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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 exempli�ed 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 intraspeci�c 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 �owers, bark, foliage, cones, sap, fruit, 
roots, and fungi (Trägårdh 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 (Trägårdh 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 �rst 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 ru�cornis 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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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. ru�collis (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 �rst chew two 

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].)

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].)

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315313252-3&iName=master.img-000.jpg&w=179&h=239
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315313252-3&iName=master.img-001.jpg&w=305&h=203
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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 �rst 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 
bene�t 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 �eld estimates often underestimate true total fecun-
dity because eggs of cerambycids are often well concealed, making accurate counts dif�cult. 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 �eld-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 �rst deposited and vary in length from under 0.5 mm 
to more than 1 cm in the prionine T. 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 

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].)

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315313252-3&iName=master.img-002.jpg&w=346&h=259


75Life History and Population Dynamics of Cerambycids

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 �rst 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].)

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315313252-3&iName=master.img-003.jpg&w=349&h=233
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315313252-3&iName=master.img-004.jpg&w=349&h=261
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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 
(Shari� 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 �ve 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 �eld and laboratory studies are listed in Table 2.1. For the �eld 
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 ru�ventris 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; Bílý and Mehl 1989). Similarly, larvae 
of the Quercus-infesting lepturine Leptura paci�ca (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 con�guration 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 �brous 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 �ve 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 
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TABLE 2.1

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

Species Subfamilya Study Location Host Genera in Study Study Conditions

Egg Hatch (Days)

ReferencesMean Range

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
25°C
30°C

14
10
8

–
–
–

Adachi 1994

Anoplophora glabripennis (Motschulsky) Lam USA Acer 15°C
20°C
25°C
30°C

54
25
15
13

37–84
16–59
8–38
8–27

Keena 2006

Apriona germari Hope Lam India Morus Field
25°C

–
18

22–24
–

Hussain and Buhroo 2012
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
26°C
34°C

14
6
4

–
–
–

Pershing and Linit 1986

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)



78
C

eram
bycidae of the W

orld

TABLE 2.1 (Continued)

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

Species Subfamilya Study Location Host Genera in Study Study Conditions

Egg Hatch (Days)

ReferencesMean Range

Osphranteria coerulescens Redtenbacher Cer Iran Prunus 30°C 9 7–11 Shari� 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 ru�ventris Gautier Lam Japan Chrysanthemum 20°C
25°C
30°C

10
5
4

–
–
–

Shintani 2011

Prionoplus reticularis White Prio New Zealand Pinus Field – 16–25 Rogers et al. 2002

Prionus laticollis (Drury) Prio USA Malus 27°C
16°C

19
55

–
–

Farrar and Kerr 1968

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

a Cer = Cerambycinae, Lam = Lamiinae, Prio = Prioninae.
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natural infestation for two months before being caged. In the tropical climate of Zambia, Löyttyniemi 
(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 �rst 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 �ooring, 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 �rst 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 

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].)

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315313252-3&iName=master.img-005.jpg&w=333&h=249
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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 �bers 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 

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].)

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315313252-3&iName=master.img-006.jpg&w=362&h=240
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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 �eld 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 �ve 
days, on average, to tunnel through the wood and emerge at 20°C and, similarly, �ve plus four days at 
25°C and four plus four days at 30°C (Sánchez 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; García-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 �nal 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 sun�owers, 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 
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TABLE 2.2

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

Species Subfamilya Country Host Genus
Rearing Temp. 
or Conditions

Pupation Time 
(Days)

ReferencesMean Range

Acalolepta vastator (Newman) Lam Australia Vitis Field, male
Field, female

20
22

–
–

Goodwin and Pettit 1994

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
20°C
25°C
30°C

47
26
18
12

–
–
–
–

Keena and Moore 2010

Anoplophora macularia (Thomson) Lam Taiwan Citrus (diet) 25°C – 10–26 Lee and Lo 1998

