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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 con�ned 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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134 Cerambycidae of the World

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 in�uence 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 arti�cial 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, �ght-
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 hors�eldi Hope, 
Dectes texanus LeConte, Glenea cantor (F.), Monochamus alternatus Hope, Monochamus s.  scutellatus 
(Say), Paraglenea fortunei Saunders, Phytoecia ru�ventris 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 their names as 
references, rather than publications (which can be found in Table 4.1), so as to better illustrate taxonomic 
patterns in behavior. When more than one example species is referenced, they are ordered as in Table 4.1.

4.2 Phenology of Adults

Cerambycids usually are protandrous (Linsley 1959). Species native to temperate regions often are uni-
voltine or semivoltine, the adults being active for as brie�y as a few weeks (M. caryae, M. robiniae, 
R. batesi, D. texanus, M. alternatus, P. ru�ventris, P. scalator, T. tetrophthalmus, A. ferus; also see 
Hanks et al. 2014). Voltinism can vary with latitude, however, such as is the case with N. a.  acuminatus, 
which is univoltine in the north-central United States but trivoltine in southern states. Tropical and 
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TABLE 4.1

Example Species of Cerambycid Beetles Used as References

Subfamily/Species Geographical Distribution Primary Host Plants of Larvae (L) and Adults (A) References

Cerambycinae
Cerambyx dux (Faldermann) Palearctic L: trunks of living rosaceous trees; A: bark, stems, and 

fruit of larval host species
Jolles 1932; Saliba 1974, 1977

Megacyllene caryae (Gahan) Eastern North America L: trunks and branches of dead and dying hickory 
(Carya spp., Juglandaceae); A: pollen of oaks

Dusham 1921; Ginzel and Hanks 2003, 2005; Ginzel et al. 
2006; Lacey et al. 2008b; Hanks and Millar 2013; Hanks 
et al. 2014; adult diet: LMH, unpublished data

Megacyllene robiniae 
(Forster)

Eastern North America L: trunks of stressed black locust (Robinia pseudoacacia 
L., Fabaceae); A: pollen of goldenrod (Solidago 
altissima L., Asteraceae)

Galford 1977; Harman and Harman 1987; Solomon 1995; 
Ginzel and Hanks 2003, 2005; Ginzel et al. 2003; 
Ray et al. 2009

Nadezhdiella cantori Hope East Asia L: trunks of living Citrus spp. (Rutaceae); A: nonfeeding Lieu 1947; Wang et al. 2002; Wang and Zeng 2004

Neoclytus a. acuminatus (F.) Eastern North America L: trunks and branches of stressed hardwoods; 
A: nonfeeding

Waters 1981; Lacey et al. 2004, 2007b, 2008a; Hanks and 
Millar 2013; Hanks et al. 2014; Hughes et al. 2015

Oemona hirta (F.) New Zealand L: branches of living trees and vines of many deciduous 
genera; A: pollen and nectar

Wang et al. 1998; Wang and Davis 2005

Perarthrus linsleyi (Knull) Mexico, southwestern North 
America

L: stems of asteraceous shrubs; A: �owers of Larrea 
tridentata (DC.) Coville (Zygophyllaceae)

Goldsmith 1987b

Phoracantha semipunctata (F.) Australia, introduced North 
America, Middle East, Africa

L: trunks and branches of stressed Eucalyptus species 
(Myrtaceae); A: �owers of Eucalyptus species

Hanks et al. 1991, 1993, 1995, 1996a, 1996b, 1998; Barata 
and Araújo 2001; Millar et al. 2003; Bybee et al. 2005; 
Lopes et al. 2005; Wang et al. 2008

Plagithmysus bilineatus Sharp Hawaii L: trunks of stressed and dying Metrosideros 
polymorpha Gaudich. (Myrtaceae); A: unknown

Papp and Samuelson 1981; Stein and Nagata 1986

Rosalia batesi Harold Asia L: trunks of dead hardwoods of many genera; A: pollen Iwata et al. 1998

Semanotus litigiosus (Casey) North America L: trunks of damaged and dying conifers; A: nonfeeding Wickman 1968

Trachyderes mandibularis 
Dupont

Mexico, Southwestern North 
America

L: trunks of dead hardwoods; A: tree sap, cactus fruits Goldsmith 1987a; Goldsmith and Alcock 1993

Xystrocera globosa (Olivier) Tropical Eurasia, introduced 
Hawaii, Puerto Rico

L: trunks of weakened and dying leguminous hardwoods 
of many genera; A: pollen

Khan 1996; Matsumoto et al. 1996

Zorion guttigerum 
(Westwood)

New Zealand L: dead twigs of conifers and hardwoods; A: pollen of 
many plant species

Wang 2002; Wang and Chen 2005

(Continued)
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TABLE 4.1 (Continued)

Example Species of Cerambycid Beetles Used as References

Subfamily/Species Geographical distribution Primary host plants of Larvae (L) and Adults (A) References

Lamiinae
Acalolepta luxuriosa Bates Asia L: trunks of araliaceous woody plants; A: unknown Akutsu and Kuboki 1983a, 1983b; Kuboki et al. 1985

Acrocinus longimanus (L.) Mexico, Central and South 
America

L: trunks of dying or decaying hardwoods; A: tree sap Zeh et al. 1992

Anoplophora chinensis 
(Forster)

East Asia L: trunks and branches of living hardwood trees of many 
genera; A: twig bark and foliage of larval hosts

Wang et al. 1996b; Wang 1998; Lingafelter and Hoebeke 
2002; Hansen et al. 2015

Anoplophora glabripennis 
(Motschulsky)

East Asia, introduced North 
America, Europe

L: trunks and branches of living hardwood trees of many 
families; A: twig bark and foliage of larval hosts

Lingafelter and Hoebeke 2002; Morewood et al. 2003; 
Zhang et al. 2003; Hoover et al. 2014; Meng et al. 2015

Batocera hors�eldi Hope East Asia L: trunks and branches of living hardwoods of many 
genera; A: foliage and tender bark of larval hosts

Duffy 1968; Luo et al. 2011; Yang et al. 2011

Dectes texanus LeConte Eastern North America, 
Mexico

L: stems of asteraceous perennials, soybean (Glycine 
max [L] Merr.; Fabaceae); A: foliage and tender stems 
of larval host species

Hatchett et al. 1975; Crook et al. 2004; Michaud and Grant 
2005, 2010

Glenea cantor (F.) China L: trunks and branches of weakened hardwoods of many 
families; A: foliage and tender bark of larval host species

Lu et al. 2007, 2011a, 2011b, 2013a, 2013b

Monochamus alternatus Hope East Asia L: trunks of stressed conifers; A: tender bark of conifer 
branchlets

Kobayashi et al. 1984; Fauziah et al. 1987; Anbutsu and 
Togashi 2002; Zhou and Togashi 2006; Fan et al. 2007a, 
2007b; Yang et al. 2007; Teale et al. 2011; Huang et al. 
2015

Monochamus s. scutellatus 
(Say)

North America L: trunks of dead and dying conifers; A: twig bark and 
foliage of conifers

Hughes 1979, 1981; Hughes and Hughes 1982, 1985, 
1987; Allison and Borden 2001; Peddle et al. 2002; 
Fierke et al. 2012; Macias-Samano et al. 2012; Breton 
et al. 2013

Paraglenea fortunei Saunders East Asia L: stems and roots of living herbaceous and woody 
plants; A: twigs and foliage of larval host species

Wang et al. 1990, 1991; Togashi 2007; Tsubaki et al. 2014

Phytoecia ru�ventris Gautier East Asia L: living stems of asteraceous perennials; A: foliage of 
larval host species

Wang et al. 1992, 1996a

Plectrodera scalator (F.) North America L: crown and tap roots of living Populus, Salix 
(Salicaceae); A: twigs and foliage of larval host species

Milliken 1916; Solomon 1980, Goldsmith et al. 1996; 
Ginzel and Hanks 2003

Psacothea hilaris (F.) Eastern Asia L: trunks of weakened hardwoods; A: foliage of larval 
host species

Yokoi 1989; Fukaya and Honda 1992, 1995, 1996; 
Iba 1993; Fukaya 2004

(Continued)
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TABLE 4.1 (Continued)

Example Species of Cerambycid Beetles Used as References

Subfamily/Species Geographical distribution Primary host plants of Larvae (L) and Adults (A) References

Tetraopes tetrophthalmus 
(Forster)

Eastern North America L: roots and rhizomes of living Asclepias species 
(Apocyanaceae); A: pollinia of larval host species

Chemsak 1963; Pilat 1972; Price and Willson 1976; 
McCauley 1982; McCauley and Reilly 1984; Lawrence 
1986, 1990; McLain and Boromisa 1987; Matter 1996; 
Reagel et al. 2002; Agrawal 2004

Tetrasarus plato Bates Mexico, Central America L: dying branches of Alchornea latifolia Sw. 
(Euphorbiaceae); A: foliage of larval host species

Godinez-Aguilar et al. 2009

Lepturinae
Desmocerus c. californicus 
Horn

Coastal California, USA L: stems of living elderberry trees (Sambucus species, 
Adoxaceae); A: foliage of larval host species

Davis 1931; Barr 1991; Solomon 1995; Collinge et al. 
2001; Talley 2007; Ray et al. 2012b

Rhagium inquisitor 
inquisitor (L.)

