of maxillae as a short process. Pronotum without lateral margin; procoxae
rarely prominent, usually rounded, cavities variable; notosternal suture rarely complete, usually
indistinct or incomplete anteriorly, or absent; mesoscutum with a median endocarina; stridulatory
plate, when present, undivided (Figure 1.31). Elytra usually not abbreviated; hind wings without
closed cell in anal sector, radial cell closed. Legs moderately long; protibiae without mesial sinus;
tarsi pseudotetramerous, padded beneath, third tarsomere dilated, bilobed concealing minute fourth
tarsomere, empodium small or absent.
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FIGURE 1.68 Compsibidion divisum Martins (Cerambycinae).
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FIGURE 1.69

FIGURE 1.70

Cerambycidae of the World

Compsocerus deceptor Napp (Cerambycinae).

Disaulax hirsuticornis (Kirby) (Cerambycinae).
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FIGURE 1.71  Lissonotus spadiceus Dalman (Cerambycinae).

FIGURE 1.72 Megacyllene (Megacyllene) patruelis (Chevrolat) (Cerambycinae).
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FIGURE 1.73

FIGURE 1.74

Mionochroma chloe (Gounelle) (Cerambycinae).

Neoregostoma coccineum (Gory) (Cerambycinae).

Cerambycidae of the World
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FIGURE 1.75 Pronuba decora Thomson (Cerambycinae).

FIGURE 1.76  Psygmatocerus wagleri Perty (Cerambycinae).

45



46 Cerambycidae of the World

1.4.1.2 Comments

Due to the diversity of forms, the subfamily is one of the most difficult to define, with uncertain
limits and relationships (Napp, 1994). Two groups of genera previously included in the Necydalinae
are recognized as incertae sedis of Cerambycinae by Svicha and Lawrence (2014): (1) Atelopteryx
Lacordaire, Callisphyris Newman, Hephaestion Newman, Parahephaestion Melzer, Planopus Bosq
and Stenorhopalus Blanchard; and (2) Cauarana Lane, Mendesina Lane, Rhathymoscelis Thomson and
Hephaestioides Zajciw.

1.4.1.3 Diversity and Distribution

This is the second largest subfamily in Cerambycidae, with 1,757 genera and more than 11,200 species in
the world (Bouchard et al. 2011; Monné 2012; Tavakilian 2015) (Table 1.1). The Cerambycinae are widely
distributed in all biogeographic regions. In the Australian, Nearctic, and southern Neotropical regions,
the Cerambycinae are the most speciose subfamily compared to other subfamilies (e.g., Forchhammer
and Wang 1987; Svécha and Lawrence 2014).

1.4.1.4 Biology

Adults are extremely diverse, from dark nocturnal forms to brightly colored mimetic diurnal species (Svicha
and Lawrence 2014) (Figures 1.67 through 1.76). Linsley (1962b) has attempted to divide this subfamily
into two groups based on adult activity patterns. Adults of many species from the Callidiopini, Gracilliini,
Opsimini, Methiini, and so on are active during the night, for example, Oemona hirta (F) (Wang et al.
1998). Some adults may be crepuscular (vespertine) such as Nadezhdiella cantori (Hope) (Wang et al. 2002),
Phoracantha semipunctata (F)), and P. recurva Newman (Wang at el. 2008). Nocturnal or crepuscular adults
may or may not need to feed depending on species. Adults of most species appear to be diurnal, such as spe-
cies from the Aphneopini, Callidiini, Cleomenini, Clytini, Molorchini, and so forth. Many diurnally active
adults visit flowers and feed on pollens and nectar, such as Zorion guttigerum Westwood (Wang 2002). Some
cerambycine adults feed on tree foliage, such as Lissonotus spadiceus Dalman (Figure 1.71) (M. L. Monné,
personal observation) and Xylotrechus pyrrhoderus Bates (Guo 1999); a few in Trachyderini feed on fruit.
Adults can live for a week to a few months depending on whether they feed. Male-produced long-range sex
and aggregation pheromones have been identified in many cerambycine species (see Chapter 5). Mating may
occur on larval hosts or adult feeding sites (see Chapter 4). Depending on the nature of larval feeding biol-
ogy, adults may be attracted to larval hosts of certain conditions for oviposition (Hanks 1999; see Chapter 3).
They then lay their eggs on the surface of larval host plants or in crevices and wounds of bark or under loose
bark. Each female can lay dozens to hundreds of eggs in her lifetime.

The distinctive cerambycine larval mouthparts are well suited for solid hosts; most larvae do not
occur in soft rotten wood or in soil, and species feeding in soft herbs are rare (Svacha and Lawrence
2014). Although larvae of many species feed on dead (not rotten) plants, most species probably attack
living plants that may be perfectly healthy, weakened, or stressed (Hanks 1999). The larval host range
of cerambycine species can be from oligophagous to highly polyphagous across both angiosperms
and gymnosperms (see Chapters 11 and 12). Larvae bore in branches and stems of host plants and
sometimes enter roots, such as O. hirta (Wang et al. 1998). Mature larvae usually pupate in their host
plants. The life cycle usually lasts one to four years. Many cerambycine species are important pests
of trees and logs.

1.4.2 Subfamily Dorcasominae Lacordaire, 1868
1.4.2.1 Diagnosis

Small to moderately large, usually elongate beetles with tapering or subparallel elytra and often long
cursorial legs; no strongly depressed forms. Head prognathous or distinctly rostrate, usually constricted
immediately behind eyes but never with prominent temples followed by a constricted neck; antennal
insertions of variable position but at least slightly away from mandibular condyle, antennal sockets
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usually facing laterally or laterodorsally; eyes moderate to very large, emarginate to entire; mandibles
never enlarged, apex unidentate, inner margin usually with a distinct fringe of hairs; maxillae and labium
well developed, lacinia distinct, submentum with a very short to long intermaxillary process, ligula usu-
ally large, membranous and emarginate or bilobed, terminal segments of both palps usually more or
less truncate. Pronotum without lateral carina, often with a pair of lateral tubercles or spines; procoxal
cavities closed internally and at least narrowly open posteriorly, prosternal process usually narrow but
complete; notosternal suture may be relatively distinct and complete; mesonotum usually with a divided
stridulatory plate; mesocoxal cavities open laterally. Elytra in some taxa strongly narrowed and separate
or also shortened posteriorly, partly exposing hind wings yet almost always distinctly surpassing poste-
rior pterothoracic margin; hind wing with radial cell closed proximally but without edge cell. Legs short
to moderately long; procoxae transverse to subglobular, prominent, projecting at least slightly below
prosternal process; tarsi pseudotetramerous and padded beneath, tarsomere 5 in males of some taxa
remarkably broadened distally, claws free, divaricate to moderately divergent. Empodium indistinct.

1.4.2.2 Comments

Some authors treat this group of cerambycids as two separate subfamilies, Dorcasominae and
Apatophyseinae, each with one tribe (e.g., Danilevsky 1979; Tavakilian 2015). However, most authors
accept that these two subfamilies should be two tribes, Apatophyseini and Dorcasomini, under the sub-
family Dorcasominae (e.g., Svéicha and Danilevsky 1987, 1989; Ozdikmen 2008; Svécha and Lawrence
2014; Adlbauer et al. 2015; Vives 2015). We adopt the latter opinion in this chapter.

1.4.2.3 Diversity and Distribution

There are about 340 described species in 95 genera and two tribes occurring in the Oriental, southern
Palaearctic, and Afrotropical regions (Svacha and Lawrence 2014; Adlbauer et al. 2015; Tavakilian 2015;
Vives 2015) (Table 1.1).

1.4.2.4 Biology

Similar to the Lepturinae, adults of many dorcasomine species are diurnal with some apatophyseine
species being floricolous (Svdcha and Lawrence 2014). Most adults may be nocturnally active and hide
under the bark of trees or between dead logs and the ground. For example, the nocturnal Apterotoxitiades
vivesi Adlbauer adults are found under one- to two-year-old pine logs lying on the ground adjacent to
grassland (Adlbauer et al. 2015). It is not clear whether adults feed and how they reproduce. No long-
range pheromones have been found.

Svacha and Lawrence (2014) summarized the known biology of this subfamily. Larvae of Dorcasomus
gigas Aurivillius make wide galleries along the center of stems and branches of living trees and pupate
in the host plant. Larvae of Apatophysis Chevrolat develop in dead or moribund underground parts of
trees and shrubs and in dry, often treeless, habitats with large perennial herbs. Adlbauer et al. (2015)
speculate that A. vivesi larvae may feed on grass roots. Undescribed larvae of many Madagascan and
one South African (Otteissa Pascoe) genera were found in dead, often rotting, wood, mostly above the
ground; but some species are subterranean (and larvae also tend to lose stemmata). They are found less
frequently in relatively fresh dead branches where larvae usually feed subcortically; unidentified dorca-
somine larvae were also found in the outer bark layer of large living broad-leaved trees. Mature larvae
of nearly all known species leave the host material and pupate in soil. The life-cycle length is unknown
for this subfamily.

1.4.3 Subfamily Lamiinae Latreille, 1825
1.4.3.1 Diagnosis

Small to large, elongate to robust beetles (Figures 1.77 through 1.91). Head (Figure 1.7) vertical in front or
retracted and hypognathous, genal line directly posterior; antennae inserted high on frons between eyes;
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FIGURE 1.78 Hamastatus conspectus Monné (Lamiinae).
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FIGURE 1.79 Hydraschema fabulosa Thomson (Lamiinae).

FIGURE 1.80 Hylettus stigmosus Monné (Lamiinae).
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FIGURE 1.81 Lycaneptia nigrobasalis Tippmann (Lamiinae).

FIGURE 1.82 Macronemus filicornis (Thomson) (Lamiinae).
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FIGURE 1.84 Onychocerus albitarsis Pascoe (Lamiinae).
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FIGURE 1.85 Pertyia sericea (Perty) (Lamiinae).

FIGURE 1.86 Melzerella lutzi Lima (Lamiinae).
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FIGURE 1.87 Oncideres ulcerosa (Germar) (Lamiinae).

FIGURE 1.88 Onocephala obliquata Lacordaire (Lamiinae).
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FIGURE 1.89 Psapharochrus luctuosus (Bates) (Lamiinae).

FIGURE 1.90 Scleronotus scabrosus Thomson (Lamiinae).
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FIGURE 1.91  Trachysomus fragifer (Kirby) (Lamiinae).

second antennomere small; eyes finely or coarsely faceted, emarginate, frequently divided; labrum free;
mandibles acute without a molar plate and incisor edge without fringe of hairs; maxillae and labium
well-developed; palpi with last segment pointed at apex (Figures 1.14 and 1.15); ligula membranous;
mentum trapezoidal; gula usually with a short intermaxillary mentigerous process. Pronotum without
a lateral margin; procoxae globose or subconical, cavities usually angulated externally (Figure 1.26);
mesoscutum usually with a complete endocarina and an undivided stridulatory plate (Figure 1.32); meso-
coxal cavities usually open to epimera. Legs usually short; protibiaec with an oblique internal mesial
sinus; mesotibiae usually with an oblique external sinus, tibial spurs short; tarsi pseudotetramerous, third
tarsomere dilated, concealing the minute fourth tarsomere; tarsal claws divaricate, divergent, appendicu-
late, or bifid; empodium absent.

1.4.3.2 Comments

The subfamily Lamiinae had always been considered a very well-defined and monophyletic group (Napp
1994; Svacha and Lawrence 2014). Audinet-Serville (1832) was the first to propose a classification of the
Cerambycidae, which included three “tribus”: Prioniens, Cerambycins, and Lamiares. Audinet-Serville
(1834) divided Lamiares by the body form into “Déprimés” and “Convexes,” describing numerous gen-
era and species. This classification generally was accepted in Europe by Bates (1861, 1862, 1863, 1864,
1865, 1866), Pascoe (1864-1869), and Thomson (1860, 1861, 1864).

LeConte and Horn (1883) recognized the Lamiinae by the prothorax not being margined, the palpi
with the last joint cylindrical and pointed, and frequently the front tibiae obliquely sulcate on the inner
side. They arranged the tribes represented in North America into nine series (including “Lamioides”)
and several subdivisions.

Linsley and Chemsak (1984) were unable to resolve contradictions and inconsistencies in the recent
usage of Lamiinae tribal classification, mainly in North America. The classification proposed by Linsley
and Chemsak represents a compromise between that of LeConte and Horn and more recent work, thus



56 Cerambycidae of the World

retaining as many of the familiar names as possible of those currently in use by researchers of North
American longicorn fauna.

1.4.3.3 Diversity and Distribution

This is the largest subfamily, with more than 21,000 species in 2,964 genera. It has representatives in all
biogeographic regions and is particularly diverse in the tropics and subtropics (Table 1.1). Although the
Lamiinae are the species-richest subfamily in most regions, they are outnumbered by the Cerambycinae
in the Australian, Nearctic, and Neotropical regions (Forchhammer and Wang 1987).

1.4.3.4 Biology

A number of authors have summarized the general biology of the Lamiinae (e.g., Butovitsch 1939;
Linsley 1961; Linsley and Chemsak 1984, 1995; Wang and Chiang 1991; Hanks 1999; Wang 2008;
Slipiriski and Escalona 2013; Svécha and Lawrence 2014). Adults of most lamiine species probably are
nocturnal or crepuscular in habit, based on evidence from morphological (such as coarsely faceted eyes)
and biological studies. Many are diurnal, and a few are flower visitors. In almost all species of known
biology, adults feed before sexual maturation; for example, many species feed for an average of seven
days before mating (Hanks 1999). Most adults feed on leaves and stems of their larval hosts (Hanks
1999), such as Paraglenea fortunei Saunders (Wang et al. 1990), Phytoecia rufiventris Gautier (Wang
et al. 1992), and Glenea cantor (F.) (Lu et al. 2011). Others feed on conifer needles and cones, such as
Acanthocinus and Monochamus species, and a few on pollen, stamens, nectar, fungus, or fermented tree
oozes (Butovitsch 1939). Due to the nature of adult feeding, active adult life span is relatively long, rang-
ing from weeks to months. Flightlessness is not infrequent and obviously of multiple origin and appar-
ently always occurs in both sexes. So far, only male-produced long-range aggregation pheromones have
been identified for lamiines (see Chapter 5).

Lamiine adults usually prepare the oviposition sites in the bark of stems or branches using mandibles
to cut slits where eggs are deposited. Some genera even girdle the plants before making oviposition slits.
For example, the parent beetles of Oncideres Lepeletier and Serville and their relatives completely girdle
twigs and branches and then lay eggs beyond the girdle, thus providing freshly killed tissue in which
their larvae can develop (e.g., Linsley and Chemsak 1984; Cordeiro et al. 2010). Species from Phytoecia
Dejean also girdle the twigs or shoots, but they lay eggs slightly below the girdled point, and neonate
larvae bore away from the killed part of the twigs or shoots (e.g., Wang et al. 1992). Females never ovi-
posit on barkless wood.

The larvae of most lamiines feed on living or recently dead plants, including both angiosperms and gym-
nosperms. Most are woodborers, such as Anoplophora, Apriona, and Monochamus species, and some are
herbaceous plant feeders, such as Dorcadion, Tetraopes, and Phytoecia species. Most species feed on plant
tissues above the ground level, and some consume those in the soil including roots. Lamiine larvae are very
rarely found in strongly rotten wood (Rhodopina is an exception) and in dry, hard, long-dead wood, includ-
ing seasoned construction timber. Most species probably have one generation a year although some need
two years, and rarely three years, to complete a life cycle. Development may be very rapid for some tropical
species; for example, Steirastoma breve (Sulzer) can complete four generations a year (Kliejunas et al. 2001)
and G. cantor five generations a year (Lu et al. 2011). Except for terricolous larvae, pupation almost always
occurs in the host. Many lamiine species are among the world’s most important pests (see Chapters 11 and 12).

1.4.4 Subfamily Lepturinae Latreille, 1802
1.4.4.1 Diagnosis

Small to moderate, elongate, or robust beetles (Figures 1.92 and 1.93). Head oblique, rarely subverti-
cal, gradually or suddenly narrowed behind the eyes (Figures 1.5 and 1.6); antennae inserted before or
between the eyes, distinctly separated from bases of mandibles, moderately long, second antennomere
short, transverse; eyes oval or emarginate, often entire, finely, or coarsely faceted; mandibles usually
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FIGURE 1.92 Euryptera unilineaticollis Fuchs (Lepturinae).

FIGURE 1.93 Strangalia melanura (Redtenbacher) (Lepturinae).
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flat, acute, usually with a molar tooth and a dense pubescence fringe; maxillae and labium well devel-
oped; palpi with last segment truncate at apex; ligula emarginate, frequently bilobed, membranous, or
coriaceous; mentum flat, usually trapezoidal; gula produced between bases of maxillae as a distinct
mentigerous process. Pronotum without lateral carinae (Figure 1.24); procoxae prominent, conical,
cavities angulated externally, usually open posteriorly (Figure 1.25); mesoscutum usually with a com-
plete median endocarina and a divided stridulatory plate (Figure 1.29); mesocoxal cavities open to
epimera; metepisterna broad, usually narrowed posteriorly. Elytra usually narrowed posteriorly, rarely
abbreviated, apices variable; posterior wings folded at apex, with or without a closed cell in the anal
sector, radial cell closed. Legs slender; protibiae without a mesial sinus; tarsi pseudotetramerous, pad-
ded beneath (pads sometimes lacking on first tarsomere); claws divaricate to moderately divergent;
empodium variable.

1.4.4.2 Comments

Audinet-Serville (1835) established the fourth “tribu” Lepturétes under the Cerambycidae with
some characters that allow us to partially identify the subfamily: eyes rounded, scarcely reniforms;
antennae inserted near the anterior margin of the eyes; head projected or suddenly constricted
behind the eyes.

In their revision on North American Lepturinae, Linsley and Chemsak (1976) did not solve the
taxonomic problems that had arisen since revisions by Swaine and Hopping (1928), Hopping (1937),
and Hopping and Hopping (1947). The groupings are still not very clear because some groups are
quite diverse in morphological and biological characters and their phylogenetic relationships are
not solved.

1.4.4.3 Diversity and Distribution

The Lepturinae have more than 1,500 species in 210 genera and nine tribes in the world (Table 1.1). The
subfamily is dominant in the Northern Hemisphere, particularly in the Holarctic, with a few species
expanding to Afrotropical, Australian, Neotropical, and Oriental regions (Monné and Monné 2008;
Svécha and Lawrence 2014).

1.4.4.4 Biology

Adults often are diurnally active flower visitors with head and mouthpart morphology of many taxa
strongly adapted to pollen and nectar feeding (Linsley 1961; Linsley and Chemsak 1972; Gosling
and Gosling 1976; Taki et al. 2013; Svécha and Lawrence 2014). They visit flowers of shrubs, trees,
and even herbs depending on the availability (Gosling and Gosling 1976). Some species may feed
on fungus spores (Linsley 1961). For example, pollens and fungus spores are found in guts of three
Japanese Rhagium species (Kanda 1980). However, adults of most species from the Xylosteini
appear to be nocturnally active (Linsley and Chemsak 1972). Some crepuscular or nocturnal adults
may also visit flowers and feed on pollen. For example, pollen is found on the body of Enoploderes
sanguineum Faldermann (Danilevsky and Miroshnikov 1981) and Centrodera spurca (LeConte)
(Leech 1963). Adults live for a few weeks to a few months. Mating usually occurs on flowers.
Although female-produced sex pheromones were evidenced earlier (Linsley 1961), they have not
been identified until recently. For example, these have been identified for several species in the
genera Ortholeptura Casey (Ray et al. 2011) and Desmocerus Serville (Ray et al. 2014). Millar and
Hanks provide details about pheromones in this subfamily in Chapter 5. Females usually lay their
eggs on or in the larval food material without special preparation of the oviposition site. However,
females of some root feeders oviposit in soil or on the ground, and first instar larvae dig into the soil
and search for the roots.