Apriona germari Hope Lam India Morus Field
25°C, male

25°C, female

28
18
19

–
–
–

Hussain and Buhroo 2012
Yoon and Mah 1999

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
27°C, male

27°C, female

13
11
12

5–17
7–14
8–15

Wollerman et al. 1969
Galford 1984

Monochamus carolinensis (Olivier) Lam USA Pinus 22°C
26°C
34°C

15
9
8

–
–
–

Pershing and Linit 1986

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

Species Subfamilya Country Host Genus
Rearing Temp. 
or Conditions

Pupation Time 
(Days)

ReferencesMean Range

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 Shari� et al. 1970

Phytoecia ru�ventris Gautier Lam Japan Chrysanthemum 20°C
25°C
30°C

22
15
11

–
–
–

Shintani 2011

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
24°C, female

16
18

–
–

García-Ruiz et al. 2012

Xylotrechus quadripes Chevrolat Cer India Coffea Field – 25–35 Seetharama et al. 2005

Xylotrechus quadripes Cer Thailand Coffea 29–31°C 11 9–15 Visitpanich 1994

a Cer = Cerambycinae, Lam = Lamiinae, Prio = Prioninae.
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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 �eld 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 re�ecting 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; Bílý 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).

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].)

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315313252-3&iName=master.img-007.jpg&w=172&h=259
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2.7 Dispersal

Although some cerambycids are �ightless, the majority are capable of �ight (Figure 2.9). Duffy (1953) 
states that, in the United Kingdom, most cerambycids are day �yers (diurnal), while in the tropics most 
�y at dusk or dawn (crepuscular) or at night (nocturnal). In general, species that are diurnal �iers are 
faster and more agile in �ight than nocturnal �iers (Linsley 1959). Many of the nocturnal species are 
attracted to lights. Most cerambycids demonstrate slow, directed �ight, 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 
�yers, which is bene�cial given that these adults usually feed and mate on �owers that are different plant 
species than the plants used as larval hosts (Hanks 1999). Although many cerambycids are slow �yers, 
especially many Prioninae, the lepturine Judolia cerambyciformis (Schrank) can hover and �y up and 
down over �owers, and the necydaline Ulochaetes leoninus LeConte can �y 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 �y 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; Hernández 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 �ight 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 �eld 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 �ight threshold early in the 
�ight season but that later in the �ight season, the air temperatures would be well above the threshold.

The distances that cerambycid adults can �y have been estimated in laboratory studies using �ight 
mills and in �eld studies using mark–recapture techniques (Table 2.3). The maximum distances recorded 

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

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315313252-3&iName=master.img-008.jpg&w=345&h=212
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TABLE 2.3

Summary Data for Selected Cerambycids with Published Dispersal Information

Species Subfamilya Country Host Plant Study Details Findings References

Anoplophora chinensis 
(Forster)

Lam Japan Citrus Mark recapture in citrus 
orchard

Proof of immigration into orchard Komazaki and 
Sakagami 1989

Anoplophora glabripennis 
(Motschulsky)

Lam Korea Salix Used harmonic radar for 
14 days

Mean dispersal 14 m (max 92 m) in 
14 days

Williams et al. 2004

Anoplophora glabripennis Lam China Populus Mark–recapture in poplar 
stand

Mean dispersal 42 m (max 214 m) in 
19 days

Zhou et al. 1984

Anoplophora glabripennis Lam China ? Mark–recapture Mean dispersal of 106 m over 20–28 
days

Wen et al. 1998

Anoplophora glabripennis Lam China Populus Mark–recapture Mean dispersal 266 m (max 1442 m) 
in 9 wks

Smith et al. 2001

Anoplophora glabripennis Lam China Populus, Salix, 
Ulmus

Mark–recapture, season-long 
study

98% of adults dispersed under 
920 m; max dispersal was 2,394 m 
for a male and 2,644 m for a female