Holarctic L: trunks of recently deceased conifers; A: pollen Hess 1920; Craighead 1923; Michelsen 1963

Prioninae
Prionoplus reticularis White New Zealand L: trunks of recently dead to decaying conifers and 

hardwoods; A: nonfeeding
Edwards 1959, 1961a, 1961b

Prionus coriarius (L.) Europe L: trunks of dead and decaying hardwoods, or roots of 
living hardwoods; A: nonfeeding

Duffy 1946; Bense 1995; Barbour et al. 2011

Prionus laticollis (Drury) North America L: roots of living hardwoods; A: nonfeeding Farrar 1967; Benham 1970; Benham and Farrar 1976; 
Barbour et al. 2011

Spondylidinae
Arhopalus ferus (Mulsant) Europe L: trunks and branches of recently dead to decaying 

conifers; A: nonfeeding
Duffy 1953, 1968; Wallace 1954; Hosking and Bain 1977; 
Hosking and Hutcheson 1979; Suckling et al. 2001; Wang 
and Leschen 2003

Tetropium fuscum F. Eurasia, introduced North 
America

L: trunks of stressed spruce trees (Picea species; 
Pinaceae); A: nonfeeding

Schimitschek 1929; Sweeney et al. 2006; Silk et al. 2007, 
2011; Flaherty et al. 2013

Source: For additional information about geographical distribution and host plant relationships, see Bense 1995; Duffy 1953, 1960, 1963, 1968; Lingafelter 2007; Linsley 1962a, 1962b; 
Linsley and Chemsak 1972, 1984, 1995; Löbl and Smetana 2010.D
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138 Cerambycidae of the World

subtropical species may be active for much longer periods, with multiple overlapping generations 
(G.  cantor, also see Shah and Vora 1976; Qian 1985; Sontakke 2002), and may even �y year round 
(P. bilineatus, X. globosa, A. longimanus; also see Gressitt and Davis 1972). Regardless of seasonal 
phenology, the adult beetles may mate and oviposit for only a few hours each day (Linsley 1959). Adult 
prionines typically are crepuscular or nocturnal (all three species in Table 4.1), whereas lepturines typi-
cally are diurnal (both species in Table 4.1). Cerambycines, lamiines, and spondylidines, however, vary 
from diurnal (C. dux, M. caryae, M. robiniae, N. a. acuminatus, P. linsleyi, R. batesi, S. litigiosus, 
X. globosa, T. mandibularis, Z. guttigerum, A. chinensis, B. hors�eldi, D. texanus, G. cantor, M. s. 
scutellatus, P. fortunei, P. ru�ventris, T. tetrophthalmus, T. plato, T. fuscum) to between crepuscular 
and nocturnal (i.e., active between sunset and midnight; N. cantori, P. semipunctata, P. hilaris), or truly 
are nocturnal (O. hirta, A. longimanus, A. glabripennis, M. alternatus, A. ferus). Diel patterns in �ight 
or mating activity may be unimodal (N. a. acuminatus, O. hirta, R. batesi, M. s. scutellatus, P. fortunei) 
or bimodal (N. cantori, X. globosa, Z. guttigerum, A. chinensis, M. alternatus).

4.3 Diet of Adults

The diet of adult cerambycids is an important consideration because of its implications for dispersal and 
mate location (see Section 4.8). Cerambycid species vary considerably in adult diet and as to whether 
the adults feed at all (see Chapter 3). Longevity of adults and fecundity are usually enhanced by feeding 
(C. dux, P. semipunctata, X. globosa, G. cantor) and may vary with host plant species (A. glabripennis, 
B. hors�eldi, D. texanus).

Lamiines are synovigenic, the adults eclosing with undeveloped eggs and sperm (Linsley 1959). 
Adults of both sexes may have to feed for days, or even weeks, before they reach sexual maturity; they 
commonly feed on foliage and tender bark of the larval host plant species (Table 4.1). The species of host 
plants that adult lamiines prefer for their own feeding may also be favored for oviposition (D. texanus).

Cerambycids other than the lamiines typically are pro-ovigenic, the adults eclosing with eggs and 
sperm fully developed, or nearly so, and they usually can mate and oviposit within a day after eclosing. 
This trait has been documented in the cerambycines C. dux, M. caryae, N. cantori, N. a.  acuminatus, 
P.   semipunctata, S. litigiosus, and X. globosa; in the lepturine R. i. inquisitor; in the prionines 
P.   reticularis and P. coriarius; and in the spondylidines A. ferus and T. fuscum. Adult cerambycines 
commonly feed on pollen and nectar, plant sap, or tree fruit (Table 4.1). The exceptions among the exam-
ple species are N. cantori, N. a. acuminatus, and S. litigiosus, which apparently do not feed as adults.

Prionines typically do not feed as adults and mate soon after emergence (all three species in Table 4.1). 
The lack of feeding is indicated by the atrophied digestive tract of adult P. reticularis and P.  laticollis. 
Spondylidines also may not feed as adults, mating and ovipositing soon after emergence (A. ferus, 
T.   fuscum; also see Ross and Vanderwal 1969). Adults of most lepturines feed on pollen and nectar 
(R.  inquisitor; see Linsley 1959), although adult D. c. californicus also feed on foliage of larval host 
species.

4.4 Location of Host Plants and Mates

Linsley (1959) observed that adults of many cerambycid species mate on the larval host plant and con-
cluded that the processes of �nding hosts and �nding mates are intimately associated. Research over 
the last decade has revealed that mate location in many cerambycids is mediated by long-range vola-
tile pheromones of two types: aggregation pheromones, produced by males and attracting both sexes 
(see Cardé 2014), or sex pheromones, produced by females and attracting only males (see Chapter 5). 
Aggregation pheromones have been identi�ed now, or are at least suspected (i.e., males produce chemi-
cals that are known pheromones of other cerambycids, or both sexes are attracted to such chemicals 
even though males have not yet been shown to produce them), for more than 60 species of cerambycines, 
more than 30 species of lamiines, and four species of spondylidines. Sex pheromones are known to 
be used by 14   species of prionines and 7 species of lepturines. The consistent reports of aggregation 
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139Reproductive Biology of Cerambycids

pheromones among so many species of cerambycines, lamiines, and spondylidines, and the reports of 
sex pheromones only among prionines and lepturines, suggest that pheromone type is consistent within 
subfamilies.

Among insects that use aggregation pheromones, males usually call from either the larval host plant 
or that of the adults (Landolt and Phillips 1997), and the same holds true for the cerambycine, lamiine, 
and spondylidine example species. Because males are �rst to arrive on the host plant, they must be pro-
�cient at locating hosts independently of pheromones. Females also must be capable of locating larval 
hosts for oviposition, independently of males and their pheromones. It has long been suspected that host 
location in cerambycids is mediated primarily by plant volatiles (e.g., Beeson 1930), which seems espe-
cially likely for nocturnal species. Diurnal species, on the other hand, are more likely to use visual cues 
to �nd host plants and so may prefer plants that are especially conspicuous (due to larger size, brighter 
color, exposure to sunlight) for feeding (M. caryae, M. robiniae, P. linsleyi, Z. guttigerum, A. chinensis, 
T.  tetrophthalmus, P. ru�ventris) or ovipositing (S. litigiosus, A. chinensis, M. s. scutellatus).