Linsley (1961) and Svicha and Lawrence (2014) summarized the biology of immature stages.
Larvae of most species probably are dead wood feeders. Subcortical larval feeding and strongly
flattened larval forms are widespread in Rhagiini but rare (Lepturini) or unknown in other tribes.
Some dead wood feeders are associated with specific fungi; for example, Pseudovadonia livida (F.)
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larvae tunnel in humus with mycelium of the fungus Marasmius oreades (Bolton) Fr. Larvae of
Encyclops Newman and some Pidonia species bore in thick outer bark of living trees. In rare cases,
larvae of some species from Pseudogaurotina Plavilstshikov and Desmocerus Serville feed within
living tissues of woody plants. A few groups develop in or on the underground parts of living herbs,
such as Brachyta Fairmaire, Brachysomida Casey, Vadonia Mulsant, many Cortodera, and some
Typocerus; other Cortodera feed in wood fragments or conifer cones buried in humus. Larvae of
many species may bore into the roots and, in specialized root feeders such as Pachyta Dejean,
Stenocorus Geoffroy, and Akimerus Serville, the larvae start feeding in thinner distal roots and pro-
ceed toward the thicker proximal ones. Larvae of Pidonia Mulsant also are frequently subterranean,
and related taxa (Pseudosieversia Pic, Macropidonia Pic) appear to be at least partly terricolous,
feeding on the roots externally (Cherepanov 1979). Depending on the species, mature larvae may
construct pupal chambers in the host plant or soil. The life cycle lasts from several months to several
years.

1.4.5 Subfamily Necydalinae Latreille, 1825
1.4.5.1 Diagnosis

Small to moderate, usually elongate (Figures 1.36 and 1.37) but occasionally robust beetles. Head con-
stricted behind eyes; frons large, vertical; antennae inserted high on frons; eyes finely faceted, deeply
emarginate; mandibles small, robust, acute, densely fringed along inner margin; mentum short, trans-
verse; ligula membranous, bilobed; palpi short. Pronotum with sides convex or tuberculate, constricted
anteriorly and posteriorly; notosternal suture fine or incomplete; prosternum short, intercoxal process
narrow; procoxae large, conical, nearly contiguous, cavities open to epimera; mesoscutum without
median endocarina but with an undivided stridulatory plate (Figure 1.30); metepisterna broad, attenu-
ated posteriorly. Elytra (Figures 1.36 and 1.37) short, scarcely longer than thorax, exposing abdomen,
apices dehiscent; hind wings lying flat on abdomen, not folded at apex, without an anal cell. Legs slender;
tibial spurs short; first metatarsomere without a pubescent sole. Empodium variable, in some cases dis-
tinct and multisetose. Abdomen with tergite corneous; sternites subequal in length, fifth sternite broadly
emarginate in male.

1.4.5.2 Comments

The Necydalinae often have been classified as a tribe of the Lepturinae (Linsley 1940). Adult synapo-
morphies may include the mandibular molar plate, which is not known in other cerambycid subfamilies
(but occurs in many Disteniidae and Oxypeltidae) and seems to be best developed in some derived flo-
ricolous Lepturinae (whereas it is less distinct in some presumed basal forms and in the Necydalinae).

1.4.5.3 Diversity and Distribution

This subfamily has about 70 species in two genera (Table 1.1): Necydalis L. and Ulochaethes LeConte.
The former is distributed in the Nearctic, Palaearctic, and Oriental regions, although the latter is
monotypic and only occurs in the western Nearctic. All other genera classified in the Necydalinae or
Necydalini should be placed in the Cerambycinae (Svicha and Lawrence 2014).

1.4.5.4 Biology

Adults are predominantly diurnal and good fliers (Linsley 1940, 1961; Zolotov 2001). They mimic
hymenopterans morphologically and behaviorally with Necydalis (Figure 1.36) resembling large wasps
and Ulochaetes (Figure 1.37) similar to bumblebees (Linsley 1940, 1961; Svécha and Lawrence 2014).
Some species of Necydalis visit flowers. Adults usually lay their eggs at the base of standing dead trees
or stumps. Adults may feed on flowers or pollens but are relatively short-lived, probably less than a month
(Linsley 1961).
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Larvae of most species feed on the heartwood of dying or recently killed trees, with Ulochaetes
attacking only conifers and most Necydalis mainly feeding on angiosperms and only some on conifers
(Linsley 1961; Svécha and Lawrence 2014). Ulochaetes larvae bore in the base and roots of trees. Most
Necydalis larvae may bore inside the trunk and stumps and occasionally in the roots. The life cycle nor-
mally lasts one year but, in some species, there may be two generations a year.

1.4.6 Subfamily Parandrinae Blanchard, 1845
1.4.6.1 Diagnosis

Moderate to large and usually robust beetles (Figure 1.94). Head (Figures 1.3 and 1.4) oblique to
horizontal; antennae inserted in front of eyes, near base of mandibles, not extending beyond base
of pronotum, similar in both sexes, glabrous, sensory areas deeply impressed; second antennomere
at least one-half as long as third, remaining antennomeres subequal in length; eyes small, vertical,
convex, feebly emarginate, coarsely faceted; labrum triangular fused with epistoma; mandibles
dentate, molar tooth and pubescent fringe lacking; lobes of maxillae small, inner one obsolete
(Figure 1.12); palpi with last segment truncate at apex; ligula very transverse, corneous; mentum
transverse (Figure 1.20); submentum without intermaxillary process. Pronotum with an elevated,
entire, and simple carina at each side (Figure 1.21); procoxae transverse; cavities open or closed
posteriorly; mesoscutum without stridulatory plate (Figure 1.27); mesocoxal cavities open exter-
nally; metepisterna narrow, parallel-sided. Elytra parallel-sided, apices rounded; hind wings with-
out closed cell in anal sector, radial cell open. Legs short; femora and tibiae compressed; procoxae
without mesial sinus; tarsi (Figure 1.34) slender, five-segmented, without pubescent ventral pads,
third tarsomere entire or feebly emarginate, not dilated, empodium small, slender, occasionally
reduced or obsolete, usually uni- or bisetose.

FIGURE 1.94 Erichsonia dentifrons Westwood (Parandrinae).
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1.4.6.2 Comments

Taxonomy of this small subfamily has been progressing rapidly in recent decades (Monné 2006;
Svicha and Lawrence 2014). For example, there have been several revisions on the Afrotropical
(Bouyer et al. 2012), Australian and Oriental (Santos-Silva et al. 2010; Komiya and Santos-Silva
2011), and Neotropical (Santos-Silva 2002, 2015) genera. Furthermore, Biffi and Fuhrmann (2013)
gave a detailed treatment of the larvae and pupae of a Neotropical species, Parandra longicollis
Thomson, generally discuss parandrine immature stages, and provide a key to parandrine larvae of
the world.

1.4.6.3 Diversity and Distribution

Worldwide, the Parandrinae have about 120 species in 19 genera and two tribes (Table 1.1). The
Erichsoniini contains only one genus and one species, Erichsonia dentifrons Westwood (Figure 1.94),
and occurs only in Mexico and Central America. The Parandrini has representatives in all biogeo-
graphic regions, with six genera in the Oriental and Australian, five in the Neotropical, one in the
Nearctic, one in Hawalii, one in the Palaearctic, one in the Afrotropical, and several species of uncer-
tain generic position in the Afrotropical. Most parandrine species are distributed in warmer regions,
and only a few occur in temperate zones.

1.4.6.4 Biology

The biology of the Parandrinae is still poorly understood. So far, nothing is known about the biology of
the tribe Erichsoniini. Based on literature, Svacha and Lawrence (2014) summarized the general biology
of the Parandrini. Adults are mostly nocturnal and hide in tree hollows, cracks, and under the loose bark
during the day. Females lay eggs on the wood, with several generations often developing within the same
dead wood. The life cycle usually lasts more than a year. For example, Parandra brunnea (F.) takes two
to three years to complete growth and development (Gahan 1911). Lingafelter (1998) described mating
behavioral interactions between sexes of a parandrine species, P. (P.) glabra (De Geer), for the first time.
No pheromones have been found in this subfamily.

Larvae usually develop in dead moist logs, timber poles close to the ground surface, or in dead wood of
living trees; sometimes they even develop in closed (healed over) hollows in which the adults may repro-
duce without leaving the tree (Linsley 1962a). Some species can feed on both dead and living plants.
For example, the larvae of P. brunnea feed in the decayed heartwood and moist structural timber of
many hardwood species and can also cause severe injury to living trees where the heartwood has been
exposed (Gosling 1973). Most species are highly polyphagous, occasionally even attacking both gym-
nosperms and angiosperms with a preference for angiosperms (Linsley 1962a; Monné 2002). However,
some southern species appear to be associated with, or at least frequently develop in, the gymnosperm
tree genus Araucaria (Mecke et al. 2000; Mecke 2002). Mature larvae usually construct pupal cells
inside the wood and pupate there.

1.4.7 Subfamily Prioninae Latreille, 1802
1.4.7.1 Diagnosis

Moderate to very large, usually robust beetles (Figures 1.95 and 1.96). Head (Figures 1.9 and 1.11)
oblique or subvertical; antennae inserted near base of mandibles, variable in length but always sur-
passing base of pronotum, antennomeres glabrous, frequently produced or serrate in male; eyes large,
usually coarsely faceted; labrum fused with epistoma; mandibles large, molar tooth and pubescent
fringe lacking; maxillae with inner lobes obsolete (Figure 1.13); palpi with last segment truncate at
apex; ligula transverse, corneous; mentum transverse; submentum without intermaxillary process.
Pronotum with an elevated, often spinose or dentate, carina (Figures 1.22 and 1.23) at each side; cavi-
ties open behind; mesoscutum without a stridulatory plate; mesocoxal cavities usually open externally;
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FIGURE 1.96 Poecilopyrodes pictus (Perty) (Prioninae).
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metepisterna variable. Elytra with variable apices; hind wings with a closed cell in anal and in radial
sectors. Legs moderately robust; procoxae transverse; protibiae without mesial sinus; tarsi pseudote-
tramerous, padded beneath, third tarsomere dilated, concealing minute fourth tarsomere. Empodium
from prominent and multisetose to indistinct.

1.4.7.2 Comments

Prioninae are remarkable by almost complete absence of very small forms—except the Neotropical
genus Chariea. For example, C. birai Monné & Monné (Figure 1.95) is only 4.2 mm long, which is the
smallest species of Prioninae (Monné and Monné 2015). This subfamily contains some of the largest
known beetles (Titanus, Xixuthrus, and Macrodontia with specimens reaching 150-175 mm). Extreme
sexual dimorphism in size, general form, antennal morphology, and color is common in some species,
such as those in the tribe Anacolini.

1.4.7.3 Diversity and Distribution

About 1,100 species in 302 genera and 21 tribes have been described for this subfamily worldwide
(Svécha and Lawrence 2014; Tavakilian 2015). The subfamily occurs in all biogeographic regions
but predominantly in the tropical and subtropical regions (Table 1.1) such as the warmer areas of the
Afrotropical, Australian, Oriental, and Neotropical. Relatively few species are distributed in temperate
areas of the Nearctic and Palaearctic regions.

1.4.7.4 Biology

Svécha and Lawrence (2014) summarized some aspects of the general biology of this subfamily. Typically,
adults are crepuscular or nocturnal and correspondingly sober, dull, or dark in color. In the few known diur-
nal species that exclusively occur in the tropics, adults can be brightly colored or metallic. Flightlessness or
brachyptery is relatively common, particularly in dry regions; but except for some Neotropical long-legged
“pedestrian” species, this usually is restricted to females. Some winged females apparently cannot fly until
they lay a portion of their eggs. Adults usually do not feed, or at most feed on imbibed fluids. Most adults
live for a few days, but some can survive for a few months. Mating usually occurs on the emergence day
or the next. Long-range female-produced sex pheromones have been identified for Prionus californicus
Motschulsky (Rodstein et al. 2011) and several Tragosoma species (Ray et al. 2012), all of which are from the
Nearctic. Although female-produced sex pheromones are evidenced in a New Zealand species, Prionoplus
reticularis White (Edwards 1961), these have never been identified. In Chapter 5, Millar and Hanks provide
adetailed treatment of pheromones in this subfamily. Females lay eggs immediately or one day after mating;
in many species, they can lay hundreds of eggs. For example, the female of the Oriental species Dorysthenes
granulosus (Thomson) can lay up to 783 eggs in her lifetime (Zeng and Huang 1981).

Larvae of most species develop in dead plants, but those of some species feed on living plants. Dead
plant feeders usually are highly polyphagous, while those that feed on living plants can be either polypha-
gous or oligophagous. In several tribes, such as Prionini and Cantharocnemini, larvae develop more or
less exclusively underground, and some can even move through soil and feed on roots of trees or herbs
externally and then internally. Some species can bore from the main roots to the stems up to 60 cm above
the ground surface. Females of such species usually oviposit in soil near the host plants, for example,
P. californicus (Linsley 1962a; Alston et al. 2014) and the Oriental species D. hugelii (Redtenbacher)
(Duffy 1968; Sharma and Khajuria 2005; Singh et al. 2010) and D. granulosus (Zeng and Huang 1981).
Mature larvae usually pupate in the pupal cells in soil. However, most prionines lay eggs directly on the
hosts. For example, the females of the Afrotropical species Macrotoma palmata (F.) lay their eggs in the
cracks and crevices in the bark of the trunks and main branches of healthy trees (Duffy 1957; Tawfik et al.
2014). The larvae bore into the bark and then into the wood. For example, P. reticularis bore inside logs,
stumps, dead parts of living trees, and untreated sawn timber (Edwards 1961). Mature larvae pupate in the
wood. However, the larvae of some trunk borer species may exit from the wood when mature and enter
soil for pupation—for example, the Neotropical species Macrodontia cervicornis (L.) (Paprzycki 1942).
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Almost all species of known biology from this subfamily take more than a year to complete their
life cycles. For example, the growth and development of immature stages require three to five years in
P. californicus (Linsley 1962a; Alston et al. 2014) and three to four years in D. hugelii (Duffy 1968) and
M. palmata (Duffy 1957; Tawfik et al. 2014). A shorter life history has been recorded (about two years)
in D. granulosus (Zeng and Huang 1981; Yu et al. 2012).

1.4.8 Subfamily Spondylidinae Audinet-Serville, 1832
1.4.8.1 Diagnosis

Moderate in size and elongate, sometimes robust in form (Figures 1.97 and 1.98). Head (Figure 1.8)
large, oblique, may be constricted behind eyes but without prominent temples; mouthparts moderately to
strongly oblique; frontoclypeal suture complete or somewhat obliterated medially, postclypeus strongly
transverse to shortly triangular, protentorial pits mostly distinct, sublateral to dorsal/frontal; anteclypeus
small, very short in Spondylidini; labrum separate but often short and transverse; antennal sockets broadly
separate, relatively distant from mandibular condyle, and facing laterally in Anisarthrini, Saphanini, and
Atimiini, closer to condyle and facing slightly anteriorly in Asemini and Spondylidini; eyes huge to very
small, more or less emarginate, may be strongly constricted or completely divided; in the saphanine
branch, eyes may be slightly protruding between mandibular articulation and antennal socket. Pronotum
without elevated carina, sides entire; prosternal process present, procoxal cavities of variable shape (but
lateral procoxa and trochantin at least partly exposed), closed internally, open or closed posteriorly; meso-
scutum with a medial endocarina, and stridulatory plate (if present) divided (Figure 1.28); mesocoxal cav-
ities open in most species or narrowly closed laterally in Atimiini. Elytra parallel-sided, apices rounded,
unarmed; hind wings with edge cell. Legs short; femora and tibiae compressed; protibiae without mesial
sinus, apex with a broad terminal lamella (Figure 1.33); tarsi pseudotetramerous (Figure 1.35), claws
divaricate, empodium small and bisetose to indistinct; legs modified in Spondylidini (short and stout with
slightly compressed dentate tibiae, somewhat reduced tarsal pads and enlarged fourth tarsomere).

FIGURE 1.97 Asemum striatum (L.) (Spondylidinae).
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FIGURE 1.98 Neospondylis mexicanus (Bates) (Spondylidinae).

1.4.8.2 Comments

The relationships of the Spondylidinae with other subfamilies have been controversial. For example, the
subfamily was considered more closely related with the Prioninae by Audinet-Serville (1832), although
it was treated as a closer relative of the Anoplodermatinae by Thomson (1860). Based on larval mor-
phology, Craighead (1923), Duffy (1960), and Svécha and Danilevsky (1987) included Spondylis in the
Aseminae. In the current system, the tribes Asemini, Atimiini, and Spondylidini are included in the
Spondylidinae.

1.4.8.3 Diversity and Distribution

The subfamily consists of about 160 species in 32 genera and 5 tribes and is distributed in all bio-
geographic regions (Table 1.1). However, Svicha and Lawrence (2014) listed only 20 genera. They
show that the spondylidine branch (Spondylidini and Asemini) generally is Holarctic, with some
Neotropical and Oriental representatives. Several Arhopalus species have been introduced to the
Australian (Wang and Leschen 2003), Afrotropical (Adlbauer 2001), and Neotropical (Lopez et al.
2008). In the saphanine branch, Anisarthrini primarily occur in the Palaearctic and Afrotropical,
Saphanini mainly in the Palaearctic and Nearctic, and Atimiini in the Palaearctic, Nearctic, and
Oriental.

1.4.8.4 Biology

Adults are predominantly crepuscular and nocturnal, usually somber-colored, nonfeeding and short-
lived (Svécha and Lawrence 2014). Some species of Tetropium (tribe Asemini) are diurnal in habit and
brightly colored. The Saphanini are mostly flightless; for example, Saphanus is macropterous, but at
least females of some, if not all, populations do not fly and Drymochares and Michthisoma are microp-
terous. Male-produced long-range sex pheromones in Tetropium fuscum (F.) and T. cinnamopterum Kirb



66 Cerambycidae of the World

have been identified (Silk et al. 2007). Lemay et al. (2010) described calling behavior by 7. fuscum males,
during which time sex pheromones are released. After females are attracted to calling males, the latter
use female-produced contact sex pheromones for sex recognition and mating (Silk et al. 2011). Details
about pheromones in this subfamily are given in Chapter 5. Some Arhopalus species are attracted to
newly burned pine forest for oviposition (Suckling et al. 2001).

Larvae from Saphanini and Anisarthrini usually feed on dead angiosperms, but those of most spe-
cies from the remaining three tribes live on dead conifers. According to Svicha and Lawrence (2014),
Asemini and Spondylidini adults usually do not oviposit on barkless wood. Larvae from Tetropium are
completely subcortical, sometimes in freshly dead or live trees (Gosling 1973). Species of Nothorhina
and T. aquilonium develop exclusively within the bark of large, standing, living trees (Helidvaara et al.
2004). Larvae of many Asemini feed on dead or stressed coniferous trees (Hanks 1999) and may bore
into underground parts of the host trees. Many species from the Spondylidini are specialized root feed-
ers, working from distal roots toward the tree base so that mature larvae may reach it and adults may
emerge from stem or stump bases aboveground. Female Spondylis dig into the soil and oviposit directly
on the root bark (Cherepanov 1979). All taxa pupate in the food material. The life cycle of this subfamily
lasts one to several years, depending on species and climate.
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2.1 Introduction

The Cerambycidae comprise a large and diverse family of beetles with more than 36,000 species rec-
ognized worldwide (see Chapter 1). Cerambycids vary greatly in adult body length, from as short as
1.5 mm long in the Caribbean twig-boring lamiine Decarthria stephensi Hope (Villiers 1980; Peck 2011)
to as long as 167 mm in the prionine Titanus giganteus (L.) (Bleuzen 1994), the larvae of which likely
develop in decaying wood in South American rain forests. Cerambycids are native to all continents with
the exception of Antarctica and can be found from sea level [e.g., the cerambycine Ceresium olidum
(Fairmaire) in the Society Islands and Fiji; Blair 1934] to alpine sites as high as 4200 m (e.g., the ceram-
bycine Molorchus relictus Niisato in China [Niisato 1996; Pesarini and Sabbadini 1997] and the lamiine
Lophopoeum forsteri Tippmann in Bolivia [Tippmann 1960]). In this chapter, we will discuss the types
of habitats commonly occupied by cerambycids, the development of the immature stages, diapause, adult
dispersal and longevity, and population dynamics.
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2.2 Larval and Adult Feeding Habits

Nearly all cerambycids are phytophagous as both adults and larvae. One exception is exemplified by
adults in the cerambycine genus Elytroleptus that mimic and prey on adult lycid beetles (Eisner et al.
2008; Grzymala and Miller 2013). Likewise, although cerambycid larvae generally are considered phy-
tophagous, facultative inter- and intraspecific predation has been observed when larvae encounter other
individuals while constructing galleries within their host plants (Dodds et al. 2001; Ware and Stephen
2006; Schoeller et al. 2012).