Smith et al. 2004

Hirticlytus comosus 
(Matsushita)

Cer Japan Podocarpus Tethered �ight in laboratory Mean estimated �ight 122 m, 
max = 1,170 m

Sato 2005

Monochamus alternatus Hope Lam Japan Pinus Mark recapture in young 
pine  stand

Early season mean dispersal was 
19 m for males (max 55 m) and 
23 m for females (max 59 m)

Shibata 1986a

Monochamus alternatus Lam Japan Pinus Circumstantial evidence Two reports cited stating that islands 
3.3 km from nearest outbreak 
became infested

Kobayashi et al. 1984; 
Togashi 1990a

Monochamus carolinensis 
(Olivier)

Lam U.S. Pinus Flight mill study Mean �ight was 2.2 km in 2 hr; 
max = 10.3 km in 115 min

Akbulut and Linit 1999

(Continued)
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TABLE 2.3 (Continued)

Summary Data for Selected Cerambycids with Published Dispersal Information

Species Subfamilya Country Host plant Study details Findings References

Monochamus galloprovincialis 
(Olivier)

Lam France Pinus Flight mill study with adults 
�own once weekly, for up 
to 2 hr, until death

Average total distance �own was 
15.6 km for males, 16.3 km for 
females, with a max. of 62.7 km

David et al. 2014

Monochamus galloprovincialis Lam Spain Pinus Mark recapture One adult was captured in the most 
distant trap at 8.3 km

Gallego et al. 2012

Monochamus galloprovincialis Lam Spain Pinus Mark recapture Season-long study, with several 
�ying >3 km, and one �ew 7.1 km

Hernández et al. 2011

Monochamus galloprovincialis Lam Spain Pinus Mark recapture Some adults �ew 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 
any other known source

Drinkwater 1975

Phoracantha semipunctata Cer Spain Eucalyptus Circumstantial evidence Two isolated outbreaks were about 
2 and 5 km from any known source

Martinez Egea 1982

Rosalia alpina (L.) Cer Czech Republic Fagus Mark recapture Furthest dispersal detected: 1.6 km in 
11 days

Drag et al. 2011

Semanotus japonicas 
Lacordaire

Cer Japan Cryptomeria Mark recapture Seasonal mean dispersal was 9 m for 
males (max 80 m) and 16 m for 
females (max 150 m)

Shibata 1986b

Tetraopes tetrophthalmus 
(Forster)

Lam USA Asclepias Mark recapture Average dispersal over 10 days was 
less than 40 m

McCauley et al. 1981

a Cer = Cerambycinae, Lam = Lamiinae.
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in �eld studies can be in�uenced 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 �ight-mill studies, the estimated maximum distances �own 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 �own 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 (Martínez 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 �ightless 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 �elds 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 �ightless, 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 �rewood (Haack 2006; Cocquempot and Lindelöw 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 �rewood transported in vehicles by the public, live bark- and wood-infesting insects 
were found in 23% of the individual �rewood 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 �eld 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 �eld 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 signi�cantly 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 re�ecting 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 interspeci�c 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), �re (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 detoxi�ca-
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 �rst 
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) 
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TABLE 2.4

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

Species Subfamilya Country
Hosts Genera 

in Study Study Details

Longevity (Days)

ReferencesMean Range

Acalolepta vastator (Newman) Lam Australia Vitis Field, male
Female

42
47

20–103
22–131

Goodwin and 
Pettit 1994

Anoplophora chinensis Lam Japan Citrus Females caged at ambient 
conditions

78 47–109 Adachi 1988

Anoplophora glabripennis 
(Motschulsky)

Lam USA Acer 25°C, male
Female

99–106
73–88

–
–

Keena 2002

Anoplophora glabripennis Lam USA Acer, Salix 22–25°C, adult food
Acer platanoides
Acer rubrum
Salix nigra