Much of the research on host plant attractants of cerambycids has concerned species whose larvae 
feed in conifers, testing attraction to volatiles that are typical of conifers (especially α-pinene) or that 
are associated with physiological stress and weakened resistance (especially ethanol; e.g., Fan et al. 
2007b; Jurc et al. 2012). Such general plant kairomones attract both sexes of the cerambycine Semanotus 
 japonicus Lacordaire (Yatagai et al. 2002), the lamiine M. alternatus and its congeners (e.g., Allison 
et al. 2012), the spondylidine T. fuscum and its congeners (Silk et al. 2007), and the lepturine R.  inquisitor 
(Table 4.1). Much less is known of the olfactory cues from deciduous hosts, although laboratory experi-
ments have demonstrated that both sexes of some cerambycines and lamiines are attracted by host vola-
tiles (M. caryae, M. robiniae, P. semipunctata, P. bilineatus, A. longimanus, A. glabripennis, G. cantor; 
also see Ginzel and Hanks 2005). Floral volatiles from host plants of adults play a similar role in attract-
ing both sexes of the cerambycine Anaglyptus subfasciatus Pic (Nakashima et al. 1994).

The chances of �nding a mate may be improved if both sexes aggregate on larval host plants that are in 
a particular physiological condition (P. semipunctata, P. bilineatus, G. cantor, M. alternatus, T. fuscum), 
or on plants of a certain size (A. longimanus, A. chinensis, M. s. scutellatus), or on certain areas of large 
hosts, such as the lower trunk (M. s. scutellatus), or where the bark is exposed to sunlight (S. litigiosus). 
Males and females also may aggregate on certain plants for feeding, such as the tallest perennials for 
the foliage feeder P. ru�ventris, tall trees with dark green leaves for the foliage feeder A. chinensis, 
and plants with the largest or greatest number of blooms for the pollen feeders M. robiniae, P. linsleyi, 
and T. tetrophthalmus. Aggregation in response to host plant cues may seem suf�cient to bring the 
sexes together for mating, leading some researchers to conclude that a species does not use a vola-
tile pheromone (N. cantor, P. semipunctata, P. bilineatus, Z. guttigerum, A. longimanus, A.  chinensis, 
A.  glabripennis, G. cantor, P. ru�ventris, P. hilaris, T. tetrophthalmus). It should be noted, however, that 
much of this research was conducted when there was scant evidence for use of volatile pheromones by 
cerambycids (i.e., prior to 2004; Allison et al. 2004). For example, early research on M. alternatus sug-
gested that mate location is mediated entirely by host plant volatiles (Kobayashi et al. 1984), but it was 
later discovered that males produce the aggregation pheromone monochamol (Teale et al. 2011).

Volatiles from host plants of the larvae or adults may strongly in�uence attraction of cerambycids 
to their aggregation pheromones and, again, most of this information comes from research on coni-
fer feeders. For example, attraction of several Monochamus species to monochamol is strongly—even 
 critically—synergized by ethanol and various monoterpenes that are at best only weakly attractive when 
tested alone (M. alternatus, M. s. scutellatus; also see Pajares et al. 2010; Allison et al. 2012; Macias-
Samano et al. 2012). Attraction to monochamol also may be enhanced by pheromones of bark beetles 
with or without plant volatiles (M. s. scutellatus; also see Pajares et al. 2010, 2013; Macias-Samano et al. 
2012; Ryall et al. 2015).

Sensitivity to bark beetle pheromones probably is adaptive because it serves to guide cerambycids to 
weakened hosts that are vulnerable to colonization and in which the larvae can feed opportunistically 
on bark beetle larvae (e.g., Schoeller et al. 2012). Volatiles from coniferous hosts also synergize attrac-
tion of the spondylidine Tetropium fuscum to its pheromone, fuscumol (Silk et al. 2007). Volatiles from 
deciduous hosts synergized attraction of adult Anoplophora glabripennis to an aggregation pheromone 
in olfactometer experiments, although the overall response was weak (Nehme et al. 2009). Similarly, 
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140 Cerambycidae of the World

�oral volatiles from the host plants of adult Anaglyptus subfasciatus synergize attraction to the aggrega-
tion pheromone produced by males (Nakamuta et al. 1997).

Males of the prionine example species apparently require only the sex pheromones of their females to 
locate mates (also see Cervantes et al. 2006). Because the adult males do not feed (see Section 4.3), they 
would not seem to bene�t from an ability to detect host plant volatiles. A lack of attraction to plant vola-
tiles in males, and the characteristic sedentary nature of females (see Section 4.8), may account for the 
rarity with which prionines of either sex have been trapped during �eld bioassays of conifer volatiles in 
the southeastern United States (Dodds 2011; Miller et al. 2011) and in Europe (Jurc et al. 2012). However, 
most of the prionine species native to the areas where the bioassays were conducted develop in decidu-
ous trees (see Bense 1995; Lingafelter 2007), and such species usually are not attracted by ethanol or 
monoterpenes (see Chapter 5). An exception is the conifer-feeding prionine Prionus pocularis Dalman 
of the eastern United States, adult males and females of which are attracted by ethanol and α-pinene 
(Miller et al. 2015; D. R. Miller, personal communication). Laboratory studies of the prionine Mallodon 
dasystomus (Say) have revealed that both sexes are attracted to volatiles from the deciduous larval hosts 
(Paschen et al. 2012). These �ndings suggest that host plant volatiles may play a role in mate location for 
prionines, such as by drawing males into habitats where receptive females are emerging.

Lepturines also use female-produced sex pheromones; however, they differ from prionines in that the 
adults usually feed and mate on �owers (see Section 4.3). The larval hosts are usually dead and decaying 
trees (Linsley 1959), in which case, adult females must regularly �y between their own hosts for feed-
ing and the larval hosts for oviposition. Adults may be attracted to their host plants by �oral volatiles 
(e.g., Sakakibara et al. 1998). Ortholeptura valida (LeConte) is unusual for a lepturine in that the adults 
are nocturnal, which may explain why host plants of adults have never been reported (see Švácha and 
Lawrence 2014). Females of O. valida produce the sex pheromones cis-vaccenyl acetate (Ray et al. 
2011) and presumably call from their host plant. Mate location in the diurnal lepturine Desmocerus 
c.  californicus, and several congeners, is mediated by the sex pheromone R-desmolactone (Ray et al. 
2012b). Larvae of D. c. californicus feed in the pith of living trees, and adults feed and mate on foliage 
of the same host species (Table 4.1).

A pheromone has not yet been identi�ed for the lepturine Rhagium i. inquisitor whose larvae develop 
in stressed and dying conifers (Table 4.1). The adults mate on �owers from which females presumably 
call. However, both sexes are known to be attracted by ethanol and α-pinene (Sweeney et al. 2006; Miller 
et al. 2015; J. Sweeney, D. R. Miller, personal communication). Females probably use host plant volatiles 
to locate hosts for oviposition. It is not at all clear, however, how males would bene�t from attraction to 
volatiles from larval hosts because it would seem to draw them into habitats where females are oviposit-
ing and not receptive to mating, and where food is not available.

4.5 Recognition of Mates

Once adults of some lamiine species are in proximity, males apparently can recognize females over 
short distances (no more than a few centimeters). Males of diurnal species may use visual signals for 
this purpose (A. chinensis, G. cantor, P. hilaris, T. tetrophthalmus). Other signals that operate over short 
distances, regardless of diel phenology, include substrate-borne vibration (P. fortunei, P. ru�ventris) 
and volatile short-range pheromones (G. cantor, M. alternatus, P. fortunei). Males of B. hors�eldi and 
M. s. scutellatus also respond to females over short distances, but the signals they use have yet to be 
identi�ed.

Male cerambycids ultimately recognize females by contacting them with their antennae, mouthparts, 
or tarsi, and this apparently stereotypical behavior has been reported for many species across subfamilies 
(C. dux, M. robiniae, N. cantori, N. a. acuminatus, O. hirta, P. semipunctata, R. batesi, Z.  guttigerum, 
A.  luxuriosa, A. chinensis, B. hors�eldi, D. texanus, G. cantor, M. alternatus, M. s.  scutellatus, 
P.   scalator, P. hilaris, T. tetrophthalmus, T. plato, P. laticollis, T. fuscum; also see Michelsen 1963). 
Mate recognition is mediated by species- and sex-speci�c contact pheromones in the cuticular wax layer 
of females. Females walking on the host plant may deposit nonvolatile compounds that serve as a chemi-
cal trail that guides males to females (M. robiniae, N. cantori, A. chinensis, A.  glabripennis, G. cantor). 
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141Reproductive Biology of Cerambycids

Recognition of conspeci�c males also may be mediated by contact chemoreception (P.  semipunctata, 
M. s. scutellatus, P. fortunei, T. plato).