A detailed account of the feeding biology of cerambycids is presented in Chapter 3 of this book; there-
fore, only a brief summary will be presented here. Cerambycids utilize a wide variety of plant species as
larval hosts, including both monocots and dicots, and many species are pests of forest and urban trees
(see Chapter 11) and crops (see Chapter 12). Worldwide, the vast majority of cerambycids develop in
woody plants, especially trees. Almost every plant part is consumed by at least a few cerambycid species,
with the vast majority developing in the stems, branches, and roots. Moreover, nearly every plant tissue is
consumed by cerambycid larvae, with some species feeding mostly in the bark, some mostly in sapwood,
others mostly in heartwood, and still others mostly in pith. Most cerambycid larvae develop within
the tissues of their host plant, but there are some soil-dwelling species that feed externally on plant
roots. With respect to host condition, some species develop in living hosts, although others are found in
recently dead or even well-decayed hosts (Hanks 1999). In addition, some species prefer to infest dry
wood (Hickin 1975). As for the larval host range, some cerambycids are highly monophagous, feeding on
a single species or genus of plants, although others develop on several genera within a single family, and
still others are highly polyphagous, developing in several plant families (Craighead 1923; Duffy 1953;
Linsley 1959, 1961). There also is great variation in the types of food consumed by adult cerambycids,
with some apparently not feeding at all, while others feed on flowers, bark, foliage, cones, sap, fruit,
roots, and fungi (Tragardh 1930; Butovitsch 1939; Duffy 1953; Linsley 1959, 1961; also see Chapter 3).

2.3 Oviposition, Fecundity, and Egg Development

Cerambycids oviposit on, in, or near their larval host plants (Tragardh 1930; Butovitsch 1939; Duffy 1953;
Linsley 1959, 1961). The behaviors displayed during oviposition also vary greatly among species. For example,
in many Lepturinae and Prioninae, females simply push their ovipositor into the substrate when laying eggs,
which is often soft and partially decayed wood or soil near the base of the larval host plant. Some cerambycids
oviposit on the outer surface of their hosts (e.g., some Cerambycinae and Spondylidinae), while most non-
Lamiinae cerambycids that infest woody plants lay eggs under bark scales or in bark crevices (Linsley 1959).
In the Lamiinae, however, females typically prepare the oviposition site with their mandibles by chewing a
slit or pit through the outer plant tissues into which they oviposit (Figures 2.1 and 2.2), while some lamiines
use the tip of their abdomen to enlarge the oviposition site after first using their mouthparts (Linsley 1959).

Members of several cerambycid subfamilies oviposit in the entrance holes, exit holes, and other gallery
structures created by various bark- and wood-boring insects (Linsley 1959). For example, Youngs (1897)
reported on the lepturine Anthophylax attenuates (Haldeman) ovipositing in the galleries of the ptinid beetle
Ptilinus ruficornis Say, apparently by inserting their ovipositor into the exit holes. Similarly, some members
of the lamiine genus Acanthocinus construct their oviposition pits over bark beetle (Scolytinae) entrance
holes and ventilation holes (i.e., the holes constructed by bark beetles along the length of their egg galleries
that extend into the outer bark). For example, 56% of the oviposition pits made by A. aedilis (L.) in Europe
and 99% of the oviposition pits made by A. nodosus (F.) in the southern United States were centered over
bark beetle entrance holes and ventilation holes on infested pine trees (Schroeder 1997; Dodds et al. 2002).

Relatively few cerambycids oviposit directly on wood that is bark free (Duffy 1953; Linsley 1961).
The cerambycine Hylotrupes bajulus (L.) is one exception in that females lay batches of eggs directly in
cracks and crevices on exposed wood, primarily the sapwood of various conifers (Duffy 1953).

Some adult females girdle the host tissue with their mouthparts prior to oviposition, especially twigs
and small-diameter branches. Twig girdling is common among the two lamiine genera Oberea and
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FIGURE 2.1  Adult female of the lamiine Anoplophora glabripennis (Motschulsky) ovipositing on a branch of Norway
maple (Acer platanoides L.) in the United States. (Courtesy of Melody Keena [Bugwood image 5431704].)

UGA0949056

FIGURE 2.2 Adults and oviposition pits of the lamiine Anoplophora glabripennis on maple (Acer) in New York.
(Courtesy of Kenneth Law [Bugwood image 0949056].)

Oncideres, with Oberea females tending to oviposit below the girdle (i.e., toward the trunk, proximal) while
Oncideres females oviposit above the girdle (i.e., toward the branch tip, distal). Solomon (1995) provided
details on the girdling behavior of several woody dicot-infesting, North American species, including
Oberea bimaculata (Olivier), O. ocellata Haldeman, O. ruficollis (Fabricius), O. tripunctata (Swederus),
and Oncideres cingulata (Say), O. pustulata LeConte, O. rhodosticta Bates, and O. quercus Skinner.
Typically, for the Oberea and Oncideres species listed here, the Oberea adult females first chew two
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rings of punctures around the stem or twig about 13-25 mm apart and then chew a pit between the two
rings and oviposit a single egg with the resulting larva tunneling downward (Figure 2.3). By contrast,
Oncideres females girdle small to large branches (usually 5-20 mm, but up to 65 mm in O. pustulata)
by chewing a ring around the circumference of the branch deep into the xylem tissue (Figure 2.4).
Oncideres females usually girdle first and then oviposit in the branch, laying eggs singly in bark slits
but often multiple eggs per branch (Rogers 1977a; Solomon 1995). The girdling of a branch appears to
benefit the cerambycid larvae by reducing host defenses and elevating the nutritional quality of the host
tissues (Forcella 1982; Rice 1995; Hanks 1999).

Fecundity in the Cerambycidae varies considerably among species from tens of eggs per female to sev-
eral hundreds. Duffy (1953) warned, however, that field estimates often underestimate true total fecun-
dity because eggs of cerambycids are often well concealed, making accurate counts difficult. A few
examples of average lifetime fecundity based on laboratory studies are 80 eggs for the cerambycine
Megacyllene robinae (Galford 1984), 119 eggs for the cerambycine Enaphalodes rufulus (Haldeman)
(Donley 1978), 133 eggs for the lamiine Glenea cantor (F.) (Lu et al. 2013), 159 eggs for the spondyli-
dine Arhopalus ferus (Mulsant) (Hosking and Bain 1977), 161 eggs for the cerambycine H. bajulus
(Cannon and Robinson 1982), 165 eggs for the lamiine Neoptychodes trilineatus (L.) (Horton 1917),
200-451 eggs for the lamiine Monochamus carolinensis (Olivier) (Walsh and Linit 1985; Zhang and
Linit 1998), 250-350 eggs for the prionine Prionoplus reticularis White (Rogers et al. 2002), and 581
eggs for M. alternatus Hope (Zhang and Linit 1998). In a study using 15 field-collected prionine Prionus
laticollis (Drury) adult females, Farrar and Kerr (1968) reported that on average they laid 388 eggs but
retained an average of 255 eggs, with one female having a total of 1,211 eggs (laid and unlaid).

Eggs usually are shades of white to yellow when first deposited and vary in length from under 0.5 mm
to more than 1 cm in the prionine 7. giganteus (Duffy 1953). Cerambycid eggs typically are elongate,
usually being at least twice as long as broad (Butovitsch 1939; Figure 2.5). For example, based on data

~ Bruce Watt
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FIGURE 2.3 Typical oviposition damage by the lamiine Oberea perspicillata Haldeman on its larval host Rubus in
which the adult female makes two rows of punctures that encircle the stem and then lays an egg in the stem between the
punctures. Larval frass is being extruded from the oviposition hole. (Courtesy of Bruce Watt, photo taken in Maine, USA.
[Bugwood image 5507306].)
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FIGURE 2.4 Typical oviposition damage by an adult female of the lamiine Oncideres cingulata (Say) on one of its larval
hosts, Carya, in the eastern United States. Females first girdle the twigs or small branches by chewing a ring around the
twig’s circumference and then laying one or more eggs in the distal portion of the branch. The girdled branches eventu-
ally fall to the ground and the larvae develop within them. (Photo from the USDA Cooperative Extension Slide Series
[Bugwood image 1435156].)

FIGURE 2.5 Egg of the spondylidine Tetropium fuscum (Fabricius) with the larva visible inside. (Courtesy of Jessica
Price, photo taken in Canada [Bugwood image 5331003].)
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in Duffy (1953) and Rogers et al. (2002), eggs average 1.1 mm long and 0.3 mm wide at their great-
est width for the cerambycine Molorchus minor (L.), and similarly 1.5 and 0.5 mm for the parandrine
Neandra (= Parandra) brunnea, 2.4 and 0.4 mm for the prionine P. reticularis, 3.1 and 1.5 mm for the
prionine Ergates spiculatus (LeConte), and 4.1 and 0.5 mm for the prionine Prionus coriarius (L.).

Eggs usually are laid singly or occasionally in small clusters. For example, Walsh and Linit (1985)
examined 652 oviposition pits constructed by the lamiine M. carolinensis and found that 89 pits had
no eggs, 559 had one egg, and 4 had two eggs. Similarly, eggs mostly were laid singly by the branch-
borer cerambycine Osphranteria coerulescens Redtenbacher but occasionally in groups of two to three
(Sharifi et al. 1970). By contrast, in the cerambycine Phoracantha semipunctata (F.), eggs commonly are
deposited under bark in groups of 3-30 eggs (Scriven et al. 1986).

Most reviews state that cerambycid eggs usually hatch in a few days or up to four to five weeks at
times, with two weeks being average (Craighead 1923; Butovitsch 1939; Duffy 1953; Linsley 1961). Data
on the timing of egg hatch from several field and laboratory studies are listed in Table 2.1. For the field
studies presented, the shortest incubation period was three to seven days for the lamiine Nealcidion
deletum (Bates) in Guyana (Cleare 1931), and one of the longest was 22—24 days for the lamiine Apriona
germari Hope in India (Hussain and Buhroo 2012). For the laboratory studies, which were conducted at
temperatures ranging from 15°C to 34°C, the shortest average time to egg hatch was four days for the
lamiines Dectes texanus LeConte at 27°C (Hatchett et al. 1973), Phytoecia rufiventris Gautier at 30°C
(Shintani 2011), and M. carolinensis at 34°C (Pershing and Linit 1986). By contrast, some of the longest
average times to egg hatch were 54 days for the lamiine Anoplophora glabripennis (Motschulsky) at
15°C (Keena 2006) and 55 days for the prionine P. laticollis at 16°C (Farrar and Kerr 1968). In addi-
tion, Keena (2006) reported that the average time to egg hatch for A. glabripennis was 25 days at 20°C,
15 days at 25°C, and 13 days at 30°C (Table 2.1).

2.4 Larval Development and Voltinism

During eclosion, cerambycid larvae rupture the egg chorion with the use of cephalic, thoracic, or
abdominal spines (so-called egg burster spines) or with their mandibles (Duffy 1949, 1953; Linsley 1961;
Gardiner 1966). After eclosion, most cerambycid larvae quickly tunnel into the host tissues or soil where
they feed and develop over the next several months to years. As a result of these long generation times
and the extensive feeding that usually occurs within the host plant, the larval stage of cerambycids is by
far the most injurious life stage to the host plant. Cerambycid larvae generally are elongate and subcylin-
drical, with protracted mouthparts and poorly developed thoracic legs. However, some lepturine larvae
have well-developed thoracic legs. For example, larvae of the European lepturine Dinoptera collaris (L.)
are very mobile, live under loose bark and in insect galleries where they feed on frass of other borers,
and can walk over the soil among logs and stumps (Duffy 1953; Bily and Mehl 1989). Similarly, larvae
of the Quercus-infesting lepturine Leptura pacifica (Linsley) have been reported to feed on frass of other
cerambycids (Skiles et al. 1978).

Cerambycid larval galleries tend to be oval in cross-section with a meandering configuration when
tunneling occurs in the cambial region but usually are round in cross-section and straighter when tun-
neling occurs in wood (Craighead 1923; Duffy 1953). The frass of cerambycid larvae, especially when
feeding in woody tissue, often is granular with coarsely shredded or fibrous pieces of wood present (Hay
1968; Solomon 1977). The granular portion of the frass is material that passed through the digestive tract
of the larva, whereas the shreds of wood are pieces torn off by the larva’s mouthparts but not consumed
(Craighead 1923; Solomon 1977).

Usually one to three years are required for most cerambycids to complete a single generation. However,
some cerambycids apparently are able to complete two generations (bivoltine) per year (Matsumoto et al.
2000; Pershing and Linit 1986; Watari et al. 2002; Logarzo and Gandolfo 2005) or perhaps even three
or more (multivoltine). For example, in southern China, Lu et al. (2011) demonstrated that the lamiine
G. cantor can complete a generation in about 70 days or five generations per year. Similarly, Swezey
(1950), working in Hawaii, reared adults of four cerambycids species within four months after live
branches of a breadfruit tree [Artocarpus altilis (Parkinson) Fosberg] were cut and allowed to undergo



TABLE 2.1
Summary Data for Egg Development Time under Field or Laboratory Conditions for Selected Cerambycids
Egg Hatch (Days)

Species Subfamily? Study Location Host Genera in Study Study Conditions Mean Range References
Aeolesthes holosericea Fabricius Cer India Hardwoods Field - 7-12 Khan and Khan 1942
Alcidion cereicola Fisher Lam Argentina Harrisia Field - 5-9 McFadyen and Fidalgo 1976
Anoplophora chinensis (Forster) Lam Japan Citrus 20°C 14 - Adachi 1994

25°C 10 -

30°C 8 -
Anoplophora glabripennis (Motschulsky) Lam USA Acer 15°C 54 37-84 Keena 2006

20°C 25 16-59

25°C 15 8-38

30°C 13 8-27
Apriona germari Hope Lam India Morus Field - 22-24 Hussain and Buhroo 2012

25°C 18 - Yoon and Mah 1999
Calchaenesthes pistacivora Holzschuh Cer Iran Pistacia Field - 10-14 Rad 2006
Chion cinctus (Drury) Lam USA Carya Field - 7-9 Hovey 1941
Colobothea distincta Pascoe Lam Costa Rica Theobroma Field - 8-12 Lara and Shenefelt 1966
Dectes texanus LeConte Lam USA. Glycine 27°C 4 3-5 Hatchett et al. 1973
Eupromus ruber (Dalman) Lam Japan Persea Field - 7-10 Banno and Yamagami 1991
Megacyllene mellyi (Chevrolat) Cer Brazil Baccharis Field 14 - McFadyen 1983
Megacyllene robiniae (Forster) Cer USA Robinia 27°C 7 4-11 Wollerman et al. 1969
Monochamus carolinensis (Olivier) Lam USA Pinus 18°C 14 - Pershing and Linit 1986

26°C 6 -

34°C 4 -
Neoptychodes trilineatus (L.) Lam USA Ficus Field 6 3-8 Horton 1917
Nealcidion deletum (Bates) Lam Guyana Solanum Field - 3-7 Cleare 1931
Oberea schaumi LeConte Lam USA Populus Field - 14-15 Nord et al. 1972
Oemona hirta (F.) Cer New Zealand Citrus 23°C 9 - Wang et al. 1998

(Continued)
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TABLE 2.1 (Continued)

Summary Data for Egg Development Time under Field or Laboratory Conditions for Selected Cerambycids

Egg Hatch (Days)

Species Subfamily? Study Location Host Genera in Study Study Conditions Mean Range References
Osphranteria coerulescens Redtenbacher Cer Iran Prunus 30°C 9 7-11 Sharifi et al. 1970
Phoracantha semipunctata (F.) Cer USA Eucalyptus 20°C 5 - Hanks et al. 1993
Phoracantha semipunctata Cer Tunisia Eucalyptus 26°C - 6-7 Chararas 1969
Phytoecia rufiventris Gautier Lam Japan Chrysanthemum 20°C 10 - Shintani 2011

25°C 5 -

30°C 4 -
Prionoplus reticularis White Prio New Zealand Pinus Field - 16-25 Rogers et al. 2002
Prionus laticollis (Drury) Prio USA Malus 27°C 19 - Farrar and Kerr 1968

16°C 55 -
Saperda populnea (L.) Lam Turkey Populus Field - 11-14 Tozlu et al. 2010
Saperda populnea Lam Korea Populus 25°C - 8-11 Park and Paik 1986
Semanotus litigiosus (Casey) Cer USA Abies Field - 10-30 Wickman 1968
Stromatium longicorne (Newman) Cer China Hardwoods Field - 10-15 Shi et al. 1982
Stromatium longicorne Cer Japan Hardwoods Field - 8-12 Yashiro 1940
Xylotrechus colonus (Fab.) Cer Canada Betula Field 21 - Gardiner 1960
Xylotrechus quadripes Chev. Cer India Coffea Field - 5-6 Seetharama et al. 2005
Xylotrechus quadripes Cer Thailand Coffea 29-31°C 5 3-9 Visitpanich 1994

@ Cer = Cerambycinae, Lam = Lamiinae, Prio = Prioninae.
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natural infestation for two months before being caged. In the tropical climate of Zambia, Loyttyniemi
(1983) reported that P. semipunctata, an introduced cerambycine pest of eucalypts, could complete
two to three generations per year. In Southern California, however, Bybee et al. (2004b) found that
P. semipunctata generally is univoltine, but that P. recurva Newman could complete one and a partial
second generation each year. Bybee et al. (2004b) suggested that this difference in generation time may
partially explain how P. recurva is displacing P. semipunctata in California even though P. semipunc-
tata was first reported in California in 1984 and P. recurva not until 1995. However, Luhring et al. (2004)
suggested that differential susceptibility to natural enemies may also be an important factor leading to
P. recurva’s displacement of P. semipunctata. In the case of the spondylidine Tetropium gabrieli Weise,
Duffy (1953) presented data showing that this beetle usually completes one generation per year in the
United Kingdom, but two generations can be completed there during very warm summers. By con-
trast, larval development can be greatly protracted in dry wood such as flooring, molding, and furniture
(Duffy 1953; Hickin 1975). For example, an adult beetle of the cerambycine Eburia quadrigeminata
(Say) emerged from a bookcase that was constructed more than 40 years earlier (Jaques 1918).

2.5 Pupal Development and Adult Emergence

Typically, pupation occurs at the end of the larval feeding galleries between the bark and wood; within
the bark, sapwood, or heartwood of woody plants; inside the stems or roots of herbaceous plants; or in
the soil (Craighead 1923; Duffy 1953). There are two general types of pupal chambers that are commonly
referred to as cells and cocoons. Cells are chambers constructed near the terminal end of the larval gal-
lery in which the pupa is in direct contact with the host tissues (Figure 2.6), while cocoons are chambers
formed in the soil or in wood in which larvae first line the inner walls with a calcareous or gum-like
secretion produced by the larvae (Duffy 1953; Linsley 1961; Figure 2.7). Many larvae do not pack their
gallery with frass as they tunnel will isolate themselves in the gallery prior to pupation by plugging

M 5431706

FIGURE 2.6 Pupa of the lamiine Anoplophora glabripennis within the pupal chamber constructed at the end of the larval
gallery in Acer in the eastern United States. Note how the larva plugged the gallery with wood shavings prior to pupating.
(Courtesy of Melody Keena [Bugwood image 5431706].)
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FIGURE 2.7 Larva of the prionine Prionus coriarius (Linnaeus) in an earthen cocoon that it constructed in the soil in
which to pupate. (Courtesy of Gyorgy Csoka, photo taken in Hungary [Bugwood image 1231074].)

the gallery with a wad of shredded plant tissue (Craighead 1923). Depending on the species and where
pupation occurs within the gallery, larvae will plug one or both sides of the gallery around themselves
(Linsley 1961). These wads of plant tissue are thought to provide limited protection against natural
enemies and possibly aid in regulating humidity (Duffy 1953). Many larvae extend their galleries to near
the outer surface of the host plant and then return deeper within the gallery to pupate and, in so doing,
reduce the amount of tunneling required to exit the host after they transform into adults (Linsley 1961).