104
97
83

44–131
30–137
58–107

Smith et al. 2002

Anoplophora glabripennis Lam USA Acer −1°C (♂, ♀)
5°C (♂, ♀)
10°C (♂, ♀)
15°C (♂, ♀)
20°C (♂, ♀)
25°C (♂, ♀)
30°C (♂, ♀)
35°C (♂, ♀)

19, 21
42, 44

145, 136
102, 76
128, 85
98, 79
57, 56
19, 21

–
–
–
–
–
–
–
–

Keena 2006

Apriona garmari Hope Lam Korea Morus 25°C (♂, ♀) 44, 41 – Yoon and Mah 1999

Ataxia hubbardi Fisher Lam USA Glycine 26°C (♂, ♀) 87, 67 – Rogers and Serda 1979

Callidiellum ru�penne (Motschulsky) Cer Japan Cryptomeria Ambient (♂, ♀) 18, 17 – Shibata 1994

Enaphalodes rufulus (Haldeman) Cer USA Quercus 20°C 21 – Galford 1985

Dorcadion fulginator (L.) Lam Border of Switzerland, 
Germany and France

Bromus erectus 
and others

Field mark–recapture study, 
longetivity estimated from results

11 – Baur et al. 2005

Glenea cantor (F.) Lam China Bombax 25°C (♂, ♀) 47, 72 – Lu et al. 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
unmated

180
207

–
–

Zhang and Linit 1998

Monochamus carolinensis (Olivier) Lam USA Pinus 28°C, mated
unmated

173
103

–
–

Zhang and Linit 1998

(Continued)
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TABLE 2.4 (Continued)

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

Species Subfamilya Country
Hosts Genera 

in Study Study Details

Longevity (Days)

ReferencesMean Range

Monochamus galloprovincialis 
(Olivier)

Lam Turkey Pinus 24–26°C, larval food
Spring-cut logs
Summer-cut logs
Fall-cut logs

41
18
39

–
–
–

Akbulut et al. 2007

Monochamus galloprovincialis Lam Portugal Pinus 25°C, males
25°C, females

61
64

5–128
3–125

Naves et al. 2006

Monochamus galloprovincialis Lam France Pinus 23°C, females 75–113 Koutroumpa et al. 2008

Monochamus leuconotus (Pascoe) Lam South Africa Coffea Field, male
Field, female

112
122

–
–

Schoeman et al. 1998

Monochamus saltuarius (Gebler) Lam Korea Pinus 23–27°C
Fed current year twigs (♂, ♀)
Fed 1-yr-old twigs
Fed 2-yr-old twigs

63, 58
46, 42
40, 36

–
–
–

Yoon et al. 2011

Neoptychodes trilineatus (L.) Lam USA Ficus Field 115 75–213 Horton 1917
Oemona hirta (F.) Cer New Zealand Populus Lab (♂, ♀)

Field (♂, ♀)
30–50, 36–52

52, 33
–
–

Wang et al. 2002

Phoracantha recurva Newman, 
Phoracantha semipunctata (F.)

Cer USA Eucalyptus 10°C
15°C
20°C
25°C

~60, 65b

~160, 130
~220, 120
~130, 100

–
–
–
–

Bybee et al. 2004a

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
Arti�cial diet

♀ 24
♀ 37

–
–

García-Ruiz et al. 2012

Xylotrechus pyrrhoderus Bates Cer Japan Vitis 25°C, males
25°C, females

18
20

–
–

Iwabuchi 1988

Xylotrechus quadripes Chevrolat Cer Thailand Coffea Field, male
Field, female

24
29

7–46
81–53

Visitpanich 1994

a 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 �ow 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 �ow.

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 speci�c 
stress event was ever identi�ed 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 �uctuations 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 

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 �rst 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 �bers. 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].)

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315313252-3&iName=master.img-009.jpg&w=360&h=239
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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, �re, 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 �re; 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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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 (signi�ed 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.
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