Contact pheromones may be entirely suf�cient for mate recognition, with males not requiring any 
tactile, visual, or behavioral signals from females (N. cantori, P. semipunctata, A. luxuriosa, D. texanus, 
T. plato, T. fuscum). Thus, males often will attempt to mate with dead females (M. caryae, M. robiniae, 
N. cantori, P. semipunctata, A. luxuriosa, B. hors�eldi, D. texanus, G. cantor, P scalator, P. hilaris, 
T. fuscum) and even with crude models such as glass rods coated with solvent extracts of cuticular waxes 
of females or with synthesized contact pheromones (N. cantori, A. luxuriosa, A. chinensis, A. glabripen-
nis, B.  hors�eldi, G. cantor). Although a solvent extract of females applied to models of various shapes 
and sizes elicited mating behavior in males of P. hilaris, they could only successfully mount models 
that at least conformed to the general shape and dimensions of a female (Table 4.1). However, male 
P.  ru�ventris apparently also require a tactile signal to recognize females.

Adult cerambycids of the major subfamilies (excluding parandrines and prionines) have stridulatory 
organs on the pronotum and mesonotum with which they can produce a squeaking sound (Finn et al. 
1972; Švácha and Lawrence 2014). Some species of prionines stridulate by rubbing their ridged hind 
femora against elytral margins (P. coriarius; also see Švácha and Lawrence 2014). Both sexes can stridu-
late and appear to do so when disturbed, which may serve as a startle tactic against vertebrate predators. 
Many authors have concluded that stridulation does not serve as a signal for mate location or recognition 
(A. luxuriosa, D. texanus, P. fortunei, P. ru�ventris, P. hilaris, T. tetrophthalmus). Males often stridulate 
when interacting with one another (R. batesi, A. chinensis, M. s. scutellatus, P. fortunei, P.  ru�ventris, 
T. tetrophthalmus, T. plato), which may serve to intimidate rivals. It is also common for both sexes to 
stridulate just before and during copulation (P. linsleyi, A. luxuriosa, A. chinensis, M. s. scutellatus, 
P.  fortunei, P. ru�ventris, P. coriarius, A. ferus).

4.6 Copulation

Female cerambycids of most species must be fertilized to produce viable eggs, and their longevity and 
lifetime fecundity are usually positively correlated with body size (O. hirta, X. globosa, A.  glabripennis, 
D. texanus, G. cantor, P. ru�ventris, T. tetrophthalmus). Both sexes typically mate repeatedly with 
 individual mates and with multiple partners, which maximizes lifetime fecundity for some species 
(X.  globosa, A.  luxuriosa) but has no such effect for other species (G. cantor, T. tetrophthalmus). 
Polyandry is detrimental to female reproductive success in the cerambycine P. semipunctata, possibly 
due to the energetic cost of repeated harassment by males or because fecundity is maximized at some 
intermediate number of matings (see Arnqvist and Nillson 2000). Parthenogenetic reproduction is appar-
ently rare in cerambycids, having been reported for only a few species of cerambycines (Kurarus Gressitt 
species; Goh 1977) and lepturines (Cortodera Mulsant species; Švácha and Lawrence 2014).

Copulation behavior has been thoroughly characterized for many species of cerambycids and, in 
general, seems to be quite consistent across subfamilies in its basic components (species in Table 4.1, 
Michelsen 1963). That is: (1) the male approaches the female from behind; (2) he mounts by grasping 
her prothorax, abdomen, or elytra with his fore and mid legs—his hind legs remaining on the substrate; 
(3) he engages his genitalia with hers, rears back, and withdraws the aedeagus and ovipositor; (4) he 
inserts his genitalia (i.e., the reversed endophallus) into hers; and (5) upon completion of copulation, he 
withdraws his genitalia. (For detailed analyses of behavior, anatomy, and function, see Edwards 1961a; 
Michelsen 1963; Pilat 1972; Kobayashi et al. 2003; Lu et al. 2013b.) Nevertheless, even closely related 
species may vary in the details of their mating behaviors (e.g., Michelsen 1963).

Females of some cerambycid species may appear entirely passive as regards copulation, mating with any 
male they encounter, which suggests that there are no courtship or precopulatory behaviors (M. caryae, 
M. robiniae, N. cantori, P. linsleyi, S. litigiosus, T. mandibularis, A. longimanus, M. s.  scutellatus, 
P. scalator; also see Michelsen 1963). However, females of many species are usually refractory, avoid-
ing males by running, �ying, or dropping from the host plant, or discouraging their advances by buck-
ing, shaking, kicking, stridulating, or positioning their body such that their genitalia are inaccessible 
(C. dux, O. hirta, P. semipunctata, Z. guttigerum, A. luxuriosa, A. chinensis, B. hors�eldi, D. texanus, 
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G.   cantor, M. alternatus, M. s. scutellatus, P. fortunei, P. ru�ventris, P. hilaris, T.  tetrophthalmus, 
T. plato, R.  i. inquisitor; also see Michelsen 1963, 1966). The same behaviors may serve to dislodge 
males during and after copulation. Females of some prionine species may even attack and injure court-
ing males (P. laticollis).

Male cerambycids may respond to uncooperative females by cornering or penning them, prevent-
ing their escape, and by clinging to them, biting and pulling their antennae, and even amputating their 
appendages (S. litigiosus, A. luxuriosa, P. fortunei, P. ru�ventris, P. hilaris, T. plato, P. coriarius; also 
see Michelsen 1963). Another stereotypical behavior is for males to apply their mouthparts to the pro-
notum or elytra of the female before, during, and after copulation, which apparently calms the female or 
stimulates her to mate (reviewed by Michelsen 1963, 1966). This behavior, variously described as lick-
ing, stroking, tapping, scraping, massaging, or biting, has been reported for species in all of the major 
subfamilies (C. dux, O. hirta, P. semipunctata, R. batesi, A. luxuriosa, A. longimanus, A.   chinensis, 
B.  hors�eldi, D. texanus, M. alternatus, M. s. scutellatus, P. ru�ventris, P. hilaris, T. plato, R.  i. 
 inquisitor, P. reticularis). While a male is so engaged, the repeated de�ection of his prothorax may 
result in stridulation (Michelsen 1963). Michelsen (1957) simulated this calming effect with the lep-
turine Rhagium bifasciatum F. by rubbing the dorsum of females with a soft brush. Similarly, agitated 
adult P. semipunctata of both sexes can be placated by scratching their elytra with a toothpick (Hanks 
et al. 1996b). Males also may subdue females by using their antennae or legs to stroke, rub, tap, or 
bat the head, antennae, or prothorax of the female (C. dux, P. linsleyi, P. semipunctata, S. litigiosus, 
A.  chinensis, P. fortunei, P. hilaris, T. tetrophthalmus). A male may attempt multiple calming strategies 
on one female, even simultaneously (Michelsen 1966).

4.7 Larval Host Plants, Oviposition Behavior, and Larval Development

Larvae of most cerambycid species develop in woody plants and often are restricted to either the 
roots, crown, trunk, branches, or branchlets (reviewed by Linsley 1959; Švácha and Lawrence 2014; 
see Chapter 2). Some species develop in stems of herbaceous plants or in stems or small branches of 
woody plants, usually tunneling through the pith (Z. guttigerum, D. texanus, P. fortunei, P. ru�ventris, 
T.  tetrophthalmus, D. c. californicus). Some species require living and healthy hosts, while others can 
thrive only within hosts that are stressed or damaged (Table 4.1). Species whose larvae feed on dead 
hosts may require that they be freshly dead; other species require seasoned dead hosts or hosts in some 
particular state of decay that harbor speci�c types of fungi that render the wood palatable and that pro-
vide essential nutrients (A. ferus; Hanks 1999; also see Saint-Germain et al. 2010; Filipiak and Weiner 
2014). Larvae are usually limited to feeding within particular tissues of woody plants, depending on the 
condition of the host. For example, larvae of species that feed in stressed, moribund, or freshly dead hosts 
usually feed, at least initially, on subcortical tissues, which have the highest nutrient content (M. caryae, 
P. semipunctata, P. bilineatus, S. litigiosus, X. globosa, G. cantor, M. alternatus, M. s. scutellatus, 
P. hilaris, R.  inquisitor, T. fuscum: also see Hanks 1999). The nutritional quality of subcortical tissues 
steadily declines after the death of the host and, for that reason, larvae that develop in long-dead hosts 
usually feed within the xylem (R. batesi, A. ferus). For species whose hosts range from dying to decay-
ing, the larvae may feed subcortically at �rst but later move to the sapwood as the host declines in qual-
ity (P. reticularis, A. ferus). For species that develop in woody plants that are alive (although possibly 
stressed), the larvae may feed subcortically (A. dux, N. cantori, O. hirta, A. glabripennis, A. chinensis, 
P. scalator) or within the xylem (M. robiniae, N. a. acuminatus, B. hors�eldi).