The following discussion on the types of pupation cells and cocoons constructed by cerambycid larvae
is based primarily on Craighead (1923), Duffy (1953), and Linsley (1961). Some species of Cyrtinus,
Leiopus, Poecilium, and Rhagium construct shallow elliptical cells between the bark and wood, often
plugging the galleries with wood fibers or surrounding the cell with shredded wood. For species that
commonly pupate in the bark, they will instead pupate in wood if the bark is relatively thin or has fallen
away. Several species that pupate in wood (e.g., species of Aeolesthes, Aromia, Callidium, Cerambyx,
Enaphalodes, Molorchus, and Saperda) turn around at the end of the gallery prior to pupation so that
once transformed the new adult can use the same gallery to exit, and moreover, several of these spe-
cies (especially Cerambycini) plug the gallery entrance with a calcareous secretion prior to pupation.
In others (e.g., Apriona, Goes, and Monochamus), the larvae construct pupation cells at the end of their
galleries near the outer sapwood but do not turn; thus, the new adults must extend the gallery to exit
the host. In many cerambycids that tunnel in the stems of herbaceous plants and small-diameter woody
stems and twigs (e.g., Agapanthia, Oberea, and Phytoecia), the larvae plug one or both ends of the gal-
lery around themselves with shredded plant tissue, and later, after pupating, the new adults chew through
the wall of the stem or twig to exit. Many root-feeding cerambycids as well as some wood-feeding leptu-
rines that exit their host and fall to the ground to pupate prepare earthen cocoons in the soil for pupation
by hollowing out a chamber and often cementing the inner soil particles with a secretion produced by
larvae (e.g., Acmaeops, Anthophylax, Gaurotes, Judolia, Pachyta, Prionus, and Tetraopes). Some cer-
ambycids (e.g., Plocaederus and Xystrocera) construct calcareous cocoons in wood by coating the inner
walls of the chamber with a calcium carbonate solution that is regurgitated by the larvae.

Prior to pupation, cerambycid larvae stop feeding, become quiescent, and contract in body length
(Duffy 1953). Most cerambycids are oriented head-up for those that pupate within the host plant or
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horizontal for those that pupate in the soil (Duffy 1953). When pupation occurs within the host plant,
stout spines usually are present on the abdominal tergites of the pupa, and these structures likely aid in
anchoring the pupa within the gallery (Duffy 1953). Such spines are lacking in species that pupate hori-
zontally in the soil (Craighead 1923). Although most pupae are inactive, pupae of the lamiine Agapanthia
villosoviridescens (DeGeer) can use their spines to quickly ascend and descend within the larval gallery
that is found in stems of its herbaceous hosts (Duffy 1953).

The duration of the pupal period varies considerably among cerambycids and is greatly affected by ambi-
ent temperature. Duffy (1953) stated that the pupal stage usually takes three to four weeks to complete, but
some species require up to six weeks. By contrast, Linsley (1961) stated that the pupal stage lasts 7-10 days
in most cases but up to a month can be required. Several examples of the time required to complete the pupal
stage are presented in Table 2.2. For the field studies listed, the range of time required to complete the pupal
stage varies from as little as six to eight days, in the lamiine Nealcidion deletum in Guyana (Cleare 1931),
to 25-35 days in the cerambycine Xylotrechus quadripes Chevrolat in Thailand (Visitpanich 1994). In labo-
ratory studies conducted at constant temperatures, the mean time to complete the pupal stage varies from
47 days at 15°C to 12 days at 30°C for the lamiine A. glabripennis (Keena and Moore 2010) and from 15 days
at 22°C to 8 days at 34°C for the lamiine M. carolinensis (Pershing and Linit 1986). In the species where data
are available (Table 2.2), males generally have a shorter pupal period than females.

After completion of the pupal stage, many physiological changes occur within newly eclosed adults,
including sclerotization of the exoskeleton (Neville 1983). This process may take several days, and once
complete, the new adult will initiate emergence, which often takes several more days, especially for
adults that must chew through wood and bark to exit the host plant. For example, newly eclosed A. gla-
bripennis adults took an average of seven days before starting to tunnel out of the wood and another five
days, on average, to tunnel through the wood and emerge at 20°C and, similarly, five plus four days at
25°C and four plus four days at 30°C (Sdnchez and Keena 2013). Adult cerambycids construct exit holes
that are broadly oval to circular (Figure 2.8).

2.6 Overwintering, Quiescence, and Diapause

During periods of adverse environmental conditions, insects as well as invertebrates in general become
dormant for varying periods of time. There are two general types of dormancy: quiescence and diapause.
Quiescence is controlled exogenously (e.g., low ambient temperatures), whereas diapause is controlled
endogenously (e.g., hormonal changes within the insect). For many cerambycids, the lower threshold
temperature for development is about 10—12°C (Pershing and Linit 1986; Keena 2006; Naves and de
Sousa 2009; Keena and Moore 2010; Garcia-Ruiz et al. 2011). Therefore, in theory, when cerambycids
experience these or lower temperatures, they would become quiescent and not develop further until the
threshold temperature is again exceeded.

It appears that some cerambycids undergo true diapause although others simply become quiescent
when temperatures drop below the developmental threshold. For example, while developing rearing
methods for several cerambycid species, Gardiner (1970) reported that the final larval instars of the lami-
ine Graphisurus fasciatus (DeGeer) appeared to undergo true diapause and required about one month
of cold treatment to break diapause. Similarly, when developing rearing methods for cerambycid pests
of sunflowers, it was discovered that the lamiine Ataxia hubbardi Fisher undergoes facultative diapause
(= quiescence), although the lamiine Mecas cana saturnina (LeConte) [reported as M. inornata Say;
Linsley and Chemsak (1995)] undergoes obligatory diapause (Rogers 1977b; Rogers and Serda 1979).
For some members of the lamiine genus Monochamus, an obligatory diapause has been reported for
M. alternatus (Togashi 1991), M. galloprovincialis (Olivier) (Naves et al. 2007; Koutroumpa et al. 2008),
and M. saltuarius (Gebler) (Togashi et al. 1994), but not for M. carolinensis, which can complete two
generations per year (Pershing and Linit 1986).

Various combinations of temperature and photoperiod have been investigated to explore the condi-
tions most favorable for diapause induction (Shintani et al. 1996; Asano et al. 2004) and termination
(Togashi 1987, 1991; Jikumaru and Togashi 1996; Kitajima and Igarashi 1997; Esaki 2001; Rogers et al.
2002; Asano et al. 2004; Naves et al. 2007). By contrast, in southern China, where ambient temperatures



TABLE 2.2

Summary Data for Pupal Development Time under Field or Laboratory Conditions for Selected Cerambycids

8

Pupation Time

. (Days)
Rearing Temp.
Species Subfamily? Country Host Genus or Conditions Mean  Range References
Acalolepta vastator (Newman) Lam Australia Vitis Field, male 20 - Goodwin and Pettit 1994
Field, female 22 -
Alcidion cereicola Fisher Lam Argentina Harrisia Field - 10-11 McFadyen and Fidalgo 1976
Anoplophora chinensis Lam Japan Citrus 20°C 24 - Adachi 1994
Anoplophora glabripennis (Motschulsky) Lam USA Acer 15°C 47 - Keena and Moore 2010
20°C 26 -
25°C 18 -
30°C 12 -
Anoplophora macularia (Thomson) Lam Taiwan Citrus (diet) 25°C - 10-26 Lee and Lo 1998
Apriona germari Hope Lam India Morus Field 28 - Hussain and Buhroo 2012
25°C, male 18 - Yoon and Mah 1999
25°C, female 19 -
Calchaenesthes pistacivora Holzschuh Cer Iran Pistacia Field 45 - Rad 2006
Dectes texanus LeConte Lam USA Glycine 27°C 10 7-15 Hatchett et al. 1973
Megacyllene robiniae (Forster) Cer USA Robinia 27°C 13 5-17 Wollerman et al. 1969
27°C, male 11 7-14  Galford 1984
27°C, female 12 8-15
Monochamus carolinensis (Olivier) Lam USA Pinus 22°C 15 - Pershing and Linit 1986
26°C 9 -
34°C 8 -
Nealcidion deletum (Bates) Lam Guyana Solanum Field - 6-8 Cleare 1931
Neoptychodes trilineatus (L.) Lam USA Ficus Field 24 5-73 Horton 1917

(Continued)
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TABLE 2.2 (Continued)

Summary Data for Pupal Development Time under Field or Laboratory Conditions for Selected Cerambycids

Pupation Time

. (Days)
Rearing Temp. — ~~

Species Subfamily? Country Host Genus or Conditions Mean  Range References
Oemona hirta (F.) Cer New Zealand  Populus 23°C 15-19 - Wang et al. 2002
Osphranteria coerulescens Redtenbacher Cer Iran Prunus 30°C 15 12-21 Sharifi et al. 1970
Phytoecia rufiventris Gautier Lam Japan Chrysanthemum 20°C 22 - Shintani 2011

25°C 15 -

30°C 11 -
Prionoplus reticularis White Prio New Zealand  Pinus Field 25 20-24 Morgan 1960; Rogers et al.

2002
Prionus laticollis (Drury) Prio USA Malus 18°C 25 - Benham 1969
Saperda populnea (L.) Lam Korea Populus 25°C 11 - Park and Paik 1986
Semanotus litigiosus (Casey) Cer USA Abies Field - 14-28 Wickman 1968
Stromatium longicorne (Newman) Cer China Hardwoods Field - 15-18 Shi et al. 1982
Xylotrechus arvicola (Olivier) Cer Spain Vitis 24°C, male 16 - Garcia-Ruiz et al. 2012
24°C, female 18 -

Xylotrechus quadripes Chevrolat Cer India Colffea Field - 25-35 Seetharama et al. 2005
Xylotrechus quadripes Cer Thailand Coffea 29-31°C 11 9-15 Visitpanich 1994
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FIGURE 2.8 Exit hole made by an adult of the lamiine Saperda populnea (L.) upon emergence from its host, Populus.
(Courtesy of Gyorgy Csoka, photo taken in Hungary [Bugwood image 1141004].)

often support insect development year-round, Lu et al. (2011) found no evidence of diapause in the multivol-
tine lamiine G. cantor.

The vast majority of cerambycids overwinter in the larval stage. For example, in field studies conducted
during a U.S. eradication program for the lamiine A. glabripennis in Illinois, of 569 A. glabripennis life
stages recovered during dissections of infested trees in winter and early spring, 542 individuals were live
larvae (95%) and 27 appeared to be viable eggs (5%) (Haack et al. 2006). Similarly, at an A. glabripennis
outbreak site in northeastern Italy, most individuals overwintered as mature larvae in xylem, although
some apparently living eggs and young larvae were found in the phloem (Faccoli et al. 2015). Although
the overwintering eggs and young larvae were likely the result of late-season oviposition, many had
died—possibly reflecting lower winter temperatures in the phloem compared to the xylem and lower fat
stores of young larvae compared to mature larvae (Faccoli et al. 2015). Similarly, of 78 North American
tree- and shrub-infesting cerambycids for which Solomon (1995) listed the overwintering life stage, 76
overwintered as larvae, although 2 species were said to overwinter as either larvae or pupae, both being
cerambycines with two-year life cycles: Anelaphus parallelus (Newman), a twig pruner primarily of
Quercus, and Xylocrius agassizi (LeConte), a root borer on Ribes.

A few cerambycids have been reported to overwinter as adults. Generally, these are individuals that
pupate in late summer or autumn, and the adults then remain within the pupal cell until the follow-
ing spring. This behavior has been reported for some species of the cerambycine genus Cerambyx; the
lamiine genera Mesosa, Phytoecia, and Pogonocherus; and the lepturine genus Rhagium (Duffy 1953;
Linsley and Chemsak 1972; Bily and Mehl 1989; Bense 1995). Another example is the cerambycine
Aeolesthes holosericea Fabricius, which either pupates in late summer and then overwinters as an adult
within the pupal chamber or overwinters as a larva and then pupates and emerges as an adult the fol-
lowing year (Gupta and Tara 2013). In addition, adults of a few cerambycids do overwinter outside their
pupal cells (Linsley 1936, 1961). For example, adults of the lamiine Psenocerus supernotatus (Say)
have been found overwintering in the outer folds of the cocoons of the large saturniid moth Hyalophora
cecropia (L.) (Lepidoptera: Saturniidae) in Pennsylvania, in the United States (Hamilton 1884).
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2.7 Dispersal

Although some cerambycids are flightless, the majority are capable of flight (Figure 2.9). Duffy (1953)
states that, in the United Kingdom, most cerambycids are day flyers (diurnal), while in the tropics most
fly at dusk or dawn (crepuscular) or at night (nocturnal). In general, species that are diurnal fliers are
faster and more agile in flight than nocturnal fliers (Linsley 1959). Many of the nocturnal species are
attracted to lights. Most cerambycids demonstrate slow, directed flight, usually in the direction of food
plants, larval host plants, or potential mates. At the subfamily level, the Lamiinae and Prioninae tend to
be nocturnal while the Lepturinae typically are diurnal. Adults of many Lepturinae are strong and agile
flyers, which is beneficial given that these adults usually feed and mate on flowers that are different plant
species than the plants used as larval hosts (Hanks 1999). Although many cerambycids are slow flyers,
especially many Prioninae, the lepturine Judolia cerambyciformis (Schrank) can hover and fly up and
down over flowers, and the necydaline Ulochaetes leoninus LeConte can fly like a Bombus bumblebee
(Hymenoptera: Apidae) (Duffy 1953). Lamiine adults usually feed daily and mate, feed, and oviposit
on the same host plant and therefore commonly fly between the crown foliage where they feed and the
branches and stems where they oviposit (Craighead 1923; Linsley 1961; Hanks 1999).

Dispersal in the Cerambycidae has been studied primarily in species that are forest pests as well as a few
rare species. These types of studies are important—especially for introduced (= alien or exotic) species where
quarantine zones need to be established—and there is a need to set survey boundaries and model potential
pest spread (Kobayashi 1984; Takasu et al. 2000; Smith et al. 2001; Haack et al. 2010a; Hernandez et al. 2011,
Akbulut and Stamps 2012; also see Chapter 13). In other studies, researchers explored various attributes of the
beetles themselves that would help support longer flight as well as attributes of the hosts that would increase
attraction. For example, Hanks et al. (1998) reported that, in the cerambycine P. semipunctata, larger individ-
uals tended to disperse further than smaller adults. Similarly, in field studies on the cerambycine Semanotus
Japonicus Lacordaire, Ito (1999) reported that adults preferentially landed on larger-diameter trees. In another
study on S. japonicus, Shibata (1989) predicted that the average dispersal distance would increase throughout
the period of adult emergence given that ambient temperatures would be near the flight threshold early in the
flight season but that later in the flight season, the air temperatures would be well above the threshold.

The distances that cerambycid adults can fly have been estimated in laboratory studies using flight
mills and in field studies using mark-recapture techniques (Table 2.3). The maximum distances recorded

FIGURE 2.9 Adult beetle of the lamiine Anoplophora glabripennis preparing for flight. (Courtesy of Roger Zerillo,
photo taken in USA.)
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TABLE 2.3

Summary Data for Selected Cerambycids with Published Dispersal Information

Species Subfamily? Country Host Plant Study Details Findings References

Anoplophora chinensis Lam Japan Citrus Mark recapture in citrus Proof of immigration into orchard Komazaki and

(Forster) orchard Sakagami 1989

Anoplophora glabripennis Lam Korea Salix Used harmonic radar for Mean dispersal 14 m (max 92 m) in Williams et al. 2004

(Motschulsky) 14 days 14 days

Anoplophora glabripennis Lam China Populus Mark-recapture in poplar Mean dispersal 42 m (max 214 m) in Zhou et al. 1984

stand 19 days

Anoplophora glabripennis Lam China ? Mark-recapture Mean dispersal of 106 m over 20-28 Wen et al. 1998
days

Anoplophora glabripennis Lam China Populus Mark-recapture Mean dispersal 266 m (max 1442 m) Smith et al. 2001
in 9 wks

Anoplophora glabripennis Lam China Populus, Salix, =~ Mark-recapture, season-long  98% of adults dispersed under Smith et al. 2004

Ulmus study 920 m; max dispersal was 2,394 m
for a male and 2,644 m for a female
Hirticlytus comosus Cer Japan Podocarpus Tethered flight in laboratory Mean estimated flight 122 m, Sato 2005
(Matsushita) max = 1,170 m

Monochamus alternatus Hope Lam Japan Pinus Mark recapture in young Early season mean dispersal was Shibata 1986a

pine stand 19 m for males (max 55 m) and
23 m for females (max 59 m)

Monochamus alternatus Lam Japan Pinus Circumstantial evidence Two reports cited stating that islands Kobayashi et al. 1984;
3.3 km from nearest outbreak Togashi 1990a
became infested

Monochamus carolinensis Lam U.S. Pinus Flight mill study Mean flight was 2.2 km in 2 hr; Akbulut and Linit 1999

(Olivier)

max = 10.3 km in 115 min

(Continued)
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TABLE 2.3 (Continued)

Summary Data for Selected Cerambycids with Published Dispersal Information

Species Subfamily? Country Host plant Study details Findings References
Monochamus galloprovincialis Lam France Pinus Flight mill study with adults Average total distance flown was David et al. 2014
(Olivier) flown once weekly, for up 15.6 km for males, 16.3 km for
to 2 hr, until death females, with a max. of 62.7 km
Monochamus galloprovincialis Lam Spain Pinus Mark recapture One adult was captured in the most Gallego et al. 2012
distant trap at 8.3 km
Monochamus galloprovincialis Lam Spain Pinus Mark recapture Season-long study, with several Hernandez et al. 2011
flying >3 km, and one flew 7.1 km
Monochamus galloprovincialis Lam Spain Pinus Mark recapture Some adults flew 13.6 to 22.1 km Mas et al. 2013
Phoracantha semipunctata (F.) Cer South Africa Eucalyptus Circumstantial evidence An isolated outbreak was 14 km from  Drinkwater 1975
any other known source
Phoracantha semipunctata Cer Spain Eucalyptus Circumstantial evidence Two isolated outbreaks were about Martinez Egea 1982
2 and 5 km from any known source
Rosalia alpina (L.) Cer Czech Republic ~ Fagus Mark recapture Furthest dispersal detected: 1.6 kmin ~ Drag et al. 2011
11 days
Semanotus japonicas Cer Japan Cryptomeria Mark recapture Seasonal mean dispersal was 9 m for Shibata 1986b
Lacordaire males (max 80 m) and 16 m for
females (max 150 m)
Tetraopes tetrophthalmus Lam USA Asclepias Mark recapture Average dispersal over 10 days was McCauley et al. 1981
(Forster) less than 40 m
2 Cer = Cerambycinae, Lam = Lamiinae.
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in field studies can be influenced by the number of insects released, the number of traps deployed,
the trapping distances used, and the length of time over which the study is conducted. Some of the
extreme dispersal distances recorded based on mark-recapture studies were 2.6 km for the lamiine
A. glabripennis (Smith et al. 2004) and 22.1 km for the lamiine M. galloprovincialis (Mas et al. 2013).
For the flight-mill studies, the estimated maximum distances flown were 1.2 km for the cerambycine
Hirticlytus comosus (Matsushita) (Sato 2005), 10.3 km for M. carolinensis (Akbulut and Linit 1999), and
62.7 km for M. galloprovincialis (David et al. 2014).

There are also several estimates of cerambycid dispersal based on circumstantial evidence
(Table 2.3). For example, in Japan, Pinus trees infected with pine wilt disease, which is caused by
an exotic xylem-invading nematode that is vectored by M. alternatus adults, were found on isolated
islands that were approximately 3.3 km from the nearest disease centers. Therefore, M. alternatus
adults were assumed to have flown that distance over water and carried the nematodes (Kobayashi
et al. 1984; Togashi 1990a). Similarly, based on the nearest known outbreaks to newly discovered
infestations, cerambycine P. semipunctata adults were assumed to have dispersed at least 5 km at a
site in Spain (Martinez Egea 1982) and 14 km in South Africa (Drinkwater 1975). In Nova Scotia,
Canada, where the European spondylidine Tetropium fuscum (F.) was introduced around 1990, new
infestations have extended about 80 km from the original site of introduction after 20 years of spread
(Rhainds et al. 2011).

Dispersal has also been studied in a few flightless cerambycids, such as the European lamiine
Dorcadion fuliginator (L.), an endangered grass-feeding species (Baur et al. 2005). At a study site in
Central Europe where several isolated grassland patches were surrounded by agricultural fields and
human settlements, several beetles were observed to move 20—-100 m, with one male moving a maxi-
mum of 218 m in 12 days. Similarly, the cactus-feeding lamiine Moneilema species, which are native to
western North America, are also flightless, and several species occur in isolated patches along mountain
slopes and therefore would likely have restricted capacity for dispersal (Lingafelter 2003; Smith and
Farrell 2005).

In addition to natural dispersal, several cerambycids have been moved outside their native range
as a result of inadvertent, human-assisted transport, including trade or movement of live plants, solid
wood packaging materials, and firewood (Haack 2006; Cocquempot and Lindeléw 2010; Haack et al.
2010a, 2010b; Hu et al. 2013; Haack et al. 2014; Rassati et al. 2016; also see Chapter 13). For example,
A. chinensis (Forster) has been moved primarily from its native range in Asia to other countries in
live trees, including both nursery stock and bonsai plants, while A. glabripennis has been moved pri-
marily in wood packaging materials such as pallets and crating (Haack et al. 2010a). During inspec-
tions of wood packaging materials entering U.S. ports of entry, cerambycids were second only to
scolytines in being the most common group of wood borers encountered, representing about 20-25%
of wood borers intercepted (Haack 2006; Haack et al. 2014). Moreover, during a survey conducted
in Michigan of firewood transported in vehicles by the public, live bark- and wood-infesting insects
were found in 23% of the individual firewood pieces, with most of the live borers encountered being
cerambycids (Haack et al. 2010b).