Lamiines differ from other cerambycids in that females prepare the host for oviposition by chewing a 
niche into the bark of woody hosts, or into the stems of herbaceous plants, into which they then insert one 
or a few eggs (see Chapter 2). Females of some lamiine species also manipulate the physiology of their 
hosts by chewing through the vascular tissues and girdling branches, thereby rendering part of a resis-
tant host suitable for larval development (e.g., Solomon and Payne 1986; Lemes et al. 2015). Tetraopes 
tetrophthalmus is unusual in that females oviposit onto stems of grasses, the neonates later falling to the 
ground and tunneling through the soil to the roots of their milkweed hosts. Females of species in other 
subfamilies typically deposit their eggs (singly or in batches) into adventitious cracks in bark, or under 
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143Reproductive Biology of Cerambycids

loose bark, which they �nd by exploring the host with their antennae or probing with the ovipositor 
(nearly all the cerambycines, prionines, lepturines, and spondylidines in Table 4.1).

Because cerambycid larvae usually are legless and incapable of moving among hosts (except larvae of 
root-feeding species such as Prionus coriarius, which can move through soil), the choice of larval host 
depends entirely on the mother. Thus, females are under strong selection to oviposit into the appropri-
ate parts of plants that are of the correct species and that are in suitable condition for larvae develop-
ment. For species that mate on larval hosts, the males also must be pro�cient at locating suitable hosts. 
Host range is quite variable within the family, with a few species specialized on a single host species 
(M.  robiniae, N. cantori, P. bilineatus), some species limited to hosts of one genus (P. semipunctata, 
T. tetrophthalmus, D. c. californicus), but many species being highly polyphagous (Table 4.1; also see 
Chapter 3). The apparent polyphagy of species that feed in decaying hosts may result from the broad host 
ranges of their associated fungi, rather than from adaptation to the nutritional or resistance traits of the 
host plant species (Švácha and Lawrence 2014).

It has been proposed that females of polyphagous cerambycid species prefer to oviposit into plants 
of their natal host species, the so-called Hopkins’ host-selection principle (see Barron 2001), but this 
hypothesis has not gained support (C. dux, D. texanus; also see Duffy 1953). There is, however, ample 
evidence that females effectively choose host plants that are suitable for their larvae, and that oviposition 
preference is positively associated with larval performance (Thompson 1988). For example, females pre-
sented with a variety of plants in �eld or laboratory experiments usually oviposit on the plant species or 
plant materials that represent the highest quality hosts for their larvae (P. semipunctata, A.  glabripennis, 
D. texanus, M. alternatus M. s. scutellatus; also see Harley and Kunimoto 1969; Boldt 1987; Mazaheri 
et al. 2011). Nevertheless, they sometimes may choose plants of inferior species (M. alternatus). 
Females also may prefer to oviposit on the most suitable host plants within a species (P. semipunctata, 
P.  bilineatus, D. texanus, G. cantor, M. s. scutellatus, T. fuscum) and/or the parts of individual hosts that 
best support larval development (G. cantor, M. s. scutellatus). Oviposition preference may be associated 
with the girth of hosts (S. litigiosus, A. longimanus, A. chinensis, A. glabripennis, M. s. scutellatus, 
P. scalator, D. c. californicus), their physiological condition (P. bilineatus, X. globosa, M. alternatus, 
A. ferus, T. fuscum), damage by �re (A. ferus), or exposure of the host to solar radiation (S. litigiosus, 
X. globosa, A. longimanus).

Given that adult female cerambycids choose hosts for their offspring, host range could be determined 
entirely by oviposition preference and so may not represent the full range of species that could be used 
by larvae. Females of some species will oviposit on �lter paper and other inappropriate substrates when 
caged in the absence of suitable hosts (C. dux, P. semipunctata, S. litigiosus, T. fuscum), suggesting an 
urgency in releasing eggs. Thus, potential host range could be assessed by forcing females to oviposit 
into various natural and unnatural hosts or by manually transferring neonates to such hosts (e.g., Hanks 
et al. 1995). When larvae have been introduced into unnatural hosts by these methods, their survi-
vorship is poor, development time is prolonged, and they develop into small, probably less �t adults 
(P.  semipunctata, M. alternatus; also see Harley and Kunimoto 1969; Boldt 1987). These �ndings sug-
gest that the full range of plant species that are suitable for larval development can be estimated quite 
reliably from oviposition preference in nature and from host records from rearing beetles.

To a limited extent, cerambycid larvae may compensate for poor host choice by their mother by 
migrating to higher quality tissues as they feed within the host (Saint-Germain et al. 2010). In most 
cases, however, larvae probably are incapable of moving beyond the part of the host that they colonized 
as neonates. Cerambycid larvae colonizing woody hosts may curtail host defenses by �rst feeding sub-
cortically and perpendicularly to the vascular tissues, encircling and girdling large branches, roots, or 
even the entire trunk (P. semipunctata, P. bilineatus, P. scalator, P. laticollis, LMH, personal observa-
tion; also see Summerland 1932; Tapley 1960). Similarly, larvae of branch-pruning species disarm their 
host plant by girdling from within (e.g., Solomon and Payne 1986). Nutritional quality of hosts typically 
varies across species (P. semipunctata, D. texanus) and with physiological condition (P. semipunctata). 
Moreover, quality may degrade after the death of the host as well as due to colonization by other species 
of wood-boring insects. Larvae in poor quality hosts may nevertheless survive, but develop into adults of 
small size (Hanks 1999). Variability in host quality for wood borers in general, and their inability to alter 
their nutritional environment, are thought to be responsible for broad variation in adult body size within 
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144 Cerambycidae of the World

species when compared to other types of phytophagous insects (Andersen and Nilssen 1983; Walczyńska 
et al. 2010). Variation in adult body size has important implications for reproductive behavior and �tness 
of cerambycids, as discussed in Section 4.8.

Cerambycid females may use other strategies to facilitate colonization and survival of their offspring. 
For example, ovipositing females of some lamiine species will avoid hosts that already have been colo-
nized by larvae, which may serve to minimize competition (P. fortunei). This behavior may be medi-
ated by a marking pheromone that is deposited during oviposition (A. glabripennis, M. alternatus, 
M. s. scutellatus, P. ru�ventris). Marking pheromones may be present in the gelatinous or resinous 
substance deposited by female lamiines after ovipositing that seals the egg niche (P. scalator, P. hilaris). 
On the other hand, females of G. cantor apparently deposit a chemical while ovipositing that encourages 
other females to oviposit—the advantage being that host plant defenses can be overwhelmed by greater 
numbers of larvae.

4.8 Mating Strategy

As seems to be common among insects (Thornhill and Alcock 1983), female cerambycids allocate their 
energy to �nding suitable hosts for their larvae, whereas males devote their time to searching for females 
and mating. In general, adult male cerambycids are much more active than females, �ying more often and 
for greater distances and actively searching for females on host plants (M. caryae, N.  cantori, O. hirta, 
P. linsleyi, P. semipunctata, A. luxuriosa, A. chinensis, A. glabripennis, B. hors�eldi, T. tetrophthalmus, 
T. plato). Males commonly compete aggressively for mates, with females playing no obvious role in the 
outcome.

Emlen and Oring (1977) proposed that mating strategies of animals evolve in response to selective 
pressures related to the spatial distribution and abundance of the resources that are required by adult 
females and to the ability of individual males to monopolize these resources. Among cerambycids, 
mating strategy also is almost certainly in�uenced by whether location of mates is mediated by 
male- produced aggregation pheromones or female-produced sex pheromones. For many species of 
cerambycids, both sexes aggregate on either the host plant of the larvae or that of the adults, and 
aggregation sets the stage for competition among males and for mating. It should be no surprise 
that these aggregating species are in the Cerambycinae, Lamiinae, and Spondylidinae, which are 
the subfamilies known to use aggregation pheromones (see Chapter 5). In some cases, however, 
aggregation apparently is mediated entirely by attraction to host plant volatiles, as already discussed. 
Aggregation behavior is thought to be adaptive if it improves the ef�ciency of �nding mates and/or 
in utilizing resources (Wertheim et al. 2005). Thus, attraction to an aggregation pheromone not only 
would, of course, provide females with a means of �nding mates but also may expedite their search 
for food (if males call from the host plant of adults) or hosts for oviposition (if males call from the 
larval host).