2.8 Adult Longevity

Duffy (1953) and Linsley (1959) reported that cerambycid adults generally live from several days to
several months, with females usually living longer than males in any given species. Longevity likely is
linked to adult feeding habits and, given that adults of some subfamilies seldom feed (e.g., Prioninae)
while others feed almost daily (e.g., Lamiinae and Lepturinae), it would not be surprising that on average
the prionines would tend to have shorter adult life spans than the lamiines and lepturines. Nevertheless,
Craighead (1923) reported that some prionine adults have been kept in captivity for 30-40 days without
feeding. By contrast, Beeson and Bhatia (1939) reported that adults of the lamiine Batocera rufomaculata
(De Geer) can live up to eight months. Duffy (1953) suggested that some of the longest-lived adults would
likely be those that pupate in late summer, eclose, and then overwinter as adults within their pupal cells
and thereby be in the adult stage for at least seven months. As mentioned in the earlier overwintering
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discussion (Section 2.6), these species would include cerambycines (Cerambyx), lamiines (Mesosa,
Phytoecia, and Pogonocherus), and lepturines (Rhagium).

Longevity data from field and laboratory studies for a number of cerambycids are presented in
Table 2.4. Mean longevity values varied from about one to four months in the field studies and from less
than one month to more than seven months in the laboratory studies. The greatest mean values (more
than 200 days) were reported for the cerambycine P. recurva at 20°C (Bybee et al. 2004a) and the lami-
ine M. alternatus at 28°C (Zhang and Linit 1998; Table 2.4).

Adult longevity can be significantly impacted by the ambient temperature as well as by larval and
adult food sources (Table 2.4). For example, Keena (2006) reported that longevity for the lamiine
A. glabripennis peaked at 10°C and declined at lower and higher temperatures, while Smith et al. (2002)
found that A. glabripennis adults lived longer when fed on Acer twigs compared with Salix twigs. In the
case of the lamiine M. galloprovincialis, Akbulut et al. (2007) reported that adults lived longer when (as
larvae) they developed in logs that were cut in spring or fall as compared with logs cut in summer, pos-
sibly reflecting seasonal variation in wood moisture content.

|
2.9 Population Dynamics in Relation to Environmental Conditions

Many factors can affect the population dynamics of bark- and wood-infesting insects, such as avail-
ability and susceptibility of host plants, intra- and interspecific competition, parasitization, preda-
tion, and climatic factors such as temperature and rainfall (Coulson 1979). As detailed by Hanks
(1999), cerambycids often are very selective about the condition of the host plant chosen for ovi-
position, with some favoring apparently healthy hosts, others weakened or severely stressed hosts,
and still others hosts that are dead. There are many physical and environmental stressors that can
affect individual plants and move the individual plants along a continuum from healthy to stressed to
dead. Some of the physical factors that can weaken a plant include soil nutrient levels, soil pH, and
soil compaction. Similarly, some of the environmental stressors that alter plant resistance to insects
include air pollution (Alstad et al. 1982), defoliation (Kulman 1971), drought (Mattson and Haack
1987; Wallner 1987), fire (McCullough et al. 1998), and ice and wind damage (Gandhi et al. 2007,
Schowalter 2012). Besides lowering a tree’s resistance to insect infestation, environmental stressors
can interact in complicated ways to affect not only the host plant but also the herbivore and the her-
bivore’s natural enemies. In the case of drought, for example, Mattson and Haack (1987) contend that
drought-stressed plants are more attractive and more susceptible to colonizing herbivores; the plant
tissues of stressed plants are nutritionally superior; and the elevated plant and ambient temperatures
during drought favor herbivores over their natural enemies as well as favor the herbivore’s detoxifica-
tion system, immune system, and symbiotic microorganisms.

In life-table studies of various cerambycids, the highest levels of mortality usually occurred during
the larval stage—often the early larval stages. This relationship has been reported for the cerambycines
P. semipunctata (Powell 1982) and Styloxus bicolor (Champlain & Knull) (Itami and Craig 1989) as well
as for the lamiines A. glabripennis (Zhao et al. 1993), M. galloprovincialis (Koutroumpa et al. 2008),
Oberea schaumii LeConte (Grimble and Knight 1971), and Saperda inornata Say (Grimble and Knight
1970). Although most researchers reported that mortality usually was highest among early larval instars,
Rogers (1977a) reported that most mortality in the twig-girdling lamiine O. cingulata occurred in the egg
stage, whereas Togashi (1990b) reported that the highest mortality for M. alternatus occurred among late
larval instars, often when they were in their pupal cells, and that insect predators were the leading mor-
tality agents. Similarly, in studies on the cerambycine E. rufulus, which has a two-year life cycle, Haavik
et al. (2012) reported that the highest mortality occurs in the second summer of larval development
when larvae tunnel from the cambial region into the sapwood. Researchers have also reported that larval
survivorship increases with log diameter (Akbulut et al. 2004; Koutroumpa et al. 2008) and that the first
larva to colonize a particular area of a log tends to have a higher probability of surviving encounters with
other larvae that are tunneling nearby, especially when the neighboring larva is younger (Anbutsu and
Togashi 1997). For twig- and branch-infesting cerambycids, premature branch breakage and subsequent
early drying of the host tissues can lead to high larval mortality (Itami and Craig 1989). Shibata (2000)



TABLE 2.4

Summary Data for Adult Longevity under Field or Laboratory Conditions for Selected Cerambycids

Hosts Genera

Longevity (Days)

Species Subfamily? Country in Study Study Details Mean Range References
Acalolepta vastator (Newman) Lam Australia Vitis Field, male 42 20-103  Goodwin and
Female 47 22-131 Pettit 1994
Anoplophora chinensis Lam Japan Citrus Females caged at ambient 78 47-109  Adachi 1988
conditions
Anoplophora glabripennis Lam USA Acer 25°C, male 99-106 - Keena 2002
(Motschulsky) Female 73-88 -
Anoplophora glabripennis Lam USA Acer, Salix 22-25°C, adult food Smith et al. 2002
Acer platanoides 104 44-131
Acer rubrum 97 30-137
Salix nigra 83 58-107
Anoplophora glabripennis Lam USA Acer -1°C (3, 9) 19, 21 - Keena 2006
5°C (3. 9) 42, 44 -
10°C (3, ®) 145, 136 -
15°C (3, Q) 102, 76 -
20°C (3, ®) 128, 85 -
25°C (3, Q) 98,79 -
30°C (3, 9) 57,56 -
35°C (3, Q) 19,21 -
Apriona garmari Hope Lam Korea Morus 25°C (3, Q) 44, 41 - Yoon and Mah 1999
Ataxia hubbardi Fisher Lam USA Glycine 26°C (38, Q) 87,67 - Rogers and Serda 1979
Callidiellum rufipenne (Motschulsky) Cer Japan Cryptomeria Ambient (&, Q) 18, 17 - Shibata 1994
Enaphalodes rufulus (Haldeman) Cer USA Quercus 20°C 21 - Galford 1985
Dorcadion fulginator (L.) Lam Border of Switzerland, ~ Bromus erectus  Field mark—recapture study, 11 - Baur et al. 2005
Germany and France and others longetivity estimated from results
Glenea cantor (F.) Lam China Bombax 25°C (3, Q) 47,72 - Luetal. 2011
Megacyllene robiniae (Forster) Cer USA Robinia 27°C 34 14-55 Wollerman et al. 1969
Monochamus alternatus Hope Lam USA Pinus 28°C, mated 180 - Zhang and Linit 1998
unmated 207 -
Monochamus carolinensis (Olivier) Lam USA Pinus 28°C, mated 173 - Zhang and Linit 1998
unmated 103 -

(Continued)
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TABLE 2.4 (Continued)

Summary Data for Adult Longevity under Field or Laboratory Conditions for Selected Cerambycids

Hosts Genera Longevity (Days)
Species Subfamily? Country in Study Study Details Mean Range References
Monochamus galloprovincialis Lam Turkey Pinus 24-26°C, larval food Akbulut et al. 2007
(Olivier) Spring-cut logs 41 -
Summer-cut logs 18 -
Fall-cut logs 39 -
Monochamus galloprovincialis Lam Portugal Pinus 25°C, males 61 5-128  Naves et al. 2006
25°C, females 64 3-125
Monochamus galloprovincialis Lam France Pinus 23°C, females 75-113  Koutroumpa et al. 2008
Monochamus leuconotus (Pascoe) Lam South Africa Coffea Field, male 112 — Schoeman et al. 1998
Field, female 122 —
Monochamus saltuarius (Gebler) Lam Korea Pinus 23-27°C Yoon et al. 2011
Fed current year twigs (3, Q) 63,58 —
Fed 1-yr-old twigs 46, 42 -
Fed 2-yr-old twigs 40, 36 -
Neoptychodes trilineatus (L.) Lam USA Ficus Field 115 75-213  Horton 1917
Oemona hirta (F.) Cer New Zealand Populus Lab (8, Q) 30-50, 36-52 - Wang et al. 2002
Field (8, Q) 52,33 -
Phoracantha recurva Newman, Cer USA Eucalyptus 10°C ~60, 65° - Bybee et al. 2004a
Phoracantha semipunctata (F.) 15°C ~160, 130 —
20°C ~220, 120 -
25°C ~130, 100 -
Semanotus japonicus Lacordaire Cer Japan Cryptomeria 20-22°C (?) 19-20 - Shibata 1995
Xylotrechus arvicola (Olivier) Cer Spain Vitis 24°C, larval collection site: Field Q24 - Garcia-Ruiz et al. 2012
Artificial diet Q37 -
Xylotrechus pyrrhoderus Bates Cer Japan Vitis 25°C, males 18 - Iwabuchi 1988
25°C, females 20 -
Xylotrechus quadripes Chevrolat Cer Thailand Coffea Field, male 24 7-46 Visitpanich 1994
Field, female 29 81-53

2 Cer = Cerambycinae, Lam = Lamiinae.
b First value is for P. recurva; second value is for P. semipunctata.
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concluded that high resin flow in the conifer Cryptomeria japonica D. Don was responsible for much of
the early larval mortality in the cerambycine S. japonicus based on experiments where newly hatched
larvae were introduced into host plants that had undergone various degrees of pruning and girdling to
alter resin flow.

Population outbreaks have been reported for a number of cerambycid species. Some outbreaks have
been studied at the stand level, such as a single outbreak of S. japonicus that occurred over a 10-year
study period in Japan (Ito and Kobayashi 1991). By contrast, during the late 1990s and early 2000s,
there was a regional outbreak in the United States of E. rufulus in the Quercus-dominated forests of the
Ozark Mountains in Arkansas (Stephen et al. 2001; Riggins et al. 2009). Populations of this cerambycid,
which has a highly synchronous two-year life cycle, peaked in 1999-2003 and then collapsed during
the 2003-2007 generations (Riggins et al. 2009; Haavik et al. 2010). For example, population estimates
of E. rufulus on a per tree basis peaked at an average of 174 borers per tree in 2001 and then fell to an
average of 32 in 2003, 2 in 2005, and 1 in 2007 (Stephen et al. 2001; Riggins et al. 2009). No specific
stress event was ever identified as the causal agent for triggering the E. rufulus outbreak, but rather the
outbreak appears linked to an abundance of even-aged, overmature, and densely stocked forests in the
Ozark Mountains (Riggins et al. 2009).

Another example of long-term population fluctuations in a cerambycid was described by Haack
(2012) for the cerambycine Anelaphus parallelus (Newman) in Michigan. This Quercus-infesting, twig-
pruning beetle has a highly synchronous two-year life cycle in Michigan with adults emerging primarily
in odd-numbered years and twigs falling to the ground in even-numbered years (Gosling 1978, 1981;
Figure 2.10). From 1990 to 2011, observations were made at nearly one- to two-week intervals on the
occurrence of fallen twigs along the same 1-km-long section of trail in a natural hardwood forest (Haack
2012). However, accurate counts of the number of fallen shoots that were infested by A. parallelus did

UGA3057047

FIGURE 2.10 Larva, larval gallery, and typical pruning damage made by larvae of the cerambycine Anelaphus paral-
lelus (Newman) on its most common host, Quercus, in the eastern United States. This species has a two-year life cycle
in which a single egg is laid on a small twig with the resulting larva tunneling downward to the adjoining larger branch
during its first summer. In the second summer, the larva extends the gallery and eventually consumes a disc of wood,
leaving only the bark intact, and plugs the feeding hole with wood fibers. Later, the “pruned” branch breaks and falls to
the ground; therein, the larva completes development and emerges as an adult the following spring. (Courtesy of James
Solomon (Bugwood image 3057047].)
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FIGURE 2.11 Number of Anelaphus parallelus-infested twigs collected along the same 1-km-long forest trail near
Dansville, Michigan, at annual intervals from 1990 to 2011 (Haack 2012; R. A. Haack, unpublished data). Accurate counts
were not made in 1990 or 1992, although newly fallen infested twigs were present in both years (signified as *). No newly
fallen, infested twigs were found during any of the odd-numbered years from 1991 to 2011. Anelaphus parallelus has a two-
year life cycle in Michigan, with twigs falling to the ground (after being partially severed by the larvae) in even-numbered
years and the adults emerging from the fallen twigs in odd-numbered years.

not begin until 1994. Based on the data shown in Figure 2.11 (R. A. Haack, unpublished data), it is clear
that A. parallelus has a two-year life cycle in Michigan and that local populations can vary widely from
generation to generation as indicated by as many as 168 infested twigs being counted in 2006 to as few
as 32 twigs in 2010 along the same transect.

As mentioned earlier, many species of cerambycids commonly are associated with stressed trees.
Several examples of situations where cerambycids infested trees that had been impacted by air pollution,
defoliation, drought, fire, ice storms, or wind storms are listed in Table 2.5. In many of these reports,
bark beetles (Scolytinae) infested the same trees either before or concurrently with the cerambycids—
see Zabecki (1988) for an air pollution example; Basham and Belyea (1960) and Mamaev (1990) for
defoliation; Wermelinger et al. (2008) for drought; Kimmey and Furniss (1943), Gardiner (1957),
Zhang et al. (1993), and Saint-Germain et al. (2004) for fire; Ryall and Smith (2001) for ice storms; and
Connola et al. (1953), Gardiner (1975), and Gandhi et al. (2009) for wind storms. By contrast, in the
air pollution gradient study reported by Haack (1996) in the central United States, no major Quercus-
infesting bark beetle species were found in living Quercus trees infested with cerambycids in the cer-
ambycine genus Enaphalodes and the lamiine genus Goes, both of which infest living oak (Quercus)
trees (Solomon 1995). This was not unexpected given that there are no major tree-killing bark beetles
that infest stressed oaks in North America (Solomon 1995)—unlike the situation in Europe with the oak-
infesting bark beetle Scolytus intricatus (Ratzeburg) (Yates 1984).

2.10 Final Note

Given the thousands of cerambycid species found worldwide, it is not surprising that these insects suc-
cessfully occupy a diverse array of habitats and are capable of developing within a wide assortment of
plant species and their parts and tissues. Nevertheless, basic life history information, including larval
host records, still is lacking for most cerambycids therefore demanding the continued study of this family
of fascinating and economically important beetles.
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TABLE 2.5

Examples of where Tree-Infesting Cerambycids Populations Increased after Various Stress Events that were
either Natural or Induced Experimentally

Natural or Major Tree
Stress Event ~ Experimental Country Genera Major Cerambycid Genera References
Air pollution ~ Natural Poland Abies Clytus, Obrium Zabecki 1988
Air pollution  Natural USA Quercus Enaphalodes, Goes Haack 1996
Air pollution ~ Natural Russia Abies, Pinus Monochamus Isaev et al. 1988
Defoliation Natural Russia Larix Acanthocinus, Tetropium Mamaev 1990
Defoliation Natural Canada Abies Monochamus, Tetropium Basham and Belyea
1960
Drought Natural Switzerland ~ Pinus Acanthocinus Wermelinger et al.
2008
Drought Experimental Mexico Prosopis Oncideres Martinez et al. 2009
Drought Experimental USA Eucalyptus Phoracantha Hanks et al. 1999
Drought Experimental Portugal Eucalyptus Phoracantha Caldeira et al. 2002
Fire Natural Canada Pinus Acanthocinus, Acmaeops, Gardiner 1957
Asemum, Monochamus,
Rhagium, Xylotrechus
Fire Natural USA Abies, Larix, Acanthocinus, Anoplodera, Parmelee 1941
Picea, Pinus Astylopsis, Callidium,
Monochamus,
Pogonocherus, Rhagium
Fire Natural USA Pinus Acanthocinus, Monochamus, Costello et al. 2011,
Rhagium, Stictoleptura 2013
Fire Natural USA Pseudotsuga Arhopalus, Asemum, Ergates, ~ Kimmey and Furniss
Neoclytus, Xylotrechus 1943
Fire Natural Canada Picea Monochamus Saint-Germain et al.
2004; Cobb et al.
2010
Fire Natural China Larix, Pinus Monochamus Zhang et al. 1993
Ice storm Natural Canada Pinus Acanthocinus, Monochamus, Ryall and Smith
Rhagium 2001; Ryall 2003
Wind storm Natural USA Picea, Pinus Callidium, Monochamus, Connola et al. 1953
Tetropium
‘Wind storm Natural Canada Picea, Pinus Monochamus, Tetropium Gardiner 1975
Wind storm Natural USA Pinus Monochamus Gandhi et al. 2009
Wind storm Natural USA Pinus Monochamus Webb 1909
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3.1 Introduction

There are more than 36,000 species of Cerambycidae recognized throughout the world (see Chapter 1),
occurring on all continents except Antarctica (Linsley 1959). Given such numbers, it is not surprising
that cerambycids display great diversity in their feeding habits. Both adults and larvae are almost exclu-
sively phytophagous. Some adults appear not to feed at all, while others feed daily. Larvae primarily
utilize woody host plants, but some species develop within herbaceous plants. Cerambycid larvae infest
nearly all plant parts, especially stems, branches, and roots, as well as feed on nearly all plant tissues,
especially bark, cambium, and wood. As expected in such a large insect family, some cerambycids are
strictly monophagous while others are highly polyphagous. Similarly, some cerambycids infest live,
healthy plants while others develop in dead plants; likewise, some species prefer moist wood, while
others prefer dry wood. Cerambycid larvae are able to digest woody tissues with the aid of enzymes
that they sometimes secrete themselves or that they obtain from symbionts. Many details on the feeding
biology of cerambycids will be provided in this chapter, including the types of food consumed by adults
and larvae, the common parts of plants that larvae infest and the tissues they consume, and aspects of
wood digestion.
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3.2 Adult Feeding Habits

Although few detailed studies have been conducted on the feeding habits of cerambycid adults, some
general trends are apparent at the subfamily level (Duffy 1953). For example, parandrine, prionine,
and spondylidine adults appear not to feed at all (Benham and Farrar 1976; Bense 1995; Svécha and
Lawrence 2014). By contrast, it appears that all Lamiinae as well as most Lepturinae feed as adults.
Although in the Cerambycinae, some adults are known to feed, while others do not—such as Hylotrupes
and Stromatium (Duffy 1953).

3.2.1 Types of Adult Food

Butovitsch (1939) categorized the general types of food consumed by adult cerambycids as flowers, bark,
foliage, cones, sap, fruit, roots, and fungi. Most lepturine adults, as well as many cerambycine (e.g.,
Batyle, Euderces, Megacyllene, and Molorchus) and a few lamiine (e.g., Phytoecia and Tetrops) adults,
visit flowers and feed on pollen and nectar (Duffy 1953; Linsley 1959; see Figure 3.1). The bark and
stem feeders are almost entirely lamiines (e.g., Acanthocinus, Lamia, and Monochamus; Duffy 1953).
Leaves are consumed primarily by lamiines (e.g., Batocera, Oberea, and Saperda) as well as needles
and developing cones (e.g., Monochamus; Butovitsch 1939; Duffy 1953). Adults of some lamiine species
feed on both bark and foliage (e.g., Goes, Monochamus, Plectrodera, and Saperda; Webb 1909; Brooks
1919; Nord et al. 1972; Solomon 1974, 1980; see Figure 3.2). Various cerambycine (e.g., Cerambyx and
Hoplocerambyx) and lamiine (e.g., Moneilema) adults feed on fruit and sap exudates (Duffy 1953). Roots
of grasses are fed on by both the larvae and, at times, the adults of the soil-dwelling lamiine genus
Dorcadion (Duffy 1953; Linsley 1959). Only a few adult cerambycids are known to feed on fungi, such
as members of the lamiine genus Leiopus (Craighead 1923; Duffy 1953; Michalcewicz 2002).