Reproductive behaviors of a few species of cerambycines and lamiines are consistent with resource 
defense polygyny, a strategy that is thought to be adaptive if individual males are capable of monopoliz-
ing a limiting resource that is required by females and is discretely and patchily distributed (Thornhill 
and Alcock 1983). Males compete for possession of the resource, and the dominant male mates with the 
arriving females. Thus, a characteristic of this strategy is prolonged battles among males in the absence 
of females.

The resource defense strategy is used by the cerambycine Trachyderes mandibularis, adults of which 
feed on plant sap and cactus fruits, with the males �ghting to control sites where sap is oozing and 
individual cactus fruits. Males �ght primarily with their mandibles, and selection has resulted in sexual 
dimorphism in mandible size and allometric development in males (i.e., larger males having dispro-
portionately large mandibles). That strategy is also used by the tropical lamiine A. longimanus, the 
harlequin beetle, males of which compete to control fallen and decaying trees that are the larval hosts. 
Entire trees might seem a resource too large to be defended by individual males, but it may be possible 
because A. longimanus is among the largest of beetles (exceeding 7 cm in body length; Duffy 1960). 
Males  compete with an intimidation display involving exaggerated movements of the head, antennae, 

D
ow

nl
oa

de
d 

by
 [

M
as

se
y 

U
ni

ve
rs

ity
 L

ib
ra

ry
],

 [
Q

ia
o 

W
an

g]
 a

t 1
7:

08
 0

9 
M

ay
 2

01
7 



145Reproductive Biology of Cerambycids

elytra, and abdomen. Dominance is associated with the length of the forelegs, which develop allometri-
cally and are disproportionately long in large males. Males apparently can gauge the leg lengths of 
one another during head-to-head confrontations, with smaller males tending to withdraw. Interactions 
among males may escalate to sparring with the forelegs and biting, each male attempting to overturn 
the other or throw him from the host, sometimes resulting in mutilation (Zeh et al. 1992).

Resource defense polygyny has also been proposed for the lamiine Monochamus s. scutellatus, adults 
of which aggregate on fallen conifers (a patchy and unpredictable resource). Males produce an aggrega-
tion pheromone that presumably mediates aggregation on larval hosts. They compete aggressively for 
areas of the trunk that are favored by females for oviposition (where trunk circumference is greatest). 
Larval hosts are often small enough that they can be monopolized by individual males. Males �ght by 
lashing with their antennae, and the disproportionately longer antennae of large males apparently allow 
them to intimidate or overpower smaller rivals. More evenly matched males �ght by locking mandibles 
and biting. Dominant males control the resource and mate with arriving females, and females may later 
disperse alone to seek other hosts for oviposition.

Resource defense polygyny has also been proposed for the lamiine Tetraopes tetrophthalmus and the 
cerambycine Zorion guttigerum, adults of which feed and mate on in�orescences—the critical resource 
exploited by males. Males of both species �ght to control particular plants, and larger males have a 
competitive advantage. In T. tetrophthalmus, �ghting primarily takes the form of head-butting, lock-
ing mandibles, and pushing, while male Z. guttigerum �ght by lashing with their antennae. Individual 
males of both species may try multiple tactics against one rival. The host plants of T. tetrophthalmus and 
Z. guttigerum seem not to conform to the limiting and patchy distribution of resources that is character-
istic of the resource defense strategy—their �oral hosts are commonly abundant over large areas. If these 
species use aggregation pheromones, however, males calling from host plants could attract females and 
other males, with the males competing to control the plant and mate with females.

Among species using the resource defense strategy, males mate with females on �rst contact (all 
�ve species); although when presented a choice, both sexes may prefer larger mates (Z. guttigerum, 
M. s. scutellatus, T. tetrophthalmus). After mating, males usually remain with the females in a half mount 
position for a period of time, copulating at intervals. If the critical resource is the larval host, males may 
attend females as they oviposit (A. longimanus, M. s. scutellatus); but if it is the adult host, males attend 
females as they feed (T. mandibularis, Z. guttigerum, T. tetrophthalmus). Females of the �ower-feeding 
species eventually disperse alone to oviposit (Z. guttigerum, T. tetrophthalmus). Although the same 
milkweed plant may serve as a host for both adults and larvae of T. tetrophthalmus, the females leave the 
plant alone to oviposit into the stems of nearby grasses.

Postcopulatory mate guarding provides males with the opportunity to copulate repeatedly with the 
same female, but it also prevents her from copulating with other males, which could result in sperm 
displacement. Last-male sperm precedence may assure paternity of eggs laid by the female during the 
pair bond (M. s. scutellatus, T. tetrophthalmus). Thus, male M. s. scutellatus bene�t by immediately and 
forcefully mating with females before permitting them to oviposit. As already mentioned, larger males 
of all �ve species usually dominate smaller males in aggressive contests and so have a reproductive 
advantage (all �ve species), but dominance may not necessarily translate into greater mating success 
(Z. guttigerum, T. mandibularis). Smaller males may compensate for their disadvantages in aggressive 
contests by being more agile and more ef�cient in �nding females (T. tetrophthalmus), or they may adopt 
alternative strategies, such as intercepting females as they arrive, or inhabiting less desirable sites that 
nevertheless attract some females (T. mandibularis, A. longimanus, M. s. scutellatus). Smaller males 
may bene�t from aggregating (and from attraction by pheromones of conspeci�c males) if it allows them 
to mate without the cost of producing pheromones themselves (see Landolt and Phillips 1997).

Female defense polygyny is another mating strategy that is associated with aggregation, and apparently 
is much more common among cerambycids than resource defense polygyny. In this case, females again 
require some critical resource that is both limiting and patchily distributed, but the resource is too large 
to be monopolized by individual males (Thornhill and Alcock 1983). Females are the limiting resource 
for males, and males compete by guarding individual females and preventing their mating with other 
males. Although female defense polygyny is rarely speci�ed in the literature on reproductive behavior of 
cerambycids, it appears to be common among species that use aggregation pheromones, including most 
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146 Cerambycidae of the World

of the example species in the Cerambycinae, Lamiinae, and Spondylidinae (excluding the �ve species 
already mentioned that use the resource defense strategy; Table 4.1). Males mate with females on �rst 
contact, attend them while they oviposit (if on the larval host) or while they feed (if on the adult host), 
repeat copulation at intervals, and �ght with other males to maintain control of the female. Thus, the 
behavior of males is quite similar to that of species using the resource defense strategy, suggesting that 
a species could shift between strategies, depending only on the dimensions of the critical resource. If 
males are naturally pugnacious and intolerant of other males, they may drive other males from a small 
resource (e.g., a fallen branch or an isolated blooming plant) that they could then control; but they may 
be incapable of defending a larger resource (a fallen tree or large patch of blooming plants) and so have 
no option but to guard individual females.

There is some evidence of strategy switching in studies of Monochamus s. scutellatus and its congeners. 
As already mentioned, adults of this species show behaviors consistent with resource defense polygyny, the 
key criterion being that females prefer to oviposit on particular portions of larval hosts that otherwise would 
be too large to be defended by a single male. Other species of Monochamus are similar to M. s.  scutellatus in 
their natural history and behavior (larval hosts are stressed and dying conifers, and males produce aggrega-
tion pheromones) but appear to use the female defense strategy (M. alternatus; also see Zhang et al. 1993; 
Naves et al. 2008; see Chapter 5). Whether males show behaviors consistent with female defense or resource 
defense could be determined simply by the nature of available hosts, which would make it  impossible to 
assign any one strategy to the species. Another example may be P. scalator, the mating behavior of which 
seems not to conform to any of the preconceived strategies (Goldsmith et al. 1996).

Adults of the cerambycine Phoracantha semipunctata show stereotypical behaviors that are associ-
ated with the female defense strategy among many of the example species. The adults feed on pollen of 
living eucalypts but aggregate and mate on stressed trees and fallen branches of eucalypts, which are the 
larval hosts. Aggregation apparently is cued by volatiles emanating from larval hosts rather than being 
mediated by an aggregation pheromone. Adult males and females arrive independently on larval hosts 
shortly after sunset, the males constantly running in search of females, while females typically wander 
slowly as they search for oviposition sites. After mating, the males guard females as they oviposit and 
may be challenged repeatedly by other males that attempt to supplant them. Among other example 
species, aggregation is probably mediated by aggregation pheromones produced by males (M. caryae, 
N. a. acuminatus, A. chinensis, M. alternatus, and T. fuscum).

For species using female defense polygyny, aggregation may be adaptive for males if their cumulative 
output of pheromones improves mating opportunity. There are two lines of evidence to suggest that high 
release rates of pheromones are necessary to attract female cerambycines: (1) individual males commonly 
produce relatively large quantities of pheromones for insects of their size (exceeding 30 μg/h; Iwabuchi 
et al. 1987; Hall et al. 2006; Lacey et al. 2007a) and (2) high release rates of synthetic pheromones are 
necessary to attract females (as well as other males) to traps (10–20 µg/h; LMH, unpublished data). 
Males usually attempt to mate with any and every female they encounter (P.  semipunctata, P.  fortunei, 
P. ru�ventris, P. scalator, P. hilaris). As would be expected with this strategy, and in direct contrast 
with resource defense polygyny, solitary males usually ignore one another (M.  robiniae, N.   cantori, 
P. semipunctata, A. chinensis) because the sole impetus for �ghting is the presence of a female (but 
see Goldsmith et al. 1996). A male paired with a female is challenged by rivals, and their �ghting tac-
tics are similar to those of species that use the resource defense strategy—often biting and/or pulling 
with the mandibles (M. caryae, M. robiniae, P. semipunctata, R. batesi, A.  luxuriosa, A.   chinensis, 
P. hilaris, P.  scalator). Males may even amputate appendages of their rivals (O. hirta, A.  luxuriosa, 
T.  plato, P.  reticularis, P. coriarius), but this degree of escalation could be an artifact of con�ning 
beetles during observational studies (C. dux, T. plato, A. ferus). Other agonistic tactics of males include 
pushing, lashing or batting with the antennae, head butting, kicking, and wedging themselves between 
the mated pair (C. dux, M. robiniae, N. cantori, P. semipunctata, R. batesi, X. globosa, Z. guttigerum, 
A. luxuriosa, A. chinensis, B. hors�eldi, M. alternatus). Challenging males may try several different 
tactics in rapid succession while attempting to displace a paired rival (M. robiniae, P. semipunctata, 
A. luxuriosa, A. longimanus, A. chinensis).

Among species using the female defense strategy, larger males may have the advantage in both defend-
ing females and displacing paired males (N. cantori, P. semipunctata, R. batesi, P. scalator), but again, 
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147Reproductive Biology of Cerambycids

dominance may not translate into greater mating success (P. scalator). Laboratory studies of M. robiniae 
have suggested that large body size does not confer an advantage in aggressive competition for females. 
Small males of A. chinensis and P. hilaris compensate for their size to some extent by locating mates 
more ef�ciently than larger males, although the females of the latter species are more likely to reject 
smaller males. After copulating, the male usually remains with the female in a half-mount position as 
she resumes ovipositing or feeding—a form of mate guarding (M. caryae, N. cantori, N. a. acuminatus, 
O. hirta, P. semipunctata, R. batesi, S. litigiosus, X. globosa, A. luxuriosa, A. chinensis, B. hors�eldi, 
M. alternatus, P. scalaris, P. hilaris, T. plato). Males of P. hilaris apparently are capable of extract-
ing sperms of earlier rivals from the reproductive tract of females (Yokoi 1990). Solitary females may 
slowly wander in search of oviposition sites, and conspeci�c females usually ignore or avoid one another 
(C. dux, N. cantori, P. semipunctata, A. chinensis, P. fortunei, P. ru�ventris, T. plato).

A third mating strategy, scramble competition, has been proposed for the cerambycine Perarthrus 
linsleyi, adults of which feed and mate on �owers of the creosote bush, Larrea tridentata (DC.) Coville 
(Zygophyllaceae). The creosote bush is the dominant woody plant over broad areas of the warm desert 
regions of the southwestern United States (Baldwin et al. 2002). The larvae of P. linsleyi develop in astera-
ceous shrubs such as brittlebush, Encelia farinosa A. Gray ex Torr., which is also abundant and broadly 
distributed (Baldwin et al. 2002). Goldsmith (1987b) proposed that adult females of P. linsleyi become 
unpredictably distributed as they disperse through populations of creosote bushes, and �tness in males is 
measured by their ability to �nd females, rather than by dominance in aggressive competition. It should 
be noted, however, that this mechanism of mate location is not in accordance with the likely pheromone 
chemistry of P. linsleyi. Being a cerambycine, mate location presumably is mediated by an aggregation 
pheromone produced by males. Although a pheromone has not yet been identi�ed for this species, males 
have conspicuous gland pores on the prothorax, which are absent in females, that are associated with 
pheromone production in other species of cerambycines (LMH, unpublished data; see Chapter 5). If males 
can induce aggregation by producing a pheromone, there would be no need for them to search for females, 
which explains why males were no more likely than females to disperse long distances (Goldsmith 1987b). 
Moreover, the female defense strategy accounts for the behavior of adult P. linsleyi during a dry year in 
which fewer bushes �owered and �ower densities were lower: beetles aggregated on plants with the great-
est densities of blooms, but males did not compete aggressively for control of plants.

Resource and female defense polygyny would not seem to be available to prionines and lepturines 
because the sex pheromones of their females do not induce aggregation of both sexes. Quite unlike the 
aggregation pheromones, sex pheromones are produced in small quantities (a few nanograms/hour; 
Rodstein et al. 2009; Ray et al. 2012a). Males therefore must be highly sensitive to pheromones to locate 
single females, as is exempli�ed by the prionine Prionus californicus Motschulsky. Males of that species 
are attracted by nanogram quantities of pheromones (Rodstein et al. 2011), from as far as 0.5 km away 
(Maki et al. 2011), and arrive in great numbers at traps baited with a single virgin female (Cervantes et al. 
2006). Because prionines do not feed as adults (see Section 4.3), the males apparently have only one goal: 
to �nd females and copulate. Attraction of males to individual females, independent of host plants, seems 
most consistent with scramble competition polygyny (Thornhill and Alcock 1983). In this case, the �tness 
of males is tested both by their chemosensory abilities in locating females and by aggressive competition 
with other males that are drawn to the same female. After mating, males of P. laticollis usually remain 
on the back of females as they oviposit, which would discourage females from mating with other males.

The female-produced sex pheromones of prionines seem to have predisposed them to reproductive 
behaviors quite different from those of species using aggregation pheromones. For example, newly 
emerged females need not disperse in search of food (because they do not feed) or to �nd males (because 
they can attract males with a pheromone), which may account for their characteristic sedentary nature: 
female prionines often are disinclined to �y or even are incapable of �ight (P. reticularis, P. laticollis; 
also see Summerland 1932; Hovore 1981; Barbour et al. 2006; Nilsson 2015). Of course, this sedentary 
nature could only be adaptive if newly emerged females would be assured of �nding suitable larval hosts 
in their immediate vicinity. Such is likely the case with species whose larvae feed on the roots of living 
woody plants or in decomposing logs—hosts that can support multiple generations of larvae (Table 4.1; 
also see Solomon 1995; Wikars 2003). The characteristic polyphagy of prionines (Linsley 1959) also 
improves the chances that females will �nd larval hosts without dispersing long distances.
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The use of sex pheromones by lepturines might be expected to select for mating strategies similar 
to those of prionines, but they differ from prionines in one important aspect: the adults feed. Females 
therefore must travel regularly between their host plants and those of the larvae. For example, vagility in 
females of Ortholeptura valida is consistent with their need to alternately seek �oral hosts to feed and 
the decaying larval hosts (see Section 4.4; also see Ray et al. 2011). On the other hand, females of the 
lepturine Desmocerus c. californicus are so sedentary that populations remain contagiously distributed 
in the face of habitat loss, raising concern that the species is prone to extinction (Talley 2007; Holyoak 
et al. 2010). The sedentary nature of female D. c. californicus is associated with life history traits similar 
to those of prionines. This would seem to minimize the need to disperse under natural circumstances as 
follows (Table 4.1): (1) unlike most lepturines, the larvae feed within living trees, and individual elder-
berry trees can support multiple generations of larvae; (2) adults can feed on the foliage of their natal 
tree; (3) females can oviposit into their natal tree; and (4) females attract males with the sex pheromone 
R-desmolactone.