UGA2106090 |

FIGURE 3.1 Megacyllene robiniae (Forster) adult feeding on pollen of goldenrod (Solidago) flowers. The larval hosts
of this North American cerambycine are locust trees in the genus Robinia. (Courtesy of David Cappaert [Bugwood image
21060901.)
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FIGURE 3.2 An example of maturation feeding by the Asian lamiine Anoplophora glabripennis (Motschulsky) on
maple (Acer) branches. (Courtesy of Dean Morewood [Bugwood image 1193003].)

3.2.2 Food and Adult Reproduction

As mentioned earlier, many cerambycids do not feed as adults and are typically capable of reproducing
soon after emergence. For example, the cerambycine Xylotrechus pyrrhoderus Bates was capable of
flight, responding to pheromones, mating, and egg laying at the time of emergence from its host plant
without any additional feeding (Iwabuchi 1982). However, for species that feed after emergence, such as
the Lamiinae, adults typically feed for one to three weeks before becoming sexually mature (Alya and
Hain 1985; Hanks 1999), a period of time referred to as maturation feeding (Edwards 1961; Slipinski and
Escalona 2013). For example, in the lamiine Anoplophora glabripennis (Motschulsky), adult females
become sexually mature about 10 days after emergence, and maturation feeding is required for ovary
development (Li and Liu 1997). Similarly, Keena (2002) and Smith et al. (2002) reported that the mean
time from adult emergence to first oviposition in A. glabripennis varied from 9 to 17 days. Members
of the lamiine genus Monochamus often feed for 7-12 days after emergence before becoming sexually
mature (Akbulut and Stamps 2012). Similarly, in the lamiine Glenea cantor (F.), Lu et al. (2013) noted
that adults required an average of five to seven days of feeding before mating and about another week of
feeding before initiating oviposition.

The type of food consumed by cerambycid adults can influence their longevity and fecundity. In
A. glabripennis, for example, the species of tree selected as the source of twigs to feed the adults
influences their fecundity (Smith et al. 2002; Hajek and Kalb 2007). Similarly, for the cerambycine
borers Phoracantha recurva Newman and Phoracantha semipunctata F., which as larvae develop in
Eucalyptus trees and as adults feed on Eucalyptus pollen, adult longevity and fecundity increased
when adults were maintained on a diet rich in Eucalyptus pollen compared with other pollen sources
(Millar et al. 2003).

3.2.3 Food and Adult Flight, Pollination, and Disease Transmission

Many of the feeding habits of adult cerambycids have a direct influence on their dispersal behavior
as well as on their role in pollination and disease transmission. For example, in the flower-feeding
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cerambycids, such as the Lepturinae, the flowers visited by adults typically are on different plant spe-
cies than the larval hosts. Therefore, these adults need to disperse at least twice after emerging—first
to flowers where they feed and often mate and then to the larval host plants to oviposit (Duffy 1953;
Linsley 1959; Bily and Mehl 1989; Bense 1995; Hanks 1999). By contrast, cerambycid adults that feed
on bark and foliage usually feed on the same species of plants that serve as the larval hosts (Duffy 1953;
Solomon 1995; Hanks 1999); therefore, adult dispersal may be minimal if the original host plant is still
suitable for oviposition (see Chapter 2). For example, in A. glabripennis, which typically is univoltine,
the same tree is often reinfested for several years until it dies, although a small portion of the progeny
may disperse more widely (Haack et al. 2006, 2010). Many of the flower-feeding cerambycids pollinate
their food plants as they feed on pollen and nectar (Willemstein 1987; Gutowski 1990; Hawkeswood
and Turner 2007). With respect to disease transmission, the fact that adults of the pine-infesting lamiine
genus Monochamus conduct maturation feeding on the bark, twigs, and foliage of pines (Pinus) enables
them to be efficient vectors of the pinewood nematode, Bursaphelenchus xylophilus (Steiner & Buhrer)
Nickle, given that the nematodes depart the adult’s body during feeding and enter the trees through the
feeding wounds created in the bark (Linit 1990; Akbulut and Stamps 2012; see Chapter 6).

3.2.4 Predatory Cerambycids

Although nearly all cerambycid adults that are known to feed are phytophagous, there is at least one
cerambycine genus (Elytroleptus) where the species are carnivorous, preying on adult lycid beetles (net-
winged beetles). Most Elytroleptus species are native to Mexico and the southwestern United States
(Linsley 1962). In general, lycid adults are protected chemically from predation, and they often have
aposematic coloration and form dense aggregations on plants (Eisner et al. 2008; Grzymala and Miller
2013). Elytroleptus adults mimic the appearance of these lycid beetles, allowing them to join their aggre-
gations and prey on them (Linsley et al. 1961; Eisner et al. 1962; Selander et al. 1963).

3.3 Larval Feeding Habits

Cerambycid larvae are phytophagous (Linsley 1959; Hanks 1999; Slipinski and Escalona 2013), although
facultative inter- and intraspecific predation has been observed when larvae encounter other individuals
within the host plant as they construct their galleries (Togashi 1990; Victorsson and Wikars 1996; Dodds
et al. 2001; Ware and Stephen 2006; Schoeller et al. 2012). Cerambycid larvae feed on a wide diversity of
plant species, plant parts, plant tissues, as well as on plants in various conditions from living and healthy
to dead and decaying. Before looking at these trends in host usage, readers need to be aware that informa-
tion on larval hosts is best known for the economically important species but usually is incomplete for
most cerambycids or entirely lacking for others. Moreover, larval host information is at times incorrect,
often as a result of inaccurate plant or insect identification, changes in taxonomic status of a species or
species complex, in situations when the plant on which an adult beetle is collected is assumed to be the
larval host, or when such information is not presented clearly in the literature or on museum specimen
labels. Nevertheless, for those world regions where the larval hosts are relatively well known for the
local cerambycids, the clear trend is for most species to develop in woody plants, especially conifers and
hardwood (broadleaf) trees (see Section 3.3.1).

3.3.1 Larval Host Plants

Information in Table 3.1 shows the number of cerambycid species that develop in various groupings of
host plants for Montana (89% of species with known hosts; Hart et al. 2013) and Florida (77%; Thomas
et al. 2005) in the United States; as well as the geographic regions of Fennoscandia (comprising Norway,
Sweden, Finland, and a small part of neighboring Russia) and Denmark (100%; Bily and Mehl 1989);
Israel (91%; Sama et al. 2010); and Korea (57%; Lim et al. 2014). The checklist provided in Hart et al.
(2013) for the cerambycids of Montana was supplemented with host data from the “Montana Wood
Boring Insect Project” database (http://www.mtent.org/Cerambycidae.html) and, occasionally, from
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TABLE 3.1

Percent of Cerambycids with Known Larval Hosts that Feed as Larvae in
Various Types of Host Plants in Five World Regions

Percent of Cerambycids that Develop in Different
Hose Groupings®

Fennoscandia

Larval Hosts? Montana Florida and Denmark  Israel Korea
C 45.2 16.2 30.1 53 15.5
H 19.3 69.3 44.7 41.1 49.7
S 5.2 3.0 0 32 2.2
v 0.7 1.7 0 1.0 39
HC 5.9 5.6 14.6 53 8.8
HS 7.4 0.6 5.7 6.3 9.9
HCS 0.7 0 0.8 1.0 1.1
HCSV 0.7 0 0 0 1.1
HV 0 1.1 0 2.1 2.8
HSV 3.7 0 0.8 0 0.6
P 10.4 1.7 32 32.6 1.1
Cactus 0.7 0 0 0 0
Palm 0 1.1 0 2.1 0
HP 0 0 0 0 1.1
VP 0 0 0 0 0.6
HVB 0 0 0 0 0.6
HB 0 0 0 0 1.1
No. spp. With host data 135 179 123 95 181
Total No. spp. 152 233 123 104 318

Source: Data were based on Hart et al. (2013), http://www.mtent.org/Cerambycidae.html,
and occasionally on other sources (see Section 3.3.1) for Montana, United States;
Thomas et al. (2005) for Florida, United States; Bily and Mehl (1989) for
Fennoscandia and Denmark; Sama et al. (2010) for Israel; and Lim et al. (2014)
for Korea.

2 Larval host categories: B = bamboo; C = conifers; H = hardwood trees; S = woody shrubs;
P = herbaceous plants; V = woody vines. Categories with more than one letter or plant
group represent cerambycids that utilize plant genera in each of the listed plant groups.

b Percentage values based on only those cerambycid species with known larval hosts.

Linsley (1962a, 1962b, 1963, 1964) and Linsley and Chemsak (1972, 1976, 1984, 1995). These five world
regions were selected because they represent different parts of the Northern Hemisphere where there is a
good knowledge of the local larval host plants. In each of these world regions, assuming the information
is accurate and complete, the majority of the cerambycid species develop strictly in trees, shrubs, and
woody vines, with these woody plants constituting the larval hosts of about 89% of the cerambycids in
Montana, 98% in Florida, 97% in Fennoscandia/Denmark, 65% in Israel, and 96% in Korea (Table 3.1).
Coniferous trees are the most commonly utilized group of host plants for the cerambycids of Montana,
although hardwood trees are the most common larval hosts in the other four world regions (Table 3.1).
The dominance of woody plants serving as larval hosts likely is the general pattern for cerambycids
worldwide. For example, recent larval host records for 180 South American cerambycids indicated that
about 92% of the species listed developed strictly in trees, shrubs, and woody vines (Machado et al. 2012).
Likewise, in Hawaii, Gressitt and Davis (1972) reported that nearly all of the 120 endemic cerambycids
developed in trees and shrubs.

Herbaceous plants that traditionally are considered nonwoody, as well as cacti (Cactaceae) and vari-
ous monocots that have some “woody” parts, occasionally are used by cerambycids as larval hosts—for
example, some agave (Asparagaceae, formerly in Liliaceae), orchids (Orchidaceae), palms (Arecaceae),
and yucca (Asparagaceae). About 11% of the cerambycids in Montana develop in herbaceous plants
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and cacti, 3% of Florida species develop in herbaceous plants and palms, 3% of Fennoscandian species
develop in herbaceous plants, 35% of Israeli species develop in herbaceous plants and palms, and 5% of
Korean species develop in herbaceous plants and bamboo (Table 3.1). Both annual and perennial herba-
ceous plants are used as hosts by certain cerambycids (Linsley 1959).

Several examples of cerambycids that feed on herbaceous plants, cacti, and woody monocots are
listed in Table 3.2. In general, larvae of these cerambycids feed inside the roots and stems of their hosts,
but some larvae live in the soil and feed externally on host tissues. For example, larvae of the prionine
Prionus emarginatus Say and the lamiine Dorcadion pseudopreissi Breuning feed externally on the
roots of grasses (Poaceae) (Craighead 1923; Gwynne and Hostetler 1978; Kumral et al. 2012), and larvae
of the lepturine Pseudovadonia livida (F.) feed on decaying roots and stalks of grasses as well as fungal
mycelium (Burakowski 1979; Bense 1995).

Larvae of many cerambycids are economic pests on herbaceous plants in various parts of the world. For
example, the lamiine Apomecyna binubila Pascoe is a pest of melons (Cucurbita sp.) in Africa (Pollard
1954); the lamiine Dectes texanus LeConte is a pest of soybeans [Glycine max (L.) Merr.] in the United
States (Tindall et al. 2010); the prionine Dorysthenes buqueti (Guérin-Méneville) is a pest of sugarcane
(Saccharum officinarum L.) in Asia (Sugar Research Australia 2013); the lamiine Acalolepta mixta
(Hope) and the cerambycine Xylotrechus arvicola (Olivier) are pests of grapes (Vitis) in Australia and
Spain, respectively (Goodwin and Pettit 1994; Garcia-Ruiz et al. 2012); the lamiine Agapanthia cardui L.
is a pest of artichokes (Cynara scolymus L.) in the Mediterranean region (Baragafio Galédn et al. 1981); and
the cerambycine Plagionotus floralis (Pallas) is a pest of alfalfa (Medicago sativa L.) in Europe (Toshova
et al. 2010). Likewise, a few of the cerambycids that develop in woody monocots are economic pests, such
as the cerambycines Jebusaea hammerschmidti Reiche, a pest of date palms (Phoenix dactilifera L.) in
the Middle East (Giblin-Davis 2001), and Chlorophorus annularis F., a pest of bamboo (Bambusa sp.)
in Asia (Barak et al. 2009). With respect to the cactus-feeding cerambycids, a few species are of concern
in the United States because they infest rare species of cacti that are protected under the U.S. Federal
Endangered Species Act. For example, the lamiines Moneilema armatum LeConte and Moneilema semi-
punctatum LeConte infest at least five species of endangered and threatened cacti in the western United
States (Kass 2001; Ferguson and Williamson 2009; USDA 2013; Figure 3.3).

3.3.2 Plant Parts Utilized by Larvae

Cerambycids develop in nearly all parts of their host plants but mainly in the stems, branches, and roots.
Some species develop primarily in twigs (Figure 3.4), such as the lamiine Oberea tripunctata (Swederus)
and the cerambycine Tessaropa tenuipes (Haldeman) in North America (Linsley 1962b, Solomon 1995)
and the lamiine Pogonocherus hispidus (L.) in Europe (Bily and Mehl 1989; Bense 1995). Some species
oviposit primarily along the lower trunk of their hosts, such as the cerambycines Enaphalodes rufulus
(Haldeman) (Donley and Rast 1984) and Megacyllene robiniae (Forster) (Harman and Harman 1990) in
the United States. Still others oviposit predominantly at the base of trees such as the prionines Mallodon
(= Stenodontes) dasystomus (Say) in the United States (Linsley 1962a, Solomon 1995) and the prionine
Prionus coriarius (L.) in Europe (Bily and Mehl 1989; Bense 1995).

To further illustrate the utilization of various tree parts among different cerambycids, several species
are listed in Table 3.3 that develop primarily in the twigs, branches, trunks, and roots of oak (Quercus)
and pine trees in the United States and northern Europe. The typical range in adult body length is given
for each of the species listed in Table 3.3 and, assuming these sizes are typical of cerambycids that infest
these different parts of a tree, there is an apparent trend where twig- and branch-infesting cerambycids
generally are smaller than root- and trunk-infesting cerambycids. Such a pattern in beetle size is logical
given the differences in physical size of these plant parts and the faster decay rates of twigs and branches
compared with trunks and stumps (Cornelissen et al. 2012) and thus reflect the constraints that would be
placed on potential beetle size and voltinism in twig- versus trunk-infesting cerambycids, for example.
Similar lists of cerambycids that infest different parts of trees could be developed for many other tree
genera throughout the world.

Although most cerambycid larvae develop in the roots, stems, and branches of their host plants,
a few develop in other plant parts such as seeds, pods, fruits, and cones (Table 3.4 and Figure 3.5).



TABLE 3.2
Examples of Cerambycids that Develop in Nonwoody Plants
Common Host Genera Plant Part
Species Sub-Family? in Nature Host Plant Family Infested Source
Agapanthia villosoviridescens (DeGeer) Lam Cirsium, Angelica, Carduus, Apiaceae, Asteraceae Stem Bily and Mehl 1989
Senecio
Ataxia hubbardi Fisher Lam Ambrosia, Erigeron Helianthus, Asteraceae Root, stem Rogers 1977; Schwitzgebel and Wilbur 1942;
Vernonia, Heracleum Twinn and Harding 1999
Brachysomida californica (LeConte) Lep Lomatium Apiaceae Root Swift 2008
Chlorophorus annularis (Fabricius) Cer Phyllostachys, Sasa Poaceae Stem Friedman et al. 2008; Lim et al. 2014
Coenopoeus palmeri (LeConte) Lam Opuntia Cactaceae Stem, branch ~ Raske 1972
Cortodera flavimana (Waldl) Lep Ranunculus Ranunculaceae Root Ozdikmen 2003
Dectes texanus LeConte Lam Ambrosia, Anoda, Glycine, Asteraceae, Fabaceae, Stem Tindall et al. 2010
Xanthium Malvaceae
Diaxenes dendrobii Gahan Lam Coelogyne, Dendrobium, Laelia, Orchidaceae Stem MacDougall 1900
Odontoglossum
Hemierana marginata (Fabricius) Lam Ambrosia, Erigeron, Vernonia Asteraceae Stem Schwitzgebel and Wilbur 1942
Hippopsis lemniscata (Fabricius) Lam Ambrosia, Vernonia, Xanthium Asteraceae Stem Piper 1977; Rogers 1977
Jebusaea hammerschmidti Reiche Cer Phoenix Arecaceae Stem Giblin-Davis 2001
Mecas cana saturnina (LeConte)® Lam Ambrosia, Helianthus, Iva Asteraceae Root, stem Rogers 1977
Moneilema appressum LeConte Lam Echinocereus, Opuntia Cactaceae Root, stem Lingafelter 2003
Moneilema armatum LeConte Lam Astrophytum, Opuntia Cactaceae Root, stem Ferguson and Williamson 2009
Nealcidion cereicola (Fisher) Lam Cereus, Cleistocactus, Cactaceae Stem, branch ~ Machado et al. 2012; McFadyen and
Echinopsis, Monvillea, Stetsonia Fidalgo 1976
Phytoecia cylindrica (L) Lam Anthriscus, Daucus Apiaceae Stem Bilyand Mehl 1989; Twinn and Harding 1999
Prionus emarginatus Say Prio Grasses Poaceae root Craighead 1923; Gwynne and Hostetler 1978
Tetraopes tetraophthalmus (Forster) Lam Asclepias Asclepidacae Root Matter 2001
Tragidion agave Swift & Ray Cer Agave Asparagaceae Flower stalk Chemsak and Powell 1966; Swift and
Ray 2008
Tragidion armatum LeConte Cer Agave, Yucca Asparagaceae Stem Craighead 1923; Linsley 1962a; Waring and
Smith 1987
Zagymnus clerinus (LeConte) Cer Chamaerops Arecaceae Leaf stem Beutenmuller 1896; Blatchley 1928

4 Cer = Cerambycinae; Lam = Lamiinae; Lep = Lepturinae; Prio = Prioninae.
b TIn the original publication, Mecas cana saturnina (LeConte) was reported as Mecas inornata Say; see Linsley and Chemsak (1995).
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¢ 5393466

FIGURE 3.3 Adult lamiine Moneilema armatum LeConte, a flightless cerambycid that feeds on and develops in cacti in
the western United States. (Courtesy of Whitney Cranshaw [Bugwood image 5393466].)

UGA3056084

FIGURE 3.4 Larvae, galls, and larval galleries of the lamiine Oberea delongi Knull on its larval host, eastern cotton-
wood (Populus deltoides Bartram ex Marsh.), in the eastern United States. (Courtesy of James Solomon [Bugwood image
3056084].)
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TABLE 3.3

Examples of Cerambycids that Develop in Various Parts of Oak (Quercus) and Pine (Pinus) Trees Growing
in the United States and in Fennoscandia and Denmark®

Species, Subfamily,” and Adult Length (mm)©

Tree Part United States Fennoscandia and Denmark

Oak-Infesting Cerambycids

Twig Anelaphus parallelus Cer 10-15 Anaesthetis testacea Lam 5-10
(Newman) (Fabricius)
Twig Psyrassa unicolor (Randall) Cer 9-15 Phymatodes pusillus Cer 5-10
(Fabricius)
Branch Goes debilis LeConte Lam 10-16 Pyrrhidium sanguineum (L.) Cer 6-15
Branch Purpuricenus axillaris Cer 12-29  Xylotrechus antilope Cer 7-14
Haldeman (Schonherr)
Trunk Enaphalodes rufulus Cer 23-33 Cerambyx cerdo L. Lam 24-53
(Haldeman)
Trunk Goes tigrinus (De Geer) Lam  22-38  Rhagium sycophanta Lep 17-26
(Schrank)
Root Archodontes melanopus Prio 33-57 Prionus coriarius (L.) Prio 19-45
melanopus (L.)
Root Prionus imbricornis (L.) Prio 31-42 Stenocorus meridianus (L.) Lep 15-25

Pine-Infesting Cerambycids

Twig and Phymatodes hirtellus Cer 5-7 Pogonocherus decoratus Lam 4-7
branch (LeConte) Fairmaire
Branch Haplidus testaceus LeConte Cer 8-16 Molorchus minor (L.) Cer 6-16
Branch Neoclytus muricatulus Kirby Cer 5-9 Pogonocherus fasciculatus Lam 5-8
(DeGeer)
Trunk Callidium antennatum Cer 9-15 Ergates faber (L.) Prio 23-60
Newman
Trunk Monochamus titillator Lam 17-31 Monochamus sutor (L.) Lam 15-25
(Fabricius)
Root Typocerus zebra (Olivier) Lep 10-16  Judolia sexmaculata (L.) Lep 8-14
Root Ulochaetes leoninus LeConte Nec 20-30  Pachyta quadrimaculata (L.) Lep 11-20

2 Craighead (1923) and Solomon (1995) for the United States; Bily and Mehl (1989) for Fennoscandia and Denmark.

b Cer = Cerambycinae; Lam = Lamiinae; Lep = Lepturinae; Nec = Necydalinae (formerly a tribe in Lepturinae); Prio =
Prioninae.