4.9 Conclusion

Certain behavioral traits related to reproduction appear to be universal in the Cerambycidae, such as 
the contact pheromones of females that mediate mate recognition (reviewed by Ginzel 2010). Early 
researchers noted that male cerambycids recognize females only after contacting them with their anten-
nae (e.g., Heintze 1925), and the same behavior has since been reported for many and diverse cerambycid 
species (Section 4.5). Copulation behavior also varies little within the family, with the male mounting 
the female from behind, clinging to her with his �rst and second pairs of legs, using his mouthparts to 
placate her, and then extracting the ovipositor (Section 4.6). Nevertheless, other reproductive traits seem 
to vary among cerambycids along subfamily lines. For example, the required maturation feeding in adult 
lamiines contrasts with the complete lack of feeding in the adult stage of prionines. Lepturine adults are 
usually diurnal, whereas prionines typically are nocturnal. In particular, the use of different pheromone 
types appears to break out along subfamily lines, with aggregation pheromones used by cerambycines, 
lamiines, and spondylidines, and sex pheromones used by prionines and lepturines.

The apparent immutability of certain traits at the level of the subfamily gives rise to suites of associ-
ated traits that show the same taxonomic af�nities. For example, the more vertically directed mandibles 
of lamiines allow females to chew into host plants upon which they stand, such as when preparing their 
characteristic oviposition niche (see Section 4.3). This behavior apparently is not possible for the other 
types of cerambycids due to their prognathous mouthparts (Trägårdh 1930; Ślipiński and Escalona 2013). 
The oviposition niche conceals the egg from natural enemies, provides a suitable microclimate, and 
serves as a support against which neonates can brace themselves while boring into the wood. The verti-
cal mouthparts of lamiines also make it possible for females to girdle small branches of woody plants and 
stems of herbaceous plants (P. ru�ventris), providing the larvae with a freshly killed (or at least greatly 
compromised) section of a living host that they otherwise would not be able to colonize (e.g., see Stride 
and Warwick 1962; Asogwa et al. 2011; Lemes et al. 2015).

Having to prepare an egg niche would seem to be a disadvantage for lamiines because it requires much 
more time than it would take to oviposit into a bark crack as do females of most species in the other sub-
families (see Section 4.7). However, female lamiines may have an advantage in that they need not search 
for oviposition sites once they are on the larval host but rather can create them de novo anywhere. Thus, 
their oviposition rate (eggs per unit time) may approach that of other types of cerambycids. For example, 
females of the lamiine Monochamus s. scutellatus can complete an egg niche in approximately 1 minute 
(Hughes 1979), while females of the cerambycine Cerambyx dux may require 30 minutes on average 
to locate a bark crack suitable for oviposition (Saliba 1974). Because C. dux oviposits eggs in batches, 
however, the oviposition rate of the two species may be comparable.

Girdling a branch certainly involves a major energetic investment by females because it may require 
hours or even days to complete (Stride and Warwick 1962; Solomon 1995) and may support develop-
ment of only one or a few offspring. (See Herrick 1902 for an amusing account of the arduous process of 
girdling by a female of Oncideres cingulata texana Herrick.) Nevertheless, there may be no incentive to 
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expedite oviposition for these species because the larval hosts do not vary over time in quality (assuming 
they remain alive). This relatively leisurely lifestyle seems suited to lamiines because the adults must 
feed for at least a few days before they can mate (see Section 4.3), they commonly feed on host plants of 
the larvae (minimizing the need to disperse), they spend a considerable portion of their adult lives feed-
ing, and feeding extends their longevity and fecundity (see Linsley 1959; Švácha and Lawrence 2014). 
Lamiines in general enjoy a relatively long life as adults (several weeks to months) when food is available 
(Linsley 1959; Švácha and Lawrence 2014). For example, adult Anoplophora glabripennis of both sexes 
are characteristically sedentary, which has been attributed to the fact that the larvae develop in living 
hosts that can support multiple generations; therefore, adults can feed, mate, and oviposit on their natal 
host (Table 4.1). The same is true of Tetraopes tetrophthalmus, the adults of which feed and mate on 
in�orescences of milkweed plants that also can serve as larval hosts (Table 4.1). Adult T.  tetrophthalmus 
move among patches of milkweeds infrequently, with the males being much more likely to disperse long 
distances than females (reviewed by Matter 1996).

In direct contrast to these lamiines is the cerambycine Semanotus litigiosus, larvae of which develop 
in damaged trees and in fallen branches of conifers. In spring, this is the �rst cerambycid to colonize 
coniferous host material (downed and damaged trees, and fallen branches) that has accumulated during 
winter. The adults overwinter and emerge so early in the season that snow may still be on the ground. 
They do not feed, mate soon after emerging, and females then immediately begin depositing clusters 
of eggs in bark cracks. The larvae quickly colonize the subcortical zone, and their feeding degrades 
the quality of those tissues for later arriving xylophagous species. This highly competitive lifestyle, 
in which reproductive success depends on rapid colonization of larval hosts, would seem unattainable 
for lamiines because of their required period of maturation feeding. Thus, the lamiine Monochamus 
scutellatus oregonensis LeConte avoids direct competition with S. litigiosus by emerging later in the 
season and by colonizing hosts of smaller diameter than those already occupied by larvae of S. litigiosus 
(Wickman 1968).

Most other reproductive traits of cerambycids appear to be quite variable. For example, even congeners 
may differ as to whether adults mate on host plants of the larvae or those of adults and in the condition of 
the host plant that their larvae require (i.e., whether hosts are living, stressed, dying, dead, or decaying). 
For example, adults of Megacyllene robiniae emerge in late fall and aggregate, feed, and mate on �ow-
ers of goldenrod. Females oviposit in living, but stressed, black locust trees, and the larvae damage, but 
rarely kill, their hosts. In contrast, adults of the congener M. caryae emerge in very early spring and feed 
on the pollen of oaks but aggregate, mate, and oviposit on larval hosts (dead and dying hickories). Both 
species appear to use the female defense strategy—the males �ghting for control of females—consistent 
with the inability of individual males to monopolize the expanses of goldenrod (for M. robiniae) and tree 
trunks (for M. caryae) where mating takes place.

Any review of reproductive behavior for an insect family as large and diverse as the Cerambycidae 
must speak in broad generalities, glossing over many exceptions, and inevitably raising further ques-
tions about the evolution of behavior. Indeed, not all “longhorned borers” have exceptionally long 
antennae (see Švácha and Lawrence 2014), and larvae of some species are not even wood borers, 
including the common and familiar Tetraopes tetrophthalmus (larvae feeding on roots of milkweed) 
and the important pest Dectes texanus (larvae feeding within stems of herbaceous plants). One lin-
gering question is the adaptive advantage of aggregating on the larval host: does it serve merely to 
bring the sexes together for mating, is reproductive success higher if multiple females oviposit into the 
same host, do all the males call, is �tness in males correlated with pheromone release rate, or are 
there sneaky males that exploit the pheromones of conspeci�cs to �nd hosts and intercept females? Is 
the apparent mating strategy of a species an inherited trait, or is it malleable and shaped by the vari-
able qualities of host plants. The recent advances in identi�cation of cerambycid pheromones raise 
questions about their role in reproduction for many of the species in Table 4.1 whose behaviors were 
characterized previously. For example, how might an aggregation pheromones in Tetraopes tetroph-
thalmus inform differences between the sexes in dispersal behavior and the in�uence of habitat patch 
characteristics? Why do species of Monochamus vary so markedly in the degree to which plant vola-
tiles in�uence attraction to their aggregation pheromones (see Chapter 5)? Why have species such as 
the cerambycine Phoracantha semipunctata evolved to exploit host plant volatiles as aggregation cues 

D
ow

nl
oa

de
d 

by
 [

M
as

se
y 

U
ni

ve
rs

ity
 L

ib
ra

ry
],

 [
Q

ia
o 

W
an

g]
 a

t 1
7:

08
 0

9 
M

ay
 2

01
7 



150 Cerambycidae of the World

rather than use aggregation pheromones as do so many other cerambycines? These questions illustrate 
how little we know about the biology and ecology of the Cerambycidae and, particularly, the role of 
pheromones in reproduction.
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