¢ Adult length data from Bily and Mehl 1989; Furniss and Carolin 1977; Linsley 1962b, 1964; Solomon 1995; Yanega 1996.

Seed-infesting cerambycids have been recorded from trees in the families Rhizophoraceae and
Sapindaceae, pod-infesting species from both herbaceous and woody Leguminosae, and cone-infesting
species from conifers in the Cupressaceae and Pinaceae (Table 3.4). All the dicot-infesting cerambycids
listed in Table 3.4 are members of the subfamily Lamiinae, while the conifer-infesting species represent
the subfamilies Cerambycinae, Lepturinae, and Spondylidinae. It is surprising that so few cerambycids
have evolved to develop in seeds, pods, fruits, and cones—or perhaps many more await discovery. The
cerambycids that develop inside seeds and fruit generally are small in size. For example, adults of the
seed-infesting lamiine Araxia falli Breuning are 12—16 mm in length (Linsley and Chemsak 1984), and
adults of the fruit-infesting lamiine Leptostylus gibbulosus Bates are 8—11 mm in length (Linsley and
Chemsak 1995; Table 3.4).

Leaves are seldom mined by cerambycid larvae, but there are a few exceptions. The lamiine Microlamia
pygmaea Bates, for example, is a small (adults are about 2—4 mm long) cerambycid in New Zealand that
develops in fallen twigs and dead leaves of kauri trees, Agathis australis (D. Don) Lindley (Martin
2000). Another example is the cerambycine Jebusaea hammerschmidti Reiche (syn. Pseudophilus
testaceus Gah.), a large cerambycid (21-40 mm) native to the Middle East that, as larvae, first mines the



TABLE 3.4

Records of Cerambycid Species that Feed on Seeds, Pods, and Cones

141!

Plant Host and Plant Part Infested

Country or Location

rigida

Species Sub-Family* Genus or Species Plant Family Part of Study Source
Ataxia sulcata Fall ( = Ataxia falli Lam Rhizophora mangle Rhizophoraceae Seed United States (Florida) Craighead 1923
Breuning)
Chlorophorus strobilicola Champion Cer Pinus roxburghii Pinaceae Cone India Champion 1919; Pande and
Bhandari 2006
Cortodera femorata (Fabricius) Lep Picea Pinaceae Cone Serbia, Latvia Pil and Stojanovic 2005;
Pinus Pinaceae Barsevskis and Savenkov 2013
Enaretta castelnaudii Thomson Lam. Acacia Leguminosae Pod Africa Schabel 2006
Leptostylus gibbulosus Bates Lam Sapindus saponaria Sapindaceae Fruit United States (Texas), Vogt 1949; Romero Ndpoles et al.
Mexico, Colombia 2007; Hernandez-Jaramillo et al.
2012
Leptostylus gundlachi Fisher Lam Erythrina fusca Leguminosae Pod Puerto Rico Wolcott 1948
[= Leptostylopsis gundlachi (Fisher),
and Styloleptus gundlachi (Fisher)]
Leptostyulus spermovoratis Chemsak Lam Diospyros Ebenaceae Fruit Costa Rica Chemsak 1972
Leptostylus terracolor Horn, Lam Rhizophora mangle Rhizophoraceae Seed United States (Florida) Craighead 1923
[= Leptostylopsis terraecolor (Horn)]
Lepturges guadeloupensis Fleutiaux & Lam Acacia farnesiana Leguminosae Pod Puerto Rico Wolcott 1948
Salle [= Urgleptes guadeloupensis
(Fleutiaux & Salle)]
Lepturges spermophagus Fisher Lam Vigna Leguminosae Pod Mexico Fisher 1917
[= Atrypanius spermophagus (Fisher)]
Lophopoeum timbouvae Lameere Lam Enterolobium, Gleditsia, Leguminosae Pod Argentina, Brazil, Duffy 1960 a
(= Baryssinus leguminicola Linell) Inga, Prosopis, Paraguay g
Tamarindus N
Paratimia conicola Fisher Spo Pinus attenuate, Pinus Pinaceae Cone United States Craighead 1923; Linsley 1962a ‘g
contorta ssp. bolanderi (California, Oregon) §
Phymatodes nitidus LeConte Cer Sequoia sempervirens, Cupressaceae Cone United States Keen 1958; Stecker 1980 N
Sequoiadendron giganteum (California) \is
Xylotrechus schaefferi Schott Cer Pinus banksiana, Pinus Pinaceae Cone United States (New York) ~ Hoebeke and Huether 1990 Ry
$
U

2 Cer = Cerambycinae; Lam = Lamiinae; Lep = Lepturinae; Spo = Spondylidinae.
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FIGURE 3.5 Larvae of the cerambycine Chlorophorus strobilicola Champion construct galleries in pine (Pinus) cones.
(Courtesy of the Pennsylvania Department of Conservation and Natural Resources [Bugwood image 5017026].)

leaf petioles of date palms (Phoenix dactylifera L.) before entering the main stem of the plant where they
complete larval development and pupate (Carpenter and Elmer 1978; Giblin-Davis 2001).

3.3.3 Host Tissues Utilized

The host tissues in the major roots, trunks, and branches of woody plants form distinctive bands, starting
first (from the outside) with the outer bark and then the inner bark, cambium, sapwood, and heartwood.
Cerambycid larvae have evolved to feed on all of these tissues, with some developing almost entirely
in a single tissue and others feeding on several tissues. For example, the lepturine Encyclops caeruleus
(Say) and the cerambycine Microclytus gazellula (Haldeman) develop mainly in the outer bark of vari-
ous North American hardwoods; the lamiine Acanthocinus species develop almost entirely in the inner
and outer bark of conifers (Figure 3.6); and the cerambycine Eburia quadrigeminata (Say) and the
lepturine Pyrotrichus vitticollis LeConte develop primarily in the heartwood of hardwoods (Craighead
1923; Hardy 1944; Linsley 1962b; Baker 1972; Dodds et al. 2002; Yuan et al. 2008 ). In most cases when
larvae utilize multiple tissues, they complete early larval development in the cambial region and then
tunnel deeper into the sapwood—and possibly the heartwood—during late larval development. There
are exceptions to this rule, such as the hardwood trunk-infesting species of the lamiine genus Goes and
the cerambycine Neoclytus caprea Say where the newly hatched larvae enter the sapwood with little
feeding in the cambial region (Craighead 1923; Solomon 1995). In this chapter, the term cambial region
includes the inner bark, cambium, and outer sapwood.

Several hardwood-infesting cerambycids that are native to eastern North America are listed in
Table 3.5. The species are grouped by the host tissues typically consumed during larval development,
starting with species that feed primarily on the bark and ending with species that feed primarily on
wood. Host condition can influence which host tissues are utilized by cerambycid larvae. For example,
in the Ulmus-infesting cerambycine Physocnemum brevilineum (Say), larvae typically feed and later
construct pupal cells in the outer bark when developing in living trees, but in cut logs, the larvae develop
in the cambial region and construct pupal chambers in the outer sapwood (Haliburton 1951).
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FIGURE 3.6 Larvae of the lamiine Acanthocinus aedilis (L.) construct galleries primarily in the outer bark of their
coniferous hosts. (Courtesy of Valentyna Meshkova [Bugwood image 5425792].)

3.3.4 Host Range

The larval host range of cerambycids varies from some that feed on a single species or genus of plants
(monophagous) to cerambycids that develop on multiple plant species, either all within a single plant fam-
ily (oligophagous) or multiple families (polyphagous). For the cerambycids of Montana (Hart et al. 2013,
supplemented with data from http:/www.mtent.org/Cerambycidae.html; Linsley 1962a, 1962b, 1963, 1964,
Linsley and Chemsak 1972, 1976, 1984, 1995), Fennoscandia and Denmark (Bily and Mehl 1989), Israel
(Sama et al. 2010), and Korea (Lim et al. 2014), for which host genera were provided, the average number
of plant genera used as larval hosts was 3.9 genera per cerambycid species (range 1-26 genera) in Montana,
4.4 genera (range 1-16) in Fennoscandia and Denmark, 3.3 genera (1-19) in Israel, and 3.5 genera (1-27) in
Korea. These numbers would likely be higher if complete larval host data were known for all cerambycids.

Examples of monophagous North American species would include the cerambycine Megacyllene
robiniae that develops in Robinia trees (Solomon 1995; Figure 3.7) and all species of the lepturine
genus Desmocerus that develop in species of Sambucus (Burke 1921; Figure 3.8). Similarly, in Europe,
the lamiine Saperda punctata (L.) mostly infests Ulmus, and the cerambycine Xylotrechus antilope
(Schonherr) mostly infests Quercus (Bense 1995). One North American example of a polyphagous spe-
cies is the cerambycine Neoclytus acuminatus (Fabricius), which has developed in at least 26 genera
of hardwood trees (Linsley 1964; Solomon 1995; Hart et al. 2013) and has also become established in
Europe (Cocquempot and Lindelow 2010). European examples of polyphagous species include the lep-
turine Rhagium bifasciatum Fabricius, which develops in at least 16 genera of conifers and hardwoods
(Bily and Mehl 1989), and the cerambycine Penichroa fasciata (Stephens), which develops in at least
19 genera of conifers and hardwoods (Sama et al. 2010).

Several cerambycids have been introduced to new countries as biological control agents for both her-
baceous and woody plants because of their high host specificity. For example, the lamiine Apagomerella
versicolor (Boheman) from Argentina is a potential biological control agent of Xanthium species in
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TABLE 3.5
Typical Generation Time for Selected Cerambycids Native to the Northeastern United States that Infest
Hardwood Trees, Organized by the Host Tissues Consumed by the Larvae, Starting from the Outer Bark
and Moving Inward to the Heartwood
Common Adult
Sub- Larval Length Larval Host Generation Tree Parts
Species Family? Hosts® (mm) Tissues® Time (yr) Infested
Enaphalodes cortiphagus Cer Quercus 16-30 OB, CAM 3 Trunk
(Craighead)
Parelaphidion incertum Cer Morus, 9-17 OB, CAM 2-3 Trunk
(Newman) Quercus
Physocnemum Cer Ulmus 9-20 OB, CAM, SW 1-2 Trunk, branch
brevilineum (Say)
Strophiona nitens Lep Castanea, 10-15 OB, SW 2 Trunk, branch
(Forster) Quercus
Saperda discoidea Lam Carya, 10-11 CAM 1 Trunk
(Fabricius) Juglans
Saperda tridentata Olivier Lam Ulmus 9-17 CAM 1 Trunk, branch
Enaphalodes rufulus Cer Quercus 23-33 CAM, SW 2 Trunk, branch
(Haldeman)
Glycobius speciosus (Say) Cer Acer 22-27 CAM, SW 2 Trunk, branch
Neoclytus acuminatus Cer Fraxinus, 4-18 CAM, SW 1 Trunk, branch
(Fabricius) Quercus
Tylonotus bimaculatus Cer Fraxinus, 10-18 CAM, SW 2 Trunk
Haldeman Ligustrum
Xylotrechus Cer Betula, Fagus 8-16 CAM, SW 1 Branch
quadrimaculatus
(Haldeman)
Dorcaschema alternatum Lam Morus, 7-16 CAM, SW 1-2 Trunk, branch
(Say) Maclura
Dorcaschema wildii Uhler Lam Morus, 16-22 CAM, SW 12 Trunk, branch
Maclura
Plectrodera scalator Lam Populus, 25-40 CAM, SW 1-2 Root
(Fabricius) Salix
Saperda calcarata Say Lam Populus 20-30 CAM, SW 2-3 Trunk
Saperda cretata Newman Lam Malus, 10-20 CAM, SW 2-3 Trunk, branch
Crateagus
Saperda fayi Bland Lam Crateagus 12-13 CAM, SW 2 Branch
Saperda inornata Say Lam Populus, 8-13 CAM, SW 2 Trunk
Salix
Megacyllene robiniae Cer Robinia 12-19 CAM, SW, HW 1 Trunk, branch
(Forster)
Aegomorphus morrisi Lam Nyssa 20-26 CAM, SW, HW 2 Trunk
(Uhler)
Saperda candida Lam Cydonia, 13-25 CAM, SW, HW 2-4 Trunk
Fabricius Malus
Saperda vestita Say Lam Tilia 12-21 CAM, SW, HW 3 Trunk
Purpuricenus axillaris Cer Quercus, 12-29 SW 2 Branch
Haldeman Castanea
Goes debelis LeConte Lam Quercus 10-16 SW 3-4 Branch
Goes pulcher (Haldeman) Lam Carya, 17-25 SW 3-5 Trunk
Juglans
Goes pulverulentus Lam Fagus, 18-25 SW 3-5 Trunk, branch
(Haldeman) Quercus

(Continued)
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TABLE 3.5 (Continued)

Typical Generation Time for Selected Cerambycids Native to the Northeastern United States that Infest
Hardwood Trees, Organized by the Host Tissues Consumed by the Larvae, Starting from the Outer Bark
and Moving Inward to the Heartwood

Common Adult
Sub- Larval Length Larval Host Generation Tree Parts
Species Family? Hosts® (mm) Tissues® Time (yr) Infested
Goes tesselatus Lam Quercus 20-27 SW 3-5 Trunk
(Haldeman)
Goes tigrinus (De Geer) Lam Quercus 22-38 SW 34 Trunk
Oberea ruficollis Lam Sassafras 17 SW 2-3 Trunk
(Fabricius)
Oberea schaumii LeConte Lam Populus 12-16 SW 2-3 Branch
Desmocerus palliatus Prio Sambucus 18-27 SW 2-3 Trunk
(Forster)
Dryobius sexnotatus Cer Acer, Tilia 20-26 SW, HW 2-3 Trunk
(Linsley)
Xylotrechus aceris Fisher Cer Acer 10-14 SW, HW 2 Trunk, branch
Neandra brunnea Par Juglans, 8-12 SW, HW 34 Trunk
(Fabricius) Carya
Prionus imbricornis (L.) Prio Quercus, 31-42 SW, HW 3-5 Root
Castanea

Source: Databased almost entirely on Solomon, J. D., Guide to insect borers in North American broadleaf trees and shrubs.
USDA Forest Service, Washington, DC, 1995.
4 Cer = Cerambycinae; Lam = Lamiinae; Lep = Lepturinae; Par = Parandrinae; Prio = Prioninae.
® Primary larval hosts listed in Solomon (1995).
¢ Host tissues include OB = outer bark; CAM = cambial region, including inner bark and outer sapwood; SW = sapwood,
and HW = heartwood.
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FIGURE 3.7 Larvae of the cerambycine Megacyllene robiniae (Forster) construct galleries throughout the sapwood and
heartwood of their typical larval host, black locust (Robinia pseudoacacia L.). (Courtesy of Whitney Cranshaw [Bugwood
image 5445130].)



Feeding Biology of Cerambycids 119

UGA3066074

FIGURE 3.8 Pupae of the lepturine Desmocerus palliatus (Forster) in the larval galleries that extend downward in the
stems to the base of the plant—primarily in the pith of its host elder (Sambucus). (Courtesy of James Solomon [Bugwood
image 3066074].)

the United States (Logarzo et al. 2002); the cerambycine Megacyllene mellyi (Chevrolat) from South
America was introduced into Australia to control Baccharis halimifolia L. (McFadyen 1983); the lamiine
Nealcidion cereicola (Fisher) from South America was introduced into Australia for biological control of
Harrisia (= Eriocereus) martinii (Labouret) Britton (McFadyen and Fidalgo 1976); the lamiine Oberea
erythrocephala (Schrank) from Europe was introduced into North America to control Euphorbia esula
L. (Hansen et al. 1997); and the lamiines Aerenicopsis championi Bates and Plagiohammus spinipennis
(Thoms.) from Mexico were introduced into Hawaii to control Lantana camara L. (Davis et al. 1993).

Typically, species that develop in healthy live plants tend to be monophagous or oligophagous, while
those that develop in dead or decaying hosts tend to be polyphagous (Hanks 1999). However, given that
there are thousands of cerambycid species worldwide, there are always exceptions. For example, the two
Asian lamiines, Anoplophora chinensis (Forster) and A. glabripennis (Motschulsky), can develop in
dozens of genera of apparently healthy hardwood trees and eventually kill them, which is the key reason
why active eradication programs have been initiated in Europe and North America—where these two
beetles have been introduced (MacLeod et al. 2002; Haack et al. 2010; Turgeon et al. 2015; Rassati et al.
2016; see Chapter 13).

3.3.5 Host Condition

Cerambycid larvae develop in host plants that vary in condition from healthy to dead and from moist to
dry. Hanks (1999) noted the following general trends in the condition of the host plants selected for ovipo-
sition by adult females in several of the cerambycid subfamilies: Lepturinae, Prioninae, and Spondylidinae
often develop in dead and decaying wood; Lamiinae usually develop in living and weakened hosts but
seldom in dead hosts, whereas Cerambycinae develop in living, dying, and dead hosts. Many cerambycids
that develop in living trees—but not all (see as follows) can complete development even in dead wood,
especially when moisture levels are maintained at suitable levels. Although most cerambycids show an
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ovipositional preference for hosts in a particular condition, this relationship can be altered when the insect
encounters new hosts. For example, in its native range of Europe, the spondylidine Tetropium fuscum F.
tends to infest stressed or recently cut Picea trees, whereas in Canada, where it was introduced, it infests
apparently healthy Picea trees (Flaherty et al. 2011). Another widespread European species, the ceramby-
cine Xylotrechus arvicola, whose larvae generally feed on dead and decaying wood of hardwood trees, has
recently been found to infest and damage living grape stems, branches, and roots (Garcia-Ruiz et al. 2012).

Examples of cerambycid genera whose species are commonly associated with living hosts include
Anoplophora, Enaphalodes, Goes, Lamia, Megacyllene, Oberea, Oncideres, Plectrodera, and Saperda
(Figure 3.9). Similarly, examples of cerambycids that typically infest dead hosts are members of the gen-
era Arhopalus, Ergates, Parandra, and Rhagium (Craighead 1923; Linsley 1959; Bily and Mehl 1989;
Solomon 1995). The requirement for living hosts appears to be particularly strong in species of the lami-
ine genera Goes and Saperda, given that their larvae seldom complete development when an infested
tree is cut (Craighead 1923; Linsley 1959). Similarly, cerambycids that develop in the roots and stems
of herbaceous plants usually select living hosts for oviposition (Piper 1978; Bense 1995; Rejzek et al.
2001), but some, such as the lamiines Lepromoris gibba (Brulle) (Duffy 1953) and Parmena pubescens
(Dalman) (Duffy 1957), infest dead stalks of herbaceous Euphorbiaceae, perhaps because less milky
sap is present in the dead tissue (Duffy 1953). When considering wood moisture content, several species
of Mallodon, Rhagium, and Rutpela (=Stragalic) generally favor moist, decaying wood, while many
species of Chlorophorus, Gracilia, Hylotrupes, and Stromatium develop in dry wood (Craighead 1923;
Duffy 1953; Linsley 1959; Bense 1995). As logs decompose from the time of initial death or cutting to
wood in advanced stages of decay, there are successional changes in the wood borer community struc-
ture, including cerambycids, providing further evidence that cerambycids vary in their preferences for
hosts of a particular condition (Blackman and Stage 1924; Graham 1925; Savely 1939; Parmelee 1941;
Howden and Vogt 1951; Haack et al. 1983; Khan 1985; Harmon et al. 1986; Hanula 1996; Saint-Germain
et al. 2007; Costello et al. 2013; Lee et al. 2014; Ulyshen 2016).

FIGURE 3.9 Larva, larval galleries, pupa, and adult of the lamiine Saperda calcarata on its larval host, eastern cotton-
wood (Populus deltoides Bartram ex Marsh.), in the eastern United States. (Courtesy of James Solomon [Bugwood image
0284067].)
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3.4 Larval Development, Nutrition, and Voltinism

As mentioned in Sections 3.3.2 and 3.3.3, cerambycid larvae feed and develop in almost every major
plant part (roots, stems, branches, fruit, and seeds) and plant tissue (outer bark, inner bark, cambium,
sapwood, and heartwood). These plant tissues differ greatly in thickness, nutrient levels, amount of
living cells, degree of lignification (toughness), and their functional role within plants (Kramer and
Kozlowski 1979; Haack and Slansky 1987; Pallardy 2008) and therefore can have a strong influence on
cerambycid development rates and voltinism.

A brief discussion follows on the major physical and nutritional differences among these tree tissues
based largely on the work by Kramer and Kozlowski (1979), Haack and Slansky (1987), and Pallardy
(2008). The outer bark is largely dead, dense, corky tissue that functions in protecting the underlying tis-
sues and reducing water loss. Outer bark generally is low in water and nutrients. By contrast, the inner
bark (often called phloem) largely is soft living tissue, consisting of thin-walled cells. The inner bark
is rich in water and nutrients and is the major tissue for the transport of photosynthates. The vascular
cambium (or simply the cambium) is the ring of living cells that produces phloem cells to the outside
and xylem (wood) cells to the inside. Because the cambium consists of living cells and is meristemati-
cally active, it likely has the highest water and nutrient levels of any major tissue within a woody plant.
The sapwood consists mostly of dead, highly lignified cells that function in water and mineral transport.
About 5-35% of the sapwood is living parenchyma cells, depending on the tree species (Panshin and de
Zeeuw 1980). The water content of sapwood generally is high, being similar to inner bark, but the nutrient
levels are usually much lower than the cambium or inner bark. The most nutritious portion of the sapwood
is the outer portion closest to the cambium. Parenchyma cells die during the transition from sapwood to
heartwood, and thus heartwood consists of dead tissue (Spicer 2005). Heartwood, in comparison with
sapwood, generally is similar in density and lower in nutrients but is higher in secondary compounds. The
water content of heartwood usually is similar to that of sapwood in hardwoods but is lower in conifers
(Peck 1959; Skarr 1972).

Considering the overall nutritional quality of these tissues, cambium would rank highest, followed by
inner bark, then sapwood, with heartwood and outer bark being lowest. Of course, the volume of each
of these tissues available for larval consumption also varies considerably. For example, in the trunk of a
large tree, the cambium would provide the smallest volume of these major tissues, followed by the inner
bark, and likely then the outer bark, sapwood, and heartwood. However, great variation can occur in
the thickness of these tissues, depending on plant age and diameter, as well as among and within plant
families, genera, and species (Wilkins 1991; Sellin 1994; Pallardy 2008). Another tissue that varies dra-
matically in width is the pith, which commonly is found at the center of young stems and branches and
initially consists of soft, spongy parenchyma cells. The pith usually is very distinct in young branches
and stems of woody plants, but it becomes crushed and difficult to discern in older stem sections. In spe-
cies of elderberry (Sambucus), which usually grow as shrubs or small trees, the pith is relatively wide
and solid and is the primary tissue consumed by larvae of the North American lepturine Desmocerus
species, especially the early instars (Burke 1921; Solomon 1995; Figure 3.8).

Many factors can influence cerambycid development time, including nutritional quality of the host
tissues, host condition, and ambient temperatures. As detailed by Haack and Slansky (1987) for tree-
infesting, temperate-zone cerambycids, development usually occurs in one to two years for larvae that
feed primarily in the nutrient-rich cambial region, in two to three years when development occurs in both
the cambial region and sapwood, and in three years or longer when most development occurs in the sap-
wood and heartwood. To demonstrate this pattern with cerambycids, several species native to the eastern
United States are listed in Table 3.5 based on life-history data presented in Solomon (1995). These cer-
ambycids are grouped by the host tissues commonly consumed by larvae of each species, starting with
species that feed primarily on bark and ending with species that feed primarily on wood. An attempt was
made to select species that were broadly similar in adult size so that voltinism patterns could be compared
more on the basis of variation in nutritional quality of the host tissues consumed rather than on varia-
tion in final body size. Overall, for the species listed in Table 3.5, cerambycids that developed primarily
in the outer and inner bark of tree trunks often required two to three years to complete one generation.
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Those that developed primarily in the cambial region typically were univoltine. For species that developed
in the cambial region as well as the sapwood, one to two years usually were required to complete develop-
ment, although some species needed two to three years. For species that developed almost entirely in the
sapwood or sapwood and heartwood, two to three years to as many as three to five years usually were
required to complete one generation (Table 3.5).

There are exceptions to the aforementioned voltinism patterns. For example, the North American
cerambycine Megacyllene robiniae is univoltine on its host (Robinia), although the larvae spend much
of their life tunneling and feeding in the sapwood and heartwood (Galford 1984; Harman and Harman
1990). Similarly, the Asian lamiine A. glabripennis, which develops in dozens of species of living hard-
wood trees, generally is univoltine, although it too feeds extensively in sapwood and heartwood (Haack
et al. 2010). The high microbial diversity in the guts of A. glabripennis larvae likely improves the diges-
tion and assimilation of woody tissues and thereby may allow for their relatively short generation time
(Geib et al. 2008, 2009a, 2009b; Scully et al. 2014).

Although most wood-infesting cerambycids complete development within a few years, there are
numerous records of adults emerging from various wood products many years, or even decades, after
the product was constructed. In these cases, oviposition is presumed to have occurred in the forest or
lumberyard prior to milling the logs rather than sometime after construction of the wood products. This
scenario can be assumed to have happened for most of the cerambycids reared from wood products given
that these species require bark for oviposition, none of which usually is present on the final constructed
product. Several examples of prolonged cerambycid development are shown in Table 3.6, with the longest
being for the cerambycine Eburia quadrigeminata that emerged from a bookcase that was constructed
more than 40 years earlier. More examples of protracted cerambycid development are given in Packard
(1881) and Duffy (1953), and similar examples exist for several species of wood-boring Buprestidae
(Coleoptera) (Spencer 1930; Linsley 1943; Smith 1962a, 1962b), with the longest records exceeding
50 years for Buprestis aurulenta L. (Smith 1962a). Although such records are exceptions, these data
provide evidence that certain buprestids and cerambycids have the longest generation times of all insects.

Over the years, some authors have questioned the validity of these records of prolonged development, sug-
gesting that oviposition could have occurred on the actual wood products sometime after final construction

TABLE 3.6
Summary Data for Cerambycids that Exhibited Prolonged Larval Development in Various Wood Items
Sub- Country (State Min. Age
Species Family? or Province)® Wood Item (yr)? References
Anaglyptus mysticus (L.) Cer The United Fagus drawer® 13 Hickin 1947
Kingdom
Phymatodes dimidiatus (Kirby) Cer Canada (BC) Abies rafters 6 Spencer 1930
Eburia quadrigeminata (Say) Cer United States (IN)  Acer flooring 14 Webster 1889
Eburia quadrigeminata Cer United States (IA)  Betula bookcase 40 Jaques 1918
Eburia quadrigeminata Cer United States (IN)  Fraxinus door sill 19 McNeil 1886
Eburia quadrigeminata Cer United States (IN) Bedstead (Quercus)* 20 Troop 1915
Eburia quadrigeminata Cer The United Quercus wardrobe 19 Hickin 1951
Kingdom
Ergates faber (L.) Prio The United Pinus pier 20 Fraser 1948
Kingdom
Hylotrupes bajulus (L.) Cer Canada Dry wood in attic 12-15 Campbell
et al. 1989
Hylotrupes bajulus Cer The United Pinus cupboard 17 Bayford 1938
Kingdom

2 Cer = Cerambycinae; Prio = Prioninae.
b BC = British Columbia; IA = Iowa; IN = Indiana.

¢ Likely host, but not confirmed.

4" Values represent the likely number of years since construction of the wood items prior to adult emergence and thus the
estimated minimum number of years required to complete development.
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(Spencer 1930; Beer 1949). However, some of the records are of buprestids and cerambycids that were native
to the country where the furniture or wood product was constructed but that were not native to the country
where the beetles emerged (Linsley 1943; Smith 1962a). Given that moisture content and nutrient levels
decline as wood dries (Haack and Slansky 1987), it is not surprising that larval development would be pro-
longed when larvae are present in finished wood products that are relatively dry and kept indoors.

3.5 Wood Digestion

The woody environment is fibrous, tough, and nutritionally poor and therefore presents many challenges
to wood-boring insects as they tunnel and feed in wood (Haack and Slansky 1987). For example, the
nitrogen content of wood typically ranges from only 0.03% to 0.1% on a dry weight basis (Cowling and
Merrill 1966). Considering the tree trunk in cross-section, the nitrogen content of sapwood generally
decreases from the annual rings nearest the cambium inward to the sapwood—heartwood interface and
then stays relatively constant throughout the heartwood until rising somewhat again near the pith at the
center of the trunk or branch (Merrill and Cowling 1966). The toughness of wood results from the highly
polymerized cell walls, which provide rigidity to woody plants and consist primarily of cellulose micro-
fibrils, hemicellulose, and lignin (Gilbert 2010). Cellulose consists of thousands of glucose molecules,
linked end-to-end in long straight chains that bind with other cellulose molecules to form microfibrils.
By contrast, hemicellulose is a branched chain of mostly five carbon sugars that help link cellulose and
lignin in each major layer of the cell wall. Lignin is an aromatic three-dimensional polymer that acts
to cement the microfibrils together and gives woody plants their rigidity (Rowell et al. 2005). In North
American conifers, for example, 40—45% of wood on a dry weight basis is cellulose, 7-14% is hemicel-
lulose, and 26—34% is lignin. By contrast, in North American hardwoods, 38—49% of wood is cellulose,
19-26% is hemicellulose, and 23-30% is lignin (Rowell et al. 2005).

For more than two centuries, biologists have been interested in understanding how wood-boring insects
are able to develop and survive in such a harsh environment as sapwood and heartwood. Mansour and
Mansour-Bek (1934) and Parkin (1940) reviewed the early research in this field, including a discussion of
the researchers involved, the test insects used, and their general findings and interpretations. A variety
of techniques were utilized in these early studies but most involved comparing the chemical constituents
of larval frass with the wood being consumed to detect differences as well as testing extracts from the
borer’s gut for their ability to enzymatically degrade specific wood constituents (Parkin 1940). As a
result of these early studies, researchers developed a basic understanding that symbiotic microorganisms
were involved in wood digestion in insects through enzymatic activity, including bacteria, fungi, and
protozoans (Mansour and Mansour-Bek 1934; Parkin 1940; Graham 1967; Breznak 1982; Breznak and
Brune 1994). More recently, using modern molecular and biochemical techniques, many more details
have been elucidated about the symbionts, enzymes, and genes involved in wood degradation (Sugimura
et al. 2003; Lee et al. 2004; Geib et al. 2008; Zhou et al. 2009; Watanabe and Tokuda 2010; Calderén-
Cortés et al. 2012; Scully et al. 2013; Brune and Dietrich 2015). Moreover, it is recognized that wood-
degrading enzymes in cerambycids are produced both exogenously (symbiont dependent) (Delalibera et
al. 2005; Park et al. 2007; Zhou et al. 2009; Gieb et al. 2009b) and endogenously (symbiont independent)
(Scrivener et al. 1997; Lee et al. 2005; Wei et al. 2006; Calderén-Cortés et al. 2012).

In the early 1900s, several cerambycids were known to harbor yeast-like fungi as endosymbionts in
their midgut intestinal walls (Graham 1967). For example, Schomann (1937) reported that fungal endo-
symbionts were common in conifer-infesting cerambycid larvae but were rare in hardwood-infesting
cerambycids. More recently, Griinwald et al. (2010) described several strains of ascomycetous yeasts
in the guts of conifer-infesting cerambycids. In addition, Geib et al. (2008) demonstrated that certain
gut fungi in A. glabripennis aided in lignin degradation. Transfer of symbiotic fungi between genera-
tions is accomplished during oviposition when fungi are deposited externally on the egg surface, with
the new larvae becoming inoculated as they chew through the egg chorion (Schomann 1937; Graham
1967). In addition to fungal endosymbionts, several cerambycids utilize cellulolytic enzymes from fungi
that they ingest while tunneling in wood (i.e., so-called acquired digestive enzymes). Cerambycids
became the focus of this line of research in the 1980s, using species such as the conifer-infesting lamiine
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Monochamus marmorator Kirby and the hardwood-infesting lamiine Saperda calcarata Say (Martin
1983; Kukor and Martin 1986a, 1986b; Martin 1992).

The role of bacteria in the digestion of cellulose, hemicellulose, and other polysaccharides in cer-
ambycid larvae has been recognized for decades (Mansour and Mansour-Bek 1934; Parkin 1940). The
bacterial diversity in the guts of cerambycid larvae has been elucidated in several species recently, with
several classes of bacteria identified such as Actinobacteria and Gammaproteobacteria (Delalibera et al.
2005; Heo et al. 2006; Schloss et al. 2006; Park et al. 2007; Mazza et al. 2014). It is important to note
that the bacterial community in the insect’s gut is highly variable and can be influenced by the host plant.
For example, Gieb et al. (2009a) demonstrated that the community of gut bacteria in A. glabripennis
was most diverse when larvae fed in their preferred host trees (Acer) but much less diverse when they
fed in nonpreferred hosts (Pyrus). Moreover, Schloss et al. (2006) reported that bacterial diversity was
relatively high in the guts of A. glabripennis larvae, which have a broad host range, whereas bacterial
diversity was relatively low in Saperda vestita Say, a lamiine with a narrow host range (primarily Tilia).
It would be interesting to determine if bacterial diversity typically is greater in the gut tract of polypha-
gous cerambycid larvae compared to monophagous species. As for the transfer of bacteria between
generations of cerambycids, it likely occurs during oviposition with bacteria being placed on the outside
or inside of eggs or deposited near the oviposition site (Gieb et al. 2009b).

3.6 Summary and Future Directions

The thousands of cerambycid species found worldwide display great diversity in their feeding habits,
including a wide variety of host plants, plant parts, and tissues consumed. The great success that ceram-
bycids have had in exploiting the woody environment is related to their ability to enzymatically degrade
many wood constituents through symbionts and endogenously produced enzymes. Knowledge of the feed-
ing habits of adult and larval cerambycids can be used in developing integrated pest management programs
for pest species. For example, knowing when and where adults feed is useful when scheduling detection
surveys and pesticide applications. Similarly, knowing in which plant tissues the larvae feed and tunnel
allows managers to judge the value, for example, of using systemic insecticides for their control, knowing
that larvae that feed in or close to the cambial region would be much more susceptible to systemic insecti-
cides than those that feed deep within the sapwood or heartwood (Poland et al. 2006). Although much has
been learned about the feeding biology of the world’s cerambycids, there are still many gaps in our basic
understanding of their life history, larval and adult host plants, digestive symbionts, and wood-degrading
enzymes; therefore, much more research remains to be conducted on these topics.
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4.1 Introduction

There is extensive literature on the geographic ranges of cerambycid species and the host associations
of their larvae, much of it published by naturalists (e.g., references for volumes indexed by Linsley and
Chemsak 1997). Much less is known, however, about the behavior of the adult beetles. The earliest
research on cerambycid species was often the most thorough because researchers at that time were free
to devote their full attention to pest species for years on end. For example, Atkinson (1926) summarized
years of research on the cerambycine Hoplocerambyx spinicornis Newman, an important pest of sal
trees (Shorea robusta Gaertn. f.; Dipsocarpaceae) in India, during which time he had studied sensory
cues involved in locating and assessing the girth of larval hosts (the basis for oviposition preference), the
resistance response of the host, and the behavior and life history of the larvae; the work included many
beautiful hand-drawn illustrations. These early publications are still valuable because they describe
behaviors and summarize natural histories that are common among cerambycids.

Little is known of the biology of many cerambycid species because their adults are rarely encountered,
especially species that are active at night or that are confined to the forest canopy (e.g., Vance et al.
2003). The volume of literature devoted to the biology of a species is usually a measure of its economic
importance as a pest and of how long it has been considered a pest. Much of the published research con-
cerns species in the largest subfamilies, the Lamiinae and Cerambycinae, simply because of the great
number of these species whose larvae damage and kill woody plants. The smaller subfamilies Prioninae
and Spondylidinae also have important pest species that have been intensively studied (e.g., Duffy 1946;
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Solomon 1995). On the other hand, less is known of the behavior of species in the Lepturinae and
Parandrinae because their larvae usually develop within dead and decaying hosts and so generally are
not considered pests (e.g., Solomon 1995; Evans et al. 2004).

A few cerambycid species have been the focus of purely basic research. The red milkweed beetle,
Tetraopes tetrophthalmus (Forster), has served as a model organism in studies of behavior and sexual
selection—in part because it is common and abundant, and the aposematically colored adults are diurnal
and conspicuous (McCauley 1982; Lawrence 1990; Matter 1996). The larvae feed on roots of milkweed
(Asclepias species; Apocyanaceae), and so usually are not considered pests. Other species that have
been studied as model organisms for sexual selection are the sexually dimorphic species Trachyderes
mandibularis Dupont (Goldsmith and Alcock 1993) and the harlequin beetle, Acrocinus longimanus (L.)
(Zeh et al. 1992).

A comparative study of reproductive behaviors of cerambycid species is often hindered by inconsis-
tencies in experimental conditions, population densities, and seasonality. For example, local population
density, and sex ratio within populations, may strongly influence the duration of copulation and pair
bonding, the impact of body size on mate choice, and the incidence of aggressive competition among
males (Lawrence 1986; McLain and Boromisa 1987). Behaviors of adults may be altered by unnaturally
high population densities, such as during an outbreak of an exotic species (e.g., Hanks et al. 1996a).
Study of cerambycids in artificial environments, especially when adults are caged, can result in unreal-
istic assessments of copulation frequency, longevity, lifetime fecundity, and the outcome of aggressive
competition among males because the beetles are not subject to the physiological costs of dispersal
and are free of their natural enemies, and because females cannot escape from males and males cannot
avoid one another (e.g., Pilat 1972; Saliba 1974; Wang et al. 1990; Hanks et al. 1996a; Lu et al. 2013a).
Nevertheless, even caged beetles may behave naturally with regard to mate recognition, courtship, fight-
ing behavior of males, copulation, and oviposition (McCauley 1982; Goldsmith et al. 1996; Hanks et al.
1996a; Yang et al. 2007, 2011; Godinez-Aguilar et al. 2009).

In this chapter, we have drawn references from the literature that most thoroughly review earlier
research on reproductive behavior of cerambycids or that provide the most detailed descriptions of repro-
ductive behaviors. We emphasize a set of 36 species that represent a broad geographical sampling and
a variety of host plant relationships (Table 4.1). These include the following 14 species of the subfam-
ily Cerambycinae: Cerambyx dux (Faldermann), Megacyllene caryae (Gahan), Megacyllene robiniae
(Forster), Nadezhdiella cantori Hope, Neoclytus acuminatus acuminatus (F.), Oemona hirta (F.),
Perarthrus linsleyi (Knull), Phoracantha semipunctata (F.), Plagithmysus bilineatus Sharp, Rosalia
batesi Harold, Semanotus litigiosus (Casey), T. mandibularis, Xystrocera globosa (Olivier), and Zorion
guttigerum (Westwood). The 15 species in the Lamiinae are Acalolepta luxuriosa (Bates), A. longimanus,
Anoplophora chinensis (Forster), Anoplophora glabripennis (Motschulsky), Batocera horsfieldi Hope,
Dectes texanus LeConte, Glenea cantor (F.), Monochamus alternatus Hope, Monochamus s. scutellatus
(Say), Paraglenea fortunei Saunders, Phytoecia rufiventris Gautier, Plectrodera scalator (F.), Psacothea
hilaris (F.), T. tetrophthalmus, and Tetrasarus plato Bates. The two species in the Lepturinae are
Desmocerus californicus californicus Horn and Rhagium inquisitor inquisitor (L.). The three species in
the Prioninae are Prionoplus reticularis White, Prionus coriarius (L.), and Prionus laticollis (Drury).
Finally, the two species in the Spondylidinae are Arhopalus ferus (Mulsant) and Tetropium fuscum (F.).

In the following sections, we refer to these 36 species as “example species” and cite th